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12th INTERNATIONAL AEGEAN
CONGRESS ON NATURAL &

MEDICAL SCIENCES
February 25-26, 2026 - Izmir

Meeting ID: 847 7043 0612

Zoom Passcode: 121212
https:/ /us02web.zoom.us/j/84770430612?pwd=Xf0zxSH1Khq8K91]zmHb28UDkSWsaC.1

CONGRESS PROGRAM

PARTICIPANT COUNTRIES (16)
Albania, Azerbaijan, Bangladesh, Bulgaria, Georgia, Germany, Hungary, India,
Indonesia, Morocco, Nigeria, Pakistan, Romania, Switzerland, Tunisia, Tiirkiye

IMPORTANT, PLEASE READ CAREFULLY

To be able to attend a meeting online, login via https://zoom.us/join site, enter ID “Meeting ID or
Personal Link Name” and solidify the session.

The Zoom application is free and no need to create an account.

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

The participant must be connected to the session 5 minutes before the presentation time.

All congress participants can connect live and listen to all sessions.

Moderator is responsible for the presentation and scientific discussion (question-answer) section
of the session.

Points to Take into Consideration - TECHNICAL INFORMATION

Make sure your computer has a microphone and is working,.

You should be able to use screen sharing feature in Zoom.

Attendance certificates will be sent to you as pdf at the end of the congress.

Requests such as change of place and time will not be taken into consideration in the congress
program.
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25.02.2026, Wednesday, Online Session-1, Hall-4
Ankara Local Time: 10:00-12:00
Meeting ID: 847 7043 0612 / Passcode: 121212

HEAD OF SESSION: Canberk YILMAZ

Osman YILMAZ

Izmir Katip Celebi
University, Tiirkiye

AUTHOR(S) ORGANISATION TOPIC TITLE
EFFICACY AND SAFETY OF
Fzmir Cigli Training and INTRAVENOUS IRON THERAPY IN
Mehtap ERTEKIN Research Hospital, PEDIATRIC PATIENTS WITH IRON
Tiirkiye DEFICIENCY ANEMIA: A SINGLE-CENTER
EXPERIENCE
Health Sciences IS THE USE OF TOPICAL ANALGESICS
Pe&%‘;"ggﬁﬁ%‘g[} University, Tiirkiye BEFORE INVASIVE PROCEDURES
Safiye AKTAS Dokuz Eyliil University, POSITIVE IN PREVENTING
Punsr GENCPINAR Tiirkiye NEURODEVELOPMENTAL PROBLEMS

CAUSED BY THESE PROCEDURES IN
PREMATURE RATS?

Canberk YILMAZ
Pembe KESKINOGLU

Serap CILAKER MICILI

Health Sciences
University, Tiirkiye
Dokuz Eyliil University,

EFFECTS ON PHYSICAL, MOTOR, AND
COGNITIVE FUNCTION IN NEONATAL RAT

Osman YILMAZ Tiirkiye PUPPIES
Defne ENGUR
Kavsert City Training CORRECT DIAGNOSIS RATES OF
: ALLERGIC RHINITIS AND SEASONAL
Bahar ARSLAN and R“;‘;%yf”p ital, ALLERGIC RHINITIS BY PRIMARY AND
SECONDARY CARE PHYSICIANS
~ Eda G(")RGQN Usak University, RADIOLOGICAL EXAMINATION OF UPPER
Ozge Irmak DOGANCI Tiirkiye CERVICAL REGION JOINT
Buket Sura YARDIMCI Zonguldak Biilent Ecevit MORPHOMETRY AND DENS AXIS
Nazli ATES University, Tiirkiye ANATOMY
AN IATROGENIC BARRIER IN PRIMARY
o CARE HYPERTENSION MANAGEMENT:
Muhammed INAN SZ’;;VCG(;”ZH% ’;’:‘gt’l’:k QUANTITATIVE ANALYSIS OF SODIUM
Cenk AYPAK City Hovpital, Tirkd CONTENT IN FREQUENTLY PRESCRIBED
pital, Tiirkiye
EFFERVESCENT FORMULATIONS
REGARDING DAILY INTAKE LIMITS
Ozlem OZTURK SEKI
Cagrfézgaggggg(} AN Guinar ;;‘fkel yfzosplml’ THE EFFECT OF PLATELET MASS INDEX
Lurkiye ON ADVERSE CLINICAL OUTCOMES IN
Seyran BOZKURT Mersin University, PATIENTS WITH STROKE
Akif YARKAC Tiirkiye
Semra ERDOGAN
oA International CRANIAL SUTURES: FROM
University Batumi, :
%‘l‘ga%gﬁgéﬁg Georgia DEVELOPMENTAL BIOLOGY TO
Tiibingen University, CRANIOSYNOSTOSIS
Germany
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25.02.2026, Wednesday, Online Session-1, Hall-5
Ankara Local Time: 10:00-12:00
Meeting ID: 847 7043 0612 / Passcode: 121212

HEAD OF SESSION: Major Gheorghe GIURGIU
TOPIC TITLE

AUTHOR(S) ORGANISATION
Deniplant-Aide Sante
Medical Center,
. Romania NATURAL MODULATION OF THE GUT
Major Gheorghe GIURGIU | 0o pomanian | MICROBIOTA IN PATIENTS WITH FOOD

Med. Manole COJOCARU

Scientists, Titu
Maiorescu University,
Romania

ALLERGIES: IMPACT OF ALERGIPLANT

Theodhor DISHO
Manika KREKA

Fan S. Noli University,
Albania
University of Medicine,
Tirana, Albania

OVERVIEW OF THE LONG-TERM
CONSEQUENCES OF
HEMOGLOBINOPATHIES ON GROWTH
AND DEVELOPMENT IN CHILDREN IN
ALBANIA IN RECENT YEARS

Ibrahim Sani DIKKO

Umaru Musa Yar adua
University, Nigeria

NEURO-METABOLIC CROSSTALK IN
CANCER PROGRESSION: MOLECULAR
AND TRANSLATIONAL INSIGHTS INTO

NEURONAL MITOCHONDRIAL TRANSFER

Saadatu IBRAHIM
IBRAHIM ABDULRAHMAN

Federal University of
Technology Minna,
Nigeria
National Hydro Electric
Power Producing Areas
Development
Commission, Nigeria

ANTENATAL CARE FACTORS
INFLUENCING BABIES’ WEIGHT AT BIRTH

Mihaela-Corina BUCUR

Romanian Society of
Victimology, Romania

SYSTEMIC INFLAMMATION AND
CARDIOMETABOLIC RISK: IMPLICATIONS
FOR EARLY DETECTION AND
PREVENTIVE STRATEGIES

Poonam S YADAV

JES’s SND College of

COMPREHENSIVE REVIEW OF
POLYCYSTIC KIDNEY DISEASE

Sagar R YADAV Pharmacy, India
Montre Universit TERMINOLOGY SELECTION AND
Mirezim ZAIDOV "’;fv‘f tzelz;;:; 1w SURGICAL TREATMENT METHODS IN

CLEFT LIP AND PALATE
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25.02.2026, Wednesday, Online Session-2, Hall-4

Ankara Local Time: 12:30-14:30

Meeting ID: 847 7043 0612 / Passcode: 121212

HEAD OF SESSION: Cantekin DURSUN

AUTHOR(S)

ORGANISATION

TOPIC TITLE

Aysenur EMINOGLU

Recep Tayyip Erdogan
University, Tiirkiye

IN SILICO IDENTIFICATION OF

ANTIMICROBIAL PEPTIDE CANDIDATES

IN THE CAMELLIA SINENSIS (TEA)
PROTEOME

Abidin GUMRUKCUOGLU

Cansu ALTUNTAS

Artvin Coruh University,
Tiirkiye

PHENOLIC COMPOSITION AND
ANTIOXIDANT POTENTIAL OF
HYPERICUM XYLOSTEIFOLIUM:
EVALUATION ACROSS DIFFERENT PLANT
PARTS

Ulas UGUZ

Ege University, Tiirkiye

EVALUATION OF ALTERNARIA SPORE
CONCENTRATIONS IN THE ATMOSPHERE
OF IZMIR IN RELATION TO AIR QUALITY

PARAMETERS

Cantekin DURSUN

Recep Tayyip Erdogan
University, Tiirkiye

THE COMPARISON OF SUPERVISED
MACHINE LEARNING ALGORITHMS IN
CLASSIFICATION OF TWO CLOSELY
RELATED TREE FROGS (HYLA SAVIGNYI
AUDOUIN, 1827 AND HYLA ORIENTALIS
BEDRIAGA, 1890) FROM TURKIYE

Katas Universin POTENTIAL INHIBITORS OF THE SHEEP
Ahmet HARMANKAYA et | POX DISEASE VIRUS: AN IN SILICO STUDY
TARGETING THE SPPV 14 PROTEIN
G‘ézngEI;ERRIM INVESTIGATION OF PRUNUS SPINOSA L.
Sabina ISMAYILZADA Istanbul"Ul?iversity, FRUIT AND BY-PRODUCTS USING A
: : Tiirkiye GREEN ANALYTICAL CHEMISTRY
_Sabriye PERCIN APPROACH
OZKORUCUKLU
] Komttale Unversin APPLICABILITY OF CHEMICALLY
Mutluhan BIYIKOGLU o pnersit | MODIFIED FUNCTIONALIZED PET FIBERS
IN WATER TREATMENT
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25.02.2026, Wednesday, Online Session-2, Hall-5
Ankara Local Time: 12:30-14:30
Meeting ID: 847 7043 0612 / Passcode: 121212

HEAD OF SESSION: Assiya ATIF

AUTHOR(S) ORGANISATION TOPIC TITLE
% S{isllny: :ﬁgUR Chouaib Doukkali BIOLOGICAL IMPORTANCE OF
. . University, Morocco HETEROCYCLIC COMPOUNDS

Houssine Ait SIR

Assiva ATIF SYNTHESIS OF (1Z,1'Z)-N,N'-
Soukaiga AMEUR Chouaib Doulkali ((METHYLENEBIS(1,3,4-OXADIAZOLE-5,2-
Houssine Ait SIR University, Morocco DIYL))BIS(2,1-PHENYLENE))BIS(1-(4-

oussmne NITROPHENYL)METHANIMINE)

Assiya ATIF . .
Soukaina AMEUR Chouaib Doukkali SOLVENT EFFECTS IN ORGANIC

Houssine Ait SIR

University, Morocco

CHEMISTRY

Fanny Setiawati RAHARJO
Arli Aditya PARIKESIT

i3L University, Indonesia

IDENTIFICATION OF POTENTIAL
ALKALOID ANTAGONISTS TO EXPAND
SMOKING-CESSATION THERAPEUTICS

AND PROVIDE ALTERNATIVE

Solmaz ASLANZADEH TREATMENTS FOR NICOTINE
DEPENDENCE VIA AN IN SILICO
APPROACH
COMPUTATIONAL FIRST-PRINCIPLES
Abdullahi Fodio STUDY OF HYDROSTATIC PRESSURE-
A. A. YAHAYA University of Science and INDUCED MODIFICATIONS IN THE
Technology, Nigeria THERMOELECTRIC PROPERTIES OF TIN
CHALCOGENIDE SNA (A=SE, TE)
L, STUDY OF PERFORMANCE
" O&OKE%%?KIL Universite Mohammed L, | ENHANCEMENT IN SCANDIUM-DOPED
ALN PHONONIC CRYSTALS
Abdullahi Fodio State
University of Science and
Ahmed ATTAHIRU Technology, Nigeria ROLE OF FOOD CHEMISTRY IN TEXTURE,
Bashar ATTAHIRU Federal College of FLAVOR, AND COLOR DEVELOPMENT

Education (Technical),
Nigeria
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25.02.2026, Wednesday, Online Session-3, Hall-4
Ankara Local Time: 15:00-17:00
Meeting ID: 847 7043 0612 / Passcode: 121212

HEAD OF SESSION: Zeynep OZTURK

AUTHOR(S) ORGANISATION TOPIC TITLE
"SYNTHESIS OF TiO 2 -
NANODIAMOND@POLY (HEMA -ko-N-
gﬁ;:{ﬁggg%‘ég Ercives University, | VINYLPYRROLIDONE) NANOCOMPOSITES
T NiA7 Tiirkiye AND THEIR USE IN PHOTOCATALYTIC
a REMOVAL OF
METHYLENE BLUE"
Ayton VOLIYEVA Odlar Yurdu University, NATURAL NANOTECHNOLOGY AND
Zohra ISMAYILLI Azerbaijan DRUG DELIVERY
. INVESTIGATION OF THE CYTOTOXIC AND
K“ggﬁgﬁﬁg;gy Firat Universite. Tiinki ANTI-MIGRATORY EFFECTS OF THE
Hanoe YOCE In’(f Zu LlevveerrSslny Tl;’r k’lyee ANTIPARASITIC DRUG DORAMECTIN IN
Sonatl UNUVAR Uy NEUROBLASTOMA AND LUNG
ongu ADENOCARCINOMA CELL LINES
T THE PROGNOSTIC SIGNIFICANCE OF
Sevinj NASIROVA RAMIZ ]S”?”ﬂﬁc ’;ei;ar?h BIOCHEMICAL MARKERS-MATRIX
Sevinj MEHDIYEVA AMIL | /1 do-c’;,t; 0’| METALLOPROTEINASES DEPENDING ON
Aytekin ALIYEVA MAHIR | it @0 THE STAGES OF NECROTIC
ENTEROCOLITIS IN NEWBORNS
RELATIONSHIPS BETWEEN
. . . . PERFORMANCE, METABOLIC HEALTH
Sinem FIDAN DIMES 4.5., Tiirkiye AND GUT MICROBIOTA IN SPORTS
NUTRITION
. o - LASER APPLICATIONS IN PEDIATRIC
g’;ﬁg‘ﬁ;ﬁfgg&g Universily of Health DENTISTRY AND LASER-ASSISTED
P AU PULPOTOMY IN PRIMARY TEETH
. - THE USE OF DIFFERENT ARTIFICIAL
(")zlselrf ﬁgﬂi@%’w Ugéf:}:fg OTC{’Z;“Z” INTELLIGENCE APPLICATIONS IN
» urky TRAUMATIC DENTAL INJURIES
Bolu Abant Izzet Baysal
Zovnen OZTURK University, Tiirkive EVALUATING THE ROLE OF ARTIFICIAL
g:nllzhan BAL University of Health INTELLIGENCE-BASED CHATBOTS IN
Ezei AYDIN VAROL Sciences, Tiirkiye PROVIDING INFORMATION TO PARENTS
& Independ;{ﬁ kll?esearchen ON TONGUE-TIE: A COMPARATIVE STUDY
lirkiye
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25.02.2026, Wednesday, Online Session-3, Hall-5
Ankara Local Time: 15:00-17:00
Meeting ID: 847 7043 0612 / Passcode: 121212

HEAD OF SESSION: Monika FEKETE

Hospital Center, Albania

AUTHOR(S) ORGANISATION TOPIC TITLE
Uni 1y of Medici CHILDREN AS VICTIMS OF DOMESTIC
niversity of Medicine .
Tanita DACI Tirana, lbania EPIDEVNII%E(I)\IS%:LTI\?SEESTIISV&F THE
Loreta KUNESHKA Mother Teresa University

CURRENT SITUATION IN ALBANIA’S
CAPITAL

Manoj B. PATIL
Yash R. PARDESHI
Vivek P. PATIL
Mitul M. MEHTA
Samruddhi H. MORE
Hitesh V. SHAHARE

SNJBs Shriman

Sureshdada Jain College

of Pharmacy, India

FORMULATION AND EVALUATION OF
HERBAL SOAP FOR TREATING
DERMATITIS

CLOPIDOGREL POLYMERIC

Giorgi DUGASHVILI

University, Georgia

N(,Zﬁl;ﬂ?rstL%?M Quaid-i-Azam University, | NANOPARTICLES FOR THE TREATMENT
Sibgha Pakistan OF MYOCARDIAL INFARCTION: IN VITRO,
IN VIVO INVESTIGATIONS
ETHICAL DECISION-MAKING IN
Nino LASHABERIDZE Grigol Robakidze HEALTHCARE MANAGEMENT:

CHALLENGES AND MANAGERIAL
IMPLICATIONS

Monika FEKETE
Andrea LEHOCZKI
David MAJOR
Vince FAZEKAS-PONGOR

Semmelweis University,
Hungary

THE ROLE OF NUTRITION IN HEALTHY
AGEING: EVIDENCE FOR THE
PREVENTION OF CHRONIC DISEASES

Krisela PLLAHA
Genc BURAZERI

Fan S. Noli University,
Albania
University of Medicine
Tirana, Albania

SEXUAL BEHAVIORS AND
PSYCHOSOCIAL DETERMINANTS AMONG
UNIVERSITY STUDENTS IN SOUTHEAST
ALBANIA

Nabil AMOR
Khadejah Hussain
ALAMOUDI
Sarra FARJALLAH
Paolo MERELLA
Osama B. MOHAMMED
Abdulaziz N ALAGAILI

University of Tunis El
Manar, Tunisia
King Saud University,
Saudi Arabia
University of Sassari,
Italy

FIRST MOLECULAR DETECTION OF
BABESIA AND THEILERIA PARASITES IN
THE LESSER EGYPTIAN JERBOA (JACULUS
JACULUS) FROM SAUDI ARABIA
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26.02.2026, Thursday, Online Session-1, Hall-5
Ankara Local Time: 10:00-12:00

Meeting ID: 847 7043 0612 / Passcode: 121212

HEAD OF SESSION: Umit AKKEMIK
ORGANISATION TOPIC TITLE
A MINIMALLY INVASIVE TREATMENT

AUTHOR(S)
Ugur OZSOY Gaziosmanpasa OPTION FOR HEMORRHOIDAL DISEASE:
Murat YILDIRIM University, Tiirkiye LASER HEMORRHOIDOPLASTY
SeVdGei CAI\féﬁK Acibadem Mehmet Ali CLINICAL IMPORTANCE OF
Perim ;Zafﬂa TURKER Aydinlar Universi, IMMUNONUTRITION APPLICATIONS IN
Tiirkiye CANCER TREATMENT
Murat BAS
Giinay SALEHOVA Scientific Research
Tiirkane MEMMEDOVA University of Pediatrics, | AICARDI-GOUTIERES SYNDROME TYPE 3
Ziilfiye MAHMUDOVA Azerbaijan
Can NACAR Ondolue Mas SURGICAL REPAIR OF SALTER-HARRIS
Kamil Serdar INAL University mrykiye TYPE Il FRACTURE OF DISTAL FEMUR IN
Hatice Ozlem NISBET ’ A GOLDEN JACKAL (CANIS AUREUS)
Meryem KAR Istanbul University A SCOPING REVIEW OF POSTGRADUATE
Nurten OZEN Tirkiye THESES ON EVIDENCE-BASED PRACTICES
Cansu POLAT DUNYA IN NURSING IN TURKEY

12th International Aegean Congress on Natural & Medical Sciences

February 25-26, 2026, izmir
(THE PROCEEDINGS BOOK)
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26.02.2026, Thursday, Online Session-2, Hall-5
Ankara Local Time: 12:30-14:30
Meeting ID: 847 7043 0612 / Passcode: 121212

HEAD OF SESSION: SK Ashadul RAHAMAN

AUTHOR(S)

ORGANISATION

TOPIC TITLE

Md. Nazmul Hasan ARFIN

Sylhet Agricultural
University, Bangladesh

EFFECT OF SEAWEED ENRICHED HUMIC
ACID ON GROWTH AND YIELD OF BT.
BRINJAL (SOLANUM MELONGENA L.)

Shilpa SASIDHARAN

All Saints’ College
(University of Kerala),

ASSESSMENT OF SURFACE URBAN HEAT
ISLAND EFFECT IN KOCHI, KERALA

K. VARSHITHA
D. RAGAVARSHINI
S. DHANAVANTHARI

College, India

Ayona JAYADEV India USING GOOGLE EARTH ENGINE
M. Varshana DEEPA
K. PRIYANKA
S SHAPNA RVK Engincering SIMPLE APPLICATIONS OF FUNCTIONS OF

SEVERAL VARIABLES AND VECTOR
CALCULUS

Plamen GLOGOV
Mariam BOZHILOVA
Emil STANISHEV

Forest Research Institute
— Bulgarian Academy of
Sciences, Bulgaria

APPLIED CONSERVATION PRACTICES
AND DEVELOPMENT OPPORTUNITIES FOR
THE PROTECTION OF PANCRATIUM
MARITIMUM L. IN THE COASTAL ZONE OF
LARA, ANTALYA

Syeda Sabika Zahra NAQVI
Syed Mohsan Raza SHAH

University of Education,
Pakistan

EVALUATING THE STRUCTURAL AND
FUNCTIONAL TRAITS OF VARIOUS PEARL
MILLET GERMPLASM UNDER THE
ENVIRONMENTAL CONDITIONS IN DERA
GHAZI KHAN, PUNJAB, PAKISTAN

SK Ashadul RAHAMAN

VIT-AP University, India

SLIDING WINDOW STATISTICAL
CONVERGENCE OF FRACTIONAL
DIFFERENCE SEQUENCES IN
INTUITIONISTIC FUZZY NORMED SPACES

Andhea SITORESMI
NURAULIYA
Dwi YUNI HASTATI

College of Vocational
Studies, IPB University,
Indonesia

THE EFFECT OF CARRAGEENAN, KONJAC,
AND TRIPOTASSIUM CITRATE RATIOS ON
THE PHYSICOCHEMICAL
CHARACTERISTICS AND ACCEPTANCE
LEVEL OF INSTANT PUDDING
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COCUKLARDA DEMIR EKSIiKLiGi ANEMISINDE INTRAVENOZ DEMIiR TEDAVISININ
ETKINLiGi VE GUVENLIiGi: TEK MERKEZ DENEYiMi
EFFICACY AND SAFETY OF INTRVENOUS IRON THERAPY IN PEDIATRIC PATIENTS WITH
IRON DEFICIENCY ANEMIA: A SINGLE-CENTER EXPERIENCE

' Dr. Mehtap ERTEKIN
Izmir Cigli Egitim ve Arastirma Hastanesi, Cocuk Hematoloji ve Onkoloji Anabilim Dali
ORCID ID: 0000-0003-1622-890X

OZET

Amag: intravendz (IV) demir tedavisi, pediatrik pratikte olas1 alerjik ve infiizyon iliskili yan etkilere
dair endiseler nedeniyle sinirli kullanilmaktadir. Bu ¢aligmanin amaci, tek merkezde IV iron sucrose
(IVIS) uygulanan pediatrik demir eksikligi anemili hastalarda tedavinin etkinligini ve giivenligini
degerlendirmektir.

Yontem: Caligmaya IVIS tedavisi alan 20 pediatrik hasta dahil edildi. IVIS, 4 mg/kg/doz (maksimum
200 mg) olacak sekilde haftada iki kez, toplam iki hafta (dort veya bes doz) uygulandi. Tiim infiizyonlar
gliniibirlik servis kosullarinda, test dozu sonrasi1 30 dakikalik intravendz inflizyon ile verildi ve inflizyon
sonrasi en az 1 saat advers etki acisindan izlendi. Hematolojik ve demir parametreleri tani aninda,
tedavinin 1. ve 3. aylarinda degerlendirildi. Zaman igindeki degisimler Friedman testi ile analiz edildi.

Bulgular: Hastalarin yas ortalamasi 14,2 = 2,3 yil olup, %851 kizdi. Tan1 aninda ortalama hemoglobin
7,62 £ 1,30 g/dL ve ferritin 7,9 + 3,1 ng/mL idi. Hemoglobin diizeyleri 1. ayda 11,87 + 0,91 g/dL, 3.
ayda 12,92 + 0,80 g/dL’ye yiikseldi (p < 0,001). MCV ve ferritin diizeylerinde de zaman iginde
istatistiksel olarak anlamli artis saptandi (p < 0,001). Tedaviye bagli akut veya ge¢ advers etki
gozlenmedi.

Sonug: IVIS tedavisi, pediatrik demir eksikligi anemisinde etkili, hizli ve glivenli bir tedavi segenegidir.
Ozellikle oral demiri tolere edemeyen, emilim bozuklugu bulunan veya hizli hemoglobin artis1 gereken
hastalarda, giincel American Society of Hematology (ASH) onerileriyle uyumlu olarak, kan
transflisyonuna alternatif bir yaklagim olarak daha sik degerlendirilmelidir.

Anahtar Kelimeler: Demir eksikligi anemisi, intravendz iron sucrose, etkinlik, glivenlilik

ABSTRACT

Objective: The rationale for the cautious use of intravenous (IV) iron therapy in pediatric practice lies
in the fear of possible allergic reactions following its administration. The study was therefore designed
with the aim of assessing the efficacy and safety of intravenous iron sucrose (IVIS) in children with iron
deficiency anemia.

Methods: Twenty pediatric patients who received IVIS therapy were included. IVIS was administered
at a dose of 4 mg/kg per infusion (maximum 200 mg), twice weekly for two weeks (four or five doses).
All infusions were delivered in a day-care unit following a test dose, over 30 minutes, with at least one
hour of post-infusion monitoring for adverse events. Hematological and iron parameters were assessed
at baseline and at 1 and 3 months after treatment. Changes over time were analyzed using the Friedman
test.

Results: The mean age of the patients was 14.2 + 2.3 years, and 85% were female. At diagnosis, mean
hemoglobin was 7.62 + 1.30 g/dL and ferritin was 7.9 + 3.1 ng/mL. Hemoglobin levels increased
significantly at 1 month with values at 11.87 = 0.91 g/dL and at 3 months with values at 12.92 + 0.80
g/dL (p < 0.001). Similarly, mean corpuscular volume and ferritin levels increased significantly in the
study group (p < 0.001). No adverse effects from the treatment regimen occurred in the study group.
Conclusion: IVIS therapy is an effective, rapid, and safe intervention in the management of iron
deficiency anemia in the pediatric population. In pediatric patients who are unable to take iron by mouth,
have evidence of malabsorption, and need a rapid increase in hemoglobin levels, IV iron therapy should
be more commonly used as an alternative to transfusions, as recommended by the American Society of
Hematology.

Keywords: Iron deficiency anemia, intravenous iron sucrose, efficacy, safety
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PREMATURE SICANLARDA iNVAZIiV GiRiSIMLERIN NEDEN OLDUGU
NOROGELISIMSEL SORUNLARIN ONLENMESINDE GIRiSIM ONCESINDE TOPiKAL
ANALJEZIK KULLANILMASI OLUMLU ETKIiSi OLUR MU?

IS THE USE OF TOPICAL ANALGESICES BEFORE INVASIVE PROCEDURES POSITIVE IN
PREVENTING NEURODEVELOPMENTAL PROBLEMS CAUSED BY THESE PROCEDURES IN
PREMATURE RATS?
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OZET

Prematiire dogan bebeklerin yagamlarini siirdiirebilmeleri i¢in yeni dogan yogun bakimui iinitelerinde
hayati bir bakim siirecine ihtiya¢ duyarlar. Bu yogun bakim siirecinde giinlerce ¢ok sayida tekrarlayan
invaziv girisim ve bunlarin yaratti§i strese maruz kalmaktadirlar. Prematiire bebeklerin bu siirecte
beyinleri hizla gelisirken maruz kaldiklar1 agr1 ve stresin beyinde 6nemli norogelisimsel sorunlara neden
olmaktadir. Bu calismada bu siireci modelleyen prematiire sican yavrularinda tekrarlayan invaziv
girisimler Oncesinde tropikal deri anestezisi kreminin (%5 EMLA kremi) kullanarak agr1 ve acinin
azaltilmasi noérogelisimsel sorunlari onlenmesinde etkilerini arastirilmayr amacladik. Bu g¢alismada
girisim yapilmayan kontrol (n:7) tekrarlayan invaziv girisim yapilan deney (n:7) ve girisim Oncesi
tropikal anestetik krem kullanilan ve sonra girisim yapilan (n:7) olmak {izere toplam 21 adet prematiire
Wistar Albino si¢an yavrusu kullamldi. Calismada ti¢ grubun canli agirhk artiglar kargilastirildiginda
en iyi kontrol, tropikal analjezik ve girisim gruplari canli agirlik artist saglamustir (p>0.05). Ug gurubun
motor refleks gelisim testleri arasinda anlaml1 bir fark bulunmamustir (p>0.05). Ug grubun geng eriskin
donemlerinde korku, anksiyete, dikkat ve 6grenme performanslari karsilagtirildiginda sirasiyla kontrol,
tropikal analjezik ve girisim grubu yavrulari iyi performans gdstermis olup ve bu durum istatistiksel
olarak da anlamliydi (p<0.05). Yavrular1 invaziv girisim Oncesi topikal analjezik kullanilmasi,
kullanilmamasima gore geng eriskin donemde anksiyetesi daha azalttigi, dikkat, 6grenme bellek
performanslarini olumlu yonde etkiledigi ve sosyal iletisimleri daha yiiksek olarak degerlendirilmistir.
Ug grubun geng eriskin dénemde agrili uyaranlara yanitlar1 degerlendirilmis girisim grubu sicanlarin
kontrol ve topikal analjezik grubuna gore agr1 ve actya ge¢ yanit verdigi, tolerans gelistirdigini tespit
edilmistir (p<0.05). Prematiire sigan yavrularinda tekrarlayan invaziv girigim bolgesine girisim 0ncesi
topikal analjezik krem kullanilmasi agri, aci ve stresin azaltilmasi siganlarin fiziksel, davrams ve
ogrenme performansini olumlu yonde etkiledigi sonucuna ulagilmistir.

Anahtar Kelimeler: Prematiire sican, tekrarlayan invaziv girisim, topikal analjezik, agri, stres,
anksiyete, fiziksel gelisim, davranis, 6grenme.
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ABSTRACT

Premature babies require vital care in neonatal intensive care units to survive. During this intensive care
process, they are exposed to numerous repeated invasive procedures and the stress they cause over
several days. While the brains of premature babies develop rapidly during this process, the pain and
stress they are exposed to cause significant neurodevelopmental problems in the brain. In this study, we
aimed to investigate the effects of reducing pain and suffering and preventing neurodevelopmental
problems by using a topical skin anesthetic cream (5% EMLA cream) before repeated invasive
procedures in premature rat pups, modeling this process. A total of 21 premature Wistar Albino rat pups
were used in this study: a control group without intervention (n:7), an experimental group with repeated
invasive procedures (n:7), and a group that received topical anesthetic cream before and after the
procedure (n:7). Results; When comparing the live weight gains of the three groups in the study, the
control, topical analgesic, and intervention groups showed the best live weight gain (p>0.05). No
significant difference was found between the three groups in motor reflex development tests (p>0.05).
When comparing the fear, anxiety, attention, and learning performance of the three groups in young
adulthood, the control, topical analgesic, and intervention group offspring performed better,
respectively, and this difference was statistically significant (p<0.05). The use of topical analgesics
before the invasive procedure was found to reduce anxiety, positively affects attention, learning, and
memory performance, and improve social communication in young adulthood compared to the absence
of topical analgesic. When the responses of the three groups to painful stimuli in young adulthood were
evaluated, it was determined that the intervention group rats responded later to pain and discomfort and
developed tolerance compared to the control and topical analgesic groups (p<0.05). It was concluded
that using topical analgesic cream before repeated invasive procedures in premature rat pups reduces
the pain, suffering, and stress caused by the procedure, positively affecting the physical, behavioral, and
learning performance of the rats.

Keywords: Premature rat repeated invasive procedure, topical analgesic, pain, stress, anxiety, physical
development, behavior, learning.

GIRIiS VE AMAC

24-32 haftalik gebelik doneminde dogan (g¢ok erken dogan) bebekler, hayata tutunmak i¢in yenidogan
yogun bakim tinitesindeki hayat kurtarict bakima ihtiya¢ duyarlar. Yogun bakim siirecinde tekrarlanan
prosediirel agriya bagli agr1 ve buna baglh strese maruz kalirlar. Prematiire dogan bebekler agriy1
algilamak icin gerekli nosiseptif devreye sahip olsalarda heniiz bu sistemleri fonksiyonel olarak
olgunlagsmamustir(1,2). Fizyolojik olarak olgunlagsmamis yeni doganlarda hipotalamus-hipofiz ekseninin
uzun siireli aktivasyonu, hormonal (biiyiime, glukokortikoid), fizyolojik (metabolik, bagisiklik) ve
davranigsal (kaygi, depresyon) sistemlerde uzun vadeli degisikliklere yol acabilir(3,4). Yenidogan
beyininde o6zellikle savunmasiz olan iki hiicre popiilasyonu vardir: subplate néronlart ve
preoligodendrositler. Neonatal agriya bagli stres, miyelin iireten oligodendrositlere farklilagsmadan dnce
aksonlar1 saran preoligodendrositler de etkileyebilir (5). Subplate ndronlari, memeli serebral korteksinde
iiretilen ilk hiicreler arasindadir ve talamik aksonlardan uyarici sinaptik uyarilar alan ilk kortikal
noronlardir; bu da talamik aksonlar ile serebral korteksteki nihai hedefleri arasinda gegici bir baglanti
kurar (6-8). Yenidogan agristyla iligkili stresin beyin gelisimi {izerine erken yasamda gdzlemlenen
etkilerin Gtesine uzandig1 da goriilmektedir (9,10). 7 yasinda, yogun bakimda daha fazla sayida deri
yirtilmasina neden olan igslem, degerlendirilen 66 serebral bolgenin 21'inde daha ince kortikal gri madde
ile iliskilendirilmistir ve bu durum agirlikl olarak frontal ve parietal loblari etkilemistir (11). Cok erken
dogan bebeklerde girisimsel agriya bagh stres, okul cagindaki spontan beyin aktivitesindeki
degisikliklerle iligkilendirilmis ve gorsel-algisal yeteneklerle negatif korelasyon gostermistir
(12).Yenidogan yogun bakim {initesinde kaldiklar: siire boyunca, prematiire bebekler giinde ortalama
on invaziv ve stresli iglem olmak iizere toplamda yaklasik 200 agrili islemden gecer. Baska bir
arastirmada yenidogan yogun bakim iinitesine kabul edilen bebeklerin giinde ortalama 7-17 defa agrili
isleme maruz kaldig1 bildirilmektedir(13—15). Buna ek olarak, uzun vadeli kohort ¢aligmalari, tekrar
eden agrili uyaranlara maruz kalan yenidoganlarin okul ¢aginda, normal yenidoganlara kiyasla belirgin
sekilde daha diisiik zeka, motor yetenek ve davranis kontroliine sahip olduklarini géstermistir(16).
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Yenidogan doneminde fazla maruz kalan bebeklerin ileri yasta daha diisiik bilissel ve motor
fonksiyonlarla (kaygili/depresif) davranislarla iliskili oldugu gosterilmistir(7,15). Cok erken dogan
bebeklerde, tekrarlanan agriya maruz kalma, beyinde uzun vadeli degisikliklerle iligkili olup, agr1
isleme, O0grenme ve davranigta degisiklikler (17,18), bilingsel islev ve gorsel yetenekler (12),
hipotalamus-hipofiz-adrenal eksen gelisiminde ve kortizol diizensizliginde degisiklikleri (19), beyin
biiyiimesinde ve yapisinda azalma (20), talamus gelisiminde degisiklikler(21), frontal ve parietal beyin
genisliginde azalma, temporal loblarda difiizyon ol¢iimlerinde ve fonksiyonel baglantida degisiklikler,
motor davranista anormallikler(22) ve serebellar boyutta azalma (23) dahil nérogelisimsel sorunlar ile
iligkili bulunmustur. Bunlarin 6tesinde erken dogan bebeklerde epigenetik programlamada ve telomer
uzunlugundaki degisiklikler de erken yasamda tekrarlanan agriya maruz kalmayla iligskilendirilmistir
(24-206).

Klinisyenler prematiire dogan bebeklerde agriy1 ayirt etme ve uygun sekilde yonetme konusunda
zorlanmaktadir. Prematiire bebeklerde agriy1 azaltmak icin farmakolojik tedaviler rutin agri yonetimi
icin ideal degildir ve farmakolojik olmayan yonetim ilk adim olarak 6nerilse de, yenidogan yogun bakim
iinitesinde invaziv islemler genellikle destek olmadan gerceklestirilir(20). Etkili agri yonetimi,
prematiire ve zamaminda dogan yenidoganlar i¢in arzu edilen bir bakim standardidir ve klinik ve
norogelisimsel sonuglarini potansiyel olarak iyilestirebilir. Invaziv prosediirlerin azaltilmasi ve
farmakolojik, davranigsal veya g¢evresel onlemlerin kullanilmasi, yenidogan agrisin1 ydnetmek igin
kullamlabilir. Farmakolojik olmayan yaklagimlar arasinda kanguru bakimi, kolaylastirilmis kucaklama,
besleyici olmayan emme, sukroz ve diger tatlandiricilar, masaj ve akupunktur tedavisi yer alir. Bunlar,
akut, gecici veya hafif agriya neden olan prosediirler igin veya orta veya siddetli agri i¢in yardimci tedavi
olarak kullanilir. Lokal ve topikal anestezikler, deriyi delen veya mukozay1 zedeleyen prosediirlerin
neden oldugu akut agriy1 azaltabilir. Opioidler, siddetli agrinin tedavisinde temel unsuru olusturur;
morfin ve fentanil en sik kullanilan ilaglardir(27).Topikal anestezikler, venodz kaniilasyon (28), lomber
ponksiyon (29) veya vendz ponksiyon (30) gibi bazi prosediirel agri tiirleri i¢in etkilidir. Vendz
ponksiyona maruz kalan prematiire yenidoganlarda EMLA kremi (Eutectic Mixture of Local
Anesthetic) kullanilmustir(31). Topikal kremler igerinde EMLA kremi tekrarlayan kullaniminda
prematiire bebeklerde giivenli olabilecegi belirtilmistir (32,33). Lidokain-prilokain %5 krem (EMLA),
bu islemlerden kaynaklanan agriyr azaltmada faydali olabilecegi fakat yenidoganlarda
methemoglobinemiye neden olabilecegi endisesi nedeniyle kaygiya neden olmaktadir. Yenidoganlarda
islem agrisinin tedavisinde EMLA ile tedavi edilen ve plasebo ile tedavi edilen bebekler arasinda met
hemoglobin konsantrasyonlar1 karsilastirilmis iki grubun arasinda farklilik gdstermedigini ortaya
koymustur(33).

Yukaridaki literatiir bilgileri 1s18inda uzun siire tekrarlayan prosediirel agriya maruz kalmanin
yenidogan beyininde ciddi gelisimsel etkileri goriillmektedir. Yenidogan agrisiyla iliskili stres ve beyin
gelisimi arasindaki iligkiler, erken yasamda gozlenen rahatsizliklar daha ileriki yaslara uzaniyor, bu
bebeklerde olumsuz nérogelisimsel sorunlar siklikla yasam boyu devam ediyor gibi goriinmektedir. Bu
calismanin amaci, prematiire yenidogan sican modelinde tekrarlanan invaziv girisimle olusan agrinin
onlenmesinde topikal bir analjezik kullanilmasi ile erken donem fiziksel, motor refleks gelisimleri ve
uzun dénemde agr1 toleranst yanitlari, motor koordinasyon, bilissel fonksiyonlar {izerindeki olumlu
etkilerini aragtirmaktir.

MATERYAL ve METOD

Bu ¢alisma, Dokuz Eyliil Universitesi Hayvan Deneyleri Yerel Etik Kurulunun 02/2025 protokol nolu
etik kurul onayi alindiktan sonra yapildi. Bu calismada Dokuz Eyliil Universitesi Tip Fakiiltesi
Multidsiplin Deneysel Arastirma Laboratuvari'ndan temin edilen 4 farkli anneden dogan 21 adet
yenidogan Wistar Albino sigan yavrulari kullanildi. Her annenin yavrularmmin kontrol, invaziv girisim
ve topikal analjezik+ girisim olmak {lizere isaretleme yapilarak ratgele {i¢ gruba da dahil edildi. 1. Grup-
kontrol grubu(n=7): Yavrular PN1-10 arasinda her giin 10 defa 1-2 dakika anneden ayrildi invaziv
girisim uygulanmadi. 2. Gurup-Girigim grubu (n=7): Yavrular PN1-10 arasinda her giin 10 defa bir saat
araliklarla 1-2 dakika anneden ayrildi ve {i¢ farkli viicut bolge derisine 24 G igne invaziv girisim
uygulandi.
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3. Grup- topikal analjezi + girigim grubu (n=7): Yavrular PN1-10 arasinda her giin 10 defa bir saat
araliklar ile 1-2 dakika anneden ayrildi li¢ farkli viicut bolge derisine topikal analjezik uygulandi ve 5
dakika sonra topikal analjezik uygulanan ii¢ alan 24 G igne invaziv girisim yapild.

Sican yavrulari normal dogumlarinda 4-5 gr olup prematiire olarak dogarlar. Sigan yavrulart normal
dogumdan sonraki ilk 10 giin prematiire olarak kabul edilir. Siganlar yagam donemleri olarak dogumdan
sonraki 1-21 giinleri arasma emzirme donemi, dogumdan sonraki 32-48 arasi cinsel olgunluk dénemi,
dogumdan sonraki 49-70 arast adolesan donemi, 100'den sonra yetiskinlik donemi olarak
belirtilmektedir (34). Bu caligmada sigan yavrusu model hayvan tercih edilmesinin nedeni sigan
yavrularmin normal term dogumlar1 prematiire dogar ve PN 1-10 giin prematiire 6zellik tagimakta
oldugu i¢in prematiire dogan bebekleri taklit edecegi diisliniilerek sigan yavrusu tercih edilmistir.
Tropikal analjezik krem kullanilmasi: Caligmamizda %5 EMLA Krem (1 gram kremde 25 mg lidokain
ve 25 mg prilokain i¢eren) kullanilmistir. Gurrier ve ark.(1995) prematiire ve zamaninda dogan
bebeklerde invaziv girisim oncesi EMLA krem kullanilmasinin bebeklerin agrisimt azalttigi,
bebeklerdeki methemoglobinin diizeyini yiikseltmedigi ve yaklagik 1-2 saat etkili oldugunu
belirtmektedir(35). Bizde bu literatiir bilgiler 1s1ginda Calismamizda EMLA® %5 krem yeni dogan
sigan yavrulari ortalama 4-5 gram agirliginda olup Gouma ve ark ( 2012) de tanimladig1 formiile gore
sican yavrular1 32-33 cm? toplam deri yiizeyine sahiptir(36). Kemirgenlerde deri yolu ile uygulanan bir
ilacin giivenli viicut yilizeyi toplam viicut yiizeyinin %10 giivenli tropikal anestezik krem uygulama alani
kabul edilir ve yenidogan sigan yavrularinda bu alan yaklasik 3 cm*lik bir alandir. Yeni dogan sigan
yavrularmda boyun, 6n bacak ve gogiis derisi olmak tizere {i¢ farkli bolgede girisim yaptigimiz i¢in her
girisim alan1 ¢ap1 1cm?lik alan bir kalem ile gizilerek topikal anestetik krem bu alan i¢inde girisimden
5 dakika oOnce daire icine alinan bdlge deri lizerine uygulandi. Literatiirde prematiire yenidogan
bebeklere 1-2 saat araliklarla topuk kani almadan once 0,5 g lidokain-prilokain krem uygulanmasi
giivenli oldugu belirtilmis olup (33) bizde ¢alismamizda sigan yavrularina girisim 6ncesi isaretlenen
alan bolge derisine EMLA krem uygulanmustir. Calismamizda tiim gruplardaki yavru siganlar
dogumdan bir giin sonra baslayarak her giin bir saat araliklar ile 1-2 dakika anne sicakligini taklit bir
bez tlizerine alindi. 1. Grup yavrulara islem yapilmadi 1-2 dakika sonra annelerine geri verildi. 2.
Gruptaki yavrulara steril 24G braniil ignesi ile boyun, 6n bacak ve gogis derisi girisim yapildi ve
annelerine verildi. 3. Gruptakilere girisim Oncesi Onceden isaretlenen ii¢ alana topikal analjezik
uygulandi ve sonra steril 24G braniil ignesi ile boyun, 6n bacak ve gogiis derisi girisim yapildi ve
annelerine verildi. Yenidogan sigcan yavrularina tiim uygulamalar her giin 08.00-17.00 arasinda bir saat
araliklarla yapildi. Deney prosediirii bebeklerin yenidogan yogun bakim iinitelerinde ortalama kalis
siireleri goz Oniine alinarak tasarlandi (37,38). Calismada 2. ve 3 gruptaki her si¢an yavrusuna her giine
birer saat araliklar ile boyun, 6n bacak ve gdgiis yan duvari olmak iizere ii¢ farkli bélgeye birer invaziv
girisim yapildi ve glinde 10 defa tekrar edildigi i¢in bir sican yavrusuna giinde 30 girisim yapilmis oldu.
Calismamizda girisim uygulamalar1 10 giin devam ettigi i¢in toplamda 2. ve 3 gruptaki her sigcan
yavrusuna 300 girisim yapilmis oldu.

Degerlendirme Y ontemleri:

Yavrularin erken donem degerlendirilmesi; Prematiire sigan yavrularinda tekrarlayan invaziv girisim
uygulamasinin erken dénem etkilerinin degerlendirilmesi i¢in si¢an yavrularinin canli agirlik artisi
takibi, sican yavrularin tiiylenme, gozlerin agilmasi, kesici dislerin fiziksel gelisimi takibi, si¢an
yavrularm motor refleks gelisimlerinin takibi (emekleme, 6n ve arka penge kavrama, 6n ve arka bacak
siispansiyon, ucurumdan kacinma, negatif geotaksi, igitsel irkilme, hizlandirilmis dogrulma, kavrama
mukavemeti gibi motor refleks testleri yapilarak takip edildi.

Sican tekrarlayan invaziv girisim uygulamasinin ileri yasam donem etkilerinin degerlendirilmesi i¢in
ogrenme, bellek ve davramig degerlendirilmesi i¢in sicanlarin PN32-33 arasinda acik alan testi ile
anksiyetesi, PN35-38 arasinda Y labirent testi ile dikkat ve kisa donem bellegini, PN43-44 arasinda
sosyal iletisim testi sosyal iletisimini girisim yapilan ve yapilmayan iki gurup karsilastirilmistir. ileri
yasam doneminde agrili uyaranlara yanitin degerlendirilmesi i¢in sicak su kuyruk daldirma testi (PN47-
49) ve formalin testi (PN53) giinliik olduklarinda tekrarlayan agrili invaziv girisim uygulamasinin agrili
uyarana yanitlarin1 degerlendirildi. Denge ve motor koordinasyon Degerlendirilmesi i¢in (PN50-52)
giinliik olduklarmda tekrarlayan agrili invaziv girisimin olusturdugu agr1 ve stresin denge ve motor
koordinasyon iizerine etkisini degerlendirmek i¢in yapilmistir.
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Istatistiksel Yéntem; Calismada elde edilen verilerin istatistiksel analizleri SPSS (Statistical Package
for Social Sciences) 15.0 bilgisayar paket programinda yapildi. Degerlendirmede ortalama ve standart
sapmalar belirlendi. Gruplar aras1 farklilik Kruskal Wallis testi ile gruplar arasindaki farkliligin hangi
gruptan kaynaklandigi ise Mann-Whitney U testi ile analiz edildi. T-testi, iki grubun ortalamalar1 veya
bir drneklem ortalamasi ile bilinen bir deger arasinda anlamli bir fark olup olmadigini belirlemek i¢in
kullanildu.

BULGULAR

Calismada ii¢ grubun yavrularin canli agirlik artiglart karsilagtirildiginda PN4-18 arasinda girisim
yapilmayan ve topikal analjezik+ girisim grubu yavrularinin canli agirlik artiglari girisim yapilan guruba
gore daha yiiksek olarak olgildii ve {i¢ grubun canli agirlik artig ortalamalar1 karsilagtirildiginda
istatistiksel olarak anlamli bir fark bulundu(p<0,05). U¢ grubundaki yavrularin kulak kepgesinin
ayrilmasi zamani, ayak parmaklarmin ayrilmasi, kesici dislerin ¢ikma zamani, tiiylenme ve gdzlerin
acgilma zamanlari karsilastirildiginda ti¢ grup arasinda anlamli bir fark gézlenmemistir. Ayni annenin ii¢
gruba dahil edilen yavrular arasinda kafes iginde tekrarlayan girisim yapilan yavrularin, girigim
yapilmayan ve topikal analjezik kullanilan 6z kardeslerine karsi kafes igcinde daha hareketli, daha
saldirgan, kavgaci ve {istliin olma ¢abalar1 izlenmistir. Ayni annenin yavrulari arasinda sadece girisim
yapilan yavrular kafes i¢inde diger 6z kardeslerine gore uzun siireli kavgalara girdikleri ve kardesler
arasinda daha rekabetci davramislar gosterdikleri belirgin olarak dikkati cekti. Ug grubun tekrarlayan
girisim yapilan si¢an yavrularmin deneyin ikinci ve li¢iincli gliniinden sora el ile temas edildiginde
anormal sesler ¢ikarmasini vokalizasyon olarak tanimlandi. Ozellikle yavrularin gozleri kapali olmasina
ragmen girisim ve motor testler i¢in annelerinden ayrildiktan sonra baglayan ve annelerine verilene
kadar devam eden anormal siddetli sesler, elden kurtulmak i¢in verdikleri tepkiler ve girisim yapilan
bolgeyi koruma cabalarinin her gecen giin daha belirgin oldugu gozlendi. U¢ gruba ait sican
yavrularmda motor reflex gelisimi {izerine olan etkileri degerlendirmek i¢in yapilmis olup ii¢ grubun
sigan yavrularinin emekleme zamani, dogrulma zamani, ugurumdan kaginma, 6n ayak penge kavrama,
arka ayak penge kavrama, on bacak siispansiyon, arka bacak siispansiyon, yiiriime zamani, kavrama
mukavemeti testi, arka ayak patisi yerlesimi, isitsel irkilme testi, negatif geotaksi testi, goz agma zamani
ve hizlandirilmis dogrulma motor refleks testleri tizerinde bir etkisi olmamis ve ti¢ grup arasinda anlamli
bir fark bulunmamustir.

Ug grubundaki sicanlarin anksiyetesi ve lokomotor aktivitesi degerlendirmek igin agik alan testi yapilda.
Acik alan testi sonuglarina gore, kontrol ve topikal analjezik grubu sicanlarmin merkeze girme sikligi
ve merkezde bulunma siiresi, girisim grubuna kiyasla belirgin sekilde daha yiiksek bulundu ve bu durum
istatistiksel olaraktan anlamliydi(p<0,05). Acik alan test sonuglarina gore tekrarlayan invaziv girisimler
oncesi topikal analjezik kullanmak si¢an yavrularinda girigsimin verdigi agr1 ve stresi azalttigi ileri yasam
doneminde korku ve anksiyetesi azaltmis olabilecegini diisindiirmektedir.

Ucg gruptaki siganlar PN43—44 giinliik olduklarinda sosyal iletisim iizerindeki etkilerini degerlendirmek
amaciyla sosyal etkilesim testi uygulandi. Sosyallik ve sosyal tercih degiskenlerinin ortalamalari
karsilastirildiginda, kontrol grubu ve topikal analjezik grubu lehine istatistiksel olarak anlamli bir fark
bulundu ve sosyallik skorlar1 sadece girisim yapilan gruptan daha yiiksek saptandi (p<0,05),

Ug gruptaki siganlar PN35-38 olduklarinda 6grenme ve bellek performansina etkisini degerlendirmek
amactyla yapilmistir. Kontrol ve topikal analjezik kullanilan siganlar, girisim yapilanlara gére Y labirent
kollarindan yeni agilan kola giris sayilar1 ve yeni kolda gegirilen siire agisindan daha iyi performans
gostermis olup bu fark istatistiksel olarak anlamlidir (p<0,05). Tekrarlayan invaziv girisim si¢anlarin
eski ve yeni kolu ayirt etme dikkat, 6grenme ve kisa bellek {izerinde olumsuz etkisinin oldugu sdylemek
mimkiindiir.

Ug gruptaki siganlar PN53 olduklarinda agrili uyaranlara yanitlar1 karsilastirmak igin formalin testi
yapilmigtir. Tekrarlayan girisim yapilan siganlarin, kontrol ve topikal analjezik gurubuna gore formalin
enjeksiyonundan sonra arka ayaklarin1 daha az ¢ektikleri ve yaladiklar1 belirlendi. Formalin testinde
arka ayak cekme sayilar1 karsilastirildiginda, {i¢ grup arasinda istatistiksel olarak anlamli bir fark
saptand1 (p<0,05). Bu bulgular, sadece girisim yapilan guruptaki siganlarin formalin enjeksiyonuna
bagli agriy1 kontrol ve topikal analjezik grubuna kiyasla daha iyi tolere ettiklerini diisiindiirmektedir.
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Ucg gruptaki siganlar PN49-50 olduklarinda agrili uyaranlara yamtlari karsilastirmak icin sicak su kuyruk
daldirma testi yapildi. Tekrarlayan girisim yapilan siganlarin kontrol ve topikal analjezik grubu
siganlarma gore kuyrugunu sicak sudan gekme siiresinin uzadigi belirlenmistir. Kuyruk daldirma testi
siireleri sonuglar1 karsilagtirildiginda, t¢ grup arasindaki kuyruk ¢ekme siireleri arasindaki fark
istatistiksel olarak anlamh bulunmustur (p<0,05). Ug gruptaki sicanlart PN50-52 olduklarinda invaziv
girisimlerin motor koordinasyon ve denge iizerinde etkisini degerlendirmek icin motor denge testi
yapilmistir. Ug grubundaki sicanlarm motor denge test citasim gecme siireleri karsilastirildiginda
girigim yapilmayan ve topikal analjezik grubundaki si¢anlarin girigim yapilan gruptakilere gére denge
citasini daha kisa siirede gectigi ve daha az diistiigii tespit edilmistir. Ug grup arasinda yapilan
istatistiksel karsilastirmada anlamli bir fark oldugu saptanmustir (p<0,05).

TARTISMA VE SONUC

Caligmamizda ii¢ grubun prematiire sican yavrularinin tekrarlayan invaziv girisimler neden oldugu agri
stresini azaltmak i¢in yavrularin canli agirlik artiglari takip edilmistir. Girisim yapilmayan ve topikal
analjezik kullanilarak girisim yapilan yavrular sadece girisim yapilan yavrulara gore daha iyi canl
agirlik artist gostermisti. Bu durum istatistiksel olarak anlamli diizeydedir (p<0,05). Invaziv
girisimlerin Oncesinde topikal analjezik kullanmak yavrularin agri ve acisi azalttigi seklinde
yorumlanmustir. Ug grubun fiziksel gelismeleri parametreleri tiiylenme, kulak kepgesinin viicuttan
ayrilmasi, gozlerin agilmasi ve kesici diglerin ¢ikma zamani {izerinde belirgin bir olumsuz degisime
neden olmamuistir.

Girisim grubu prematiire sigan yavrulari igne batirma agrilisini deneyin ikinci giiniinde deneyimledigi,
bu igne batirma agrilisini hafizasina kaydederek yavrularin ele alinir alinmaz elimizden kurtulmak igin
caba gosterdigi, girisim grubu yavrularmin anormal sesler ¢ikardigi gozlenmistir. Calismamizda
kullanilan prematiire sigan yavrular: olmasina ragmen uygulanan tekrarlayan invaziv girisimlerin neden
oldugu agr1 ve stres prematiire sigan yavrularinin hafizasina kaydettigi gostermesi agisindan énemliydi.
Ozellikle girisim grubu yavrularm kontrol ve topikal analjezik grubuna gore daha kavgaci, saldirgan
davramslar sergiledigi, ayn1 annenin yavrulari arasinda, sadece girisime maruz kalan yavrularin
annelerini ve 6z kardeslerini rahatsiz ettikleri izlenmistir.

Calismada {i¢ grup arasinda sadece invaziv girisim yapilan gurubun kontrol ve analjezik kullanilan
grubun yavrularina goére ileri yasam doneminde korku ve anksiyetesi diizeylerini artirdigini, dikkat,
ogrenme ve bellek performansint olumsuz etkiledigini gdstermistir. Ayrica motor-denge
koordinasyonunun da bu siirecten anlamli diizeyde olumsuz etkilendigi goriilmektedir. Bu sonuglar
1s181nda, erken dogan bebeklerin yogun bakim iinitelerinde maruz kaldigi girisimsel agr1 ve stres
norogelisimsel sorunlara neden oldugu ve bunun sonucu ileri yasam doénemlerinde nérodavranissal
gelisim tlizerindeki kalic1 etkilerini olabilecegi hipotezini desteklemektedir. Vinall ve ark., yenidogan
doneminde tekrarlayan veya kalict agriya maruz kalmanin néronal apoptozu artirdigini ve yetigkinlikte
anksiyete benzeri davranislara yol actigini bildirmistir (39). Benzer sekilde, Ranger ve ark. prematiire
bebeklerde serebellumun erken yasamda agrili uyaranlara karsi oldukca hassas oldugunu; yenidogan
donemdeki agrili islemlere maruziyetin yedi yasindaki ¢ocuklarda daha kiiciik serebellar vermis
hacmiyle iliskili oldugunu gostermistir. Bu yapisal kiiclilmenin daha zayif calisma bellegi
performansiyla baglantili olabilecegini savunmustur(40). Cook ve ark. tarafindan yapilan ¢alismada,
prematiire bebeklerde invaziv islemlere daha fazla maruz kalmanin, dil performansiyla negatif iliskili
oldugu belirtilmistir(41). Bu veriler, calismamizda gozlenen davranigsal ve biligsel etkilerin biyolojik
bulgularmi destekler niteliktedir. Prematiire dogan bebeklerde yenidogan yogun bakim ortaminda
yasanan agriya bagh stresin, okul ¢agindaki spontan beyin aktivitesinde degisikliklere yol actig1 ve
gorsel-algisal becerilerin gelisimi olumsuz etkilendigi bildirilmistir (39).

Calismamizda {i¢ grubun oOzellikle girisim grubu siganlart kontrol ve topikal analjezik grubundaki
sicanlara gore iler yasam doneminde agrili uyaranlara daha ge¢ ve daha zayif tepki gosterdigi, agri
toleransini artirict bir etki olusturdugunu diisiindiirmektedir. Bu durum, dnceki agrili deneyimlerin agri
algisini modiile eden norofizyolojik mekanizmalarin gelisimine katki sagladigini ve yavrularda agriya
kars1 bir tilir adaptif yanit olusabilecegini gostermektedir.
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Sonug olarak prematiire sican yavrularinda tekrarlayan invaziv girisimlerin yarattigi agri1 ve stres
olumsuz etkilerini azaltmak i¢in girisim Oncesi girisim bolgesine topikal analjezik kullanmak
ndrogelisimsel sorunlar1 azaltmistir. Bu sonugtan yola ¢ikarak prematiire dogan bebeklerin yogun bakim
iinitelerinde kaldig1 siire iginde giinliik tekrarlayan invaziv girisimler oncesi topikal EMLA kremi
kullanmak bebeklerin erken ve ge¢ donemde yasacagi norogelisimsel sorunlarin azalmasina faydali
olabilecegi sunucuna ulasilmisgtir.
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OZET

Prematiire dogan bebekler yasama tutunmak i¢in yeni dogan yogun bakimi {nitelerinde son derece
gerekli ve stresli bir bakim siirecine ihtiya¢ duyarlar. Bu yogun bakim siirecinde ¢ok sayida tekrarlayan
invaziv girisim ve bunlarin yarattigi strese maruz kalmaktadirlar. Prematiire bebeklerin bu siirecte
beyinleri hizla gelisirken maruz kaldiklar1 agr1 ve stresin beyinde 6nemli norogelisimsel sorunlara neden
olmaktadir. Bu calisma prematiire bebeklerin yogun bakim siirecini taklit eden prematiire sican
yavrularinda olusturulan deneysel tekrarlayan invaziv girisim modelinde olusan agri ve stresin
yavrularmin erken dénem fiziksel, motor gelisimi ve ileri donem davranis ve 6grenme performansi
iizerine olan etkilerini arastirilmay1 amagladik. Bu calismada toplam 16 adet yenidogan Wistar Albino
sican yavrusu kullanildi. Deney grubu (n:8) dogumdan sonraki birinci giinden baglayarak 10 giin (Post
Natal-PN 1-10) arasinda her giin bir saat ara ile 10 kez steril 24 G braniil ignesi ile boyun, 6n bacak ve
g0giis derisine tekrarlayan invaziv girisim yapildi. Girisim yapilan ve yapilmayan sican yavrularinin
erken donem fiziksel gelisimi, motor refleks gelisimi ve ileri yasam déneminde davranis, 6grenme,
denge, agr1 yanitlar1 ve beyin histopatalojisi incelendi. Calisma bulgular; Kontrol grubu yavrulari canli
viicut agirliklar artiglari girisim yapilanlardan daha yiiksek oldugu tespit edildi (p<0.05). Geng eriskin
donemde girisim yapilan yavrularin girisim yapilmayanlara gore anksiyetesinin arttigi, dikkat, 6grenme
bellek performanslarmi olumsuz etkilenmistir (p<<0.05). Geng erigskin dénemde girisim yapilmayan
yavrularm yapilanlara gore sosyal iletisimleri daha yiiksek bulunmustur (p<0.05). Girisim yapilan
sicanlarin girisim yapilmayanlara gore agrili uyaranlara daha ge¢ yanit verdigi, agr1 ve aciy1 daha iyi
tolere ettigi tespit edilmistir (p<0.05). Geng eriskin dénemde beyin histopatolojik degerlendirmede
girisim yapilan yavrularm girisim yapilmayanlara gore hipokampus CAl, gyrus dentatus, parietal,
prefrontal ve retroprenial korteks bolgelerinde apoptotik hiicre sayilar1 oldukca yiiksek bulunmustur
(p<0.001). Sonug olarak prematiire sicanlarda tekrarlayan invaziv girisim yarattig1 agri ile olusan stres
sicanlarin fiziksel, davranis ve 6grenme performansini olumsuz etkiledigi sonucuna ulasilmistir.
Anahtar Kelimeler: Prematiire sigan yavrusu, tekrarlayan Invaziv girisim, agri, stres, anksiyete,
fiziksel gelisim, davranis, 6grenme.
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ABSTRACT

Premature babies require a highly necessary and stressful care process in neonatal intensive care units
to survive. During this intensive care process, they are exposed to numerous repeated invasive
procedures and the stress they cause. While the brains of premature babies are rapidly developing during
this period, the pain and stress they are exposed to cause significant neurodevelopmental problems in
the brain. This study aimed to investigate the effects of pain and stress on early physical and motor
development and later behavioral and learning performance of premature rat pups in an experimental
model of repeated invasive procedures created in premature rat pups, mimicking the intensive care
process of premature babies. A total of 16 newborn Wistar Albino rat pups were used in this study. The
experimental group (n:8) underwent repeated invasive procedures on the neck, forelimb, and chest skin
with a sterile 24 G cannula needle 10 times daily at one-hour intervals, starting from the first day after
birth and continuing for 10 days (Post Natal-PN 1-10). The early physical development, motor reflex
development, and later life stages of behavior, learning, balance, pain responses, and brain
histopathology of both treated and untreated rat pups were examined. Results: Control group pups had
higher live body weight gains than treated pups (p<0.05). In young adulthood, treated pups showed
increased anxiety and negatively impacted attention, learning, and memory performance compared to
untreated pups (p<0.05). Untreated pups showed higher social communication skills in young adulthood
compared to treated pups (p<0.05). Treated rats responded later to painful stimuli and tolerated pain and
suffering better than untreated rats (p<<0.05). In young adult brain histopathological evaluation, treated
pups showed significantly higher numbers of apoptotic cells in the hippocampus CA1l, gyrus dentatus,
parietal, prefrontal, and retroprenial cortex regions compared to untreated pups (p<0.001). In conclusion,
it was determined that the pain and stress caused by repeated invasive procedures in premature rats
negatively affected the rats' physical, behavioral, and learning performance.

Keywords: Premature rat pup, repetitive invasive procedure, pain, stress, anxiety, physical
development, behavior, learning

GIRIiS VE AMAC

Prematiire bebeklerin ve 6zellikle 24-32 haftalik gebelik doneminde dogan bebekler hayatta tutunmak
icin yeni dogan yogun bakim iinitesinde yogun bir bakima ihtiyag duymaktadir. Yeni dogan yogun
bakim {initesindeki hayat kurtarict bakim siirecinde prematiire bebekler kaldig:1 her giin tekrarlanan
prosediirel agriya bagl agr1 ve buna bagl strese maruz kalirlar. Prematiire bebekler agriy1 algilamak
icin gerekli nosiseptif devreye sahip olsalarda heniiz bu sistemleri fonksiyonel olarak tam
olgunlagsmamustir(1,2).35 haftalik gebelikten dnce dogan bebekler tekrarlanan girisimsel agriya karsi
merkezi duyarlilik gosterirler(3—7).Yenidogan agrisina verilen yanitlar gebelik haftasina, uyku-
uyaniklik durumuna, invaziv girisimin siddetine ve siiresine bagl olarak da degisir (8,9).Klinisyenler
prematiire dogan bebeklerde agrisini ayirt etme ve uygun sekilde yonetme konusunda zorlanmaktadir.
Prematiire bebeklerin agrisini azaltmak i¢in farmakolojik tedaviler rutin agr1 yonetiminde ideal olmayip
(10) ve ilk secenek olarak non-farmakolojik yontemler onerilse de, yenidogan yogun bakim {initesinde
invaziv islemler genellikle desteksiz gerceklestirilir (11).Tekrarlanan prosediirel agri, asir1 glutamat
salinim1 ve kalsiyum akis1 nedeniyle subplate noronlarinin eksitotoksisitesine ve apoptozuna yol agabilir
(12—14). Subplate noronlarinin olgunlasmamis olmasi onlar1 6zellikle reaktif oksijen, azot tiirleri ve
mikroglia tarafindan salgilanan sitokinlere karsi savunmasiz hale getirir (15-20) . Prosediirel agr1 hem
oksidatif stresi hem de inflamatuar reaksiyonlar1 tetikler ve miyelin iiretimi durdurabilir
(21,22).Neonatoloji bilimdeki ilerlemeler sayesinde prematiire dogan bebeklerin hayatta kalma oranlari
belirgin sekilde yiikselmis olsa da hayatta kalan bebeklerin dortte birinden fazlasi orta ila siddetli
norogelisimsel problemler yagamaktadir. Erken dogan bebeklerin agr1 uyarici ve engelleyici siirecler
arasindaki dengesizlik, merkezi sinir sisteminde nosiseptif sinyallesmenin artmasi sonucu belirli hiicre
popiilasyonlarinin eksitotoksisiteye, oksidatif strese ve inflamasyona neden olmaktadir (23).Yenidogan
yogun bakim {initesinde kaldiklar1 siire boyunca, prematiire bebekler giinde ortalama on invaziv ve
stresli islem olmak tizere toplamda yaklasik 200 agrili islemden geger. Baska bir aragtirmada yenidogan
yogun bakim tinitesine bebeklerin giinde ortalama 7-17 defa agrili isleme maruz kaldig1 bildirilmektedir
(24,25).
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Buna ek olarak, uzun vadeli kohort ¢aligmalari, tekrar eden agrili uyaranlara maruz kalan yenidoganlarin
okul ¢caginda, normal yenidoganlara kiyasla belirgin sekilde daha diisiik zeka, motor yetenek ve davranig
kontroliine sahip olduklarini géstermistir (26). Prematiire donemde daha fazla girisimsel agriya maruz
kalan bebeklerin ileri yasta daha diisiik bilissel ve motor fonksiyonlarla (kaygili/depresif) davramslarla
iligkili olabilecegi bildirilmistir (27-29).

Yukaridaki literatiir bilgileri 1s18inda uzun siire tekrarlayan prosediirel agriya maruz kalmanin
yenidogan beyininde ciddi gelisimsel etkileri goriilmektedir. Yenidogan agrisiyla iliskili stres beyin
gelisimi olumsuz norogelisimsel etkileri siklikla yasam boyu devam ediyor gibi gériinmektedir. Bu
caligmanin amaci, prematiire yenidogan sican modelinde tekrarlanan invaziv girisimle olusan agrinin
erken donem fiziksel, motor refleks gelisimleri ve uzun doénemde agri toleransi yanitlari, motor
koordinasyon, biligsel fonksiyonlar {izerindeki etkilerini arastirmaktir.

MATERYAL ve METOD

Arastirmada Kullamlan Hayvan Ozellikleri; Bu galisma, Dokuz Eyliil Universitesi Hayvan Deneyleri
Yerel Etik Kurulunun 09/2022 protokol nolu etik kurul onay1 alindiktan sonra yapildi. Bu ¢alismada
Dokuz Eyliil Universitesi Tip Fakiiltesi Multidsiplin Deneysel Arastirma Laboratuvar’'ndan temin
edilen ii¢ farkli anneden dogan 16 adet yenidogan Wistar Albino sigan yavrular1 kullanildi.

Bu ¢aligmada kontrol (girisim yapilmayan) grubu (n=8) yavrulara PN1-10 arasinda her giin anneden 10
kez ayrildi invaziv girisim uygulanmazken deney (girisim yapilan) grubu (n=8) yavrulara dogumdan
sonra ( Post Natal-PN) PN1-10 arasinda her giin anneden 10 kez bir saat araliklarla ti¢ farkli viicut bolge
derisine 24 G igne invaziv girisim uygulandi. Sigan yavrularinda tekrarlayan invaziv girisim islemi,
yenidogan sigan yavrularina dogumdan bir giin sonra baglayarak her giin bir saat araliklar ile 1-2 dakika
anne sicakligini taklit bir bez lizerine alinarak steril 24G braniil ignesi ile boyun, on bacak ve gogiis
derisi batirilarak girisim uygulandi. Yenidogan sigan yavrularma tiim uygulamalar her giin 08.00-17.00
arasinda bir saat araliklarla yapildi. Deney prosediirii bebeklerin yenidogan yogun bakim iinitelerinde
ortalama kalig siireleri g6z oniine alinarak tasarlandi (31,32). Her sigan yavrusuna bir seansta boyun, 6n
bacak ve gdgiis yan duvar1 olmak {izere li¢ farkli bolgeye birer girisim yapilarak bir seansta 3 girisim
yapildi. Her giin bir saat araliklarla 10 defa tekrar edildigi i¢in bir sigan yavrusuna giinde toplam 30
girigsim yapildi. Girisimler 10 giin devam ettigi i¢in bir sigan yavrusuna toplamda 300 girisim yapilmis
oldu. Sican yavrularinin bir giinii 19 insan giinii olarak kabul edildigi i¢in 10 giinliik girisim giinii
yaklagik 5-6 aylik prematiire bebegin yogun bakimda kalig siiresi taklit edilmis oldugu varsayildi.
Girisimlerde 24 G braniil ignesi deri altina ulasacak sekilde yapildi. Uygulamalar sirasinda yavrulara
eldiven ve temiz bir bez ile dokunuldu. Girisim sirasinda yavrularm cildinin kanatilmamasina dikkat
edildi.

Sican yavrular1 normal dogumlarinda 4-5 gr olarak dogar ve dogumdan sonraki ilk 10 giin prematiire
donem olarak kabul edilir. Siganlar yavrularmin dogumdan sonraki 1-21 giinleri arasina emzirme
donemi, dogumdan sonraki 32-48 arasi cinsel olgunluk dénemi, dogumdan sonraki 49-70 aras1 adolesan
donemi, 100'den sonra yetiskinlik donemi olarak kabul edilir (30). Bu ¢alismanin model hayvani sican
yavrusu tercih edilmesi nedeni sigan yavrulari dogumdan sonraki ilk 10 giin prematiire olmasi,
prematiire dogan bebekleri taklit edecegi diisiiniilerek sican yavrusu tercih edilmistir. Calismamizda
sicanlarin dogumdan sonraki 30-60 giinii insanlarm ilkdgretim okul cagini taklit etmesi agisinda
davranis ve 6grenme bellek testleri bu donemde yapilmistir.

Prematiire sican yavrularinda tekrarlayan invaziv girisim uygulamasiin erken dénem etkilerinin
degerlendirilmesi i¢in si¢an yavrularinin canli agirlik artisi takibi, sigan yavrularin tiiylenme, gozlerin
acilmasi, kesici dislerin fiziksel gelisimi takibi, sican yavrularin motor refleks gelisimlerinin takibi
(emekleme, 6n ve arka pence kavrama, 6n ve arka bacak siispansiyon, ugurumdan kac¢inma, negatif
geotaksi, isitsel irkilme, hizlandirilmig dogrulma, kavrama mukavemeti gibi motor refleks testleri
yapilarak takip edildi. Prematiire sican yavrularinda tekrarlayan invaziv girisim uygulamasinin ileri
yasam donem etkilerinin degerlendirilmesi i¢in 6grenme, bellek ve davranis degerlendirilmesi i¢in
sicanlarin PN32-33 arasinda acik alan testi ile anksiyetesini, PN35-38 arasinda Y labirent testi ile dikkat
ve kisa donem bellegini, PN43-44 arasinda sosyal iletisim testi sosyal iletisimini girisim yapilan ve
yapilmayan iki gurup karsilastirilmistir.
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Ileri yasam doneminde agrili uyaranlara yanitin degerlendirilmesi igin sicak su kuyruk daldirma testi
(PN47-49) ve formalin testi (PN53) giinlik olduklarinda tekrarlayan agrili invaziv girisim
uygulamasinin  agrili  uyarana yanitlarim = degerlendirildi. Denge ve motor koordinasyon
Degerlendirilmesi i¢in (PN50-52) giinliik olduklarinda tekrarlayan agrili invaziv girisimin olusturdugu
agr1 ve stresin denge ve motor koordinasyon iizerine etkisini degerlendirmek i¢in yapilmistir. Beyin
histopatolojik degerlendirme i¢in sicanlar (PN54) giinliik olduklarinda tekrarlayan agrili invaziv girigim
uygulamasindan yaklagik sekiz hafta sonra siganlar yiiksek doz ketamintksilazin verilerek sakrifiye
edildi beyin ¢ikartildi ve beyinde hipokampiis CAl, gyrus dentatus, parietal korteks ve prefrontal
korteks histopatolojik olarak degerlendirildi.

Istatistiksel Yoéntem; Calismada elde edilen verilerin istatistiksel analizleri SPSS (Statistical Package
for Social Sciences) 15.0 bilgisayar paket programinda yapildi. Degerlendirmede ortalama ve standart
sapmalar belirlendi. Gruplar aras1 farklilik Kruskal Wallis testi ile gruplar arasindaki farkliligin hangi
gruptan kaynaklandig1 ise Mann-Whitney U testi ile analiz edildi. T-testi, iki grubun ortalamalar1 veya
bir drneklem ortalamasi ile bilinen bir deger arasinda anlamli bir fark olup olmadigini belirlemek i¢in
kullamldi. Normal dagilima uygunlugu Shapiro-Wilk test ile analiz edildi. Alt1 degisken i¢in olusturulan
modellerin tiimii parametrik varsayimi sagladi. Modellerde grup icin p degeri anlamliliklar1 kontrol
edildi. Analizde SPSS 24. 0 programu kullanildi ve p<0,05 istatistik anlamlilik sinir degeri olarak kabul
edildi.

BULGULAR

Deney ve kontrol grubundaki yavrularin canli agirlik artiglar1 karsilastirildiginda PN4-18 arasinda
kontrol grubu yavrularinin canli agirlik artislar1 daha yiiksek olarak 6lgiildii ve iki grubun arasinda canli
agirlik ortalamalart karsilastirildiginda PN8’de istastiksel olarak anlamli bir fark bulundu (p<0,05).
Deney ve kontrol grubundaki yavrularmm kulak kepgesinin ayrilmasi zamani, ayak parmaklarimin
ayrilmasi, alt ve Ust kesicilerin ¢gikma zamani, tiilylenme ve gozlerin agilma zamam gibi fiziksel gelisim
Ozellikleri karsilastirildiginda iki grup arasinda anlamli bir fark gézlenmemistir. Tekrarlayan girisim
yapilan yavrularin birbirlerine ve girisim yapilmayan 6z kardeslerine karsi kafes icinde daha hareketli,
daha saldirgan, kavgaci ve istiin olma ¢abalar1 izlenmistir. Kafes i¢inde 6z kardesleriyle uzun siireli
kavgalara girdikleri ve kardesler arasi rekabetgi davranislarin girisim yapilan gruptaki yavrularda daha
belirgin oldugu dikkati ¢ekti. Tekrarlayan girisim yapilan si¢an yavrularmin deneyin ikinci ve tigiincii
giiniinden sora el ile temas edildiginde anormal sesler ¢ikarmasini vokalizasyon olarak tanimlandi.
Ozellikle girisim ve motor testler igin annelerinden ayrildiktan sonra anormal siddetli sesler, elden
kurtulmak i¢in verdikleri tepkiler ve girisim yapilan bolgeyi koruma ¢abalarinin her gecen giin daha
belirgin oldugu gozlendi. Tekrarlayan girisimin si¢an yavrularinda motor refleks gelisimi iizerine olan
etkileri degerlendirmek i¢in yapilmistir. Girisim yapilan ve girisim yapilmayan sican yavrularmnin
emekleme zamani, dogrulma zamani, ugurumdan kaginma, 6n ayak penge kavrama, arka ayak pence
kavrama, 6n bacak silispansiyon, arka bacak siispansiyon, yliriime zamani, kavrama mukavemeti testi,
arka ayak patisi yerlesimi, isitsel irkilme testi, negatif geotaksi testi, goz agma zamani ve hizlandirilmis
dogrulma motor refleks testleri iizerinde bir etkisi olmamis ve iki grup arasinda anlamli bir fark
bulunmamustir.

Ogrenme, bellek ve davranis degerlendirilmesinde deney ve kontrol grubundaki sicanlara tekrarlayan
girigsimlerin, sicanlarin anksiyetesi ve lokomotor aktivitesi lizerine etkisini degerlendirmek i¢in agik alan
testi uygulandi. Agik alan testi sonuglarina gore, kontrol grubu sicanlarinin merkeze girme siklig1 ve
merkezde bulunma siiresi, deney grubuna kiyasla belirgin sekilde daha yiiksektir. Merkezde bulunma
siireleri iki grup arasinda karsilastirildiginda istatistiksel olarak anlaml bir fark saptandi (p<0,05).
Deney grubu sicanlarin ise agik alan platformunun periferal bolgelerinde bulunmay1 daha fazla tercih
ettikleri goriildii. Bu sonuca gore prematiire donemde tekrarlayan invaziv girisimlerin sigan yavrularinda
korku ve anksiyeteyi artirmis olabilecegini diigiindiirmektedir. Deney ve kontrol grubundaki si¢anlar
PN43-44 giinliik oldugunda, tekrarlayan invaziv girisimlerin sosyal iletisim iizerindeki etkilerini
degerlendirmek amaciyla sosyal etkilesim testi uygulandi. Sosyallik ve sosyal tercih degiskenlerinin
ortalamalar1 karsilastirildiginda, kontrol grubu lehine istatistiksel olarak anlamli bir fark bulundu ve
kontrol grubunun sosyallik skorlar1 daha yiiksek saptandi (p<0,05). Tekrarlayan girisimin 6grenme ve
bellek performansina etkisini degerlendirmek amaciyla yapilmistir.
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Girigim yapilmayan siganlar, girisim yapilanlara gore Y labirent kollarindan yeni agilan kola giris
sayilar1 ve yeni kolda gegirilen siire agisindan daha iyi performans gostermis olup bu fark istatistiksel
olarak anlamlidir (p<0,05). Tekrarlayan invaziv girisim si¢anlarin eski ve yeni kolu ayirt etme dikkat,
ogrenme ve kisa bellek {izerinde olumsuz etkisinin oldugu sdylenilebilir.

Prematiire sican yavrularinda tekrarlayan girisimlerin agrili uyaranlara yamtlar {izerine etkisine
bakilmasi i¢in formalin testi yapilmistir. Tekrarlayan girisim yapilan siganlarm, girisim yapilmayanlara
gore gore formalin enjeksiyonundan sonra arka ayaklarini daha az ¢ektikleri ve yaladiklari belirlendi.
Formalin testinde arka ayak ¢cekme sayilar1 karsilastirildiginda, iki grup arasinda istatistiksel olarak
anlamli bir fark saptandi (p<0,05). Bu bulgular, deney grubundaki si¢canlarin formalin enjeksiyonuna
bagl agriy1 kontrol grubuna kiyasla daha iyi tolere ettiklerini diisiindiirmektedir. Tekrarlayan girisim
uygulamasinin siganlarm agrili uyaranlara yanitlari karsilastirmak igin sicak su kuyruk daldirma testi
yapildi. Tekrarlayan girisim yapilan siganlarin girisim yapilmayanlara gore kuyrugunu sicak sudan
cekme siiresinin uzadigi belirlenmistir. Iki grup arasinda kuyruk daldirma testi siireleri
karsilastirildiginda istatistiksel olarak anlamli bulunmustur (p<0,05).

Prematiire sicanlarda tekrarlayan invaziv girisim olusturdugu agri ve stresin ileri yasam doneminde
motor koordinasyon ve denge iizerinde etkisini degerlendirildiginde kontrol grubundaki sicanlarin
deney grubuna gére denge citasmi daha kisa siirede gectigi tespit edilmistir. iki grup arasinda yapilan
istatistiksel karsilastirmada anlamli bir fark oldugu saptanmustir (p<0,05). Deney grubundaki si¢anlarin
denge citasi lizerinden daha sik diistiigii gézlenmistir.

Invaziv girisimin beyindeki 6grenme, bellek, davrams ve agriyla ilgili olabilecegi diisiiniilen farkli
bolgelerin histopatolojik degerlendirilmesi yapilmistir. Si¢an yavrularmin tekrarlayan invaziv girisim
etkisi hipokampiis CA 1, gyrus dentatus, parietal korteks ve prefrontal korteks apoptoz hiicre sayilari
ilizerine etkisi degerlendirilmistir. Tekrarlayan girisim yapilan siganlarin ve kontrol gurubu girisim
yapilmayanlara gore hipokampiis CA 1, gyrus dentatus, parietal korteks ve prefrontal korteks apoptoz
hiicre sayilar1 daha yiiksek bulunmus olup bu durum istatistiksel olarakta anlamlidir ( p>0.001).

TARTISMA ve SONUC

Prematiire sican yavrularina tekrarlayan invaziv girisimlerin olusturdugu agri stresi yavrularin canli
agirlik artislart olumsuz etkilemis ve girisim yapilmayanlara gore daha diisiik canli agirlik artist
Ol¢tilmiistiir. Bu fark 6zellikle PN8’de istatistiksel olarak anlamli diizeydedir (p<0,05). Anand ve ark.
benzer tasarimli calismasinda da invaziv girisim yapilan si¢an yavrularinin canl agirlik artiginin
yavasladig: bildirilmis olup bulgularimizla paralellik gostermektedir(33). Girisim yapilan prematiire
sican yavrular1 gozleri kapali olmasina ragmen igne batirma agrilisini girisimlerin 2-3 giiniinde itibaren
deneyimledigi, bu igne batirma agrilisin1 hafizasina kaydederek yavrularin ele alinir alinmaz elimizden
kurtulmak i¢in ¢aba gosterdigi, vokalizasyon-anormal sesler ¢ikardigi goézlenmistir. Prematiire sican
yavrularma uygulanan tekrarlayan invaziv girisimler hem anne—yavru etkilesimine hem de 6z kardesler
arasinda ciddi davranis degisimine neden olmustur. Girisim yapilan yavrular, girisim yapilmayanlara
gore daha kavgaci, saldirgan davraniglar sergiledigi gézlenmistir. Ayni annenin yavrulari arasinda,
girisime maruz kalan yavrularin annelerini ve 6z kardeslerini rahatsiz ettikleri izlenmistir. Bu sonuglar
1s181nda prematiire dogan bebeklerin yogun bakim {initesinde yogun agri ve stres maruziyetinin ileri
yasam donemlerinde davramigsal diizensizliklere yol acabilecegi seklinde yorumlanmistir.
Calismamizda, sican yavrularina dogumdan sonraki ilk on giin boyunca uygulanan tekrarlayan invaziv
girisimler motor refleks gelisim testleri lizerinde anlamli bir etkisinin olmadig1 belirlenmistir.
Calismamizda prematiire donemde tekrarlayan invaziv girisimlerin olusturdugu agr1 ve stres ileri yagsam
doneminde korku ve anksiyete diizeylerini artirdigini, dikkat, 6grenme, bellek performansi ve motor-
denge koordinasyonunu olumsuz etkiledigini gdstermistir. Bu sonuglar 1s1g1nda, erken dogan bebeklerin
yogun bakim tinitelerinde maruz kaldig1 girisimsel agr1 ve stres norogelisimsel sorunlara neden oldugu
ve bunun sonucu ileri yasam donemlerinde noérodavranigsal gelisim tiizerindeki kalict etkilerini
olabilecegi hipotezini desteklemektedir. Vinall ve ark., yenidogan déneminde tekrarlayan veya kalict
agriya maruz kalmanin beyinde nodronal apoptozu artirdigimi ve yetiskinlikte anksiyete benzeri
davraniglara yol actigini bildirmistir. Prematiire dogan bebeklerde yenidogan yogun bakim ortaminda
yasanan agriya bagh stresin, okul cagindaki spontan beyin aktivitesinde degisikliklere yol actig1 ve
gorsel-algisal becerilerin gelisimi olumsuz etkilendigi bildirilmistir (33).
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Benzer sekilde, Ranger ve ark. prematiire bebeklerde serebellumun erken yasamda agrili uyaranlara
kars1 oldukca hassas oldugunu; yenidogan donemdeki agrili islemlere maruziyetin yedi yasindaki
cocuklarda daha kiigiik serebellar vermis hacmiyle iligkili oldugunu géstermistir. Bu yapisal kiigiilmenin
daha zayif ¢alisma bellegi performansiyla baglantili olabilecegini savunmustur (34). Cook ve ark.
tarafindan yapilan ¢alismada, prematiire bebeklerde invaziv islemlere daha fazla maruz kalmanin, dil
performansiyla negatif iligkili oldugu belirtilmistir(35).

Grunau ve ark., erken yasta daha fazla prosediirel agriya maruz kalan yenidoganlarin, 32 haftalik yasta

strese kars1 daha diisiik kortizol tepkileri gosterdigini bildirmistir. Bu uzun vadeli degisikliklerin,
glukokortikoid reseptorlerinden zengin olan hipokampus ve prefrontal korteks gibi beyin bolgelerinin
erken yasam stresine karsi yiiksek duyarliligindan kaynaklanabilecegi belirtilmektedir(36).
Prematiire sican yavrularinda tekrarlayan invaziv girisimin yarattigi agri ve stres beynin farkl
bolgelerinde apoptotik hiicre sayilarinda artigina neden olmus ve bunun sonucunda ileri yasam
donemlerinde kalic1 6grenme ve bellek sorunlarmin yaninda kalici davramig bozukluna neden oldugunu
sOylemek miimkiindiir. Benzer sekilden Anand ve ark. yenidogan sican modelinde, tekrarlayan agrinin
ndronlarin apoptozunu artirdigint gostermistir (37). Ranger ve ark. ise erken donemde tekrarlayan agri
maruziyetinin beyin gelisimi lizerindeki etkilerinin okul ¢agina kadar siirdiiglinii; prematiire dogan
cocuklarda daha fazla agrili isleme maruz kalmanin yedi yasinda frontal ve parietal loblarda kortikal
kalinlikta azalma ile iliskili oldugunu bildirmistir (63). Bu literatiir verileri hem inflamatuar agrinin hem
de tekrarlayan enjeksiyonlarin yenidogan sican beyninde apoptozu artirdigini gdsteren deneysel
caligmalarla da uyumludur.

SONUCLAR

Prematiire sican yavrularinda tekrarlayan invaziv girisimlerin olusturdugu agr1 ve stresin yavrularin
yasamlarmin erken doneminde canli agirlik artisimi olumsuz etkiledigi, kafes iginde belirgin aksiyete
artisi, hiperaktif, daha saldirgan ve kavgaci davramslar sergiledigi tespit edilmistir. Prematiire donemde
gozleri kapali olmasina ragmen invaziv girisim agr1 ve acisini uyaranlar1 taniyip hafizaya isleyebildigini
ve buna karsi tepkiler gostermesi olarak yorumlanmustir. Prematiire donemde si¢an yavrularma
tekrarlayan invaziv girisimlerin yarattigi agr1 ve stres daha ileri yasam doneminde korku ve anksiyete
davramglarmi artirdigi, sosyal iletisimi bozdugu, O6grenme ve bellek performanslarii olumsuz
etkilemistir. Ayrica agrili uyaranlara yanitlari azalttig1 ve denge ve koordinasyonlar1 bozuldugu tespit
edilmigtir. Biitlin bu sonuglarla ilgili olarak prematiire donemde tekrarlayan invaziv girisimler beyinde
hipokampiis CA1, gyrus dentatus, parietal korteks ve prefrontal kortekste apoptotik hiicre sayilarmin
artmasi ile iliskili olabilecegi sonucuna ulagilmistir.

Sonug olarak, prematiire sicanlarda tekrarlayan invaziv girisim olusturdugu agri ve stres maruziyeti
sicanlarin erken ve ileri yasam donemlerinde 6grenme, bellek ve davranigsal uzun vadeli olumsuz
degisikliklere yol actig1 gosterilmistir. Bu bulgular ile insan yenidogan yogun bakim iinitelerinde giinliik
olarak uygulanan ¢ok sayidaki invaziv girigimin, ¢ocuklarm ilerleyen yasam dénemlerinde fiziksel,
davranigsal, bilissel, o6grenme ve bellek siirecleri iizerinde olumsuz etkiler olusturabilecegini
diistindiirmektedir. Bu nedenle, bu olumsuz etkilerin en aza indirilmesi i¢in invaziv girisim sayisinin
mimkiin oldugunca azaltilmasi, invaziv girisimler Oncesinde etkin ve giivenli agr1 kontroliiniin
saglanmas1 ve agriya bagh ortaya cikabilecek kisa ve uzun vadeli sonuglar konusunda farkindaligin
artiritlmasi biiyiik 6nem tagimaktadir.
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CORRECT DIAGNOSIS RATES OF ALLERGIC RHINITIS AND SEASONAL ALLERGIC
RHINITIS BY PRIMARY AND SECONDARY CARE PHYSICIANS

Bahar ARSLAN
Kayseri Sehir Egitim ve Arastirma Hastanesi Allerji Immiinoloji Klinigi
ORCID ID: 0000-0002-2786-8489
OZET
Alerjik rinit (AR), burun akintisi, tikaniklik, kagint1 ve hapsirma gibi semptomlarla karakterize edilir.
AR'ye neden olan aeroalerjenler arasinda dis mekan polenleri (6rnegin agag, ¢cimen, yabani otlar) ve i¢
mekan aeroalerjenleri (6rnegin ev tozu akarlari, hayvanlar) yer alabilir. Mevsimsel alerjik rinitte (SAR)
ise kisiler genellikle polen maruziyetine bagli olarak yilin belirli zamanlarinda semptomlar
gelistirebilirler. Bu ¢alisma, AR ve SAR tanisiyla bagvuran hastalarda tam1 dogrulugunu ve iki grup
arasindaki fenotipik farkliliklar1 degerlendirmeyi amaglamistir.
Alerji-immiinoloji klinigine AR (n=105) ve SAR (n=100) tanistyla bagvuran 205 hastamn tibbi kayitlari
degerlendirilmistir. Bunlarm %77,1'i (n=158) kadindir. Hastalarin ortalama yas1 37,50+12,57'dir. Yas
ve cinsiyet agisindan iki grup arasinda anlamli bir fark goézlenmemistir. Eozinofil diizeyleri SAR
grubunda anlamli derecede daha yiiksekti (p=0.001). SAR tanisiyla sevk edilen hastalarin %72'sinde
(n=72) tan1 dogrulamasi i¢in kullanilan deri prick testlerinde pozitif sonug elde edilirken, AR tamisiyla
sevk edilenlerin %51'inde (n=53) pozitif sonug¢ elde edildi. SAR tanisi konulan bireylerin %43'inde
(n=43) polen testi pozitif ¢ikti. AR veya SAR tanis1t konulan hastalarin %9'unda alerjik olmayan
eozinofilik rinit, %6'sinda ise nazal polip tamist konuldu. SAR tanisi konulan hastalarda astim oran1t AR
tanis1 konulanlara gore daha yiiksekti (%53'e karsi %32). Montelukast-antihistamin kombinasyonlari
SAR tanisi konulan hastalarda daha sik tercih edilmektedir (sirasiyla n=82 ve n=34).
Ozetle, AR ve SAR tanilar1 ile sevk edilen hastalarin yaklasik yarisinin tamisi deri prick testi ile
dogrulanamadi. Ayrica hekimlerin montelukasti antihistaminlerle birlikte asir1 ve endikasyona uygun
olmayan sekilde recete edildigi diisiinilmektedir.
Anahtar Kelimeler: alerjik rinit, acroallerjen, polen, nazal polip

ABSTRACT

Allergic rhinitis (AR) is characterised with symptoms such as nasal discharge, congestion, itching, and
sneezing, Aeroallergen causing AR can include outdoor pollens (e.g. tree, grass, weeds), and indoor
aeroallergens (e.g., house dust mites, animals). In seasonal allergic rhinitis (SAR) people may develop
symptoms only during specific times of the year, often as a result of pollen exposure. This study aimed
to evaluate the accuracy rate of diagnoses in patients referred with AR and SAR, and the phenotypic
differences between the two groups.

The medical records of 205 patients who were referred to allergy-immunology clinic as AR(n=105) and
SAR (n=100) were evaluated. Of these, 77.1% (n=158) were female. The mean age of the patients was
37.50£12.57. No significant differences were observed between the two groups in terms of age and
gender. Eosinophil levels were significantly higher in the SAR group (p=0.001). Among patients
referred with SAR, 72% (n=72) had positive results in prick tests used to confirm the diagnosis, whereas
51% (n=53) of those referred with AR showed positive results. Among individuals with SAR, 43%
(n=43) tested positive for pollen. Of the patients referred as AR or SAR, 9% were diagnosed with non-
allergic eosinophilic rhinitis and 6% had nasal polyps. Patients referred as SAR had a higher rate of
asthma compared to those with AR (53% vs 32%). Montelukast-antihistamines combinations are more
frequently preferred in patients with SAR. (n=82 %82, respectively n=34 %32)

In summary, about half of the patients referred as AR and SAR could not have their diagnosis confirmed
by the prick test. There is also evidence that physicians have overused and inappropriately prescribed
montelukast combined with antihistamines.

Keywords: allergic rhinitis, aeroallergens, pollen, nasal polyps
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Table 1: Demographic and allergic data of patients.

All patients Allergic rhinitis Seasonal allergic p value
(n=205) (n=105) rhinitis (n=100)
Age (year) 37.50+12.57 37.14+12.40 37.87+12.80 0.680**
Gender (M/F), 47(23)/158(77) | 26(25)/79(75) 21(21)/79(79) 0.318%*
(%)
Asthma n(%) 118(58)/85(41) | 71(68)/32(31) 47(47)/53(53) 0.003****
Nasal Polyposis 193(94)/12(6) | 100(95)/5(5) 93(93)/7(7) 0.350%
(absent/present)
n(%)
Prick test 79(39)/125(61) | 51(49)/53(51) 28(28)/72(72) 0.005%***
(absent/present)
n(%)
Nonallergic 187(91)/18(9) | 97(92)/8(8) 90(90)/10(10) 0.361%
eosinophilic
rhinitis
(absent/present)
n(%)
Eosinophil levels 280.18+270.42 | 199.90+158.95 361.30+£330.20 0.001***
Allergen 0.005%***
(absent/present)
n(%)
Cat 6(6) 9(9)
Dog 0(0) 1(1)
Mite 16(15) 16(16)
Pollen 17(16) 12(12)
Cat and dog 0(0) 1(1)
Cat and mite 1(1) 3(3)
Cat and pollen 2(2) 11(11)
Pollen and mite 6(6) 13(13)
Polen and 1(1) 0(0)
aspergillus
Cat, dog and pollen 2(2) 0(0)
Cat, mite and 2(2) 7(7)
pollen
Treatment 0.007] #***
Absent 7(7) 0(0)
Antihistamine (AH) 19(18) 9(9)
Montelukast (Mon) 1(1) 0(0)
Nasal steroid (NS) 2(2) 0(0)
AH-NS 39(37) 9(9)
AH-Mon 7(7) 23(23)
AH- 1(1) 0(0)
immunotherapy
AH-Mon-NS 23(22) 59(59)
AH-Mon-NS- 4(4) 0(0)
immunotherapy

*: Fisher's Exact Test, **:t test,***:Mann-Whitney U test, ****:Pearson chi-square test
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UST SERVIKAL BOLGE EKLEM MORFOMETRISi VE DENS AXIiS ANATOMISININ
RADYOLOJIK INCELEMESI
RADIOLOGICAL EXAMINATION OF UPPER CERVICAL REGION JOINT MORPHOMETRY AND
DENS AXIS ANATOMY
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OZET

Bu calismada, iist servikal bolge (C1-C2) eklemlerinin morfometrik 6zelliklerinin ve dens axis’in
anatomik yapisinin bilgisayarli tomografi (BT) goriintiileri lizerinden incelenmesi ve Olgiilen
parametrelerin cinsiyet, yas ve taraf degiskenlerine gore farklilik gosterip gdstermediginin belirlenmesi
hedeflenmistir. Calismaya, Zonguldak Biilent Ecevit Universitesi Tip Fakiiltesi Hastanesi arsivinden
elde edilen, 18 yas tistii 82 bireyin (43 erkek, 39 kadin) anatomik biitiinliigii korunmus kafatasi ve
servikal omurlarma ait BT goriintiileri dahil edilmistir. Olgiimler 3D Slicer (5.10.0) programi
kullanilarak yapilmis ve veriler SPSS 22.0 programu ile analiz edilmistir.

Arastirma bulgularma gore; dens yiiksekligi (p<<0,001), dens derinligi (p=0,007) ve total dens yliksekligi
(p<0,001) olctimleri erkeklerde kadinlara kiyasla anlamli derecede yiiksektir. Posterior atlantodental
aralik (PADI) erkeklerde (19,27 + 2,49 mm) kadinlara (18,45 + 2,51 mm) gore istatistiksel olarak
anlaml derecede genistir (p=0,0006). Sag taraf atlantoaksiyal inklinasyon agisinin (2,41+1,02°) sol tarafa
(2,01£1,01°) gore anlaml1 diizeyde yiiksek oldugu belirlenmis ve lateral asimetri tespit edilmistir
(p<0,001). Ayrica Ol¢iimlerin yas ile iliskisi incelendiginde, cogu parametrede anlamli bir iligki
gozlenmezken (p>0,05); orta atlantodental aralikta negatif yonlii zayif bir korelasyon oldugu fark
edilmistir (r=-0,297; p=0,007). Sonu¢ olarak, iist servikal bolge anatomisinde belirgin bir cinsel
dimorfizm mevcuttur. Elde edilen morfometrik veriler, bu bolgeye yonelik cerrahi planlamalarda ve
implant segiminde anatomik varyasyonlarin dikkate alinmasinin 6nemini ortaya koymaktadir.

Anahtar Kelimeler: Ust servikal bolge, Dens axis, Morfometri, Bilgisayarli tomografi, Cinsel
dimorfizm.

ABSTRACT

The aim of this study is to examine the morphometric properties of the upper cervical region (C1-C2)
joints and the anatomical structure of the dens axis using computed tomography (CT) images and to
determine whether the measured parameters differ according to gender, age and side variables. CT
images of 82 individuals (43 males, 39 females) over the age of 18 with preserved anatomical integrity,
obtained from the archives of Zonguldak Biilent Ecevit University Hospital, were included in the study.
Measurements were performed using the 3D Slicer (5.10.0) program, and data were analyzed with SPSS
22.0 software.

According to the research findings, dens height (p<0,001), dens depth (p=0,007) and total dens height
(p<0,001) values are significantly higher in males.

21



12" International Aegean Congress on Natural & Medical Sciences
February 25-26, 2026, [zmir
(THE PROCEEDINGS BOOK)

https://www.aegeanconference.com/

Posterior atlantodental interval (PADI) found to be statistically significantly wider in males (19,27 +
2,49 mm) compared to females (18,45 = 2,51 mm) (p=0,006). The right atlantoaxial inclination angle
(2,41+1,02°) was found to be significantly higher than the left (2,01+1,01°), and lateral asymmetry was
detected (p<0,001). Furthermore, when the relationship between measurements and age was examined,
while no significant relationship was observed in most parameters (p>0,05), a weak negative correlation
was noticed in the mid-atlantodental space (r=-0,297; p=0,007). In conclusion, there is a significant
sexual dimorphism in the anatomy of the upper cervical region. The obtained morphometric data reveal
the importance of considering anatomical variations in surgical planning and implant selection for this
region.

Keywords: Upper cervical region, Dens axis, Morphometry, Computed tomography, Sexual
dimorphism

GIRiS

Vertebral kolon; bas, boyun ve gévdenin agirhi@ini tagityan, viicudun merkezi eksenini olusturan ve
icerisindeki spinal kordu koruyan segmental bir yapidir [1,2]. Bu kolonun en hareketli ve anatomik
acgidan en karmasik boliimii, kraniyum (kafatasi), atlas (C1) ve axis (C2) vertebralarmin olusturdugu
kraniyovertebral bileskedir (KVB) [3.4]. Tipik servikal vertebralardan (C3-C7) farkl olarak, atlas ve
axis "atipik" vertebralardir ve basin hareket kabiliyetini artirmak iizere 6zellesmis morfolojik yapilara
sahiptirler [1,2].

Birinci servikal vertebra olan atlasin gdvdesi (corpus) ve spindz ¢ikintis1 bulunmaz; bunun yerine
kafatasi tabani ile eklemlesen iki lateral kitle (massa lateralis) ve bunlari birlestiren arkuslardan olusan
halka benzeri bir yaprya sahiptir. Ikinci servikal vertebra olan axis ise, gévdesinden yukariya dogru
uzanan ve "dens axis" (odontoid proges) ad1 verilen dis benzeri giiclii bir ¢ikint1 ile karakterizedir. Dens
axis, atlasin 6n arki ile eklem yaparak basin rotasyon hareketlerinde bir pivot (eksen) gérevi goriir. Bu
cklemlesme, transvers ligaman gibi giiclii baglar tarafindan desteklenerek atlantoaksiyal stabilitenin
korunmasini saglar [1,2,5].

Kraniyovertebral bileske, omurganin en genis hareket agikligina sahip segmenti olmasina ragmen, ayni
zamanda instabiliteye en yatkin bolgesidir [4]. Travma, romatoid artrit gibi inflamatuar hastaliklar veya
konjenital anomaliler, bu bolgedeki kemik ve ligament6z yapilarin biitiinliigiinii bozarak ciddi nérolojik
defisitlere yol agabilir [1,3]. Ozellikle dens axis kiriklari, servikal travmalarda sikca karsilasilan ve
transvers ligamanin durumu ile birlikte degerlendirilmesi gereken yaralanmalardir [1,6]. Bu bolgedeki
patolojilerin tanisinda ve cerrahi planlamasinda, kemik yapilarin morfometrik 6zellikleri ve birbirleriyle
olan iliskileri kritik dneme sahiptir [6-7]. Cerrahi stabilizasyon tekniklerinde (6rnegin transartikiiler vida
fiksasyonu veya odontoid vidalama) norovaskiiler yapilarin (6zellikle vertebral arter ve spinal kord)
yaralanma riskini en aza indirmek i¢in C1 ve C2 vertebralarinin anatomik boyutlarinin milimetrik
hassasiyetle bilinmesi gerekmektedir [5,8].

Radyolojik degerlendirmede direkt grafiler uzun yillar kullanilmis olsa da siiperpozisyonlar nedeniyle
anatomik detaylarmm ve varyasyonlarin netlestirilmesinde yetersiz kalabilmektedir. Giiniimiizde
Bilgisayarli Tomografi (BT), 6zellikle kemik yapilarin morfometrik analizi, kirik hatlarmin belirlenmesi
ve atlantoaksiyal eklem iligkilerinin {i¢ boyutlu (3D) degerlendirilmesi agisindan en giivenilir yontem
olarak kabul edilmektedir. BT ile elde edilen multiplanar reformat goriintiiler, atlantoaksiyal eklem
aralig1 ve dens axis boyutlarimin hassas bir sekilde dl¢iilmesine olanak tanir [3,4,9].

Klinik pratikte atlantoaksiyal instabilitenin en 6nemli gostergelerinden biri 6n atlantodental araliktir
(AADI) [3,9]. Eriskinlerde bu mesafenin 3 mm'yi (kadinlarda 2.5 mm) asmasi patolojik kabul edilir ve
transvers ligaman yetmezligine isaret edebilir [3,4]. Ayrica, dens axis'in uzunlugu, genisligi ve acis1 gibi
parametreler, uygulanacak cerrahi vidalarin boyutunun ve sayisinin belirlenmesinde dogrudan etkili
oldugundan, bu yapilarin morfometrik analizi cerrahi basar1 igin elzemdir [6]. Literatiirde bu
parametrelerin yas ve cinsiyete gore degiskenlik gosterdigi bildirilmistir [7,9].

Bu ¢aligmanin amaci, {ist servikal bolge (C1-C2) eklemlerinin morfometrik 6zelliklerini ve dens axis’in
anatomik yapisim radyolojik ydntemlerle incelemektir. Ozellikle atlantoaksiyal eklem araligi, eklem
acisl, dens axis uzunlugu, genisligi ve derinligi gibi parametreler Olgiilerek bolgenin morfolojik
ozelliklerinin belirlenmesi hedeflenmektedir.

22



12" International Aegean Congress on Natural & Medical Sciences
February 25-26, 2026, [zmir
(THE PROCEEDINGS BOOK)

https://www.aegeanconference.com/

Bu ol¢timlerin elde edilmesi, klinik uygulamalarda (6rnegin travma, dejeneratif hastaliklar veya cerrahi
planlama siireclerinde) anatomik varyasyonlarin ve normal smirlarin daha iyi anlagilmasina katki
saglayacaktir. Ayrica ¢aliymamizda iist servikal bolgede Ol¢limii yapilan parametrelerin cinsiyetler
arasinda farklilik gosterip gostermedigi ve yas ile iligkisi incelenecektir.

GEREC VE YONTEM

Bu calismada, Zonguldak Biilent Ecevit Universitesi Tip Fakiiltesi Hastanesi arsivinden elde edilen, 18
yas Ustii 82 bireyin (43 erkek, 39 kadin) anatomik biitiinliigli korunmus kafatasi ve servikal omurlaria
ait BT gorintiileri incelenmistir.

Kesit goriintiilerindeki eksenler ayarlanarak goriintiiler standart pozisyona getirildikten sonra belirlenen
Olctimler yapilmistir. Tiim Olgiimler 3D Slicer (5.10.0) programi iizerinden iki ayr1 arastirmact
tarafindan yapilmistir.  Olglimlerin  gozlemciler arasi giivenilirligi (inter-rater reliability), iki
arastirmacimin Olglimleri arasindaki mutlak uyum (absolute agreement) gozetilerek 'Two-way mixed'
model kullanilarak Sinif i¢i Korelasyon Katsayisi (ICC) ile degerlendirildi. ICC degerleri <0,50 kétii,
0,50-0,75 orta, 0,75-0,90 iyi ve >0,90 mitkemmel giivenilirlik olarak siniflandirildi [10]. Yas, cinsiyet
gibi degiskenlerin mesafeler {izerindeki etkisi analiz edilmistir.

GONULLULERIN ARASTIRMAYA DAHIL EDiLME KRiTERLERI:
-CT taramalarinda, atlasin tiim bdliimlerinin goriintitye girmis olmasi
-Dens axis’in taramalarda tamamen goriniir olmasi.

GONULLULERIN ARASTIRMAYA DAHIL EDILMEME KRIiTERLERI:

-Kétii kaliteli CT taramalari.

-CT taramalarinda, atlasin tamaminin goriintiiye girmedigi ¢ekimler

-Dens axis’in taramalarda tamamen goriinmedigi goriintiiler

-Dens axis ile atlas arkuslar1 arasindaki mesafe ve eklem araliklarinin net gériinmedigi goriintiler

ARASTIRMADA KULLANILACAK PARAMETRELER (Laboratuar testleri-tetkikleri ve

olgtimler):

e Dens genisligi: Dens axis’in corpus vertebra ile birlestigi hizada en sag ve en sol noktalar1 arasindaki
mesafe

e Dens yiiksekligi: Dens axis’in corpus vertebra ile birlestigi hizada alt orta noktasi ile apex’i
arasindaki mesafe

e Dens derinligi: Dens axis’in corpus vertebra ile birlestigi hizada en 6n ve en arka noktalari
arasindaki mesafe

e Total dens yiiksekligi: Dens axis’in apex’i ile corpus vertebra alt orta noktasi arasindaki mesafe

e Dens axis agisi: Sagittal kesitte corpus vertebranin alt kenar1 ile dens axis’in 6n kenarinin arasindaki
acl

e Atlantoaxial inklinasyon acisi sag: Atlas’in sag massa lateralis’inin alt eklem yiizii kenarini
olusturan c¢izgi ile axis’in sag iist eklem yiizii kenarini olusturan ¢izgi arasindaki ag1

e Atlantoaxial inklinasyon agisi sol: Atlas’in sol massa lateralis’inin alt eklem yiizli kenarini olusturan
cizgi ile axis’in sol {ist eklem yiizli kenarimi olusturan ¢izgi arasidaki ac1

e Atlantoaxial eklem araligi sag: Atlas’in sag massa lateralis’inin alt eklem yiizii ile axis’in sag iist
eklem yiizii arasindaki eklem araliginin en genis oldugu hizada eklem yiizleri arasindaki dik mesafe

e Atlantoaxial eklem araligi sol: Atlas’in sol massa lateralis’inin alt eklem yiizii ile axis’in sol iist
eklem yiizii arasindaki eklem araliginin en genis oldugu hizada eklem yiizleri arasindaki dik mesafe

e Arcus anterior atlantis derinligi: Arcus anterior atlantis’in en 6n ve en arka noktalar1 arasindaki

mesafe

e Atlantodental aralik: dens axis’in en 6n noktasi ile arcus anterior atlantis en yakin noktasi arasindaki
mesafe

e Posterior atlantodental aralik: Dens’in posterior siir1 ile C1’in arcus posterior’u arasindaki en kisa
mesafe

e Atlantooksipital eklem-axis agisi: Her iki atlantooksipital ekleme paralel ¢izilen hatlar dens axis
iizerinde kesistirildiginde iki hat arasinda kalan dar ac1
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e Atlantoaksiyal eklem agisi: Her iki atlantoaksiyal ekleme paralel ¢izilen hatlar dens axis {izerinde
kesistirildiginde iki hat arasinda kalan dar ag1.

Veriler SPSS 22.0 yazilimi ile degerlendirilmistir. Atlantoaxial eklem ve dens axis ile ilgili 6lgiilen
degiskenlerin ortalama, standart sapma, medyan, minimum ve maksimum degerleri hesaplanmistir.
Stirekli degiskenlerin normal dagilima uygunlugu Shapiro Wilk testi ile incelenmistir. Parametrik test
varsayimlarini saglayan nicel bagimsiz degiskenlerin kadin ve erkekler arasi karsilastirmalarinda
bagimsiz orneklem t testi kullanilmistir. Parametrik test varsayimlarii saglamayan nicel bagimsiz
degiskenlerin iki grup arasi karsilastirmalarinda ise Mann Whitney U testi kullanilmistir. Sag ve sol
tarafta Olgiilen degiskenlerin normal dagilima uygunlugu Shapiro Wilk testi ile hesaplanmis, normal
dagilim gosteriyorsa eslestirilmis t testi, normal dagilim gostermiyorsa Wilcoxon testi ile taraflar
arasindaki iliski degerlendirilmistir. Olgiilen degiskenlerin birbirleriyle iliskileri normal dagilim
gOsteren parametreler igin Pearson, normal dagilim gostermeyen parametreler icin ise Spearman
korelasyon testleri ile arastirilmustir. p degeri 0,05’in altinda olan degerler istatistiksel olarak anlamli
kabul edilmistir.

BULGULAR

Bu c¢alismada, yaslar1 11 ile 85 arasinda degisen, kafa tabani ve {ist servikal bolge anatomik biitlinliigii
korunmus toplam 82 bireye (43 erkek, 39 kadin) ait Bilgisayarli Tomografi (BT) goriintiileri retrospektif
olarak incelenmistir. Calisma grubundaki erkeklerin yas ortalamasi 42,95 + 19,46 yil, kadinlarin yas
ortalamasi ise 45,51 &+ 12,47 yil olarak saptanmustir. Gruplar arasinda yas dagilimi agisindan istatistiksel
olarak anlamli bir fark bulunmamustir (p=0,477).

Yapilan Olglimler seksiiel dimorfizm agisindan incelendiginde dens axis morfometrisinin cinsiyet
tayininde gii¢lii bir parametre olabilecegi goriilmiisken eklem yapilarinin cinsiyetten bagimsiz oldugu
sonucu ¢ikarilmustir. Erkeklerde dens yiiksekligi (p<0,001), dens derinligi (p=0,007) ve total dens
yiiksekligi (p<0,001) dl¢limleri kadinlara gore istatistiksel olarak anlamli derecede yiiksektir. Kanal ¢ap1
ve stabilite agisindan kritik bir parametre olan posterior atlantodental aralik (PADI) erkeklerde (19,27 +
2,49 mm) kadinlara (18,45 + 2,51 mm) gore anlamli derecede genistir (p=0,006). Bunun yan1 sira
atlantoaxial inklinasyon agis1 (sag/sol), atlantoaxial eklem araligi (sag/sol), arcus anterior atlantis
derinligi, 6n atlantodental aralik (ADI) (orta/en dar), atlantooksipital ve atlantoaxial eklem agis1 ve dens
axis agis1 Ol¢limleri seksiiel dimorfizm agisindan anlamli bulunmamustir (p>0,05) (Tablo 1).

Tablo 1. Olgiilen morfometrik parametrelerin cinsiyetler arasinda karsilastiriimasi

Olgiilen Cinsiyet | N Ortalamatss | Min-Max Median(IQR) p degeri

parametreler say1si

Yas E 43 42,95+19,46 | 11-85 43(33) 0,477
K 39 45511247 | 19-71 44(15)

Dens Genisligi E 43 13,71+1,67 9,40-16,64 13,29(2,70) 0,053
K 39 13,07+1,26 9,91-15,15 12,94(1,96)

Dens Yiiksekligi | E 43 17,21£1,76 14,12-21,53 | 17,21(2,34) <0,001
K* 39 15,66+1,38 13,26-18,27 | 15,28(2,14)

Dens Derinligi E 43 12,54+1,18 10,37-16,34 | 12,44(1,23) 0,007
K 39 11,89+0,91 9,60-13,72 11,86(1,18)

Atlantoaxial E 43 2,39+0,90 0,90-4,60 2,20(1,10) 0,795

inklinasyon agcis1 | K* 39 2,43+1,15 1,10-6,40 2,10(1,50)

sag

Atlantoaxial E* 43 1,92+0,90 0,60-4,90 1,80(0,90) 0,546

inlflinasyon agist | K* 39 2,1241,13 0,90-7 2(1)

SO

Atlantoaxial E 43 2,58+0,53 1,57-3,88 2,50(0,65) 0,125

eklem araligi sag | K 39 2,40+0,49 1,10-3,69 2,42(0,65)

Atlantoaxial E 43 2,47+0,52 1,46-3,92 2,40(0,66) 0,344

cklem araligi sol [k 39 2,36+0,52 1,12-3,33 2,42(0,70)
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Arcus  anterior | E 43 6,46+0,85 4,95-8,44 6,48(1,26) 0,273
atlantis derinligi | K 39 6,27+0,74 4,73-7,55 6,44(1,09)
Atlantodental E* 43 1,45+0,38 0,64-2,90 1,43(0,52) 0,200
aralik orta K 39 1,35+0,37 0,62-2,41 1,29(0,61)
Atlantodental E* 43 0,88+0,38 0,29-2,48 0,81(0,42) 0,427
aralik en dar K* 39 0,82+0,30 0,42-1,63 0,74(0,48)
Atlantooksipital | E 43 121,76+12,48 | 99,70-144,70 | 122,70(17,20) | 0,643
eklem axis agis1 | K 39 122,96+10,83 | 102,10- 123,90(14,30)

151,40
Atlantoaxial E 43 133,80+6,62 | 121,20- 134,70(9,20) 0,227
eklem agisi 148,00

K 39 135,54+6,27 | 118,90- 136,90(7,20)

148,80
Posterior E 41 19,77+2,49 13,68-24,36 | 19,96(3,17) 0,006
Atlantodental K* 39 18,45+2,51 14,85-27,07 | 17,91(2,80)
Aralik
Total dens | E* 31 36,07+4,42 15,89-41,28 | 36,90(3,54) <0,001
ytiksekligi K 25 33,14+228 | 29,70-38,30 | 32,75(3,49)
Dens axis agis1 E 31 65,55+4,12 55,40-74,50 | 65,90(5,70) 0,131

K 25 63,73+4,73 54,80-74,90 | 62,40(5,55)

*Wilcoxon Testi

Yapilan Ol¢iimler lateralizasyon agisindan degerlendirildiginde taraflar arasinda istatistiksel olarak
anlaml bir fark saptanmustir. Atlantoaxial inklinasyon agisi sag tarafta (2,41+1,02°) sola (2,01+1,01°)
gore anlamli derecede yiiksektir (p<0,001). Yine atlantoaxial eklem aralig1 sag tarafta (2,5040,52 mm)
sol tarafa (2,42+0,52 mm) gére anlaml diizeyde daha genistir (p=0,014) (Tablo 2).

Tablo 2. Olgiilen morfometrik parametrelerin taraflar arasinda karsilastiriimasi

Parametreler Sol Sag Toplam p
Orttss Min-Max | Orttss Min-max | Orttss Min-max | degeri
Atlantoaksiyal | 2,01£1,01 | 0,60-7 Ort 0,90-6,40 | 2,21+1,0 | 0,60-7 <0,001
inklinasyon Median 2,41£1,0 | Median 3 Median
acis1* 1,80(1,10) | 2 2,20(1,33) 2,00
(1,20)

Atlantoaxial 2,42+0,52 1,12- Ort 1,10- 2,46+0,5 | 1,10-3,92 | 0,014
eklem araligi 3,92 2,50+0,52 3,88 2 Median

Median Median 2,46(0,66

2,41(0, 2,48(0, )

69) 66)

*Wilcoxon Testi

Morfometrik 6l¢itimlerin yas ile korelasyon testi ile incelendiginde, cogu parametrede anlamli bir iliski
gozlenmezken (p>0,05); orta atlantodental aralikta negatif yonlii zayif bir korelasyon oldugu fark
edilmistir (r=-0,297; p=0,007). Bu aralik yasa bagl olarak daralma egilimi gostermektedir (Tablo 3).

Tablo 3. Olgiilen morfometrik parametrelerin yas ile korelasyonu

Olgiilen parametreler Yas
Dens Genisligi r -0,155
p 0,165
Dens Yiiksekligi* r -0,099
p 0,377
Dens Derinligi r 0,088
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p 0,434
Atlantoaxial inklinasyon agis1 sag* r -0,051
p 0,647
Atlantoaxial inklinasyon agis1 sol* r -0,004
p 0,970
Atlantoaxial eklem araligi sag r -0,052
p 0,643
Atlantoaxial eklem araligi sol r -0,139
p 0,214
Arcus anterior atlantis derinligi r 0,135
p 0,225
Atlantodental aralik orta* r -0,297
p 0,007
Atlantodental aralik en dar* r -0,133
p 0,232
Atlantooksipital eklem axis agisi r -0,103
p 0,359
Atlantoaxial eklem agis1 r -0,081
p 0,469
Posterior Atlantodental Aralik r -0,113
p 0,320
Total dens yiiksekligi* r -0,249
p 0,065
Dens axis agis1 r 0,071
p 0,601

*Spearman korelasyon katsayilari

Parametreler arasindaki korelasyonu gosteren istatistiksel veriler Tablo 4’te verilmistir. Beklenildigi
iizere dens axis morfometrisi ile ilgili 6l¢timlerden total dens yiiksekligi ile dens yiiksekligi arasinda iyi
diizeyde (r=0,754), dens derinligi arasinda orta diizeyde (1=0,420) iliski saptanmisken; dens yliksekligi
ve dens derinligi arasinda yine orta diizeyde iliski (r=0,546) oldugu goriilmiistiir. Sag ve sol taraf
atlantoaxial inklinasyon agilar1 arasinda iyi diizeyde iliski (r=0,651); atlantoaxial eklem araliklar1
arasinda ise giicli iliski (r=0,854) saptanmustir. Yine beklenildigi iizere orta ve en dar atlantodental
aralik olctimleri arasinda iyi iligki (r=0,692) oldugu goriilmiistiir.

Tablo 4. Olgiilen morfometrik parametrelerin korelasyonu
1 2 3 4 516 7 8 9 10 11113 1|1

12 415
Dens 1 X
Geniglig
i
(1)

Dens p=0 |1
Yiiksekli | ,010

gi(2) r=0,

282
Dens p=0, | 1
Derinlig 000
i3) r=0,

546*

Atlanto | p=0 1
axial ,014
inklinas
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yon r=-
acgisi 0,26
sag (4) | 9*
Atlanto p=0, | 1
axial 000
inklinas r=0,
yon 651%*
acist sol
&)
Atlanto 1
axial
eklem
aralig
sag (6)
Atlanto | p=0 p=0 |1
axial ,021 ,000
eklem r=0, =0,
araligi | 255 854
sol (7)
Arcus p=0, 1
anterior 010
atlantis r=0,
derinlig 284
i(8)
Atlanto p=0 |1
dental ,047
aralik r=-
orta (9) 0,22
0*
Atlanto p=0, | 1
dental 000
aralik r=0,
en dar 692
(10)
Atlanto p=0, p=0 1
oksipita 039 ,045
[ eklem r=- r=0,
axis 0,22 222
acisi 9%
(11)
Atlanto 1
axial
eklem
acisi
(12)
Posterio | P=0 | p=0, P=0 | p=0, | p=0, 1
r ,001 | 011 ,028 | 004 | 001
Atlanto | r=0, | r=0, r=- | r=0, | r=0,
dental 352 | 282%* 0,24 | 317*% | 351*
Aralik 6
(13) (80
kisi)
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Total p=0, | p=0, p=0, | 1
dens 000 | 001 013
yiiksekli r=0, | r=0, r=0,

gi(14) 754% | 420%* 331%*

(56 kisi)

Dens p=0, 1
axis 044

agist r=0,

(15) (56 270

kisi) *

r= Korelasyon derecesi 0-0,19; ¢ok zayif iliski, 0,20-0,39; zayif iliski, 0,40-0,59; orta diizeyde iligki,
0,60-0,79; iyi iligki, 0,80-1; giiclii iligki olarak degerlendirilebilir.
*spearman korelasyon katsayilari

Iki gbzlemci arasidaki dlgiim uyumu Smif I¢i Korelasyon Katsayis1 (ICC) ile degerlendirilmistir.
Analiz edilen 15 morfometrik parametrenin 8'inde (%53,3) milkemmel (ICC>0,90), 4'linde (%26,6) iyi
(ICC 0,75-0,90) ve 3'iinde (%20) orta diizeyde (ICC 0,50-0,75) giivenilirlik tespit edilmistir. Ozellikle
agisal 6l¢iimler (Orn. atlantooksipital eklem axis a¢isi ICC: 0,989) ve dikey uzunluk 6lgtimleri (6rn. total
dens yiiksekligi ICC: 0,980) gozlemciler arasinda yiiksek tutarlilik gostermistir. Buna karsin, 'Dens
derinligi', 'Atlantoaxial eklem araligi sag' ve 'Atlantodental aralik orta' Ol¢limlerinde giivenilirlik
katsayilarmin daha diisiik oldugu ve giliven araliklarmin genisledigi goriilmiistiir (Tablo 1).

Tablo 5. Olgiilen morfometrik parametrelerin gdzlemciler arasi giivenilirlik sonuglar

Olgiilen parametreler ICC %95 Giiven Araligi (Alt-Ust) | Giivenilirlik
Diizeyi

Dens Genisligi 0,917 0,7-0,979 Miikemmel

Dens Yiiksekligi 0,893 0,286-0,977 Iyi

Dens Derinligi 0,649 0,122-0,897 Orta

Atlantoaxial inklinasyon acis1 | 0,92 0,729-0,979 Mikemmel

sag

Atlantoaxial inklinasyon agis1 | 0,848 0,528-0,959 iyi

sol

Atlantoaxial eklem araligi sag | 0,507 0,048-0,843 Orta

Atlantoaxial eklem araligi sol | 0,801 0,414-0,946 iyi

Arcus anterior atlantis derinligi | 0,922 0,719-0,98 Mikemmel

Atlantodental aralik orta 0,526 0,086-0,858 Orta

Atlantodental aralik en dar 0,898 0,542-0,975 1yi

Atlantooksipital eklem axis | 0,989 0,957-0,997 Miikemmel

agis1

Atlantoaxial eklem agis1 0,962 0,861-0,990 Miikemmel

Posterior Atlantodental Aralik | 0,973 0,901-0,993 Miikemmel

Total dens yiiksekligi 0,98 0,92-0,995 Miikemmel

Dens axis agisi 0,955 0,84-0,988 Miikemmel

TARTISMA

Ust servikal bélge (C1-C2), karmasik anatomik yapisi ve yiiksek hareket kabiliyeti nedeniyle cerrahi
girisimlerde 6zel bir dikkat gerektirir. Bu calismada, cerrahi stabilizasyon tekniklerinde ndrovaskiiler
yaralanma riskini en aza indirmek amaciyla 82 bireye ait bilgisayarli tomografi (BT) goriintiileri
iizerinden morfometrik bir analiz gerceklestirilmistir.

Caliymamizin bulgulari, dens axis anatomisinde belirgin bir cinsel dimorfizm oldugunu gostermistir;
erkeklerde dens yiiksekligi (p<0,001), dens derinligi (p=0,007) ve total dens yliksekligi kadinlara kiyasla
istatistiksel olarak anlamli derecede daha yiiksektir.
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Literatiirde C2 gdvdesi ve odontoid ¢ikintinin morfometrik analizini yapan ¢alismalar da odontoid
¢ikintinin boyutlariin erkeklerde kadinlara gore daha biiyiik oldugunu bildirmektedir [6]. Bu uyumlu
bulgular, odontoid vida fiksasyonu gibi cerrahi planlamalarda implant seciminin (6zellikle vida
uzunlugu ve kalinhigmin) cinsiyete gore optimize edilmesinin Onemini giicli bir sekilde
vurgulamaktadir.

Klinik pratikte atlantoaksiyal instabilitenin degerlendirilmesinde kritik rol oynayan atlantodental aralik
(ADI) olglimlerimizde cinsiyetler arasinda anlamli bir fark saptanmamistir (p>0,05). Bu durum,
erigkinlerde BT ile anterior atlantodental aralik 6lglimiinii degerlendiren ¢aligmalarin [4] ve normal
popiilasyonda ii¢ boyutlu ADI analizi yapan arastirmalarin [9] sonuglariyla birebir ortiismektedir. Her
iki caligmada da cinsiyetin ADI iizerinde anlamli bir etkisi olmadigi, cinsiyetten bagimsiz stabil bir
parametre oldugu rapor edilmistir. Ote yandan, kanal ¢ap1 ve stabilite agisindan kritik olan Posterior
Atlantodental Aralik (PADI) ¢alismamizda erkeklerde (19,27 + 2,49 mm) kadinlara (18,45 = 2,51 mm)
gbre anlamli derecede daha genis bulunmustur (p=0,006). Ayrica yas ile orta atlantodental aralik
arasinda saptadigimiz negatif yonlii zayif korelasyon (r=-0,297; p=0,007), yaslanmaya bagli dejeneratif
degisikliklerin eklem araliginda daralmaya yol acabilecegini diisiindiirmektedir.

Bulgularimiza gore, atlantoaxial inklinasyon agis1 ve atlantoaxial eklem araligi sag tarafta sol tarafa gore
istatistiksel olarak anlaml diizeyde daha yiiksektir (p<0,001 ve p=0,014). Cok kesitli BT (MDCT) ile
saglikli bireylerde C1-C2 eklem artikiilasyonunu inceleyen c¢alismalar da bu bdolgedeki eklem
asimetrisinin patolojik olmaktan ziyade normal popiilasyonda sik karsilasilan bir durum oldugunu ortaya
koymustur [11]. Posterior C1-C2 transartikiiler vida fiksasyonu i¢in ideal ve giivenli anatomik bolgeleri
tanimlayan arastirmalar, vertebral arter yaralanmasini 6nlemek i¢gin faset eklem agilar1 ve asimetrilerin
preoperatif olarak detaylica degerlendirilmesi gerektigini vurgular [8]. C1-C2 kompleksinin
transartikiiler vida fiksasyonuna anatomik uygunlugunu BT ile degerlendiren bir ¢aligmada [12],
hastalarin %18 ila %23"iinde en az bir tarafta vida yerlesimini engelleyecek diizeyde yiiksek yerlesimli
(high-riding) transvers foramen anomalisi saptannustir. lgili ¢alismada bu anomalilerin siklikla tek
tarafli (9 olguda sol, 5 olguda sag) goriilmesi ve yas ile iliskili olmamasi, bizim asimetri bulgularimizla
paralellik gostermektedir. Bu nedenle, vertebral arter yaralanmalarindan kaginmak ve giivenli yoriingeyi
belirlemek adimna, cerrahi 6ncesi her bir hastamin kendi morfolojisine 6zgii li¢ boyutlu radyolojik
degerlendirmesinin yapilmasi hayati bir zorunluluktur. Saptadigimiz sag dominant asimetri, cerrahlarin
vida yoriingesini planlarken her iki tarafi esit varsaymamalar1 gerektigini kanitlamaktadir.
Kraniyovertebral bileskenin radyolojik Olciimlerini derleyen yayinlarda da belirtildigi gibi, bu
anatomiye ait parametrelerin milimetrik hassasiyetle degerlendirilmesi cerrahi basar1 ve
komplikasyonlarin 6nlenmesi i¢in elzemdir [3].

Atlantoaksiyal ¢ikigin (dislokasyon) klinik gecerliliginde eklem inklinasyon agisinin 6nemli bir
rediiksiyon indeksi oldugu bilinmektedir [13]. Calismamizda BT tabanli kemik doku iizerine
odaklanilmig olup, stabilitenin 6nemli bir parcasi olan yumusak dokular degerlendirilmemistir.
Kraniyoservikal bileskenin  Manyetik Rezonans Goriintileme (MRG) ile morfometrik
degerlendirmesini igeren ¢caligmalar, transvers ligaman gibi yuamusak doku yapilarmin da incelenmesinin
instabilite patolojilerini aydinlatmada BT'ye tamamlayici bir unsur oldugunu gostermektedir [7].

SONUC

Bu caligmada, iist servikal bolgenin (C1-C2) bilgisayarli tomografi {izerinden yapilan morfometrik
analizi sonucunda klinikte dikkate alinmasi1 gereken ii¢ temel olgu ortaya konmustur.

Dens axis boyutlart (yilikseklik ve derinlik) ve spinal kanal genisligini yansitan PADI degerleri
erkeklerde anlamli diizeyde daha yiiksektir. Bu durum, odontoid vida fiksasyonunda kullanilacak
implantlarin (vida boyu ve capi) hastanin cinsiyetine gore standardize edilmesinin Onemini
kanitlamaktadir.

Atlantoaksiyal inklinasyon agis1 ve eklem araliginda saptanan sag dominant yapi, iist servikal bolgenin
asimetrik bir morfolojiye sahip oldugunu gostermektedir. Literatiirdeki transartikiiler vida yerlesimine
engel olan tek tarafli anomalilerle birlikte degerlendirildiginde, bu asimetri cerrahi planlamanin her iki
taraf icin "simetrik" varsayimlar iizerinden degil, tamamen hastaya ve o tarafa Ozgli yapilmasi
gerektigini kesin bir dille ortaya koymaktadir.
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Orta atlantodental araliktaki hafif dejeneratif daralma disinda, C1-C2 kemik morfometrisi eriskinlik
donemi boyunca yastan biiylik 6l¢lide bagimsiz kalarak anatomik stabilitesini korumaktadir.

Sonug olarak {ist servikal bolgeye yonelik cerrahi girisimlerde komplikasyonlari en aza indirmek ve
norovaskiiler yaralanmalardan (6zellikle vertebral arter) kaginmak icin genel popiilasyon kaliplar
yerine; hastanin cinsiyetini, lateral asimetrilerini ve o bireye 6zgii morfolojik varyasyonlarini merkeze
alan yiiksek ¢ozliniirliiklii ii¢ boyutlu preoperatif radyolojik degerlendirme rutin bir standart olmalidir.
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OZET

Amag: Hipertansiyon, konjestif kalp yetersizligi ve kronik bobrek hastaligi yonetiminde diyetle sodyum
kisitlamasi, farmakolojik tedavi kadar hayati bir éneme sahiptir. Diinya Saglk Orgiiti (WHO),
kardiyovaskiiler mortaliteyi azaltmak amaciyla yetiskinlerde giinliik toplam sodyum aliminin 2000 mg
(yaklasik 5 gram tuz) ile sinirlandirilmasini dnermektedir. Ancak farmasotik teknolojide hasta uyumunu
artirmak i¢in gelistirilen efervesan sistemler, ilacin suda ¢oziiniirliigiinii saglamak amaciyla sodyum
bikarbonat (NaHCO3) bazli asit-baz reaksiyonlarini kullanmaktadir. Bu kimyasal zorunluluk, hastalarin
sistemik dolasimina terapotik etkiden bagimsiz olarak yiiksek miktarda "gizli" sodyum iyonu girmesine
neden olmaktadir. Bu ¢alismanin amaci, birinci basamakta ve acil servislerde sik regetelenen analjezik,
mukolitik ve vitamin grubu efervesan preparatlarin sodyum yiikiinii kantitatif olarak hesaplamak ve
hipertansif hastalar i¢in olusturdugu iyatrojenik riski analiz etmektir.

Yontem: Calisma, farmasotik igerik analizi ve kiimiilatif doz hesaplama deseninde tasarlanmistir.
Tirkiye ilag pazarinda pazar payi en yiiksek olan; Asetilsalisilik asit+C vitamini (Aspirin Plus C),
Parasetamol (Parol), Amlodipin (Amlodis) ve N-Asetilsistein (NAC) efervesan formlarmin giincel Kisa
Uriin Bilgileri (KUB) ve teknik dosyalar1 incelenmistir. Her tabletin ierdigi elementer sodyum miktar1
(mg veya mmol) kaydedilmistir. Hastalarin bu ilaglar1 "6nerilen maksimum dozda" ve "giinde 3 kez
(3x1)" kullandig1 senaryolar simiile edilmis, maruz kalinan toplam sodyum yiikii WHO'nun 2000 mg
limiti ile kiyaslanmistir.

Bulgular: Farmasotik analiz sonucunda, tek bir Asetilsalisilik asit+C vitamini efervesan tabletinin
484.9 mg elementer sodyum icerdigi saptanmustir. Soguk alginligi semptomlar: i¢in giinde 4 tablet
(maksimum doz) kullanan bir hasta, diyet dis1 olarak sadece bu ilagtan 1939.6 mg sodyum almaktadir.
Bu miktar, WHO tarafindan onerilen giinliik limitin tek basina %97'sini doldurmakta ve hastaya gida
kaynakli tuz alimi i¢in neredeyse hi¢ pay birakmamaktadir. Benzer sekilde, efervesan parasetamoliin
tablet basina ortalama 438 mg sodyum icerdigi belirlenmistir. Maksimum dozda (8 tablet) sodyum yiikii
3504 mg (%175) seviyesine ulasirken, giinde 3 tabletlik yaygin kullanimda toplam yiik 1314 mg (giinlitkk
limitin %65') olarak hesaplanmustir. Ironik bir bulgu olarak, bir kalsiyum kanal blokeri olan ve
antihipertansif amagla kullanilan Amlodipin (Amlodis) efervesan formunun dahi tablet basmna 7.38
mmol (yaklasik 169.7 mg) sodyum igerdigi tespit edilmistir.

Sonug: Efervesan formiilasyonlar, hipertansif hastalarda tedavi direncine, sivi retansiyonuna ve kan
basinci disregiilasyonuna yol agabilecek diizeyde iyatrojenik sodyum yiikii olusturmaktadir. Ozellikle
polifarmasiye maruz kalan yasli hastalarda, bu ekzojen yiik antihipertansif tedavinin etkinligini nétralize
edebilir. Klinisyenlerin, 6zellikle tuza duyarli (salt-sensitive) hasta gruplarinda receteleme yaparken
formiilasyon detayimi sorgulamasi ve efervesan formlar yerine konvansiyonel tablet formlarini tercih
etmesi hasta giivenligi agisindan elzemdir.

Anahtar Kelimeler: Hipertansiyon, Efervesan ilaglar, Sodyum Yiikii, Aile Hekimligi.
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ABSTRACT

Objective: Dietary sodium restriction is as vital as pharmacological treatment in the management of
hypertension, congestive heart failure, and chronic kidney disease. The World Health Organization
(WHO) recommends limiting total daily sodium intake to 2000 mg (approximately 5 grams of salt) in
adults to reduce cardiovascular mortality. However, effervescent systems developed in pharmaceutical
technology to improve patient compliance utilize sodium bicarbonate (NaHCO3) based acid-base
reactions to ensure water solubility of the drug. This chemical necessity causes a high amount of
"hidden" sodium ions to enter the patients' systemic circulation independently of the therapeutic effect.
This study aims to quantitatively calculate the sodium load of analgesic, mucolytic, and vitamin group
effervescent preparations frequently prescribed in primary care and emergency departments and to
analyze the iatrogenic risk they pose for hypertensive patients.

Methods: The study was designed as a pharmaceutical content analysis and cumulative dose
calculation. Current Summary of Product Characteristics (SmPC) and technical files of Acetylsalicylic
acid+Vitamin C (Aspirin Plus C), Paracetamol (Parol), Amlodipine (Amlodis), and N-Acetylcysteine
(NAC) effervescent forms, which have the highest market share in the Turkish pharmaceutical market,
were examined. The amount of elemental sodium (mg or mmol) contained in each tablet was recorded.
Scenarios where patients used these drugs at the "recommended maximum dose" and "3 times a day
(3x1)" were simulated, and the total exposed sodium load was compared with the WHO's 2000 mg limit.
Results: Pharmaceutical analysis revealed that a single Acetylsalicylic acid+Vitamin C effervescent
tablet contains 484.9 mg of elemental sodium. A patient using 4 tablets (maximum dose) per day for
cold symptoms receives 1939.6 mg of sodium from this drug alone, excluding diet. This amount
constitutes 97% of the daily limit recommended by the WHO, leaving almost no room for dietary salt
intake. Similarly, effervescent paracetamol was found to contain an average of 438 mg of sodium per
tablet. While the sodium load reached 3504 mg (175%) at the maximum dose (8 tablets), the total load
was calculated as 1314 mg (65% of the daily limit) in common usage of 3 tablets per day. Ironically,
even the effervescent form of Amlodipine (Amlodis), a calcium channel blocker used for
antihypertensive purposes, was found to contain 7.38 mmol (approximately 169.7 mg) of sodium per
tablet.

Conclusion: Effervescent formulations create an iatrogenic sodium load at a level that can lead to
treatment resistance, fluid retention, and blood pressure dysregulation in hypertensive patients.
Especially in elderly patients exposed to polypharmacy, this exogenous load may neutralize the efficacy
of antihypertensive treatment. It is essential for patient safety that clinicians question the formulation
details when prescribing, particularly in salt-sensitive patient groups, and prefer conventional tablet
forms instead of effervescent forms.

Keywords: Hypertension, Effervescent Drugs, Sodium Load, Family Medicine.
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OZET

Akut hemorajik inme, yiiksek mortalite ve ciddi norolojik sakatlik ile iligkili bir klinik tablodur.
Trombosit sayis1 ve hacmini birlikte yansitan Platelet Mass Indeksi (PMI), kanama siddeti ve prognoz
ile iligkili olas1 bir belirte¢ olarak 6ne siirtilmiistiir. Bu ¢alismada, akut hemorajik inme hastalarinda PMI
ile kanama hacmi, fonksiyonel sonlanim ve mortalite arasindaki iliskinin degerlendirilmesi
amaglanmustir.

Bu retrospektif, tek merkezli ¢aligmaya Ocak 2020—Eyliil 2023 tarihleri arasinda acil servise bagvuran
akut intraparankimal hemorajik inme tamili erigkin hastalar dahil edildi. Demografik ozellikler,
komorbiditeler, vital bulgular, laboratuvar ve ndrogoriintiileme verileri, kanama hacmi, Modified
Rankin Scale (mRS) skorlar1 ve klinik sonlanimlar kaydedildi. Kanama hacmi ABC/2 yontemiyle
hesaplandi. Hastalar mRS (<3 ve >3), kanama hacmi (<30 mL ve >30 mL) ve 1 aylik mortaliteye gore
gruplandirildi. PMI basvuru anindaki tam kan sayimindan hesaplandi.

Calismaya toplam 141 hasta dahil edildi (ortalama yas 67,9 + 13,2 yil; %56 erkek). Hastalarin
%60,3’tinde kotii fonksiyonel sonu¢ (mRS >3), %47,5’inde kanama hacmi >30 mL ve %36,2’sinde
hastane i¢i mortalite saptandi. Kotii fonksiyonel sonlanimi olan hastalar, iyi fonksiyonel sonlanimi
olanlara kiyasla daha ileri yasta olup daha diisiik Glasgow Koma Skalas1 (GKS) skorlarina, daha diistik
oksijen satiirasyonuna, daha yiiksek 16kosit sayisina, daha biiyiik kanama hacmine, daha uzun hastanede
yatis siiresine ve daha yliksek mortalite oranlarina sahipti (tiimii i¢in p < 0,05). Koroner arter hastaligi
ve oksijen gereksinimi de agir fonksiyonel kaybi olan hastalarda daha sik goriildii. PMI, fonksiyonel
sonlamma gore degerlendirildiginde, iyi ve koétii mRS gruplar arasinda anlaml farklilik gostermedi
(2390,7 + 744,5 ve 2526,3 + 844,3; p = 0,330). Kanama hacmi >30 mL olan hastalarda GKS skorlar1
daha diisiik, inflamatuvar belirtecler ve mortalite oranlar1 daha yiiksek bulundu (p < 0,05).
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Kanama hacmi >30 mL olan hastalarda ortalama PMI degerleri daha yiiksek olmakla birlikte, bu fark
istatistiksel olarak anlamli degildi (2597,3 + 869,2 ve 2359,4 + 732,0; p = 0,080). Bir aylik mortalite;
diisiik oksijen satiirasyonu, daha yiiksek kalp hizi, diisiik sodyum diizeyi, yiiksek kreatinin, yiiksek PDW
ve MPV degerleri ile diisiik GKS skorlar1 ile anlamh sekilde iligkiliydi (tiimii i¢in p < 0,05). PMI
degerleri, sag kalanlar ile yasamini yitiren hastalar arasinda anlamli farklilik géstermedi (2430,4 + 738,4
ve 2568,3 +945,2; p=0,352).

Bu caligmada akut hemorajik inme hastalarinda PMI’nin kanama siddeti, fonksiyonel sonlanim ve
mortalite ile bagimsiz bir iligkisi gosterilememistir. Klinik siddeti yansitan gostergeler ve klasik
laboratuvar parametreleri prognozu éngérmede daha belirleyici bulunmustur. PMI’nin klinik kullanim
degerinin netlestirilebilmesi i¢in daha genis 6rneklemli ve ¢ok merkezli ¢caligmalara ihtiyag vardir.
Anahtar Kelimeler: Acil servis, hemorajik inme, mortalite, platelet mass indeksi, prognoz

ABSTRACT

Acute hemorrhagic stroke is a clinical condition associated with high mortality and severe neurological
disability. Platelet Mass Index (PMI), which reflects both platelet count and platelet volume, has been
proposed as a potential biomarker related to bleeding severity and prognosis. This study aimed to
evaluate the relationship between PMI and hemorrhage volume, functional outcome, and mortality in
patients with acute hemorrhagic stroke.

In this retrospective, single-center study, adult patients diagnosed with acute intraparenchymal
hemorrhagic stroke who presented to the emergency department between January 2020 and September
2023 were included. Demographic characteristics, comorbidities, vital signs, laboratory and
neuroimaging findings, hemorrhage volume, Modified Rankin Scale (mRS) scores, and clinical
outcomes were recorded. Hemorrhage volume was calculated using the ABC/2 method. Patients were
categorized according to functional outcome (mRS <3 vs >3), hemorrhage volume (<30 mL vs >30 mL),
and 1-month mortality. PMI was calculated from complete blood count parameters obtained at
admission.

A total of 141 patients were included (mean age 67.9 = 13.2 years; 56% male). Poor functional outcome
(mRS >3) was observed in 60.3% of patients, hemorrhage volume >30 mL in 47.5%, and in-hospital
mortality in 36.2%. Patients with poor functional outcomes were older and had lower Glasgow Coma
Scale (GCS) scores, lower oxygen saturation levels, higher white blood cell counts, larger hemorrhage
volumes, longer hospital stays, and higher mortality rates compared with those with favorable outcomes
(all p <0.05). Coronary artery disease and oxygen requirement were also more frequent in patients with
severe disability. PMI did not differ significantly between patients with favorable and poor functional
outcomes (2390.7 £+ 744.5 vs 2526.3 + 844.3; p = 0.330). Patients with hemorrhage volumes >30 mL
had lower GCS scores and higher inflammatory markers and mortality rates (p < 0.05); however, PMI
values were higher but not statistically significant in this group (2597.3 £ 869.2 vs 2359.4 = 732.0; p =
0.080). One-month mortality was significantly associated with lower oxygen saturation, higher heart
rate, lower sodium levels, elevated creatinine, higher PDW and MPV values, and lower GCS scores (all
p < 0.05). PMI values did not differ significantly between survivors and non-survivors (2430.4 = 738.4
vs 2568.3 £ 945.2; p =0.352).

In patients with acute hemorrhagic stroke, PMI was not independently associated with hemorrhage
severity, functional outcome, or mortality. Clinical severity indicators and conventional laboratory
parameters were more reliable predictors of prognosis. Larger, multicenter studies are needed to better
define the clinical utility of PMI.

Keywords: Emergency department, hemorrhagic stroke, mortality, platelet mass index, prognosis
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KAFATASI SUTURLERI: GELISIM, VARYASYON VE KRANIYOSINOSTOZ
CRANIAL SUTURES: FROM DEVELOPMENTAL BIOLOGY TO CRANIOSYNOSTOSIS
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OZET

Bu c¢alisma, kafatasi gelisimi ve siitiir biyolojisini temel alarak kraniyosinostozun anatomik, gelisimsel
ve klinik boyutlarmi biitiinciil bir ¢ergevede ele almayr amaglamaktadir. Kafatasi kubbesi kemikleri
bliyiik dlglide intramembrandz ossifikasyon ile gelisir ve kranyal biiylime siireci beyin hacmindeki
artisla yakindan iliskilidir (Hall, 2005; Moore, Persaud, & Torchia, 2020). Bu siiregte siitiirler yalnizca
kemikleri birlestiren pasif hatlar degil, ayn1 zamanda osteojenik aktivitenin siirdiigii dinamik biiylime
bolgeleridir (Opperman, 2000). Fontaneller ve siitiirler, erken yasam doneminde artan intrakraniyal
hacme uyum saglayan gelisimsel arayiizler olarak islev goriir (Reardon, 2000). Calismada siitiir
morfolojisi ve fonksiyonu agiklandiktan sonra, siiturlar iizerinde goriilen anatomik varyasyonlar ele
alinmaktadir. Persistan metopik siitur, Inka kemigi (interparietal varyasyon), siitural kemikgikler
(Wormian bones) ve mendosal siitur gibi aksesuar yapilar, gelisimsel ¢esitliligin ornekleri olarak
degerlendirilmektedir (Hauser & De Stefano, 1989). Bu varyasyonlarin patoloji ile karistirilmadan,
normal anatomik spektrum ig¢inde yorumlanmasinin énemi vurgulanmaktadir. Calismanin devaminda
kraniyosinostoz, bir veya daha fazla siiturun erken kapanmasi sonucu ortaya ¢ikan gelisimsel bir patoloji
olarak tanimlanmakta; biiyiimenin kapanan siitiire dik yonde kisitlanmasi ve paralel yonlerde artmasi
prensibi agiklanmaktadir (Virchow, 1851/aktaran Cohen & MacLean, 2000). Sagittal, koronal, metopik
ve lambdoid sinostoz tipleri ile iliskili kafa sekli degisimleri Gzetlenmektedir. Ayrica sendromik
olgularda rol oynayan genetik mutasyonlara ve baslica iliskili sendromlara deginilmektedir (Wilkie,
Johnson, & Wall, 2017). Tan siirecinde klinik degerlendirme ve ii¢ boyutlu gériintiilleme yontemlerinin
rolii ile erken cerrahi miidahalenin temel ilkeleri kisaca ele alinmaktadir.

Anahtar Kelimeler: Kafatasi Siitural Gelisimi, Siitural Varyasyonlar, Kraniyosinostoz, Gelisimsel
Sendromlar.

ABSTRACT

This study aims to present a comprehensive framework of craniosynostosis based on skull development
and suture biology, addressing its anatomical, developmental, and clinical dimensions. The bones of the
cranial vault develop predominantly through intramembranous ossification, and cranial growth is
closely associated with increasing brain volume (Hall, 2015; Moore, Persaud, & Torchia, 2020). In this
process, cranial sutures are not merely passive junctions between bones but dynamic growth sites that
maintain ongoing osteogenic activity (Opperman, 2000). Fontanelles and sutures function as
developmental interfaces that accommodate rising intracranial volume during early life (Reardon, 2000).
After outlining suture morphology and function, the study examines anatomical variations observed in
cranial sutures. Persistent metopic suture, Inca bone (interparietal variation), sutural (Wormian) bones,
and the mendosal suture are evaluated as examples of developmental diversity (Hauser & De Stefano,
1989). Emphasis is placed on interpreting these features within the spectrum of normal anatomy without
misclassifying them as pathological findings. Craniosynostosis is then defined as a developmental
pathology resulting from the premature fusion of one or more cranial sutures; the principle that growth
is restricted perpendicular to the fused suture and compensatorily increased in parallel directions is
explained (Virchow, 1851, as cited in Cohen & MacLean, 2000). Characteristic cranial shape changes
associated with sagittal, coronal, metopic, and lambdoid synostosis are summarized.
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The role of genetic mutations in syndromic cases and the major associated syndromes are briefly noted
(Wilkie, Johnson, & Wall, 2017). Finally, the roles of clinical assessment and three-dimensional imaging
in diagnosis, as well as the basic principles of early surgical intervention, are concisely reviewed.
Keywords: Cranial Suture Development, Suture Variations, Craniosynostosis, Developmental
Syndromes.

GIRiS

Insan nérokranyumu, dogumdan itibaren 6zellikle erken cocukluk déneminde hizla artan beyin hacmine
uyum saglayacak bicimde modiiler ve uyarlanabilir bir mimariyle organize olur. Bu mimarinin
temelinde, kafatasi kubbe kemiklerinin (frontal, parietal, squama occipitalis vb.) biiylik Olglide
intramembrandz ossifikasyon ile gelismesi ve bu kemik plakalarimin birbirleriyle tam bir “tek parga”
haline gelmek yerine, aralarinda fibroz eklem niteliginde biliylime arayiizleri birakmasi yatar. Bu
araylizler olan siiturlar, gelisimsel biyoloji agisindan yalnizca kemikleri birlestiren cizgiler degildir;
osteojenik cephelerin (bone fronts), progenitdr hiicre havuzunun ve ¢evre dokulardan gelen sinyallerin
birlikte ¢alistig1, bliylimenin yoniinii ve hizini belirleyen dinamik biiyiime alanlaridir (Opperman, 2000).
Bu nedenle siitur “agikligr”, basit bir anatomik bosluk degil, hiicresel diizeyde proliferasyon—
diferansiyasyon dengesinin korunmasi anlamina gelir: siitur hattinda belirli hiicre popiilasyonlarinin
osteoblasta doniisiimii geciktirilirken, kemik kenarlarinda kontrollii kemik matriksi birikimi stirdiiriiliir.
Bu denge bozuldugunda siitur biyolojisi, biiyiimeyi miimkiin kilan bir nis olmaktan ¢ikar ve erken
ossifikasyon yoniinde “kilitlenebilir”; kraniyosinostoz patogenezi bu kilitlenmenin klinik
tezahiirlerinden biridir (Opperman, 2000; Twigg & Wilkie, 2015).

Anatomik olarak baslica siiturlar; koronal siitur (frontal—parietal), sagittal siitur (iki parietal arasi),
lambdoid siitur (parietal-oksipital) ve squamous siitur (parietal-temporal) olarak smiflanir.
Yenidoganda bu siiturlarin kesisim boélgelerinde yer alan fontaneller, hem dogum sirasinda kafatasinin
gecici deformasyonuna izin veren bir “mekanik giivenlik supab1” hem de postnatal donemde biiyiimenin
diizenlenmesine katki saglayan gelisimsel araylizler olarak diisiiniilebilir. Burada kritik nokta sudur:
norokranyal biiyiime, kemik plakalarmin her yonde esit genislemesi seklinde rastgele ilerlemez;
bliylimenin baskin bileseni, siitur hattinda ger¢eklesen yeni kemik eklenmesiyle siitura dik eksende
ortaya ¢ikar. Dolayisiyla bir siiturun erken kapanmasi, yalnizca o hattin “kaybolmasi” demek degildir;
bliylimenin geometrisini degistirir: kapanan siitura dik yondeki genisleme kisitlanirken, biiyiime agik
siiturlar boyunca kompansatuar bigimde yeniden dagilir. Bu deterministik biyomekanik mantik,
kraniyosinostozda goriilen karakteristik kafa sekillerinin (Or. sagittal sinostozda uzun-dar kafa;
unicoronal sinostozda anterior plagiosefali) rastgele degil, dngoriilebilir bicimde ortaya c¢ikmasini
aciklar (Johnson & Wilkie, 2011; Flaherty ve ark., 2016). Dahast, bu yaklagim siiturlar1 yalniz “biiyiime
cizgileri” olarak degil, genetik (6rn. FGF/FGFR ekseni), hiicresel dinamikler ve mekanik kuvvetlerin
kesistigi bir biiyiime kontrol sistemi olarak ele almay1 zorunlu kilar; bu da sendromik ve non-sendromik
kraniyosinostozlarin ayni biyolojik zeminde, farkli giris noktalarindan bozulabildigini gdsterir (Twigg
& Wilkie, 2015; Flaherty ve ark., 2016).

SUTUR GELIiSiM EVRELERI

Stitur gelisimi, prenatal donemde intramembrandz ossifikasyon merkezlerinin ortaya ¢ikmasiyla baslar
ve bu merkezlerden radyal olarak genisleyen kemik plakalari arasinda fibroéz biiylime arayiizlerinin
korunmasiyla devam eder. Ancak bu siirecin biyolojik ve klinik agidan en kritik evresi postnatal
donemdir; ¢linkii insan beyninin bilylime kinetigi dogumdan sonraki ilk iki yil i¢inde en yiiksek hizina
ulasir ve erigkin hacminin yaklasik %80-90’ma bu donemde ulasir. Bu olaganiistii bliylime temposu,
noérokranyumun rijit bir kemik kapsiil olarak degil, biiyiimeye yanit verebilen adaptif bir sistem olarak
islev gdrmesini zorunlu kilar. Bu baglamda siiturlarim “a¢ik kalmasi”, basit bir anatomik siireklilik degil,
bliylimenin gerceklesebilmesi i¢in gerekli olan bir hiicresel ve molekiiler denge durumunu temsil eder.
Kemik kenarlarinda osteoblastik aktivite yoluyla yeni kemik matriksi birikirken, siitur hattinin
merkezinde bulunan osteoprogenitdr hiicrelerin belirli bir kisminin proliferatif ve farklilagmamus
durumda kalmasi gerekir. Bu hiicre havuzu, siiturun biiyiime kapasitesinin biyolojik temelini olusturur.
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Bu dengenin korunmasinda yalnizca lokal hiicresel mekanizmalar degil, ayn1 zamanda dura materden
gelen parakrin sinyaller, periostal etkilesimler ve mekanik gerilim gibi faktorler de kritik rol oynar.
Ozellikle dura materin, siitur agikligmnin korunmasinda aktif bir diizenleyici oldugu ve bu dokudan
kaynaklanan molekiiler sinyallerin osteoblast diferansiyasyonunu modiile ettigi deneysel ve histolojik
caligmalarla gosterilmistir (Opperman, 2000; Rice ve ark., 2003; Twigg & Wilkie, 2015). Bu nedenle
siitur acikligi, osteoblast proliferasyonu ile osteojenik farklilasmanin hassas bir dengesi tarafindan
stirdiiriilen dinamik bir durumdur; bu denge osteoblastik farklilasma lehine bozuldugunda siitur dokusu
hizla ossifiye olur ve fizyolojik biiyiime kapasitesi geri doniissiiz bigimde kaybolabilir.

Stitur kapanmasinin zamanlamasi hem siitura 6zgii biyolojik farkliliklar hem de bireysel gelisimsel
varyasyonlar nedeniyle heterojendir. Klinik ve radyolojik agidan en dikkat g¢ekici 6rnek metopik
stiturdur. Metopik siitur, diger biiylik kalvaryal siiturlardan farkli olarak erken ¢ocukluk doneminde
fizyolojik olarak kapanma egilimi gosteren tek major siiturdur. Ug boyutlu bilgisayarli tomografi
rekonstriiksiyonlarina dayali genis seriler, metopik siitur fiizyonunun bazi bireylerde yasamin ilk
aylarinda baslayabildigini ve birgok vakada ilk yil i¢inde tamamlanabildigini gostermistir (Vu ve ark.,
2001). Bu bulgu, erken metopik kapanmanin her zaman patolojik bir siire¢ olmadigini ve trigonocephaly
gibi karakteristik kraniyal deformasyon bulgulari olmadan yalnizca radyolojik flizyon goriintiisiine
dayanarak metopik sinostoz tanis1 konamayacagini agik¢a ortaya koymaktadir. Daha yeni klinik ve
norosirlirjik degerlendirmeler de metopik siiturun fizyolojik kapanma zamanlamasinin genis bir
varyasyon araligina sahip oldugunu ve ¢ogu saglikli gocukta kapanmanin ilk y1l i¢inde tamamlandigini
dogrulamaktadir (Vinchon, 2019). Buna karsilik sagittal, koronal ve lambdoid siiturlar, normal gelisim
siirecinde erken postnatal donemde kapanmaz; bu siiturlar genellikle ¢ocukluk, ergenlik ve hatta
eriskinlik boyunca histolojik veya morfolojik olarak izlenebilir. Gergekten de eriskin bireylerde bile
siitur obliterasyonunun tam ve homojen olmadigi, siitur hattinin parsiyel aciklik veya varyasyonel
ossifikasyon paternleri gosterebildigi bilinmektedir (Persing, 2008; Wang ve ark., 2012). Bu durum,
siitur kapanmasinin yalnizca kronolojik yasin bir fonksiyonu olmadigini, genetik faktorler, lokal
mekanik kuvvetler ve gelisimsel biyoloji arasindaki karmasik etkilesimlerin sonucu oldugunu
gostermektedir. Bu gelisimsel ¢ergeve, siiturlarin yalnizca embriyolojik kalintilar degil, nérokranyal
bliylimenin aktif diizenleyicileri oldugunu ortaya koyar. Siitur agikliginin korunmasi, beynin hacimsel
genislemesine dogrudan izin verirken, siitur fiizyonu bu biiylime potansiyelini siirlar ve kraniyal
morfolojiyi yeniden sekillendirir. Dolayistyla siitur biyolojisi, ndrokranyal gelisimin pasif bir sonucu
degil, aksine bu gelisimin aktif bir belirleyicisidir.

MIiKROSKOBIK DUZEYDE SUTURUN BIiLESENLERI VE YAPISI

Mikroskobik diizeyde bir kraniyal siitur, basit bir fibroz baglantidan ¢ok daha fazlasini temsil eden,
mekansal olarak organize olmus ve islevsel acidan uzmanlagsmis bir biiylime kompleksidir. Bu
kompleks, ii¢ temel yapisal bilesen iizerinden kavramsallastirilabilir: karsilikli yerlesmis iki kemik
yiizeyi (osteogenic fronts veya bone fronts), bu yiizeyleri ayiran fibroz bag dokusu ve bu dokunun i¢inde
ve cevresinde yer alan osteoprogenitor hiicre popiilasyonu. Kemik yiizeyleri boyunca osteoblastik
aktivite yogunlasmis olup, burada osteoid matriks sentezi ve mineralizasyon aktif olarak devam eder.
Buna karsilik, siitur araliginin merkezi kismi daha diisiik derecede farklilasmis, proliferatif kapasitesi
yiiksek hiicrelerden olusur ve bu bolge siiturun biiylime potansiyelinin korunmasinda kritik rol oynar.
Bu nedenle siitur hatti, kemik iiretiminin gergeklestigi osteojenik cepheler ile proliferatif hiicre
rezervuari arasinda fonksiyonel bir gecis zonu olusturur (Opperman, 2000; Rice ve ark., 2003).
Histolojik olarak siitur dokusu, yogun kollajen liflerinden olusan fibréz bir matriks i¢inde organize
olmus fibroblast benzeri hiicreler, mezenkimal progenitor hiicreler, farklilagmakta olan osteoblastlar ve
vaskiiler elemanlar igerir. Bu vaskiiler ag, yalnizca metabolik gereksinimleri karsilamakla kalmaz, ayni
zamanda osteojenik hiicre farklilagsmasini diizenleyen biiyiime faktdrlerinin tasinmasinda da rol oynar.
Osteoblastlar kemik kenarlarinda tek sira halinde dizilerek osteoid matriksi salgilarken, daha merkezde
bulunan hiicreler proliferatif 6zelliklerini koruyarak siiturun agik kalmasini saglar. Bu mekénsal
organizasyon, siitur acikliginin pasif bir bosluk degil, stirekli yenilenen ve biyolojik olarak aktif bir doku
oldugunu agikca ortaya koyar (Opperman, 2000; Mao ve ark., 2003).
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Siitur biyolojisinin diizenlenmesi yalnizca lokal hiicresel siireglerle sinirlt degildir; aksine bu yapi, dura
mater, periost ve ¢evre bag dokularindan gelen molekiiler sinyallerle siki bicimde entegre edilmis bir
gelisimsel sistemin parcasidir. Ozellikle dura materin siitur gelisimi iizerindeki etkisi deneysel
caligmalarla agik bicimde gdosterilmistir. Dura materden salgilanan biiylime faktorleri, osteoblast
proliferasyonu ve farklilasmasini dogrudan etkileyerek siitur acikliginin korunmasinda veya
kapanmasinda belirleyici rol oynar. Deneysel modellerde dura mater ile siitur arasindaki temasin ortadan
kaldirilmasi, osteojenik aktivitenin azalmasina ve siitur gelisiminin bozulmasina neden olmustur; bu
bulgu, dura materin siitur biyolojisinde aktif bir diizenleyici oldugunu gdstermektedir (Opperman ve
ark., 1995; Rice ve ark., 2003).

Molekiiler diizeyde siitur homeostazi, osteojenik farklilagmay1 ve hiicre proliferasyonunu diizenleyen
birden fazla sinyal yolunun koordineli etkilesimi ile kontrol edilir. Bunlar arasinda 6zellikle fibroblast
bliylime faktorii reseptorleri (FGFR), transforming growth factor-beta (TGF-B) ailesi, bone
morphogenetic protein (BMP) sinyal yollar1 ve TWIST, MSX2 ve RUNX2 gibi transkripsiyon faktorleri
kritik rol oynar. FGFR sinyalizasyonu osteoblast proliferasyonu ve farklilasmasinin 6nemli bir
diizenleyicisidir; bu yolaktaki mutasyonlar osteoblast farklilasmasini hizlandirarak siitur dokusunun
erken ossifikasyonuna yol agabilir. Benzer sekilde BMP ve TGF-B ailesi iiyeleri, osteojenik
farklilasmanin zamanlamasini ve yogunlugunu diizenleyerek siitur agikliginin korunmasinda veya
kapanmasinda rol oynar. Bu molekiiler diizeneklerin hassas dengesi, siiturun biiyiime kapasitesinin
stirdiiriilebilmesi i¢in gereklidir; bu dengenin bozulmasi ise kraniyosinostoz patogenezinin temel
biyolojik mekanizmasini olusturur (Morriss-Kay & Wilkie, 2005; Twigg & Wilkie, 2015; Wilkie ve
ark., 2017). Son yillarda yapilan ¢alismalar, siitur dokusunun yalnizca diferansiye hiicrelerden degil,
aynt zamanda uzun siireli proliferatif kapasiteye sahip iskelet kok hiicrelerini de igeren bir nig
barmdirdigini gostermistir. Ozellikle Glil ve Axin2 gibi belirteglerle tammlanan siitur kok hiicre
popiilasyonlarinin, kalvaryal biiyiime ve siitur agikliginin korunmasinda merkezi rol oynadigi deneysel
olarak ortaya konmustur. Bu hiicre popiilasyonlari, osteoblastlara farklilasarak kemik biiylimesine
katkida bulunurken ayni zamanda siitur agikligini stirdiirecek proliferatif rezervi de saglar. Bu bulgular,
siiturun yalnizca kemik biiylimesinin gergeklestigi bir sinir degil, ayn1 zamanda uzun siireli biiylime
kapasitesini siirdiiren bir kok hiicre nisi oldugunu gostermektedir (Zhao ve ark., 2015; Wilkie ve ark.,
2017).

SUTURAL VARYASYONLAR

Kraniyal siiturlar, ndrokranyal biiyiimenin aktif biyolojik arayiizleri olmalarmnin yani sira, insan kafatasi
anatomisinde dikkate deger derecede genis bir morfolojik varyasyon spektrumu sergiler. Bu
varyasyonlar, hem normal anatomik ¢esitliligin bir parcasi olarak hem de baz1 gelisimsel, genetik veya
metabolik durumlarin morfolojik gdstergeleri olarak karsimiza c¢ikabilir. Bu nedenle siitural
varyasyonlarin dogru tanimlanmasi, yalnizca anatomik tanimlama agisindan degil, ayn1 zamanda klinik
degerlendirme, radyolojik yorumlama, adli antropoloji ve biyoarkeolojik analiz agisindan da kritik
oneme sahiptir. Ozellikle gelisimsel siiregte siitur biyolojisini etkileyen faktorlerin gesitliligi géz oniine
alindiginda, bu varyasyonlarin c¢ogu, patolojik siireclerden ziyade siitur gelisiminin biyolojik
plastisitesinin bir yansimasi olarak degerlendirilmelidir (Morriss-Kay & Wilkie, 2005; Bellary ve ark.,
2013).

METOPIZM (PERSISTAN METOPIK SUTUR)

Metopik siitur, frontal kemigin embriyolojik olarak iki ayri ossifikasyon merkezinden gelismesi sonucu
olusur ve dogumdan sonra bu iki frontal yarinin birlesmesi ile kapanir. Diger major kalvaryal siiturlardan
farkli olarak metopik siitur, fizyolojik olarak erken postnatal donemde kapanma egilimindedir. Bununla
birlikte, baz1 bireylerde bu siitur erigkin yasa kadar tamamen kapanmayabilir; bu durum metopizm veya
persistan metopik siitur olarak adlandirilir. Metopizmin prevalansi populasyonlar arasinda 6nemli
farkliliklar gosterebilir ve c¢esitli osteolojik serilerde yaklasik %1 ile %10 arasinda degisen oranlar
bildirilmistir (Hauser & De Stefano, 1989; Persing, 2008).

Metopizmin klinik agidan en 6nemli yonii, patolojik metopik sinostozdan ayirt edilmesidir.
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Metopik sinostoz, frontal kemiklerin erken flizyonuna baglh olarak trigonocephaly olarak bilinen
karakteristik ticgensel kafa sekline neden olurken, metopizmde frontal kemik morfolojisi genellikle
normaldir ve orbital deformasyon veya frontal daralma gozlenmez. Bu nedenle tanm1 yalnmizca siitur
hattinin varligi veya yokluguna degil, tiim frontal kemik morfolojisinin ve orbital konfigiirasyonun
degerlendirilmesine dayanmalidir (Vu ve ark., 2001; Vinchon, 2019). Embriyolojik agidan metopizmin,
frontal kemik ossifikasyon merkezlerinin flizyon zamanlamasindaki varyasyonlari yansittigi
diistiniilmektedir ve bu durum genetik faktorler, mekanik biiylime kuvvetleri ve siitur biyolojisini
diizenleyen molekiiler sinyaller arasindaki etkilesimlerin bir sonucu olabilir (Morriss-Kay & Wilkie,
2005).

WORMIAN KEMIKLER (SUTURAL OSSICLES)

Wormian kemikler, siitur hatlar1 i¢inde veya siitur kesisim bolgelerinde gelisen kiigiik, aksesuar kemik
segmentleridir. Bu kemikler ilk olarak Danimarkali anatomist Ole Worm tarafindan tanimlanmis olup,
genellikle diizensiz sekilli ve degisken biiyiikliiktedir. Wormian kemikler en sik lambdoid siitur boyunca
ve oOzellikle lambdoid—sagittal kesisim bolgesinde (lambda) goriiliir, ancak koronal, sagittal ve
squamous siiturlarda da bulunabilirler (Bellary ve ark., 2013).

Embriyolojik olarak wormian kemiklerin, siitur hatt1 boyunca gelisen ek ossifikasyon merkezlerinden
kaynaklandigi diistiniilmektedir. Normal kalvaryal gelisimde ossifikasyon merkezleri belirli bolgelerde
sinirli kalirken, baz1 durumlarda bu siire¢ daha fazla sayida ve daha kiigiik ossifikasyon odaklarinin
olugsmasina yol agabilir. Bu durum, siitur hattinda birden fazla bagimsiz kemik segmentinin gelismesi
ile sonuglanir. Wormian kemiklerin olusumunda mekanik faktorlerin 6nemli rol oynadigina dair giiclii
kamtlar bulunmaktadir. Ozellikle kalvaryal biiyiime sirasinda olusan gerilim kuvvetlerinin siitur hattinda
yeni ossifikasyon merkezlerinin ortaya ¢ikmasini tetikleyebilecegi 6ne siiriilmektedir (Morriss-Kay &
Wilkie, 2005; Bellary ve ark., 2013).

Wormian kemikler ¢cogu zaman normal anatomik varyasyon olarak degerlendirilse de baz1 patolojik
durumlarla iliskili olarak daha sik veya daha fazla sayida goriilebilir. Ozellikle osteogenesis imperfecta,
hipotiroidizm, rickets ve bazi kraniyosinostoz sendromlarinda wormian kemik sayisinda belirgin artig
bildirilmistir. Bununla birlikte, wormian kemiklerin varligi tek basina patolojik bir durumun goéstergesi
degildir; tanisal degeri ancak klinik ve morfolojik baglam i¢inde degerlendirildiginde anlam kazanir
(Bellary ve ark., 2013; Wilkie ve ark., 2017).

INKA KEMIGI (OS INCAE, INTERPARIETAL BONE)

Inka kemigi, oksipital kemigin interparietal boliimiiniin ayr1 bir ossifikasyon birimi olarak kalmasi
sonucu ortaya ¢ikan anatomik bir varyasyondur. Normal gelisimde oksipital kemik, supraoccipital ve
interparietal bilesenlerin birlesmesi ile tek bir kemik haline gelir. Ancak bazi bireylerde bu birlesme tam
olarak gerceklesmez ve interparietal segment ayr1 bir kemik olarak kalir. Bu durum, 6zellikle lambdoid
siiturun iist kisminda yer alan {iggen veya ¢ok parcali kemik segmentleri seklinde gozlenir (Clarkson ve
ark., 2025).

Inka kemigi, ozellikle Giiney Amerika yerli populasyonlarinda daha yiiksek prevalans gostermesi
nedeniyle antropolojik literatiirde 6zel bir ilgi goérmiistiir. Bununla birlikte, bu varyasyon diinya
genelindeki farkli populasyonlarda da gozlenebilir. Inka kemiginin klinik dnemi, 6zellikle travmatik
kiriklarla karigtirilma potansiyelidir. Radyolojik goriintiilemede bu varyasyonun dogru tamimlanmasi,
yanlig travma tanilarmin 6nlenmesi agisindan kritik dneme sahiptir (Persing, 2008; Clarkson ve ark.,
2025). Embriyolojik agidan bu varyasyon, oksipital kemigin ossifikasyon merkezlerinin fiizyon
zamanlamasindaki degisikliklerle iliskilidir ve bu siire¢, hem genetik hem de gelisimsel faktérlerden
etkilenebilir. Inka kemigi, kraniyal gelisimin modiiler dogasinin ve ossifikasyon merkezlerinin bagimsiz
gelisim potansiyelinin agik bir gostergesidir.

AKSESUAR SUTURAL OSSIKULLER VE DIGER VARYASYONLAR

Stitur hatlar1 boyunca gdriilen kiiciik kemik segmentleri, genel olarak aksesuar sutural ossikiiller olarak
adlandirilir ve ¢ogu zaman wormian kemik spektrumunun bir pargasi olarak degerlendirilir. Bu
ossikiiller, koronal, lambdoid veya sagittal siitur boyunca izlenebilir ve genellikle birka¢ milimetre ile
birka¢ santimetre arasinda degisen boyutlara sahiptir.
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Bu yapilarin olusumu, ossifikasyon merkezlerinin béliinmesi veya ek ossifikasyon odaklarinin gelismesi
ile iliskilidir (Bellary ve ark., 2013). Bu varyasyonlarin taninmasi 6zellikle radyolojik degerlendirmede
onemlidir, ¢linkii bu kemik segmentleri bazen fraktiir hatlar1 ile karigtirilabilir. Aksesuar ossikiiller
genellikle diizgilin kenarl1 ve siitur hattina paralel yerlesim gosterirken, travmatik kiriklar diizensiz ve
keskin kenarli olma egilimindedir. Bu morfolojik farkliliklarin dogru tamimlanmasi, klinik tanimin
dogrulugu acisindan kritik dneme sahiptir (Persing, 2008).

SUTURAL VARYASYONLARIN BiYOLOJIK VE KLINIK ONEMI

Siitural varyasyonlar, kraniyal gelisimin biyolojik plastisitesinin bir gdstergesi olarak degerlendirilebilir.
Bu varyasyonlar, ossifikasyon merkezlerinin gelisimsel dinamikleri, mekanik biiyiime kuvvetleri ve
genetik faktorlerin etkilesiminin bir sonucu olarak ortaya g¢ikar. Cogu varyasyon klinik agidan benign
olmakla birlikte, baz1 durumlarda altta yatan gelisimsel veya genetik bozukluklarin morfolojik ipug¢larimni
saglayabilir.

Bu nedenle siitural varyasyonlarin degerlendirilmesi, yalnizca anatomik bir tammlama siireci degil, ayni
zamanda kraniyal gelisimin biyolojik ve patolojik siireglerinin anlasilmasi agisindan 6nemli bir aragtir.
Klinik, radyolojik ve osteolojik degerlendirmelerin entegrasyonu, bu varyasyonlarin dogru
yorumlanmasini ve patolojik durumlarin giivenilir bigimde tanimlanmasini miimkiin kilar.

KRANIYOSINOSTOZ

Kraniyosinostoz, bir veya daha fazla kraniyal siiturun normal gelisimsel zamanlamasindan 6nce ve
patolojik bicimde ossifiye olarak flizyona ugramasi ile karakterize edilen bir gelisimsel anomalidir. Bu
siire¢, norokranyal biiyiimenin biyolojik temelini olusturan siitur homeostazinin bozulmasi anlamina
gelir. Normal gelisimde siturlar, blyiliyen beynin olusturdugu ekspansiyon kuvvetlerine yanit
verebilecek esneklikte fibroz biliylime arayiizleri olarak islev goriir. Kraniyosinostozda ise bu biiyiime
araylizii kemikleserek ortadan kalkar ve ilgili siiturun biiylimeye katki saglayan osteojenik kapasitesi
kaybolur. Ancak bu durum norokranyal biiylimeyi tamamen durdurmaz; aksine bliylimenin yoniinii
degistirir. Virchow tarafindan 19. yiizyilda tanimlanan temel biyomekanik prensibe gore, bir siiturun
erken kapanmasi o siitura dik eksendeki biiylimeyi sinirlar, buna karsilik agik kalan siiturlar boyunca
kompansatuar biiylime artar. Sonug olarak ortaya ¢ikan kraniyal morfoloji, kapanan siiturun anatomik
konumuna bagli olarak sistematik ve 6ngoriilebilir bir deformasyon paterni sergiler (Johnson & Wilkie,
2011; Flaherty ve ark., 2016).

Kraniyosinostoz patogenezi, hiicresel diizeyde osteoblast proliferasyonu, farklilasmasi ve apoptozu
arasindaki dengenin bozulmasi ile iliskilidir. Normal kosullarda siitur hattinda bulunan osteoprogenitor
hiicrelerin bir kismi proliferatif kapasitesini koruyarak siiturun a¢ik kalmasini saglar. Kraniyosinostozda
ise bu hiicre popiilasyonunun erken ve asir1 osteoblastik farklilagmasi, siitur dokusunun hizla
kemiklesmesine yol acar. Bu siire¢c genellikle fibroblast biiylime faktorii reseptorleri (FGFR),
transforming growth factor-beta (TGF-B), bone morphogenetic protein (BMP) ve RUNX2 gibi
osteojenik diizenleyici yollarin aktivitesindeki degisikliklerle iliskilidir. Ozellikle FGFR gen ailesindeki
mutasyonlar, osteoblast farklilasmasini hizlandirarak siitur fiizyonunun molekiiler temelini olusturur
(Twigg & Wilkie, 2015; Wilkie ve ark., 2017).

Klinik agidan kraniyosinostoz iki ana kategoriye ayrilir: non-sendromik (izole) ve sendromik
kraniyosinostoz. Non-sendromik form, tiim vakalarin yaklasik %70-85’ini olusturur ve genellikle tek
bir siiturun izole fiizyonu ile karakterizedir. Bu formda genetik katkilar mevcut olmakla birlikte, cevresel
faktorler ve epigenetik diizenekler de rol oynayabilir. Buna karsilik sendromik kraniyosinostoz,
genellikle birden fazla siiturun etkilenmesi ve eslik eden kraniofasiyal, norolojik veya sistemik
anomaliler ile karakterizedir. Sendromik formlar ¢ogunlukla FGFR2, FGFR3, TWIST1 ve EFNB1 gibi
genlerdeki mutasyonlarla iliskilidir ve bu genlerin osteojenik hiicre farklilagmasi iizerindeki etkileri
stitur biyolojisinin molekiiler kontrol mekanizmalarin1 dogrudan etkiler (Johnson & Wilkie, 2011;
Twigg & Wilkie, 2015; Wilkie ve ark., 2017).

Kraniyosinostozun morfolojik sonuglari, fiizyona ugrayan siiturun anatomik konumuna bagl olarak
degisir. En sik goriilen form sagittal sinostozdur ve tiim kraniyosinostoz vakalarinin yaklagik %40—
60’11 olusturur. Sagittal siiturun erken kapanmasi, parietal kemiklerin lateral yonde genislemesini
engeller.
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Buna karsilik kompansatuar biiyiime anteroposterior yonde artar ve sonug olarak uzun ve dar bir kafatasi
sekli olan scaphocephaly ortaya cikar. Bu deformasyon, biparietal ¢capin azalmasi ve fronto-oksipital
uzunlugun artmasi ile karakterizedir (Johnson & Wilkie, 2011; Flaherty ve ark., 2016).

Metopik siiturun erken kapanmasi trigonocephaly olarak adlandirilan karakteristik bir deformasyona
neden olur. Bu durumda frontal kemiklerin lateral genislemesi siirlanir ve alin bolgesi tiggensi bir sekil
alir. Bu deformasyon siklikla hipotelorizm, orbital daralma ve frontal kemiklerin median hattinda
belirgin bir kemik ¢ikintisi ile iligkilidir. Metopik siiturun fizyolojik olarak erken kapanabilen tek major
siitur olmasi nedeniyle, patolojik metopik sinostoz tanisi yalnizca siitur fiizyonuna dayanarak degil, tim
kraniyal morfoloji ve orbital yapilarin dikkatli degerlendirilmesi ile konulmalidir (Vu ve ark., 2001;
Vinchon, 2019).

Koronal siiturun tek tarafli flizyonu anterior plagiosefali olarak bilinen asimetrik kraniyal deformasyona
yol agar. Bu durumda etkilenen tarafta frontal kemik biiyiimesi kisitlanirken, karsi tarafta kompansatuar
genisleme meydana gelir. Sonug olarak frontal asimetri, orbital deformasyon ve yiiz iskeletinde
rotasyonel degisiklikler ortaya cikar. Koronal siiturun bilateral fiizyonu ise brakiosefali olarak
adlandirilan kisa ve genis kafatasi morfolojisine neden olur. Bu durumda anteroposterior biiyiime
smirlanir ve kafatasi genislik yoniinde genisler (Johnson & Wilkie, 2011).

Lambdoid sinostoz, kraniyosinostozun en nadir formlarindan biridir ve posterior plagiosefali ile
karakterizedir. Ancak klinik pratikte bu durumun en énemli yonii, deformasyonel plagiosefali ile ayiric
tanidir. Deformasyonel plagiosefali, siitur fliizyonu olmaksizin dis mekanik kuvvetlerin etkisiyle ortaya
cikan sekil degisikligidir ve siitur biyolojisi normaldir. Buna karsilik lambdoid sinostozda siitur fiizyonu
mevcuttur ve kompansatuar bilyiime paternleri farklidir. Bu nedenle radyolojik degerlendirme ve klinik
morfolojik analiz, dogru tani i¢in kritik 6neme sahiptir (Badve ve ark., 2013).

Kraniyosinostozun klinik énemi yalnizca kraniyal morfoloji ile sinirli degildir. Erken siitur flizyonu,
ndrokranyal hacmin genisleme kapasitesini sinirlayarak intrakraniyal basing artisina neden olabilir. Bu
durum, ozellikle ¢oklu siitur sinostozlarinda norolojik gelisimi etkileyebilir ve gérme bozukluklari,
biligsel gelisim gecikmeleri ve noérolojik komplikasyonlara yol agabilir. Bununla birlikte, tek siitur
sinostozlarinda norolojik etkiler daha sinirli olabilir ve morfolojik deformasyon genellikle en belirgin
klinik bulgudur (Johnson & Wilkie, 2011; Flaherty ve ark., 2016). Kraniyosinostoz, norokranyal
bliylimenin biyolojik mekanizmalarmin bozulmasinin dogrudan morfolojik sonucudur. Bu durum,
siiturlarin yalnizca anatomik sinirlar degil, ayn1 zamanda nérokranyal biiyiimenin aktif diizenleyicileri
oldugunu acikca gostermektedir. Kraniyosinostozda ortaya ¢ikan kraniyal deformasyonlar rastgele
degil, bliyiimenin biyomekanik ve gelisimsel prensiplerine uygun olarak ortaya c¢ikan deterministik
yapilardir. Bu nedenle kraniyosinostoz hem gelisimsel biyolojinin hem de klinik anatominin temel
ilkelerini anlamak agisindan 6nemli bir model sunmaktadir.

SENDROMIK KRANIYOSINOSTOZLAR

Sendromik kraniyosinostozlar, kraniyal siiturlarin erken fiizyonuna ek olarak kraniofasiyal, nérolojik ve
siklikla iskelet sisteminin diger bilesenlerini de etkileyen sistemik gelisimsel bozukluklar grubunu
olusturur. Bu sendromlarin patogenezinde merkezi rol oynayan biyolojik eksen, osteoblast
proliferasyonu ve farklilagmasini diizenleyen fibroblast biiytime faktorii reseptorleri (FGFR) ve bunlarla
etkilesen transkripsiyon faktorleri ve sinyal yolaklaridir. FGFR ailesi (6zellikle FGFR1, FGFR2 ve
FGFR3), kraniyal siitur homeostazinin korunmasinda kritik rol oynayan tirozin kinaz reseptorlerini
kodlar. Bu reseptorlerin aktivasyon diizeyi, osteoprogenitor hiicrelerin proliferatif durumda kalmast ile
osteoblastlara farklilagmasi arasindaki dengeyi belirler. Bu sistemde meydana gelen kazang-fonksiyon
(gain-of-function) mutasyonlari, osteoblast farklilagsmasini hizlandirarak siitur dokusunun erken
ossifikasyonuna yol agar ve kraniyosinostozun molekiiler temelini olusturur (Morriss-Kay & Wilkie,
2005; Twigg & Wilkie, 2015; Wilkie ve ark., 2017).

Sendromik kraniyosinostozlarin énemli bir 6zelligi, yalnizca kalvaryal biiylimeyi degil, ayn1 zamanda
kraniofasiyal kompleksin genel gelisimini etkilemesidir. Bu durum, 6zellikle orta yiiz (midface), orbital
kompleks ve kranial taban gelisiminde belirgin morfolojik degisikliklere yol acar. Bunun nedeni, bu
anatomik bolgelerin embriyolojik olarak noral krest kokenli mezensimden gelismesi ve FGFR
sinyalizasyonunun bu hiicre popiilasyonlarinin proliferasyonu ve farklilagsmasinda kritik rol oynamasidir
(Morriss-Kay & Wilkie, 2005).
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APERT SENDROMU

Apert sendromu, sendromik kraniyosinostozlarin en iyi karakterize edilmis formlarindan biridir ve
klasik olarak bilateral koronal sinostoz, orta yiiz hipoplazisi ve kompleks el-ayak sindaktilisi ile
karakterizedir. Bu sendrom, FGFR2 geninde meydana gelen spesifik nokta mutasyonlari ile iligkilidir.
En sik gdzlenen mutasyonlar Ser252Trp ve Pro253Arg substitiisyonlaridir ve bu mutasyonlar FGFR2
reseptoriiniin ligand baglanma 6zgiilliigiinii degistirerek reseptdr aktivitesinin artmasina yol acar. Sonug
olarak osteoblast diferansiyasyonu hizlanir ve siitur flizyonu erken déonemde gergeklesir (Wilkie ve ark.,
1995).

Apert sendromunun kraniofasiyal fenotipi karakteristiktir. Bilateral koronal sinostoz sonucu brakiosefali
geligir ve kafatasi vertikal yonde kompansatuar biiylime gostererek turribrakiosefali olarak adlandirilan
morfoloji ortaya ¢ikabilir. Orta yiiz hipoplazisi, maksillanin geride konumlanmasina neden olur ve bu
durum relatif mandibular prognatizm goriiniimiine yol agar. Orbital kavitenin sig olmasi nedeniyle
proptozis siklikla gozlenir. Bunun yani sira sindaktili, Apert sendromunun ayirt edici 6zelliklerinden
biridir ve el ile ayakta kompleks kemik fiizyonlar1 seklinde ortaya ¢ikar (Wilkie ve ark., 1995; Twigg &
Wilkie, 2015).

CROUZON SENDROMU

Crouzon sendromu, sendromik kraniyosinostozlarin en sik goriilen formlarindan biridir ve FGFR2
genindeki mutasyonlarla iligkilidir. Apert sendromundan farkli olarak, Crouzon sendromunda
ekstremite anomalileri genellikle bulunmaz. Bu sendromda kraniyosinostoz c¢ogunlukla koronal
stiturlart etkiler, ancak sagittal ve lambdoid siiturlar da etkilenebilir. Bu durum, kafatasi bilylimesinin
anormal yOnlerde yeniden organize olmasina neden olur (Park ve ark., 1995; Johnson & Wilkie, 2011).
Crouzon sendromunun en belirgin 6zelliklerinden biri orta yiiz hipoplazisidir. Maksillanin yetersiz
gelisimi, orbital kavitenin s1g kalmasina ve buna bagl olarak proptozise neden olur. Ayrica nazal képrii
diizlesmesi, frontal bossing ve relatif mandibular prognatizm siklikla gozlenir. Bu morfolojik
degisiklikler yalnizca estetik bir sorun olusturmakla kalmaz, aym zamanda hava yolu obstriiksiyonu,
gbrme problemleri ve dental malokliizyon gibi fonksiyonel komplikasyonlara da yol agabilir (Johnson
& Wilkie, 2011; Forrest & Hopper, 2013).

MUENKE SENDROMU

Muenke sendromu, FGFR3 genindeki spesifik bir nokta mutasyonu (Pro250Arg) ile iliskili olup,
sendromik kraniyosinostozlarm nispeten daha hafif fenotipik spektrumuna sahip formlarindan biridir.
Bu sendrom siklikla unicoronal sinostoz ile karakterizedir ve buna bagli olarak anterior plagiosefali
gelisir. Bununla birlikte, bilateral koronal sinostoz vakalar1 da bildirilmistir (Muenke ve ark., 1997;
Wilkie ve ark., 2017). Muenke sendromunun fenotipi diger FGFR-iliskili sendromlara kiyasla daha
degisken olabilir. Bazi bireylerde yalnizca hafif kraniofasiyal asimetri gozlenirken, digerlerinde daha
belirgin kraniyal deformasyonlar ortaya cikabilir. Isitme kayb1, bu sendromda nispeten sik bildirilen ek
bulgulardan biridir ve temporal kemik gelisimindeki degisikliklerle iligkili olabilir (Wilkie ve ark.,
2017).

SAETHRE-CHOTZEN SENDROMU

Saethre-Chotzen sendromu, TWIST1 genindeki mutasyonlarla iligkilidir ve FGFR-iligkili
sendromlardan farkli bir molekiiler mekanizmaya sahiptir. TWIST1, osteoblast farklilagmasini
diizenleyen bir transkripsiyon faktoriidiir ve bu genin fonksiyon kaybi mutasyonlari, osteojenik hiicre
farklilasmasinin anormal diizenlenmesine yol acar (el Ghouzzi ve ark., 1997; Johnson & Wilkie, 2011).
Bu sendrom genellikle koronal sinostoz ile karakterizedir ve siklikla unilateral tutulum gdsterir. Yiiz
asimetrisi, diisiik sa¢ ¢izgisi, pitozis ve kiigiik kulak anomalileri sik gézlenen bulgular arasindadir. Apert
ve Crouzon sendromlarma kiyasla fenotip genellikle daha hafiftir, ancak yine de kraniofasiyal gelisim
iizerinde belirgin etkiler olusturabilir (Johnson & Wilkie, 2011).

KLINiK VE GELiSIMSEL SONUCLAR

Sendromik kraniyosinostozlarda klinik tablo yalnizca kraniyal deformasyonlarla smirl degildir. Erken
stitur flizyonu, intrakraniyal basing artisi riskini artirabilir ve bu durum beyin gelisimini etkileyebilir.
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Ayrica orbital deformasyonlar gérme problemlerine, maksiller hipoplazi hava yolu obstriiksiyonuna ve
dental anomalilere neden olabilir. Bu nedenle sendromik kraniyosinostozlarin yonetimi multidisipliner
bir yaklasim gerektirir ve ndrosiriirji, kraniofasiyal cerrahi, genetik, oftalmoloji ve pediatri uzmanlarinin
birlikte ¢aligmasini gerektirir (Mathijssen, 2015; Forrest & Hopper, 2013).

Genetik tanm1 yontemlerindeki gelismeler, sendromik kraniyosinostozlarin erken tanisini ve
siniflandirilmasini 6nemli 6lgiide kolaylastirmistir. Yeni nesil dizileme teknikleri, kraniyosinostoz ile
iligkili genlerin hizli ve giivenilir sekilde analiz edilmesini miimkiin kilmakta ve bu durum hem tanisal
dogrulugu artirmakta hem de genetik danigmanlik siireglerini gelistirmektedir (Wilkie ve ark., 2017).
Yani sendromik kraniyosinostozlar, siitur biyolojisini diizenleyen molekiiller mekanizmalarin
bozulmasinin sistemik sonug¢larmi temsil eder. Bu sendromlar, kraniyal gelisimin genetik ve hiicresel
kontrol mekanizmalarint anlamak agisindan dnemli bir model olusturmakta ve kraniofasiyal gelisimin
molekiiler temellerine iliskin 6nemli bilgiler saglamaktadir.

TANI SURECI: KLINIK VE RADYOLOJIK DEGERLENDIRMELER

Kraniyosinostoz tanisi, yalnizca tek bir gézlem veya goriintiileme bulgusuna dayanarak degil, klinik
morfoloji, fizik muayene ve radyolojik degerlendirmelerin birlikte yorumlanmasiyla konulur. Bu ¢ok
katmanl yaklagim, kraniyal biiyiimenin biyolojik ve morfolojik dinamiklerini dogru bigimde
degerlendirebilmek igin gereklidir. Tam siirecinin ilk ve en kritik bileseni klinik degerlendirmedir.
Yenidogan ve erken g¢ocukluk doneminde kafatasi sekli, biiylime yonii ve simetrisi dikkatle
incelenmelidir. Kraniyosinostozda ortaya ¢ikan kafa sekli deformasyonlari rastgele degildir; her siiturun
erken kapanmas, o siiturun anatomik konumuna 6zgii karakteristik bir morfolojik patern iiretir. Ornegin
sagittal sinostozda uzun ve dar bir kafatasi (dolikosefali/scaphocephaly), metopik sinostozda iiggensi
alin yapisi (trigonocephaly) ve unicoronal sinostozda belirgin frontal ve orbital asimetri gézlenir. Bu
morfolojik Oriintiiler, siitur biyolojisinin dogrudan mekanik sonuglaridir ve klinik tanimin temelini
olusturur (Johnson & Wilkie, 2011; Flaherty ve ark., 2016).

Fizik muayene sirasinda siitur hatlarmin palpasyonu 6nemli bilgiler saglar. Normal gelisimde siitur hatti
boyunca esnek fibroz bir yapr hissedilirken, kraniyosinostozda bu bolgede kemiklesmeye bagli olarak
sertlesme ve belirginlesme (ridging) saptanabilir. Bununla birlikte siitur hattinda palpabl bir ¢ikintinin
varlig1 tek basna tam1 koydurucu degildir, ¢linkii normal siitur gelisimi sirasinda da gegici palpabl
degisiklikler goriilebilir. Bu nedenle palpasyon bulgulari, kafa sekli morfolojisi ve biiyiime oriintiisii ile
birlikte degerlendirilmelidir. Ayrica bas ¢evresi Olclimleri ve biiyiime egrilerinin takibi, kraniyal
biiyiimenin normal smirlar icinde olup olmadigim belirlemek agisindan kritik neme sahiptir. Ozellikle
coklu siitur sinostozlarinda bas gevresi biiylimesinin sinirlanmasi, intrakraniyal basing artisi riskinin
erken bir gdstergesi olabilir (Mathijssen, 2015).

Radyolojik degerlendirme, kraniyosinostoz tamisinin dogrulanmasinda temel aractir. Giliniimiizde
bilgisayarli tomografi (BT), ozellikle {i¢ boyutlu rekonstriiksiyon teknikleri ile birlikte, kraniyal
siiturlarin morfolojik degerlendirilmesinde altin standart yontem olarak kabul edilmektedir. BT
gorlintiileme, siitur hattinin ossifiye olup olmadigmmi dogrudan gdstermenin yani sira, kraniyal
kemiklerin kompansatuar biiylime paternlerini ve kafatasi morfolojisini ayrintili bigcimde ortaya koyar.
Ug boyutlu rekonstriiksiyonlar, 6zellikle cerrahi planlama acisindan biiyiik 6nem tasir ve kraniyal
deformasyonun mekansal organizasyonunun dogru bigimde anlasilmasini saglar (Badve ve ark., 2013).
Bununla birlikte, pediatrik hastalarda radyasyon maruziyetinin uzun doénem riskleri géz Oniinde
bulundurularak BT kullaniminin dikkatle planlanmas1 gerekir. Bu nedenle radyolojik degerlendirme,
klinik bulgularin gii¢lii bigcimde kraniyosinostozu diisiindiirdiigii durumlarla sinirli tutulmali ve gereksiz
gorilintiilemeden kacinilmalidir (Mathijssen, 2015).

Son yillarda ultrasonografi, 6zellikle yenidogan doneminde siitur degerlendirmesinde yardimer bir
yontem olarak kullanilmaya baglanmistir. Ultrasonografi, siitur hattindaki fibr6z dokunun varligini veya
yoklugunu non-invaziv bi¢imde degerlendirme olanagi sunar ve radyasyon igermemesi nedeniyle erken
tarama amaciyla avantajlidir. Bununla birlikte, ultrasonografinin dogrulugu operatdr deneyimine
baglidir ve kompleks vakalarda BT ile dogrulama gerekebilir (Badve ve ark., 2013). Manyetik rezonans
gorlintileme (MRG) ise dogrudan siitur degerlendirmesi icin rutin olarak kullanilmaz, ancak
intrakraniyal yapilarin ve olas1 eslik eden beyin anomalilerinin degerlendirilmesinde dnemli rol oynar.
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Tani siirecindeki en O6nemli klinik zorluklardan biri, gercek kraniyosinostoz ile deformasyonel
plagiosefali arasindaki ayrimin yapilmasidir. Deformasyonel plagiosefali, siitur flizyonu olmaksizin dig
mekanik kuvvetlerin etkisiyle ortaya cikan bir kafa sekli varyasyonudur ve ozellikle supin uyku
pozisyonunun yayginlagmasi ile birlikte daha sik goriilmeye baslanmistir. Bu durumda siiturlar
anatomik olarak acik kalir ve kraniyal biiylime biyolojik olarak normaldir. Buna karsilik lambdoid
sinostoz gibi gercek siitur fiizyonlarinda biiyiime paternleri belirgin bicimde farklidir ve siitur hattinda
ossifikasyon mevcuttur. Bu nedenle deformasyonel plagiosefali tanisi, yalnizca gorsel degerlendirmeye
dayanarak degil, klinik muayene ve gerektiginde radyolojik dogrulama ile konulmalidir (Badve ve ark.,
2013; Mathijssen, 2015).

TEDAVi PRENSIPLERI

Kraniyosinostoz tedavisinin temel amaci yalnizca kraniyal deformitenin estetik olarak diizeltilmesi
degildir; asil hedef, ndrokranyal biiyiimenin fizyolojik olarak devam edebilmesi igin yeterli intrakraniyal
hacmin saglanmasi1 ve potansiyel ndrolojik komplikasyonlarin dnlenmesidir. Erken siitur fiizyonu,
kraniyal genisleme kapasitesini sinirlayarak intrakraniyal basing artisina yol agabilir ve bu durum
ozellikle ¢oklu siitur sinostozlarinda beyin gelisimini olumsuz etkileyebilir. Bu nedenle tedavi, kraniyal
bliylimenin biyomekanik kisitlamalarini ortadan kaldirmayi ve normal gelisimsel siireglerin devamini
saglamay1 hedefler (Mathijssen, 2015).

Cerrahi tedavi, kraniyosinostoz yonetiminin temelini olusturur ve cerrahinin zamanlamasi, sinostozun
tipi, siddeti ve hastanin yas1 gibi faktorlere bagli olarak belirlenir. Erken cerrahi miidahale, 6zellikle
yasamin ilk yili icinde uygulandiginda, kraniyal biiylimenin yeniden ydnlendirilmesine ve normal
gelisimsel paternlerin biiyitk dlciide restore edilmesine olanak tanir. Cerrahi teknikler, basit siitur
serbestlestirilmesinden (strip craniectomy) kompleks kraniofasiyal rekonstriiksiyonlara kadar genis bir
spektrumda yer alir. Bu prosediirlerin amaci, ossifiye siitur hattini ortadan kaldirarak kemik plakalarmin
yeniden organize olmasina ve kompansatuar biiyiimenin daha fizyolojik bir sekilde ger¢eklesmesine
olanak saglamaktir (Forrest & Hopper, 2013; Mathijssen, 2015).

Sendromik kraniyosinostoz vakalarinda tedavi daha karmasiktir ve genellikle ¢ok asamali cerrahi
miidahaleler gerektirir. Bu hastalarda yalnizca kalvaryal deformasyon degil, ayn1 zamanda orta yiiz
hipoplazisi, orbital deformasyonlar ve hava yolu obstriiksiyonu gibi ek anatomik sorunlar da bulunabilir.
Bu nedenle tedavi multidisipliner bir yaklasim gerektirir ve ndrosiriirji, kraniofasiyal cerrahi,
oftalmoloji, kulak burun bogaz, ortodonti ve klinik genetik uzmanlarnin birlikte ¢alismasini igerir. Uzun
donem takip hem kraniyal biiyiimenin degerlendirilmesi hem de potansiyel norolojik ve fonksiyonel
komplikasyonlarin erken taninmasi agisindan kritik dneme sahiptir (Mathijssen, 2015; Forrest &
Hopper, 2013).

Cerrahi miidahalenin yani sira, bazi hafif deformasyonel plagiosefali vakalarinda konservatif
yaklagimlar, 6zellikle pozisyonel tedavi ve kraniyal ortotik cihazlar (helmet therapy), etkili olabilir.
Ancak gercek kraniyosinostoz vakalarinda bu yontemler siitur flizyonunu ortadan kaldirmadigr icin
yeterli degildir ve cerrahi miidahale gereklidir (Mathijssen, 2015). Kisaca kraniyosinostoz tani ve
tedavisi, kraniyal biiylimenin biyolojik prensiplerinin dogru anlagilmasini gerektiren kompleks bir klinik
siirectir. Dogru tani, klinik morfoloji, fizik muayene ve radyolojik degerlendirmelerin entegrasyonu ile
konulurken, tedavi kraniyal biiyiimenin fizyolojik kosullar altinda devam edebilmesini saglayacak
cerrahi ve multidisipliner yaklasimlari igerir. Bu yaklasim hem norolojik gelisimin korunmasini hem de
kraniofasiyal morfolojinin fonksiyonel ve estetik olarak optimize edilmesini miimkiin kilar.

SONUC

Kafatasi siiturlari, ndrokranyal biiylimenin pasif sinirlar1 degil, aksine bu biiylimenin yoniinii, hizini ve
mekansal organizasyonunu aktif olarak diizenleyen biyolojik kontrol merkezleridir. Embriyolojik olarak
noral krest ve paraaksiyel mezoderm kdkenli ossifikasyon alanlarinin birlesim bdlgelerinde konumlanan
bu yapilar, osteoprogenitér hiicre rezervuari, dura mater kaynakli sinyaller ve mekanik biiyiime
kuvvetlerinin etkilesimi ile islev goriir. Bu sistemin temel amaci, dogum sonras1 hizla genisleyen beyin
hacmine uyum saglayabilecek bir kraniyal mimari olusturmaktir.
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Bu nedenle siitur agikliginin korunmasi, yalnizca anatomik bir durum degil, ndrokranyal biiylimenin
fizyolojik olarak siirdiiriilebilmesi i¢in zorunlu bir biyolojik gerekliliktir (Opperman, 2000; Morriss-
Kay & Wilkie, 2005).

Kraniyosinostoz, bu biiylime sisteminin temel diizenleyici mekanizmalarinin bozulmasinin dogrudan
sonucudur. Bu bozulma, ¢ogu durumda osteoblast farklilagmasini diizenleyen genetik ve molekiiler
sinyal yollarindaki degisikliklerden kaynaklanir. FGFR, TWIST1 ve diger osteojenik diizenleyici
genlerde meydana gelen mutasyonlar, siitur hattindaki osteoprogenitor hiicrelerin proliferasyon-
diferansiyasyon dengesini degistirerek erken ossifikasyona yol agabilir. Bu siireg, ndrokranyal
bliyiimeyi tamamen durdurmaz, ancak biiyiimenin yoniinii degistirerek karakteristik kraniyal
morfolojilerin ortaya ¢ikmasimna neden olur. Bu nedenle kraniyosinostozda gdzlenen kraniyal
deformasyonlar rastgele degildir; bunlar siitur biyolojisinin ve kraniyal bilylimenin temel biyomekanik
prensiplerinin deterministik sonuglaridir (Johnson & Wilkie, 2011; Twigg & Wilkie, 2015).
Kraniyosinostozun dogru degerlendirilmesi, kraniyal morfolojinin dikkatli klinik analizi ile baslar. Kafa
sekli paternleri, hangi siiturun etkilendigine dair dogrudan biyolojik ipuglar1 saglar. Bununla birlikte,
stitural varyasyonlarin genis spektrumu goz oniine alindiginda, normal anatomik varyasyon ile patolojik
stitur flizyonunun ayirt edilmesi kritik 6neme sahiptir. Bu ayrim, yalnizca klinik gézleme degil, aynm
zamanda radyolojik goriintiileme ve gerektiginde genetik analizlere dayanan entegre bir tanisal yaklagim
gerektirir. Modern goriintiilleme teknikleri, Ozellikle {ic boyutlu bilgisayarli tomografi, siitur
morfolojisinin ayritili degerlendirilmesine olanak tanirken, genetik analizler altta yatan molekiiler
mekanizmalarin belirlenmesini saglar (Badve ve ark., 2013; Wilkie ve ark., 2017).

Kraniyosinostoz yonetimi, yalnizca kraniyal deformitenin diizeltilmesine yonelik estetik bir miidahale
olarak degerlendirilmemelidir. Tedavinin temel amaci, nérokranyal biiylimenin fizyolojik olarak devam
edebilmesi igin gerekli intrakraniyal hacmin saglanmasi ve potansiyel noérolojik komplikasyonlarin
onlenmesidir. Ozellikle sendromik kraniyosinostoz vakalarinda, kraniyal deformiteler siklikla orta yiiz
hipoplazisi, orbital deformasyonlar, hava yolu obstriiksiyonu ve norolojik etkiler gibi daha genis bir
gelisimsel spektrumun pargasidir. Bu nedenle tedavi multidisipliner bir yaklasim gerektirir ve uzun
donemli takip, optimal klinik sonug¢larin elde edilmesi agismndan kritik 6neme sahiptir (Mathijssen,
2015; Forrest & Hopper, 2013).

Kraniyosinostozun anlasilmasi, yalnizca klinik yonetim agisindan degil, ayn1 zamanda insan kraniyal
gelisiminin temel biyolojik prensiplerinin anlasilmasi agisindan da biiyiik 6nem tasir. Siitur biyolojisi,
kemik biliylimesinin genetik kontrolii, mekanik kuvvetlerin gelisim t{izerindeki etkisi ve morfolojik
varyasyonlarin biyolojik temeli gibi temel konularin anlasilmasina katki saglar. Bu baglamda
kraniyosinostoz, kraniyal biiyiimenin genetik, hiicresel ve biyomekanik diizenleyici mekanizmalarini
incelemek i¢in 6nemli bir biyolojik model sunmaktadir (Morriss-Kay & Wilkie, 2005; Twigg & Wilkie,
2015).

Sonug olarak, kafatasi siiturlari, norokranyal gelisimin dinamik diizenleyicileri olarak iglev goriirken,
kraniyosinostoz bu diizenleyici sistemin bozulmasinin morfolojik ve klinik yansimasidir. Bu durumun
dogru tanmimlanmasi1 ve yonetilmesi, kraniyal gelisimin biyolojik prensiplerinin biitiinciil olarak
anlagilmasin1  gerektirir.  Klinik, radyolojik ve genetik degerlendirmelerin entegrasyonu,
kraniyosinostozun dogru tanisini ve etkin tedavisini miimkiin kilar. Bu yaklagim, yalnizca kraniyal
morfolojinin diizeltilmesini degil, ayn1 zamanda noérolojik gelisimin korunmasini ve bireyin uzun
donemli fonksiyonel sagliginin giivence altina alinmasini saglar.
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ABSTRACT

Background Dysbiosis or microbial imbalance, can predispose individuals to allergies, while a balanced
gut microbiome, fosters immune tolerance. The immune mechanisms involved in food allergies are
complex and little is known about the possible role of the gut microbiota in the aetiopathogenesis of
food allergies.

Objective Alergiplant could modulate the immune system through gut microbiota in food allergies.
Advancing knowledge of the gut microbiome and its function in modulating the course of food allergies,
might result in novel therapeutic strategies.

Materials and methods The evaluation of the patients was based on history and physical examination.
We investigated the effect Alergiplant in patients with food allergies.

Results Environmental factors such as urbanisation, pollution, and dietary habits also significantly
contribute to food allergies risk. It is not clear whether microbial change in food allergies is an outcome
of barrier defect or the cause of barrier dysfunction and inflammation. Manipulation of the gut
microbiota as a method for modifying atopy, may be attempted in many ways including avoidance of
certain foods, supplementation with probiotics and prebiotics, optimising nutrient intake, minimising
stress, antimicrobial therapy, correction and prevention of low stomach acid, and faecal microbiota
transplantation.

Conclusion The resident microbiota is important in maintaining structural and functional integrity of the
gut and in immune system regulation. There was an increase of the intestinal permeability reported in
patients with food allergies and a reduction of the gut microbiome diversity. Modifying gut microbiome
by applying Alergiplant during early years may be a preventive and therapeutic option in high risk
groups.

Keywords: food allergies, host-microbiome interaction; immune regulation; Alergiplant
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OVERVIEW OF THE LONG-TERM CONSEQUENCES OF HEMOGLOBINOPATHIES ON
GROWTH AND DEVELOPMENT IN CHILDREN IN ALBANIA IN RECENT YEARS
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ABSTRACT

Hemoglobinopathies, particularly p-thalassemia and sickle cell disease, represent a major inherited
health burden in Albania and pose a significant public health challenge due to their early onset and
lifelong course beginning in childhood. Although advances in early diagnosis, regular blood transfusion
programs, and improved supportive care have led to increased survival among affected children, the
long-term consequences on growth, physical development, and neurocognitive outcomes remain
considerable. This study provides an overview of the long-term impact of hemoglobinopathies on
growth and developmental outcomes in Albanian children and highlights the importance of early
screening, standardized long-term follow-up, multidisciplinary management, and coordinated national
strategies aimed at improving quality of life. A retrospective cohort analysis was conducted on
approximately 350 pediatric patients with hemoglobinopathies who are regularly followed and treated
at the Mother Teresa University Hospital Center in Tirana. The findings indicate that chronic anemia,
ineffective erythropoiesis, and iron overload resulting from repeated transfusions contribute
significantly to impaired linear growth, delayed pubertal development, reduced bone mineral density,
and endocrine dysfunction during childhood and adolescence. Furthermore, recurrent hospitalizations,
chronic fatigue, and disease-related complications negatively influence cognitive development,
academic performance, and psychosocial well-being. In the Albanian healthcare context, these outcomes
are further affected by disparities in access to specialized care, variable adherence to iron chelation
therapy, and socioeconomic challenges. Despite notable improvements in pediatric healthcare services,
growth retardation and developmental delays remain prevalent, particularly in cases of delayed
diagnosis or suboptimal management. These findings underscore the need for national patient registries,
standardized monitoring of growth and development, and integrated pediatric care models to better
address the long-term physical, cognitive, and social consequences of hemoglobinopathies and to
support affected children as they transition into adulthood.

Keywords: Hemoglobinopathies, Transfusion, Growth, Development, Quality.
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ABSTRACT
Recent advances in cancer biochemistry and systems biology have expanded the understanding of tumor

progression beyond cancer cell-intrinsic genetic alterations to include complex interactions with the

tumor microenvironment. Among emerging regulatory components, the nervous system has gained
increasing attention as a dynamic modulator of tumor metabolism, growth, and metastatic dissemination.
This evolving concept, termed neuro-metabolic crosstalk, highlights the ability of neuronal cells to
influence cancer bioenergetics through direct metabolic support mechanisms. Accumulating
experimental evidence indicates that neurons establish functional interactions with tumor cells,
promoting tumor innervation and metabolic adaptation. A particularly novel discovery is the transfer of
functional mitochondria from neurons to cancer cells. Mitochondria are central to cellular energy
production, redox regulation, and apoptotic control; therefore, their acquisition by tumor cells represents
a powerful mechanism for metabolic reprogramming. Neuronal mitochondrial transfer has been shown
to enhance oxidative phosphorylation, increase ATP production, and improve metabolic flexibility
under hypoxic and nutrient-limited conditions commonly observed within the tumor microenvironment.
Biochemical investigations reveal that this mitochondrial exchange is facilitated through cytoskeletal
remodeling, vesicle-mediated transport, and intercellular signaling pathways that promote organelle
trafficking. As a consequence, recipient cancer cells exhibit enhanced survival capacity, increased
migratory behavior, and elevated metastatic potential. Disruption of neuronal signaling or inhibition of
mitochondrial transfer pathways has been associated with reduced tumor invasiveness and impaired
metastatic spread in preclinical models, underscoring the functional significance of neuro-metabolic
interactions in cancer biology. Beyond its mechanistic relevance, neuronal mitochondrial transfer carries
important translational implications. Conventional anticancer therapies primarily target tumor-intrinsic
metabolic pathways or immune checkpoints, often neglecting neural contributions to tumor metabolism.
Targeting neuron-derived metabolic support, mitochondrial trafficking machinery, or associated
signaling networks may therefore provide a complementary strategy for controlling tumor progression
and overcoming therapy resistance. Furthermore, neuro-metabolic regulation may help explain tumor
heterogeneity, organ-specific metastasis, and variable responses to metabolic inhibitors. In conclusion,
neuronal mitochondrial transfer represents an emerging biochemical paradigm in cancer progression.
Integrating neurobiology with tumor metabolism provides a broader framework for understanding
cancer aggressiveness and identifies novel molecular targets for therapeutic intervention. The
convergence of neuro-oncology, cancer metabolism, and translational biochemistry offers a promising
frontier for future innovations aimed at limiting metastasis and improving cancer treatment outcomes.
Keywords: Cancer Metabolism; Neuro-Oncology; Mitochondrial Transfer; Tumor Microenvironment;
Metastasis; Translational Biochemistry.

1. Introduction

Cancer is a multifactorial disease characterized by uncontrolled cellular proliferation, resistance to
apoptosis, metabolic reprogramming, and the capacity for invasion and metastasis. Although significant
progress has been made in understanding oncogenic mutations and intracellular signaling cascades,
metastasis remains responsible for the majority of cancer-related deaths globally. The metastatic process
is complex and involves coordinated interactions between tumor cells and their surrounding
microenvironment, including immune cells, fibroblasts, endothelial cells, and extracellular matrix
components.
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Over the past two decades, research in cancer metabolism has revealed that malignant cells undergo
profound metabolic reprogramming to sustain rapid proliferation. The classical Warburg effect
describes the preferential use of aerobic glycolysis even in the presence of sufficient oxygen.
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However, contemporary evidence demonstrates that tumor metabolism is far more flexible than initially
believed. Many cancers retain functional oxidative phosphorylation and dynamically switch between
glycolysis and mitochondrial respiration depending on environmental conditions. This metabolic
plasticity enables tumor cells to survive fluctuating oxygen availability, nutrient deprivation, and
therapeutic stress.

While much attention has focused on tumor-intrinsic metabolic adaptations, growing evidence indicates
that cancer progression is not solely driven by autonomous cellular mechanisms. Instead, tumors exist
within a highly interactive and adaptive ecosystem known as the tumor microenvironment. Within this
context, non-malignant host cells actively contribute to tumor growth and dissemination. Among these
contributors, the nervous system has recently emerged as a critical but underappreciated regulator of
cancer biology.

Historically, the presence of nerves within tumors was considered incidental. However, accumulating
clinical and experimental findings demonstrate that tumor innervation is associated with aggressive
disease phenotypes in multiple cancer types, including breast, prostate, pancreatic, and gastrointestinal
malignancies. Neural signaling has been shown to influence angiogenesis, immune modulation, and

tumor cell migration. More recently, attention has shifted toward the metabolic dimension of neuron—

tumor interactions.

The concept of neuro-metabolic crosstalk represents a paradigm shift in oncology. It proposes that
neurons do not merely provide signaling cues but may directly enhance tumor bioenergetics. One of the
most compelling discoveries supporting this model is the intercellular transfer of mitochondria from
neurons to cancer cells. Mitochondrial transfer has been observed in other physiological and
pathological contexts, including tissue repair and inflammatory responses. In cancer, however, this
phenomenon introduces a novel mechanism by which tumors may augment their metabolic capacity
through external support.

Mitochondria play central roles in ATP synthesis, redox balance, biosynthetic precursor generation, and
regulation of programmed cell death. The acquisition of functional mitochondria from neighboring cells
can substantially increase respiratory capacity and metabolic resilience. In the tumor setting, neuronal
mitochondrial donation may therefore provide a selective advantage, particularly in hypoxic or nutrient-
poor microenvironments where metabolic efficiency determines survival.

Understanding this emerging interaction requires integration of cancer metabolism, neurobiology, cell
communication pathways, and translational therapeutics. The implications extend beyond mechanistic
curiosity; they challenge conventional perspectives on tumor autonomy and open new avenues for
therapeutic intervention. If neuronal metabolic support contributes significantly to tumor
aggressiveness, then targeting this interaction may complement existing strategies that focus primarily
on tumor-intrinsic pathways.

This review aims to comprehensively examine the biochemical foundations, molecular mechanisms,
experimental evidence, and translational implications of neuronal mitochondrial transfer in cancer
progression. By synthesizing current literature and highlighting knowledge gaps, this work seeks to
position neuro-metabolic crosstalk as a transformative concept in modern oncology.

2. The Nervous System as an Active Component of the Tumor Microenvironment

The tumor microenvironment (TME) is a dynamic and heterogeneous ecosystem composed not only of
malignant cells but also of stromal fibroblasts, endothelial cells, immune infiltrates, extracellular matrix
components, and increasingly recognized neural elements. Traditionally, the contribution of the nervous
system to cancer progression was underestimated or regarded as secondary to vascular and immune
interactions. However, accumulating clinical, histological, and molecular evidence now positions the
nervous system as an active and functional regulator of tumor biology rather than a passive bystander.

2.1 Tumor Innervation and Clinical Correlations

Tumor innervation refers to the infiltration and growth of nerve fibers within and around malignant
tissues. Histopathological analyses have demonstrated dense neural networks in various solid tumors,
including breast, prostate, pancreatic, gastric, and colorectal cancers.
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Importantly, increased nerve density has been correlated with poor prognosis, higher tumor grade,
enhanced metastatic risk, and reduced overall survival in multiple malignancies.

Perineural invasion (PNI), a process in which cancer cells invade surrounding nerves, further
underscores the intimate association between tumor cells and neural structures. PNI is frequently
observed in pancreatic and prostate cancers and is associated with increased recurrence rates and
aggressive disease progression. While perineural invasion was initially interpreted as a route for tumor
dissemination, emerging perspectives suggest that it may also reflect bidirectional communication
between nerves and tumor cells that enhances tumor survival and expansion.

These clinical correlations indicate that neural involvement in cancer is not incidental but functionally
relevant.

2.2 Neurotransmitter Signaling in Tumor Progression

Neurons communicate through neurotransmitters, neuropeptides, and growth factors, many of which
have been shown to influence tumor behavior. Sympathetic and parasympathetic nerve fibers release
signaling molecules such as norepinephrine, acetylcholine, dopamine, and neurotrophic factors that can
interact with receptors expressed on tumor cells.

Activation of [B-adrenergic receptors by stress-associated catecholamines has been demonstrated to

promote tumor proliferation, angiogenesis, and migration. Similarly, cholinergic signaling through
muscarinic receptors has been implicated in enhanced tumor growth and metastatic spread in certain
cancer types. These signaling pathways converge on intracellular cascades such as PI3K/Akt, MAPK,
and STAT?3, which regulate proliferation, survival, and metabolic adaptation.

Beyond direct effects on tumor cells, neural signaling also modulates the tumor microenvironment by
influencing angiogenesis, immune cell recruitment, and inflammatory responses. For example, stress-
induced sympathetic activation can suppress antitumor immune responses and promote pro-tumorigenic
inflammation.

Collectively, these findings demonstrate that neural signaling contributes to multiple hallmarks of
cancer, including sustained proliferative signaling, resistance to cell death, and enhanced invasion.

2.3 Neurogenesis and Tumor-Induced Neural Remodeling

An emerging concept in neuro-oncology is that tumors can actively stimulate nerve growth, a process
sometimes referred to as tumor-induced neurogenesis. Cancer cells secrete neurotrophic factors such as
nerve growth factor (NGF) and brain-derived neurotrophic factor (BDNF), which promote axonal
sprouting and increased nerve density within the tumor microenvironment.

This bidirectional interaction creates a feed-forward loop: tumors attract nerves, and nerves in turn
provide signals and metabolic support that enhance tumor progression. Neural remodeling may also alter
local tissue architecture, facilitating invasion and metastatic dissemination.

Importantly, neural remodeling is not restricted to primary tumors. Pre-metastatic niches in distant
organs may also undergo neural alterations that create a permissive environment for circulating tumor
cells. This observation suggests that neural components may contribute to organ-specific metastasis
patterns.

2.4 Metabolic Contributions of Neural Cells

While neurotransmitter-mediated signaling has been extensively studied, recent attention has shifted
toward the metabolic contributions of neural cells within the tumor microenvironment. Neurons are
metabolically active cells with high mitochondrial density and robust oxidative phosphorylation
capacity. They possess efficient mechanisms for maintaining ATP production and redox homeostasis.
Emerging research suggests that neurons may serve as metabolic partners to cancer cells. Beyond
releasing soluble factors, neurons can engage in direct intercellular interactions that facilitate metabolic
exchange. This includes the transfer of metabolites, signaling molecules, and more recently recognized,
entire organelles such as mitochondria.
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The concept that neurons may enhance tumor bioenergetics introduces a transformative perspective:
rather than solely stimulating tumor growth through receptor-mediated signaling, nerves may provide
tangible metabolic assets that strengthen malignant cells under stress conditions.

2.5 Neural Influence on Tumor Metabolic Plasticity
Metabolic plasticity—the ability of cancer cells to switch between glycolysis and oxidative

phosphorylation—is a critical determinant of tumor aggressiveness and therapy resistance. Neural inputs

may modulate this plasticity by influencing mitochondrial dynamics, substrate availability, and redox
balance.

Sympathetic activation has been associated with increased glycolytic flux and enhanced lactate
production in some tumor models. Conversely, neuronal interactions may also promote oxidative
phosphorylation by augmenting mitochondrial function. These metabolic shifts allow tumor cells to
adapt to fluctuating oxygen and nutrient availability within the tumor microenvironment.

By contributing to metabolic flexibility, neural elements may indirectly enhance resistance to
chemotherapy, radiotherapy, and metabolic inhibitors. This has profound implications for understanding
treatment failure in aggressive cancers.

2.6 From Neural Signaling to Organelle Transfer
The recognition of neurotransmitter-driven tumor promotion laid the groundwork for investigating

deeper levels of neuron—tumor interaction. The discovery that mitochondria can be transferred between

cells in physiological contexts prompted exploration of whether similar mechanisms operate within
tumors.

Recent experimental models suggest that neuronal cells are capable of donating functional mitochondria
to adjacent tumor cells via specialized intercellular structures such as tunneling nanotubes and vesicular
transport systems. This phenomenon extends the role of the nervous system beyond chemical signaling
to direct structural and metabolic contribution.

Such organelle exchange represents a more profound form of biological cooperation, potentially altering
the metabolic architecture of recipient tumor cells in a durable manner.

Section Summary

The nervous system is now recognized as an integral component of the tumor microenvironment.
Through neurotransmitter signaling, neural remodeling, immune modulation, and emerging metabolic
interactions, neurons actively shape tumor behavior. The transition from viewing nerves as passive
structures to understanding them as dynamic metabolic contributors marks a significant conceptual shift
in oncology. This evolving understanding sets the stage for deeper examination of the mechanisms
underlying neuronal mitochondrial transfer and its biochemical consequences in cancer progression.

3. Molecular Mechanisms of Intercellular Mitochondrial Transfer

Intercellular mitochondrial transfer represents a rapidly emerging area in cell biology and oncology.
Once considered improbable, the movement of intact, functional mitochondria between cells is now
recognized as a biologically significant process occurring in both physiological and pathological
contexts. In cancer, this phenomenon introduces a novel mechanism by which tumor cells may enhance
their metabolic capacity through external support. Understanding the molecular basis of mitochondrial
trafficking is therefore essential for appreciating its role in neuro-metabolic crosstalk.

3.1 Historical Perspective and Biological Relevance

The concept of organelle transfer between cells was initially described in tissue repair and immune
regulation studies, where stromal or mesenchymal stem cells were observed donating mitochondria to
injured cells to restore bioenergetic function. These early findings challenged the traditional view of
cells as metabolically autonomous units and revealed that mitochondrial exchange could influence cell
survival and function.
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Subsequent investigations demonstrated that mitochondrial transfer also occurs in inflammatory
diseases, neurodegeneration, and cancer. In tumor biology, such transfer may enhance oxidative
phosphorylation, confer resistance to apoptosis, and promote metabolic resilience. The realization that

neurons—cells rich in mitochondria and highly dependent on oxidative metabolism—may participate

in this process adds a new dimension to tumor—host interactions.

3.2 Tunneling Nanotubes (TNTs)

One of the most well-characterized mechanisms of mitochondrial transfer involves tunneling nanotubes
(TNTs). TNTs are thin, actin-based cytoplasmic extensions that physically connect adjacent cells,
allowing direct exchange of organelles, proteins, and signaling molecules.

Structural Characteristics

» Composed primarily of filamentous actin (F-actin)
* Span distances of several micrometers between cells

* Provide cytoplasmic continuity without complete membrane fusion

TNT formation is often induced under stress conditions, including hypoxia, oxidative stress, and

chemotherapeutic exposure—conditions commonly present within the tumor microenvironment.

Molecular Regulation

The formation of TNTs is regulated by cytoskeletal remodeling proteins such as:
* Rho GTPases (e.g., Cdc42, Racl)

* Myosin motors

» Actin polymerization regulators

Once formed, mitochondria can be actively transported along these nanotubes via motor proteins

interacting with microtubule and actin networks. In neuron—tumor interactions, TNTs may provide a
structural bridge enabling direct mitochondrial trafficking from neuronal cells to malignant cells.

3.3 Extracellular Vesicles and Microvesicle-Mediated Transfer

Beyond direct cytoplasmic connections, mitochondria or mitochondrial components may also be
transferred through extracellular vesicles (EVs). EVs include:

* Exosomes (30-150 nm)

* Microvesicles (100—1000 nm)

These vesicles bud from donor cells and can encapsulate mitochondrial DNA (mtDNA), mitochondrial
proteins, or even intact mitochondria. Recipient tumor cells internalize these vesicles through
endocytosis or membrane fusion, incorporating the mitochondrial material into their metabolic network.
Vesicle-mediated mitochondrial transfer offers a mechanism for longer-range metabolic support,

potentially extending beyond direct cell-cell contact. This pathway may be particularly relevant in
heterogeneous tumor microenvironments where physical contact between neurons and cancer cells
varies spatially.

3.4 Gap Junction—Associated Mechanisms
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Gap junctions, formed by connexin proteins, allow direct cytoplasmic exchange of small molecules
between adjacent cells. While complete mitochondria are too large to pass through classical gap junction
channels, connexin-mediated signaling may facilitate coordination of mitochondrial dynamics and
promote organelle exchange indirectly.

Connexin 43 (Cx43), in particular, has been implicated in mitochondrial communication and may
support intercellular transfer under specific conditions. Although less extensively characterized than
TNT-mediated transfer, gap junction signaling may prime recipient cells for mitochondrial uptake.

3.5 Cytoskeletal and Motor Protein Involvement

Efficient mitochondrial trafficking requires coordinated cytoskeletal transport systems. Within donor
neurons, mitochondria are transported along microtubules via motor proteins such as:

» Kinesins (anterograde transport)

* Dyneins (retrograde transport)

Mitochondrial docking and release are regulated by adaptor proteins such as Mirol and Milton, which
link mitochondria to motor complexes. Upregulation of these proteins has been associated with
increased mitochondrial mobility and transfer efficiency in experimental models.

In tumor cells, cytoskeletal rearrangements may facilitate mitochondrial uptake and integration. The
dynamic interplay between actin filaments and microtubules ensures that transferred mitochondria are
positioned effectively within the recipient cytoplasm to participate in bioenergetic processes.

3.6 Stress-Induced Enhancement of Mitochondrial Transfer

Mitochondrial transfer is frequently amplified under cellular stress conditions. Hypoxia, reactive oxygen
species (ROS) accumulation, and chemotherapeutic exposure can stimulate TNT formation and vesicle
release. Tumor cells experiencing metabolic stress may emit signals that actively recruit mitochondrial
donation from neighboring cells.

Such stress-induced signaling may involve:

» Reactive oxygen species—mediated pathways
» Activation of NF-kB signaling

» Upregulation of pro-survival cytokines

This adaptive response suggests that mitochondrial transfer may serve as a rescue mechanism, enhancing
tumor survival during therapeutic intervention. Consequently, organelle exchange may contribute to
resistance against chemotherapy and radiotherapy.

3.7 Integration and Functional Incorporation in Recipient Cells

Following transfer, mitochondria must integrate functionally within the recipient tumor cell. Evidence
suggests that transferred mitochondria:

* Maintain membrane potential
* Contribute to ATP synthesis
* Participate in oxidative phosphorylation

» Modulate intracellular ROS levels
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Functional incorporation may also alter mitochondrial dynamics, including fusion and fission processes
regulated by proteins such as DRP1, MFN1, and MFN2. These processes ensure that newly acquired
mitochondria are assimilated into the existing mitochondrial network, thereby enhancing respiratory
capacity.

Importantly, the transfer of healthy mitochondria can restore mitochondrial DNA integrity in tumor cells
with compromised respiratory function. This may reverse metabolic deficiencies and strengthen survival
mechanisms.
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3.8 Implications for Tumor Evolution

At a broader level, mitochondrial transfer may contribute to tumor heterogeneity and evolutionary
adaptation. By acquiring mitochondria from neighboring cells, cancer cells can diversify their metabolic
capabilities without requiring additional genetic mutations. This represents a form of non-genetic
adaptation that may accelerate tumor evolution under selective pressures.

Such plasticity complicates therapeutic strategies that target tumor metabolism, as external
mitochondrial support may compensate for inhibited pathways. Understanding these mechanisms is
therefore critical for designing interventions that disrupt organelle exchange.

Section Summary

Intercellular mitochondrial transfer occurs through multiple coordinated mechanisms, including
tunneling nanotubes, extracellular vesicles, and cytoskeletal transport systems. These pathways enable
neurons and other stromal cells to donate functional mitochondria to tumor cells, enhancing bioenergetic
capacity and metabolic resilience. Stress conditions within the tumor microenvironment may amplify
this process, contributing to tumor aggressiveness and therapy resistance. Deciphering the molecular
regulators of mitochondrial trafficking is essential for identifying novel therapeutic targets aimed at
disrupting neuro-metabolic support in cancer.

4. Biochemical Consequences of Neuronal Mitochondrial Acquisition in Tumor Cells

The transfer of functional mitochondria from neurons to tumor cells represents more than a structural
exchange; it induces profound biochemical alterations within recipient cancer cells. Because
mitochondria are central regulators of cellular bioenergetics, redox balance, biosynthesis, and apoptotic
signaling, their acquisition can significantly reshape tumor metabolic architecture. This section
examines the metabolic and molecular consequences of neuronal mitochondrial integration in malignant
cells.

4.1 Enhancement of Oxidative Phosphorylation and ATP Production

One of the most immediate consequences of mitochondrial acquisition is increased oxidative
phosphorylation (OXPHOS) capacity. While many tumors exhibit elevated glycolytic flux, numerous
cancer types retain functional mitochondrial respiration and can switch between metabolic pathways
depending on environmental conditions. This metabolic plasticity is critical for tumor survival under
fluctuating oxygen and nutrient availability.

Transferred neuronal mitochondria contribute to:

» Increased electron transport chain activity
* Elevated ATP synthesis
» Improved coupling efficiency

* Enhanced mitochondrial membrane potential

By augmenting ATP availability, tumor cells gain the energetic resources necessary for:

» Sustained proliferation
» Cytoskeletal remodeling
* Migration and invasion

* Biosynthetic processes

This increased bioenergetic capacity is particularly advantageous in hypoxic tumor regions where
metabolic stress is pronounced.

4.2 Modulation of Redox Homeostasis
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Reactive oxygen species (ROS) are generated as byproducts of mitochondrial respiration and play dual
roles in cancer biology. Moderate ROS levels promote proliferation and signaling activation, whereas
excessive ROS induces oxidative damage and apoptosis.

The acquisition of healthy neuronal mitochondria may improve redox balance by:

* Optimizing electron transport chain efficiency
* Reducing electron leakage

 Stabilizing mitochondrial membrane potential

Improved redox control enhances tumor cell survival by preventing oxidative stress—induced apoptosis
while maintaining signaling pathways that promote growth and invasion. Furthermore, balanced ROS

levels can activate transcription factors such as HIF-1a and NF-kB, which are associated with tumor

progression and inflammatory signaling.
Thus, mitochondrial transfer may fine-tune oxidative signaling in a manner that supports malignant
phenotypes.

4.3 Resistance to Hypoxia and Metabolic Stress

Hypoxia is a hallmark of solid tumors. Limited oxygen supply creates metabolic constraints that
challenge ATP production and biosynthetic capacity. Tumor cells respond by activating adaptive
pathways, including HIF-mediated gene expression and metabolic reprogramming.

Neuronal mitochondrial acquisition enhances tumor resilience under hypoxic conditions by:

» Increasing respiratory reserve capacity
» Supporting substrate flexibility

 Facilitating more efficient oxygen utilization

This increased metabolic adaptability enables cancer cells to survive in hostile microenvironments and
may contribute to aggressive tumor behavior.

Additionally, under conditions of glucose deprivation or therapeutic metabolic inhibition, externally
derived mitochondria may compensate for impaired intrinsic mitochondrial function, promoting
continued survival.

4.4 Influence on Apoptotic Regulation

Mitochondria are central regulators of intrinsic apoptosis. They control the release of cytochrome ¢ and
activation of caspase cascades in response to cellular stress. The integrity and functionality of
mitochondria therefore determine cellular susceptibility to programmed cell death.

The integration of functional neuronal mitochondria may:

» Stabilize mitochondrial membranes
» Reduce pro-apoptotic signaling
+ Increase anti-apoptotic protein expression (e.g., Bcl-2 family members)

* Maintain ATP levels required for survival signaling

By reinforcing mitochondrial integrity, tumor cells may become less sensitive to apoptosis induced by
chemotherapy or oxidative stress. This contributes to therapeutic resistance and persistent tumor growth.

4.5 Alteration of Metabolic Signaling Pathways

58



12" International Aegean Congress on Natural & Medical Sciences
February 25-26, 2026, [zmir
(THE PROCEEDINGS BOOK)

https://www.aegeanconference.com/

Mitochondrial activity is tightly linked to major intracellular signaling networks. Enhanced
mitochondrial respiration can influence pathways such as:

» PI3K/Akt signaling
+ mTOR activation
* AMPK regulation

* MAPK pathways

Increased ATP levels may suppress AMPK (an energy stress sensor), thereby favoring anabolic growth
programs. Simultaneously, enhanced oxidative phosphorylation may support biosynthesis of
nucleotides, lipids, and amino acids required for rapid tumor expansion.

Furthermore, mitochondrial metabolites such as acetyl-CoA, succinate, and fumarate act as signaling
molecules and epigenetic regulators. Their altered availability following mitochondrial acquisition may
influence gene expression patterns that promote tumor aggressiveness.

4.6 Impact on Cellular Migration and Invasion

Metastasis requires substantial energy investment for cytoskeletal remodeling, extracellular matrix
degradation, and sustained motility. Increased mitochondrial function provides the ATP necessary for
actin polymerization, focal adhesion turnover, and mechanical force generation.

Mitochondria are also strategically redistributed within migrating cells to regions of high energy
demand, such as the leading edge. The addition of functional mitochondria may therefore directly
enhance migratory efficiency.

Moreover, enhanced mitochondrial respiration has been associated with increased expression of matrix
metalloproteinases (MMPs), enzymes responsible for extracellular matrix degradation. This further
facilitates invasion and metastatic dissemination.

4.7 Restoration of Mitochondrial DNA Integrity

Some cancer cells harbor mitochondrial DNA (mtDNA) mutations that impair oxidative
phosphorylation. Acquisition of intact mitochondria from neuronal donors may restore functional
mtDNA copies, thereby rescuing respiratory defects.

This restoration can:

* Improve mitochondrial respiration
* Reverse metabolic deficiencies

* Enhance tumor adaptability

Such non-genetic complementation mechanisms highlight the adaptive potential conferred by organelle
transfer and underscore its evolutionary significance in tumor progression.

4.8 Contribution to Tumor Heterogeneity and Evolution

The biochemical consequences of mitochondrial transfer extend beyond immediate metabolic
enhancement. By diversifying mitochondrial content within tumor cell populations, organelle
acquisition may contribute to metabolic heterogeneity.

Metabolic heterogeneity supports:

» Subpopulation specialization
 Differential therapy sensitivity

» Selection of aggressive clones
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Through non-mutational mechanisms, mitochondrial exchange may accelerate tumor evolution and
increase phenotypic complexity.

Section Summary

Neuronal mitochondrial acquisition induces multiple biochemical alterations in tumor cells, including
enhanced oxidative phosphorylation, improved redox balance, increased resistance to metabolic stress,
reduced apoptotic susceptibility, and augmented migratory capacity. These changes collectively
strengthen tumor survival and metastatic competence. By reshaping metabolic architecture,
mitochondrial transfer contributes not only to immediate cellular advantages but also to long-term tumor
adaptability and evolution.

5. Neuro-Metabolic Crosstalk and Metastatic Progression

Metastasis is a multistep biological process involving local invasion, intravasation into the bloodstream,
survival in circulation, extravasation into distant tissues, and colonization of secondary organs. Each of
these stages requires substantial metabolic adaptation and bioenergetic investment. Increasing evidence
suggests that neuro-metabolic crosstalk may enhance the efficiency of these steps, thereby accelerating
metastatic progression.

5.1 Metabolic Requirements of Metastasis
Metastasis is not merely a mechanical process of cell movement; it is a metabolically demanding
transformation. Tumor cells undergoing invasion must:

» Remodel their cytoskeleton
» Degrade extracellular matrix components
 Sustain high motility

» Resist oxidative and mechanical stress

These processes require continuous ATP production and tightly regulated redox balance. Enhanced
mitochondrial function, whether intrinsic or externally acquired, provides the energy necessary for
sustained metastatic behavior.

Neuronal mitochondrial transfer may therefore supply a metabolic advantage that facilitates these
energetically intensive processes.

5.2 Epithelial-Mesenchymal Transition (EMT) and Energy Demand

Epithelial-mesenchymal transition (EMT) is a critical early event in metastasis. During EMT, tumor

cells lose epithelial characteristics and acquire mesenchymal properties, including increased motility
and invasiveness.

EMT is accompanied by:

» Cytoskeletal reorganization
» Altered gene expression

* Increased metabolic reprogramming

Recent evidence suggests that enhanced mitochondrial respiration supports EMT-associated signaling
pathways. Elevated ATP availability can activate transcriptional regulators and signaling cascades that
stabilize mesenchymal phenotypes.

Neuro-metabolic support may therefore indirectly promote EMT by enhancing the energetic and
signaling environment necessary for this transition.
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5.3 Survival in Circulation
Circulating tumor cells (CTCs) face extreme stress conditions, including oxidative stress, immune
attack, and nutrient deprivation. Only a small fraction of CTCs survive to form metastatic colonies.

Enhanced mitochondrial function may improve CTC survival by:

* Maintaining ATP production during detachment
 Stabilizing redox homeostasis

» Supporting anti-apoptotic signaling

If tumor cells have previously acquired neuronal mitochondria, they may enter circulation with
improved metabolic reserves, increasing the probability of successful metastasis.
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5.4 Organ-Specific Metastasis and Neural Niches

Metastasis is often organ-specific. Certain cancers preferentially metastasize to organs such as the brain,
liver, lung, or bone. These tissues possess distinct microenvironments, including unique neural
networks.

Neural density within target organs may create metabolically supportive niches. For example:

*  The brain is highly enriched in neurons and mitochondria-rich cells.

»  Peripheral organs with dense innervation may provide enhanced neuro-metabolic support.

Tumor cells capable of engaging neural elements may adapt more effectively to these environments.
This suggests that neuro-metabolic interactions could contribute to organotropism in metastatic disease.

5.5 Interaction with Angiogenesis and Hypoxia
Angiogenesis—the formation of new blood vessels—is essential for tumor growth and metastatic
spread. Hypoxia within tumors stimulates angiogenic signaling but also creates metabolic stress.

Neural signaling has been shown to promote angiogenesis through release of neurotrophic factors and
catecholamines. When combined with mitochondrial donation, this dual support system may:

* Improve oxygen delivery via angiogenesis

»  Enhance oxygen utilization via increased oxidative phosphorylation

This synergistic effect strengthens tumor growth and invasion capacity.

5.6 Contribution to Therapy Resistance During Metastasis

Metastatic tumors are frequently more resistant to therapy than primary tumors. Several mechanisms
contribute to this resistance, including genetic heterogeneity and microenvironmental adaptation.
Neuro-metabolic crosstalk may play a role by:

*  Providing metabolic rescue during chemotherapy
*  Supporting mitochondrial integrity under oxidative stress

*  Enhancing ATP-dependent drug efflux mechanisms

By reinforcing tumor metabolism, neuronal mitochondrial transfer may reduce the effectiveness of
treatments targeting glycolysis or mitochondrial respiration alone.

5.7 Feedback Loops Between Tumors and the Nervous System

An important aspect of metastatic progression is the bidirectional nature of tumor—neural

communication. Tumor cells secrete neurotrophic factors that stimulate nerve growth, while nerves
provide metabolic and signaling support to tumors.

This feed-forward loop can be summarized as follows:
1. Tumor cells release neurotrophic signals.
2. Nerve fibers infiltrate the tumor microenvironment.
3. Neural elements enhance tumor metabolism and invasion.
4. Enhanced tumor growth further stimulates neural remodeling.

Such positive feedback may accelerate tumor progression and increase metastatic efficiency.

5.8 Clinical Correlation and Prognostic Significance
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Clinical studies have demonstrated that high tumor innervation correlates with:

* Increased tumor grade
»  Higher recurrence rates

*  Reduced overall survival

Although the exact contribution of mitochondrial transfer remains under investigation, the metabolic
component of neural involvement provides a mechanistic explanation for these correlations.
Understanding neuro-metabolic contributions to metastasis may therefore refine prognostic models and
identify patients who could benefit from therapies targeting neural interactions.

Section Summary

Metastatic progression requires significant metabolic adaptation, and neuro-metabolic crosstalk
provides a plausible mechanism for enhancing this capacity. Through mitochondrial transfer and neural
signaling, neurons may support EMT, invasion, survival in circulation, organ colonization, and therapy
resistance. These interactions form a reinforcing loop that accelerates tumor aggressiveness.
Recognizing the metabolic dimension of neural involvement deepens our understanding of metastatic
disease and highlights novel intervention points.

6. Therapeutic Implications and Potential Intervention Strategies

The recognition of neuro-metabolic crosstalk as a contributor to tumor progression opens new
therapeutic avenues. Traditional anticancer strategies primarily target tumor-intrinsic pathways,
including oncogenic signaling, immune checkpoints, angiogenesis, and metabolic enzymes. However,
the involvement of the nervous system introduces an additional layer of metabolic support that may

undermine these approaches. Targeting neuron—tumor metabolic interactions therefore represents a
promising complementary strategy in cancer treatment.

6.1 Targeting Neural Signaling Pathways
Before addressing organelle transfer directly, it is important to consider established neural signaling
mechanisms that contribute to tumor progression.

Pharmacological blockade of adrenergic signaling, particularly B-adrenergic receptors, has shown

potential in reducing tumor growth and metastasis in experimental models. B-blockers, commonly used

for cardiovascular diseases, have been associated with improved cancer outcomes in some observational
studies.

Similarly, targeting cholinergic signaling pathways may disrupt tumor-promoting neural influences.
Inhibition of neurotransmitter receptors expressed on tumor cells could attenuate proliferative and
angiogenic signaling cascades.

However, while these strategies address chemical signaling, they do not directly inhibit mitochondrial
transfer. Thus, more targeted approaches are needed.

6.2 Inhibition of Tunneling Nanotube Formation

Given that tunneling nanotubes (TNTs) are key mediators of mitochondrial transfer, disrupting their
formation represents a direct intervention strategy.

TNT formation depends on:

*  Actin polymerization
*  Rho GTPase signaling

*  Cytoskeletal remodeling proteins

63



12" International Aegean Congress on Natural & Medical Sciences
February 25-26, 2026, [zmir
(THE PROCEEDINGS BOOK)

https://www.aegeanconference.com/

Pharmacological agents that interfere with actin dynamics or Rho GTPase activity may reduce TNT
formation and thereby limit mitochondrial exchange.

Experimental inhibition of TNT formation has been shown to reduce organelle transfer and decrease
tumor cell survival under stress conditions. However, targeting cytoskeletal components must be
approached cautiously due to potential off-target effects in normal tissues.

Future drug development may focus on more selective regulators of TNT assembly specific to tumor
microenvironments.

6.3 Blocking Extracellular Vesicle-Mediated Transfer

Extracellular vesicles (EVs) represent another potential therapeutic target. Inhibitors of vesicle
formation, release, or uptake may prevent mitochondrial component transfer.

Strategies include:

*  Inhibiting neutral sphingomyelinase to reduce exosome production
»  Blocking endocytic uptake pathways in tumor cells

»  Targeting vesicle surface proteins that mediate docking and fusion

Interfering with vesicle-mediated communication could simultaneously disrupt multiple tumor-
promoting signals beyond mitochondrial transfer.

6.4 Targeting Mitochondrial Trafficking Machinery

Mitochondrial mobility within donor cells is regulated by proteins such as Mirol, Milton, and motor
complexes involving kinesin and dynein.

Downregulation or inhibition of these trafficking regulators has been shown in experimental systems to
reduce mitochondrial transfer efficiency. Targeting these proteins specifically within tumor-associated
neurons may limit metabolic support without broadly impairing systemic neuronal function.

This approach requires precise targeting strategies to avoid neurotoxicity.

6.5 Combination Therapies with Metabolic Inhibitors
Many anticancer therapies target metabolic pathways, including:

*  Glycolysis inhibitors
*  Ogxidative phosphorylation inhibitors
*  mTOR pathway inhibitors

However, if tumor cells receive external mitochondrial support, single-pathway inhibition may be
insufficient.
Combining mitochondrial transfer inhibitors with metabolic drugs may:

*  Reduce metabolic compensation
*  Enhance sensitivity to chemotherapy

*  Overcome therapy resistance

For example, blocking neuro-metabolic support while inhibiting oxidative phosphorylation could create
a synthetic metabolic vulnerability.

6.6 Neuro-Targeted Therapeutic Strategies

An emerging area of research involves targeting tumor innervation directly.
Potential strategies include:
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. Inhibiting neurotrophic factor signaling (e.g., NGF blockade)
. Preventing tumor-induced neurogenesis
. Modulating neural remodeling within tumor microenvironments

Reducing neural density may indirectly decrease opportunities for mitochondrial exchange.
Additionally, stress management interventions that reduce sympathetic activation may influence tumor
progression, although further clinical validation is needed.

6.7 Biomarker Development and Precision Oncology
For neuro-metabolic targeting to become clinically viable, reliable biomarkers are required.

Potential biomarkers include:

*  Tumor nerve density
»  Expression levels of mitochondrial trafficking proteins
»  TNT-associated molecular markers

»  Circulating mitochondrial DNA levels

Identifying patients with high neuro-metabolic activity may allow personalized therapeutic strategies
targeting neural contributions.

Integration of neural biomarkers into precision oncology frameworks could refine patient stratification
and improve treatment outcomes.

6.8 Challenges and Considerations
Despite its therapeutic promise, targeting neuro-metabolic crosstalk presents several challenges:

*  Neural structures are essential for normal physiological function.
*  Non-specific inhibition may cause neurological side effects.
*  Mechanistic pathways of mitochondrial transfer are still being fully elucidated.

*  Clinical evidence remains limited and largely preclinical.
Careful development of selective and tumor-specific strategies is therefore critical.

6.9 Future Clinical Translation
Before clinical application, several steps are necessary:
1. Validation of mitochondrial transfer in human tumor samples.
2. Development of safe inhibitors of organelle trafficking.
3. Integration with existing treatment regimens.
4. Clinical trials assessing efficacy and safety.

Translational research bridging oncology and neurobiology will be essential for progress.

Section Summary

Neuro-metabolic crosstalk represents a novel and promising therapeutic target in oncology. Strategies
aimed at blocking neural signaling, inhibiting tunneling nanotubes, interfering with extracellular vesicle
transfer, and targeting mitochondrial trafficking machinery may disrupt tumor metabolic support.
Combining these approaches with existing metabolic therapies could enhance treatment efficacy and
overcome resistance. Although challenges remain, the therapeutic potential of targeting neuronal
contributions to tumor metabolism is substantial.
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7. Challenges, Limitations, and Knowledge Gaps

Despite compelling experimental evidence supporting neuro-metabolic crosstalk and mitochondrial
transfer in cancer progression, several limitations and unresolved questions remain. Addressing these
gaps is essential before translating this emerging concept into clinical oncology.

7.1 Limited Clinical Validation
Most evidence supporting neuronal mitochondrial transfer derives from:

* In vitro co-culture systems
*  Animal models

e Mechanistic cellular studies

Direct visualization and quantification of mitochondrial transfer in human tumor specimens remain
limited. Although tumor innervation correlates with poor prognosis, definitive clinical proof that
mitochondrial transfer contributes significantly to human metastasis is still evolving,.

Advanced imaging technologies, mitochondrial labeling strategies, and single-cell metabolic profiling
will be necessary to validate this mechanism in clinical samples.

7.2 Mechanistic Specificity
While tunneling nanotubes and extracellular vesicles are implicated in mitochondrial exchange, the
precise molecular triggers initiating neuronal donation remain incompletely defined.

Key unresolved questions include:

*  What signals do stressed tumor cells release to attract mitochondrial support?
*  Are specific tumor subtypes more dependent on neural metabolic assistance?

*  What determines donor cell selectivity?

Understanding these molecular determinants is critical for designing selective therapeutic inhibitors.

7.3 Potential Physiological Consequences of Inhibition

The nervous system plays indispensable roles in tissue homeostasis, cognition, autonomic regulation,
and repair processes. Broad inhibition of mitochondrial trafficking or neural signaling may cause
unintended systemic effects.

Therapeutic targeting must therefore distinguish between:

. Tumor-associated neural interactions

»  Normal physiological neural functions

Developing tumor-specific delivery systems or microenvironment-targeted strategies will be essential
to minimize toxicity.

7.4 Tumor Heterogeneity and Context Dependence

Not all tumors may rely equally on neuro-metabolic support. Tumor metabolic phenotypes vary
significantly across cancer types and stages.

Some cancers are predominantly glycolytic, while others exhibit strong oxidative phosphorylation
dependence. The extent to which mitochondrial transfer contributes to tumor fitness may depend on:

*  Tumor genetic background
*  Microenvironmental oxygen levels

*  Degree of innervation
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*  Metastatic stage
Future research must stratify tumors according to their neuro-metabolic dependence.

7.5 Methodological Limitations
Studying organelle transfer presents technical challenges:

»  Distinguishing donor mitochondria from endogenous mitochondria
*  Ensuring functional integration measurement

*  Quantifying transfer frequency

Advanced tools such as mitochondrial DNA tracing, fluorescent mitochondrial reporters, and live-cell
imaging will improve mechanistic resolution.

Section Summary

Although neuro-metabolic crosstalk represents a promising paradigm, substantial knowledge gaps
remain. Clinical validation, mechanistic clarification, selective therapeutic targeting, and improved
methodological tools are required before this concept can be fully integrated into precision oncology
frameworks.

8. Future Perspectives The recognition of neuronal mitochondrial transfer as a contributor to tumor
progression marks the beginning of a new interdisciplinary frontier bridging oncology, neurobiology,
metabolism, and translational medicine.

8.1 Integration of Neurobiology and Cancer Metabolism

Future research will likely expand beyond mitochondrial transfer to explore broader neuro-metabolic
interactions, including:

*  Metabolite exchange
»  Neural regulation of tumor bioenergetics

e Neural influence on tumor stem cell niches

Understanding these interactions may redefine the tumor microenvironment as a system-level network
rather than a localized cellular ecosystem.

8.2 Development of Targeted Therapeutics

As molecular regulators of mitochondrial trafficking become clearer, novel therapeutic agents may be
developed to:

*  Selectively inhibit organelle transfer
*  Disrupt neural remodeling within tumors

*  Block neurotrophic signaling loops

Combining these agents with metabolic inhibitors, immunotherapy, or chemotherapy may enhance
treatment efficacy.

8.3 Biomarker Discovery

Identifying biomarkers associated with neuro-metabolic activity will enable patient stratification and
personalized therapy.

Potential future biomarkers may include:

*  Neural density indices in tumor biopsies
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»  Expression profiles of mitochondrial trafficking proteins
»  Circulating mitochondrial DNA fragments

*  Metabolic imaging signatures

Such biomarkers may inform prognosis and therapeutic decision-making.

8.4 Implications for Metastasis Prevention

Because metastasis accounts for most cancer-related deaths, targeting neuro-metabolic support
mechanisms may be particularly valuable in high-risk patients. Intervening during early stages of tumor
progression could prevent the metabolic enhancement required for metastatic dissemination.

Future clinical trials may evaluate whether inhibiting neural interactions reduces recurrence and distant
metastasis rates.

8.5 Expanding Beyond Oncology

The study of intercellular mitochondrial transfer has implications beyond cancer, including
neurodegeneration, inflammation, and regenerative medicine. Insights gained from oncology may
reciprocally inform understanding of mitochondrial dynamics in other diseases.

Section Summary

Future research directions include mechanistic refinement, biomarker development, targeted drug
discovery, and integration of neuro-metabolic principles into precision oncology. This interdisciplinary
expansion promises to reshape current perspectives on tumor progression and therapeutic design.
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9. Conclusion

Cancer progression has traditionally been conceptualized as a tumor-autonomous process driven
primarily by genetic mutations and intracellular signaling dysregulation. However, mounting evidence
challenges this view by demonstrating that tumors actively engage and exploit systemic physiological
networks. Among these, the nervous system has emerged as a critical and dynamic contributor to
malignant progression.

Neuro-metabolic crosstalk represents a transformative paradigm in which neurons provide not only
chemical signals but also tangible metabolic support through mitochondrial transfer. The acquisition of
functional mitochondria enhances oxidative phosphorylation, stabilizes redox balance, reduces
apoptotic susceptibility, and strengthens metastatic competence. These biochemical advantages
contribute to tumor survival, therapy resistance, and evolutionary adaptation.

Although significant mechanistic and translational challenges remain, targeting neuronal contributions
to tumor metabolism offers a promising frontier in oncology. Disrupting organelle exchange, inhibiting
neural remodeling, and integrating neuro-targeted therapies with metabolic inhibitors may yield
innovative strategies to combat metastasis.

By bridging neurobiology and cancer metabolism, this emerging field expands our understanding of
tumor ecology and opens new avenues for precision therapeutic intervention. Continued
interdisciplinary investigation will be essential to translate these insights into clinical benefit.
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ANTENATAL CARE FACTORS INFLUENCING BABIES’ WEIGHT AT BIRTH

SAADATU IBRAHIM
Federal University of Technology Minna, Niger State
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ABSTRACT

Low birth weight remains a major public health concern, particularly in developing countries, due
to its strong association with infant morbidity and mortality. Antenatal care (ANC) plays a crucial
role in promoting healthy pregnancy outcomes, including optimal birth weight. This study
examined the influence of antenatal care factors on babies’ weight at birth at the General Hospital
Minna, Niger State, Nigeria.

A cross-sectional study design was adopted, involving pregnant women who attended antenatal
clinics and delivered at the facility. Data were collected using structured questionnaires and hospital
records. Statistical analysis was conducted using the Statistical Package for Social Sciences (SPSS)
version 26. Descriptive statistics, chi-square tests, and binary logistic regression were employed to
determine the relationship between antenatal care factors and birth weight.

The findings revealed that early initiation of ANC, adequate number of visits, good maternal
nutritional status, compliance with iron and folic acid supplementation, tetanus toxoid
immunization, and effective management of anemia and infections were significantly associated
with normal birth weight. In contrast, inadequate ANC attendance, poor dietary practices, and
untreated maternal illnesses were linked to low birth weight.

The study concludes that strengthening antenatal care services and promoting maternal health
education can significantly improve birth outcomes. Improving access to quality ANC services is
essential for reducing the prevalence of low birth weight and enhancing neonatal survival.
Keywords: Antenatal Care, Birth Weight, Low Birth Weight, Maternal Nutrition, Pregnancy
Outcomes, Neonatal Health, General Hospital Minna
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ABSTRACT

Cardiometabolic disorders remain a leading cause of global morbidity and mortality, with mounting
evidence implicating chronic low-grade systemic inflammation as a central pathophysiological
mechanism. This paper examines the relationship between systemic inflammatory processes and
cardiometabolic risk, emphasizing the role of inflammatory biomarkers in early detection and prevention
strategies. The study synthesizes current clinical and epidemiological findings to clarify the contribution
of inflammatory mediators to insulin resistance, endothelial dysfunction, atherogenesis, and metabolic
dysregulation. Particular attention is given to widely studied biomarkers, including C-reactive protein
(CRP), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-a), and their predictive value for
cardiovascular events and type 2 diabetes mellitus. The review highlights evidence suggesting that
persistent inflammatory activation contributes to the progression of subclinical vascular damage and
metabolic imbalance, even in asymptomatic individuals. Additionally, the paper explores the interaction
between lifestyle-related factors—such as obesity, sedentary behavior, dietary patterns, and
psychosocial stress—and inflammatory pathways. Emerging therapeutic approaches targeting
inflammation are also discussed, including pharmacological interventions, dietary modulation,
structured physical activity, and weight management strategies. The analysis underscores the importance
of integrating inflammatory markers into routine risk assessment models to improve prognostic accuracy
and guide personalized prevention strategies. By consolidating current evidence, this study supports the
hypothesis that systemic inflammation represents both a marker and a mediator of cardiometabolic
pathology. Early identification of inflammatory risk profiles may facilitate timely interventions,
potentially reducing disease burden and improving long-term clinical outcomes. The findings reinforce
the need for multidisciplinary preventive frameworks that address both biological and lifestyle
determinants of cardiometabolic health.

Keywords: C-reactive protein, Insulin resistance, Endothelial dysfunction, Preventive medicine.
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ABSTRACT

Polycystic kidney disease (PKD) is a common hereditary nephropathy characterized by the progressive
development of numerous fluid-filled cysts in the kidneys, often leading to end-stage renal disease
(ESRD). It primarily exists in two forms: autosomal dominant PKD (ADPKD), the most prevalent, and
the rarer autosomal recessive PKD (ARPKD). Despite advancements in understanding the genetic and
molecular mechanisms underlying PKD, current pharmacological treatments remain limited in efficacy
and are often accompanied by adverse effects. In recent years, growing attention has been directed
toward herbal and plant-derived compounds for their potential nephroprotective, anti-inflammatory, and
anti-fibrotic properties. This review provides a comprehensive overview of the pathophysiology, genetic
basis, and clinical manifestations of PKD, followed by an in-depth evaluation of herbal ingredients and
phytochemicals that have shown promise in experimental or clinical settings for PKD management. Key
herbs such as Astragalus membranaceus, Salvia miltiorrhiza, Cordyceps sinensis, and curcumin are
examined for their mechanisms of action in modulating cyst growth, oxidative stress, and renal fibrosis.
Additionally, this review highlights the need for standardized formulations, dose optimization, and
clinical trials to validate the efficacy and safety of these natural therapies in PKD patients.

Keywords: Polycystic kidney disease (PKD); Autosomal dominant PKD (ADPKD); Herbal medicine;
Phytochemicals; Nephroprotection; Renal fibrosis; Traditional medicine; Oxidative stress;
Cystogenesis; Natural products
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DUDAK VE DAMAK YARIKLARINDA TERMINOLOJi SECIMI VE CERRAHI TEDAVI
YONTEMLERI
TERMINOLOGY SELECTION AND SURGICAL TREATMENT METHODS IN CLEFT LIP AND
PALATE

. Prof. Dr. Mirezim ZAIDOV
Isvecra Montre Universiteti, MedAura kliniyinin bag hekimi

OZET

Dudak ve damak yariklari, dogustan gelen kraniofasiyal anomaliler arasinda en sik kargilagilan
deformitelerdir ve bu yariklarin tedavisi, hem estetik hem de fonksiyonel agidan olduk¢a onemlidir.
Dudak ve damak yariklarmin dogru bir sekilde tanimlanabilmesi i¢in kullanilan terminolojinin dogru
secilmesi, tedavi siirecinin basarisini dogrudan etkileyebilir. Literatiirde yer alan "cleft lip", "cleft
palate", "primer-sekonder damak yarig1" gibi terimler bazen anatomik yapilarin yanlig anlagilmasina
neden olabilmektedir. Ozellikle "primer" ve "sekonder" terimlerinin palatal yapilarin ikincil olusumlar
olarak algilanmasi, yanls anlamalara yol agabilir. Bu nedenle, "prepalatal" ve "palatal" terimlerinin
kullamlmasi, anatomik ve embriyolojik olarak daha dogru bir yaklasim sunmaktadir.

Dudak yariginin cerrahi tedavisinin ideal olarak gergeklestirilmesi i¢in birka¢ ana hedef bulunmaktadir:
Dental arkin dogru hizaya getirilmesi, dudak ve burun yapismin diizgiin bir sekilde birlestirilmesi ve
yarik nedeniyle ayrilmig dudak segmentlerinin anatomik olarak dogru bir sekilde kaynagtirilmast.
Tedaviye baslarken, yarigin tiirii ve ciddiyeti dikkatlice degerlendirilmelidir. Ornegin, tek tarafli dudak
yarig1 olan vakalarda, dudak segmentlerinin ayrilma derecesi ve alveolar segmentin durumu tedavi
planini belirlemede 6nemli rol oynar.

Tam dudak yarigi vakalarinda, ilk dudak onarmmi yapildiginda, genellikle intravelar veloplasti
onerilmektedir. Bu islemin ardindan, yumusak damak onarimi igin Furlow yontemi, sert damak onarimi
icinse vomer kapamasi gibi teknikler kullanilmaktadir. Ayrica, erken donemde yapilan lip adezyon
uygulamalar1 da cerrahinin basarili olmasinda yardime1 olmaktadir.

Sonug olarak, dudak ve damak yariklari tedavisinde basarili bir sonug elde etmek i¢in, dogru terminoloji
kullanimi, detayli anatomik degerlendirme ve bireysellestirilmis tedavi planlamasi biiyiilk 6nem
tasimaktadir. Bu silirecin her asamasinda cerrahi beceri kadar, ortodontik hazirlik ve preoperatif
miidahalelerin de rolii biiyiiktiir.

Acar Kelimeler: Dudak yarigi, Damak yarig1, Kraniofasiyal anomaliler, Cerrahi tedavi, Terminoloji

ABSTRACT

Cleft lip and palate are the most common congenital craniofacial anomalies, and their treatment is of
significant importance both aesthetically and functionally. The correct selection of terminology used to
define clefts can directly influence the success of the treatment process. Terms such as "cleft lip," "cleft
palate," and "primary-secondary palate cleft" sometimes lead to misunderstandings of the anatomical
structures. In particular, the interpretation of "primary" and "secondary" as referring to secondary
formations of the palatal structures can lead to misconceptions. Therefore, the use of the terms
"prepalatal” and "palatal" provides a more accurate approach both anatomically and embryologically.
The ideal surgical treatment of cleft lip involves several main goals: aligning the dental arch correctly,
properly integrating the lip and nasal structures, and anatomically joining the separated lip segments.
When starting treatment, the type and severity of the cleft should be carefully assessed. For example, in
cases of unilateral cleft lip, the degree of separation of the lip segments and the condition of the alveolar
segment play a crucial role in determining the treatment plan.

In complete cleft lip cases, when the initial lip repair is performed, intravelar veloplasty is generally
recommended. After this procedure, techniques such as the Furlow method for soft palate repair and
vomer flap for hard palate repair are used. Additionally, early lip adhesion procedures also contribute to
the success of surgery.
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In conclusion, achieving successful results in the treatment of cleft lip and palate requires the correct
use of terminology, detailed anatomical assessment, and individualized treatment planning. At every
stage of this process, surgical skills, as well as orthodontic preparation and preoperative interventions,
play significant roles.

Keywords: Cleft lip, Cleft palate, Craniofacial anomalies, Surgical treatment, Terminology

Giris

Dudak ve damak yariklar1 (DDY), kraniofasiyal bolgenin en sik goriilen konjenital anomalileri arasinda
yer almakta olup hem fonksiyonel hem estetik hem de psikososyal sonuglar doguran kompleks yapisal
bozukluklardir. Bu anomalilerin tanimlanmasi ve yonetiminde terminolojik standardizasyon klinik
iletisim, cerrahi planlama, arastirma sonuglarmin karsilastirilabilirligi ve multidisipliner tedavi
koordinasyonu agisindan kritik onem tagimaktadir. Bu calismada dudak ve damak yariklarinin
embriyolojik temelleri, etiyolojisi, terminolojik siniflandirmalari, uluslararasi: kodlama sistemleri ve
giincel cerrahi tedavi yontemleri kapsamli bi¢cimde incelenmistir. Ayrica multidisipliner tedavi
yaklasimi, uzun dénem sonuglar ve gelecekteki arastirma alanlari tartigilmustir.

Dudak ve damak yariklar1 embriyolojik gelisim sirasinda maksillofasiyal yapilarin birlesmemesi sonucu
ortaya cikan konjenital anomalilerdir. Bu anomaliler beslenme gii¢liigli, konusma bozuklugu, igitme
problemleri, dentofasiyal gelisim anomalileri ve psikososyal uyum sorunlari ile iligkilidir.

Diinya genelinde goriilme siklig1 yaklasik 1/500—1/700 canli dogum arasinda degismektedir ve cografi,
etnik ve sosyoekonomik faktorlere bagh farklilik gostermektedir. Kiiresel epidemiyolojik verilerin
standardizasyonunda World Health Organization tarafindan gelistirilen kayit sistemleri énemli rol
oynamaktadir.

Terminolojik birlik eksikligi klinik tani, tedavi planlamasi ve bilimsel raporlamada 6nemli sorunlara yol
agmaktadir. Bu nedenle uluslararasi siniflandirma sistemleri ve kodlama standartlar1 gelistirilmistir.
Embriyolojik Gelisim, Normal Yiz Gelisimi: “Yiz gelisimi gebeligin 4—12. hafialar arasinda
gergeklesir. Maksiller, mandibular ve nazal ¢ikintilarin fiizyonu dudak ve damak yapilarint olusturur.
Bu birlesme stirecindeki bozukluklar DDY ile sonu¢lanir”(4, s. 45)

Dudak Gelisimi. Ust dudak medial nazal ve maksiller ¢ikintilarin birlesmesiyle olusur. Fiizyon
bozuklugu dudak yarigina neden olur.

Damak Geligimi. Primer ve sekonder damak gelisimi farkli embriyolojik siireclerle gerceklesir. Palatal
raflarmn yiikselmesi ve birlesmesi sirasinda olusan bozukluk damak yarigina yol acar.

Etiyoloji

Genetik Faktorler. Dudak ve damak yariklari multifaktdriyel kalittm modeli gosterir. Baslica genetik
faktorler:

IRF6 gen mutasyonu

MSXI1 geni

PVRLI1 geni

TBX22 mutasyonlari

Sendromik durumlar (Van der Woude sendromu vb.)

Aile oykiisti risk faktoriinii 6nemli 6l¢iide artirmaktadir.

Cevresel Faktorler

e Maternal sigara ve alkol kullanim

Folik asit eksikligi

Antikonviilzan ilaglar

Maternal diyabet

Intrauterin enfeksiyonlar

e Radyasyon maruziyeti

Genetik yatkinlik ile ¢cevresel faktorlerin etkilesimi hastaligin ortaya ¢ikmasinda belirleyicidir.

Dudak ve Damak Yariklarinda Terminoloji ve Terminolojik Standardizasyonun Onemi

Dudak ve damak yarig1 terminolojisinde ¢esitli sekiller

“cleft lip” “cleft palate” ?

“preparatal” “palatal cleft” ?

“primer damak” “sekonder damak yarig1” ?
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“dudak” “damak yarig1” ?

Hangisini kullanalim?

Primer ve sekonder seklinde ayirmak, 6alatal yapilarin ikincil yapilar oldugu seklinde yanlis anlamaya
neden olabilir. Herhalde en uygun terminoloji “Prepalatal- palatal” olarak klefti belirlemektir.

Dudak yariginin ideal olarak diizeltilmesi:

1. “Dental arkin uygun bir hizaya getirilmesi,

2. Dudak ve burnun tizerinde yer aldigi biiyiiyen ve geligen bir platformun yaratiimast,

3. Yarik nedeniyle ayrilmis dudak segmentlerinin bir araya getirilip kaynastirilmasi,

4.  Normalligi ve ahengi bozulmus burnun normale yaklagtirilmast ile miimkiindiir’(6, s. 198).
Cerrahi tedavide amag ve ana prensipler:

1. Filtral cukur veya Cupid yayindan arta kalanlar dahil olmak iizere, dogal nokta ve ¢izgileri kayb
etmeksizin, yarik kenarlar1 yaklagtiriimali,

Mevcut dokudan tamir esnasinda doku atilmamali veya ¢ok az atilmals,

Cupid yay1 dengeli bir pozisyonda bulunmali,

Birlesim yerindeki skarlar dogal bir deri ¢izgisine oturtulmali,

Kas dudak serbest kenarlarini everte edecek sekilde tiim hacmiyle uygun b ir hizaya getirilmeli,
Alar bazlar ayni hizaya ve dengeli hale getirilmeli, kolumella her iki tarafinda esit uzunlukta olmali,
Son durum estetik agidan dogal, fonksiyonel olarak simetrik olmalidir.

Bunlar1 yapmak i¢in tedavi planimiz ne olmalidir?

Oncelikle mevcut deformite tammlanmalidir. Ornegin bir oluk bir centigi olan, degisik derecelerde
vertikal olarak dudak gereklidir. Bunlarda nazal deformite, mevcut dudak sonrasindaki durum,
konjenital deformiteyi aratmamalidir.

Tek tarafli tam olmayan dudak yarigi, dudagin degisik derecelerde ayrilmasi ile karakterize olup,
genelinde bozulmamis rotasyon, ilerletme yontemi ile tamir edilir. Eslik eden nazal dudak, burun tabani
ve alveol yarigiyla karakterizedir. Sekonder damak intakt olabilir, ancak komplet yariklar siklikla tiim
damagi etkiler. Komplet dudak yarigimi degerlendirmede kritik faktorler, alveoler segmentin durumu ve
lateral dudak elemaninin vertikal uzunlugudur. “Alveolar segment 4 durumda olabilir:

1. Dar — kollabe degil

2. Dar — kollabe

3. Genis — kollabe degil

4. Genis — kollabe” (2, s. 75)

Buradaki genisin anlami, alveolun diisiiniilenden daha lateral durumda olmasidir. Kollabe deyimi ise,
medial dental kenarda arkin dizilimiyle belirlenen lateral maksiller segmentin, lingualde yer almasi
demektir.

Dar ve kollabe olmayan yariklar, nazal deformitenin de ayni zamanda diizeltildigi, rotasyon-ilerletme
yontemine en uygun yariklardir. Dar ve kollabe yariklar, cerrahi Oncesi ortodonti ile damak
genislemesinin yaklasik 2. haftada basladigi ve dudak onariminin yapilacagi zamana kadar siirdiiriildiigii
tedavi protokoliine en yatkin yariklardir. Genis ve kollaps olan tam yariklar, cerrahi 6ncesi kollapsi
diizeltecek palatal ekspansiyonu takip eden lip adezyondan ve ayni zamanda palatal kleftin her iki
segmentini kontrol eden “statik yol gosterici” araglardan ¢ok faydalanirlar. Genis olan ve kollabe
olmayan yariklar, ¢okmeyi Onleyecek statik yol gosterici ara¢ uygulamasini takiben yapilacak lip
adezyondan fayda goriirler. Tiim genis yariklarda lip adezyon, alveolar segmentlerin iligkisinin
diizelmesini destekler ve daha uygun nazal korreksiyona izin verir tarzda olmalidir.

Hemen tiim tam yariklarda, ilk dudak tamiri veya dudak adezyonu yapildiginda, intravelar veloplasti
yapilmas1 onerilmektedir. Randall, yuamusak damak onarimi i¢in Furlow yontemini, sert damak icin bir
veya iki kat halinde vomer kapamasini benimsedigini bildirmistir.

Terminolojik standardizasyon asagidaki alanlarda kritik rol oynar:

e Tam dogrulugu

Cerrahi teknik secimi

Klinik arastirmalarin karsilastirilmasi

Epidemiyolojik caligmalar

Multidisipliner iletisim

Uluslararasi tan1 kodlar1 6zellikle International Classification of Diseases sistemi ile belirlenmektedir.

N LR WD
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Temel Terminolojik Kavramlar, Dudak Yarigi (Cleft Lip)
Ust dudak dokularmin parsiyel veya total ayrilmasidir.
Alt tipler:

e Unilateral

e Bilateral

e Komplet
e Inkomplet
e  Mikroform

Damak Yarigi (Cleft Palate)

Sert veya yumusak damagin birlesmemesi sonucu olusur.

Alt tipler:

e Primer damak yarig

o Sckonder damak yarig

e Submiikdz yarik

Dudak-Damak Yarigi-

Hem dudak hem damak yapilarini igeren kompleks anomalidir.
Uluslararasi Smiflandirma Sistemleri. Veau Simiflandirmasi
En klasik sistemlerden biridir:

e  Grup I — Yumusak damak

e  Grup II — Sert + yumusak damak

e  Grup III — Unilateral yarik

e Grup IV — Bilateral yarik

Kernahan Striped-Y Siniflandirmasi

Embriyolojik flizyon alanlarmma gére detayli degerlendirme saglar.
LAHSHAL Sistemi

Modern klinik kayit ve veri standardizasyonunda yaygin kullanilir.
Klinik Degerlendirme

Prenatal Tani

Ultrasonografi

Fetal MRI

Genetik testler

Postnatal Degerlendirme

Anatomik inceleme

Isitme testleri

Beslenme degerlendirmesi

Konusma degerlendirmesi

Ortodontik analiz

Cerrahi Tedavi Ilkeleri

Cerrahi tedavinin temel amaglar1:

e Anatomik biitlinliiglin saglanmas1

e Normal konugma gelisimi

e Fonksiyonel beslenme

e Estetik gorliniim

e Psikososyal adaptasyon

Tedavi genellikle yasamin ilk yilinda baglar.

Dudak Yarig1 Cerrahisi

Millard Rotasyon-Advansman Teknigi

En yaygin kullanilan yontemdir. Dogal anatomi olusturur ve burun deformitesini diizeltir.
Tennison—Randall Teknigi

Uggen flep prensibine dayanir ve simetrik dudak yapisi saglar.
Fisher Anatomik Subunit Teknigi

Son yillarda popiiler hale gelmis modern yaklagimdir.

Damak Yarig1 Cerrahisi. Von Langenbeck Palatoplasti
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Mukoperiostal flepler kullanilir.
Wardill-Kilner Push-Back

Damak uzunlugunu artirir.

Furlow Double Opposing Z-Plasty
Velofaringeal fonksiyonun diizeltilmesinde etkilidir.
Sekonder Cerrahi ve Uzun Dénem Miidahaleler
e Alveoler kemik grefti

Faringoplasti

Ortognatik cerrahi

Revizyon cerrahisi

Burun rekonstriiksiyonu

Multidisipliner Tedavi Yaklagimi

Basarili tedavi i¢in ekip yaklagimi gereklidir:
e Plastik cerrah

Ortodontist

Konugma terapisti

Kulak burun bogaz uzmani

Psikolog

Pediatrist

Multidisipliner yaklasim yasam kalitesini belirgin sekilde artirmaktadir.
Komplikasyonlar

Velofaringeal yetmezlik

Fistiil olusumu

Konusma bozuklugu

Orta kulak problemleri

Maksillofasiyal biiyiime bozuklugu
Psikososyal Etkiler

DDY bireylerde:

e Sosyal uyum sorunlari

o Ozgiiven problemleri

e Stigmatizasyon

e Akademik performans etkilenmesi

Erken miidahale bu etkileri azaltir.

Giincel Arastirmalar ve Gelecek Perspektifleri
e Doku miihendisligi

Genetik tedaviler

3D cerrahi planlama

Yapay zeka destekli cerrahi simiilasyon
Prenatal miidahale yaklagimlar1

Tartisma

Terminolojik standardizasyon ve cerrahi tekniklerin gelisimi DDY yoOnetiminde 6nemli ilerlemeler
saglamistir. Bununla birlikte uzun dénem konusma sonuglar1 ve yiiz bilylimesi tizerindeki etkiler halen
arastirilmaktadir.

Sonuc¢

Dudak ve damak yariklar1 kompleks konjenital anomaliler olup terminolojik birlik, dogru siniflandirma
ve multidisipliner yaklasim tedavi basarisinin temelini olusturur. Modern cerrahi teknikler hastalarin
fonksiyonel ve estetik sonuglarini 6nemli 6l¢giide iyilestirmistir.
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IN SILICO IDENTIFICATION OF ANTIMICROBIAL PEPTIDE CANDIDATES IN THE
CAMELLIA SINENSIS (TEA) PROTEOME
CAMELLIA SINENSIS (CAY) PROTEOMUNDA ANTIMIKROBIYAL PEPTIT ADAYLARININ /N
SILICO TANIMLANMASI

Dr. Aysenur Eminoglu
Recep Tayyip Erdogan University, Faculty of Art and Science, Department of Biology, Division of
Molecular Biology, Rize, Tiirkiye
ORCID ID: 0000-0003-1693-6332

ABSTRACT

Plant antimicrobial peptides (AMPs) are generally cysteine-rich peptides with molecular weights of 2—
10 kDa and high structural stability. Although Camellia sinensis exhibits strong antimicrobial activity,
this activity is largely attributed to phenolic compounds, and structurally defined bona fide AMPs from
this species have not yet been explicitly reported. This study was designed as a preliminary analysis
covering the first 500 proteins of the tea proteome to evaluate the applicability of a screening approach
developed to identify AMP candidates. Protein sequences were imported into the R environment in
FASTA, segmented into 20—40 amino acid subsequences using a sliding window approach, and
evaluated using support vector machine (SVM), Random Forest (RF), artificial neural network (ANN),
and discriminant analysis (DA) based classifiers implemented in the CAMP database. A total of 3,035
high-confidence candidates predicted as AMPs by all four classifiers were selected. For each candidate,
amino acid composition-based metrics were calculated, including net-charge, isoelectric point (pl),
hydrophobicity (GRAVY), fractions of positively charged and hydrophobic residues, amphipathicity,
and alpha-helix propensity. Initial filtering was performed using rule-based criteria frequently reported
for AMPs in the literature (net charge +2 to +5, pI > 8, GRAVY —1 to +1, amphipathic-proxy > 0.4, and
minimum cysteine content), followed by multi-criteria prioritization based on length, charge, and
composition. The high-confidence AMP candidates exhibited positive net charge (median = 3, range:
2-5), basic pl (median ~ 8.8), balanced hydrophobicity (median GRAVY = 0.35), pronounced
amphipathicity (median =~ 0.51), and high alpha-helix propensity (median = 0.96). Classifier probability
scores further indicated high prediction confidence (SVM median = 0.81, RF =0.73, DA =0.91).These
findings demonstrate that peptides derived from the tea proteome can be identified as high-confidence
AMP candidates using in silico approaches and that these candidates are consistent with the
characteristic biophysical profile of a-helical AMPs.

Keywords: Antimicrobial Peptides, Camellia sinensis, Biophysical Characterization.

OZET

Bitkisel antimikrobiyal peptitler (AMP ’ler) genellikle sistein acisindan zengin, 2—10 kDa biiyiikliigiinde
ve yliksek yapisal stabiliteye sahip peptitlerdir. Camellia sinensis (¢ay) giiclii antimikrobiyal aktivite
sergilemesine ragmen, bu etkinin biiyiik dl¢lide fenolik bilesiklere dayandigi kabul edilmektedir ve bu
tiire ait yapisal olarak tanmimlanmig ger¢ek AMP’ler ise heniiz agik bigimde raporlanmamistir. Bu
calisma, cay proteomunda AMP adaylarii belirlemeye yonelik gelistirilen bir tarama yaklagiminin
uygulanabilirligini degerlendirmek amaciyla, proteomun ilk 500 proteinini kapsayan bir 6n analiz olarak
tasarlandi. Protein dizileri FASTA formatinda R ortamina aktarildi, kaydirmali pencere yaklagim ile
20—40 amino asit uzunluklarmda alt dizilere ayrildi ve elde edilen peptit adaylar1t CAMP veri tabaninda
yer alan destek vektdr makineleri (SVM), rastgele orman (RF), yapay sinir aglar1 (ANN) ve diskriminant
analiz (DA) tabanl siniflandiricilar kullamilarak degerlendirildi ve dort smiflandiricinin tamami
tarafindan AMP olarak tahmin edilen 3035 yiiksek giivenli aday secildi. Aday diziler i¢in amino asit
kompozisyonuna dayali olarak net yiik, izoelektrik nokta (plI), hidrofobiklik (GRAVY), pozitif ve
hidrofobik kalint1 fraksiyonlar1 ile amfipatiklik ve alfa-heliks egilimini temsil eden metrikler hesaplandi.
On eleme, literatiirde AMP’ler igin sik bildirilen kriterler dogrultusunda (net yiik +2 ile +5, pI > 8,
GRAVY -1 ile +1, amfipatiklik gostergesi > 0.4 ve minimum sistein icerigi) kural tabanli olarak
gerceklestirildi, ardindan uzunluk, yik ve kompozisyona dayali ¢ok kriterli bir onceliklendirme
uygulandi.
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Yiiksek giivenli AMP adaylarinin pozitif net yiik (medyan = 3, aralik: 2-5), bazik pl (medyan = 8.8),
dengeli hidrofobiklik (medyan GRAVY = 0.35), belirgin amfipatiklik (medyan amfipatiklik gostergesi
~ 0.51) ve yiiksek alfa-heliks egilimi (medyan heliks egilimi = 0.96) sergiledigi goriildii. Smiflandirici
olasilik skorlar1 da adaylarm yiiksek tahmin giivenine sahip oldugunu gosterdi. (SVM medyan = 0.81,
RF = 0.73, DA = 0.91). Bu bulgular, ¢ay proteomundan tiiretilen peptitlerin in silico yaklagimlar
kullamlarak yiiksek giivenli AMP adaylar1 olarak tanimlanabilecegini ve bu adaylarin a-helikal
AMP’lerin karakteristik biyofiziksel profiliyle uyumlu oldugunu gostermektedir.

Anahtar Kelimeler: Antimikrobiyal Peptitler, Camellia sinenssi, Biyofiziksel Karakterizasyon.
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PHENOLIC COMPOSITION AND ANTIOXIDANT POTENTIAL OF Hypericum
xylosteifolium: EVALUATION ACROSS DIFFERENT PLANT PARTS

Dr. Abidin GUMRUKCUOGLU
Medicinal- Aromatic Plants Application and Research Centre, Artvin Coruh University, 0800, Artvin,
Turkey,
ORCID ID: 0000-0001-7285-9664

Dr. Cansu ALTUNTAS
Medicinal- Aromatic Plants Application and Research Centre, Artvin Coruh University, 0800, Artvin,
Turkey,
ORCID ID: 0000-0002-1363-6142

ABSTRACT

This study aimed to determine the diversity of phenolic compounds and antioxidant capacity in the
flower, leaf, and stem tissues of Hypericum xylosteifolium. Total phenolic content (TPC), total flavonoid
content (TFC), and antioxidant activities (DPPH, FRAP, and CUPRAC assays) were evaluated in
methanolic extracts of different plant parts. According to the results, leaf tissue exhibited the highest
total phenolic content (72.58 £ 1.73 mg GAE/g) and total flavonoid content (11.34 £+ 0.52 mg QE/g),
indicating greater biochemical richness compared to flowers and stems. The leaf extract also
demonstrated the strongest antioxidant activity, with the lowest ICso value in the DPPH assay (0.02
mg/mL) and the highest reducing capacities in FRAP (368.24 + 25.65 pmol FeSOs-7H-0/g) and
CUPRAC (1.05 £ 0.08 mmol TEAC/g) assays. HPLC-DAD analysis revealed that flavan-3-ols were the
dominant phenolic compounds, with catechin (2412.87-3823.18 pg/g) and epicatechin (3099.35—
3758.33 ng/g) being the most abundant, particularly in leaf tissues. Among phenolic acids, p-coumaric
acid (1033.00 ug/g) and ferulic acid (727.59 pg/g) were detected at high concentrations in leaves, while
caffeic acid and 3,4-dihydroxybenzoic acid were present in all tissues at varying levels. In addition,
hypericin was detected exclusively in leaf tissue (19.97 ug/g), whereas apigenin was identified only in
flower extracts (9.66 ug/g), indicating tissue-specific metabolite distribution. In conclusion, H.
xylosteifolium exhibits a rich phenolic profile and strong antioxidant potential, particularly in its leaf
tissue. These findings highlight the species as a promising natural source of bioactive compounds and
provide valuable insights for future phytochemical, chemotaxonomic, and pharmacological studies
Keywords: Hypericum xylosteifolium, Phenolics, Antioxidant activity, HPLC

INTRODUCTION

Hypericum L. species are widely recognized as medicinally important plants, occurring as herbs or
shrubs within the family Hypericaceae (Butterweck et al. 2003). The genus includes nearly 500 species
grouped into 36 taxonomic sections and constitutes a notable portion of angiosperm diversity (Crockett
and Robson, 2011; Cirak et al. 2016). Tiirkiye represents one of the key centers of diversity for
Hypericum, hosting approximately 100 taxa, of which 45 are endemic (Ozkan et al. 2013). Within this
genus, Hypericum perforatum L. stands out as the most thoroughly investigated species, largely due to
its well-established pharmaceutical value (Crockett, 2010). Its significance has been formally
acknowledged by the World Health Organization, which included the plant in its 2002 medicinal plant
monographs under the name Hyperici herba. Although research has predominantly emphasized its
antidepressant effects, numerous studies have demonstrated that its bioactive constituents also possess
anti-inflammatory, antimicrobial, and antiproliferative properties (Crockett and Robson, 2011; Shasmita
et al. 2023). The phytochemical composition of H. perforatum is characterized by a diverse range of
secondary metabolites, including naphthodianthrones (such as hypericin and pseudohypericin),
phloroglucinol derivatives (notably hyperforin and adhyperforin), flavonoids (including hyperoside,
rutin, and quercetin), biflavones (such as biapigenin and amentoflavone), as well as phenolic acids like
ferulic and caffeic acid. In addition, the plant contains proanthocyanidins, essential oils, and various
other specialized constituents (Hostettmann and Wolfender, 2005; Crockett and Robson, 2011).
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Although H. perforatum has been extensively investigated, Hypericum xylosteifolium remains relatively
understudied, particularly in terms of its phytochemical and biological properties. Existing preliminary
studies suggest that this species contains a variety of bioactive constituents; however, comprehensive
and systematic data on its chemical profile and pharmacological potential are still limited. Expanding
on these limited findings, Hypericum xylosteifolium has been reported to produce a diverse array of
secondary metabolites. Different plant parts, including leaves, flowers, and stems, contain key
compounds such as hypericin, pseudohypericin, hyperforin, adhyperforin, chlorogenic acid,
neochlorogenic acid, caffeic acid, 2,4-dihydroxybenzoic acid, 13,118-biapigenin, hyperoside,
isoquercitrin, quercitrin, quercetin, avicularin, rutin, (+)-catechin, and (—)-epicatechin. In addition to its
phenolic and flavonoid profile, the volatile composition of the species—varying according to
phenological stage—is characterized by constituents such as daucol, naphthalene, and aromadendrene
(Crrak et al. 2012). Available studies focusing specifically on H. xylosteifolium indicate that this species
exhibits notable biological activities, including antimicrobial, antibacterial, and antioxidant effects
(Ghasemi et al. 2007, 2014). Although these findings are promising, current knowledge remains limited
and largely preliminary, highlighting the need for more detailed investigations into its phytochemical
composition and biological potential. Moreover, it is well established that environmental factors such
as altitude, climatic conditions, and soil characteristics can significantly influence the accumulation of
secondary metabolites, adding an important ecological dimension to phytochemical studies of this
species. In this context, the present study aims to comprehensively evaluate the phenolic profile and
antioxidant capacity of H. xylosteifolium. Total phenolic content and total flavonoid content were
determined, and antioxidant activity was assessed using DPPH, FRAP, and CUPRAC assays across
different plant tissues, including flowers, leaves, and stems. Furthermore, a detailed characterization of
10 individual phenolic compounds was performed using HPLC-DAD analysis. To the best of our
knowledge, this study provides the first comprehensive dataset on the total phenolic and flavonoid
contents of H. xylosteifolium, thereby addressing a significant gap in the literature. By linking
phytochemical composition with tissue-specific distribution and potential environmental influences,
these findings contribute to a better understanding of the species’ chemotaxonomic position and support
its potential relevance in phytomedicinal applications.

MATERIALS AND METHOD

Plant Material

The plant material of Hypericum xylosteifolium investigated in this study was collected from its natural
habitat in Artvin, Tiirkiye (Figure 1). Taxonomic identification and verification of the species were
performed using the diagnostic keys for Hypericum proposed by Robson (1967). A voucher specimen
of the collected material has been deposited at the Artvin Coruh University Medicinal and Aromatic
Plants Application and Research Centre. Detailed information regarding the collection site and accession
number of the specimen is presented in Table 1.

Table 1. Localities and voucher number of Hypericum xylosteifolium studied.

Taxon Locality Voucher
H. xylosteifolium (Spach) N. | A8 Artvin: Borgka, Aralk Aksu 359
Robson Village, 450 m, 16 June 2022 !

Preparation of extracts

The collected Hypericum xylosteifolium samples were air-dried for 7-8 days, after which the plant parts
(flowers, leaves, and stems) were separated and finely powdered using a laboratory blender. Each
powdered sample was extracted with methanol and subjected to continuous agitation in a shaker at 25
°C for 24 h. The mixtures were subsequently filtered through standard filter paper, and the filtrates were
concentrated under reduced pressure using a rotary evaporator. The resulting extracts were used for the
determination of antioxidant properties, including total phenolic and flavonoid contents.
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In addition, radical scavenging capacity was assessed by the DPPH assay, while reducing power was
evaluated using FRAP and CUPRAC methods. All extracts were further subjected to HPLC analysis for
detailed phenolic profiling.

Total phenolic content

Total phenolic content was determined using the Folin—Ciocalteu method, which relies on the formation
of a blue chromophore upon reaction with phenolic compounds. The absorbance of this complex was
measured at 760 nm, and the intensity of the color was directly proportional to the phenolic
concentration. Quantification was achieved using a calibration curve prepared with gallic acid as the
standard, and results were expressed as gallic acid equivalents (GAE) (Singleton et al. 1999).

Total flavonoid content

The total flavonoid content was quantified based on a modified aluminum chloride colorimetric method
(Zhishen et al. 1999). This assay depends on the complex formation between aluminum chloride and
flavonoid structures, particularly involving the C-4 keto group and hydroxyl groups at C-3 or C-5
positions, as well as ortho-dihydroxy groups in aromatic rings. Quercetin was used as the reference
compound, and a calibration curve was generated over a concentration range of 0.03125—1.0 mg/mL by
plotting absorbance against standard concentrations.

DPPH free radical scavenging activity assay

The radical scavenging activity of the extracts was evaluated using a modified DPPH method (Brand-
Williams et al. 1995). A methanolic DPPH solution (4 mg/100 mL) was prepared, and equal volumes
(0.750 mL) of this solution and sample extracts at different concentrations were mixed. The reaction
mixtures were incubated in the dark at room temperature to avoid photodegradation. Absorbance was
measured at 517 nm after incubation, and the percentage inhibition of DPPH radicals was calculated.
ICso values, representing the concentration required to inhibit 50% of the radicals, were determined from
calibration curves constructed by plotting inhibition percentages against extract concentrations.

Ferric Reducing Antioxidant Power (FRAP) assay
The FRAP assay was performed based on the reduction of the ferric tripyridyltriazine (Fe**~TPTZ)
complex to its ferrous (Fe**~TPTZ) form under acidic conditions. This reduction produces a blue-
colored complex, the absorbance of which was measured at 593 nm. The antioxidant capacity of the
methanolic extracts was expressed as milligrams of quercetin equivalents per gram of sample, reflecting
their ferric reducing ability (Benzie and Strain, 1996).

Copper Reducing Antioxidant Capacity (CUPRAC) assay

Antioxidant activity was also assessed using the CUPRAC method, which is based on the reduction of
the copper(Il)-neocuproine complex to copper(I)-neocuproine in the presence of antioxidants. This
reaction results in a colored complex with maximum absorbance at 450 nm. Trolox was used as the
calibration standard within a concentration range of 0.03125—-1 mM. The antioxidant capacity of the
samples was expressed as Trolox Equivalent Antioxidant Capacity (TEAC) (Ozyiirek et al. 2011).

High-performance liquid chromatography (HPLC) analysis

Phenolic compounds were separated using an ACE 5 C18 column (250 % 4.6 mm i.d.). In the first
chromatographic method, the mobile phase consisted of acetonitrile (A) and 1.5% acetic acid solution
(B), with a gradient starting at 15% A and increasing to 40% A over 29 min. Detection was carried out
using a 1260 DAD WR detector at 250, 270, and 320 nm. The system included a 1260 Quat Pump (flow
rate: 0.7 mL/min), a 1260 Vialsampler (injection volume: 10 pL), and a G7116A column oven
maintained at 35 °C.

For the second analysis, methanol (A) and 1.5% acetic acid (B) were used as the mobile phase. The
gradient program was adjusted from 10% A to 90% A over 53 min. Detection wavelengths were set at
280, 290, 320, 370, and 535 nm under the same instrumental conditions.
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For hypericin determination, the same column was employed with a mobile phase consisting of
acetonitrile (A) and 20 mM ammonium acetate (B). The gradient started at 50% A, increased to 90% A
between 25-35 min, and returned to initial conditions by 45 min. Detection was performed at 590 and
600 nm, with a flow rate of 1 mL/min and an injection volume of 50 pL, while the column temperature
was set to 30 °C.

Standard solutions for phenolic compounds were prepared at concentrations of 25, 50, 75, 100, 200, and
300 pg/mL, and calibration curves were generated accordingly prior to HPLC-DAD analysis.

Data analysis

All experiments were conducted using a completely randomized design. Statistical analyses were
performed using one-way analysis of variance (ANOVA), followed by Duncan’s Multiple Range Test
for mean comparisons, using SPSS version 26 (IBM Corp., NY, USA). The results are presented as
mean + standard error (SE).

RESULTS AND DISCUSSION

The results of the present study clearly demonstrate that both the phenolic composition and antioxidant
capacity of Hypericum xylosteifolium are strongly dependent on plant organ. Among the investigated
tissues, leaves exhibited the highest total phenolic content (72.58 + 1.73 mg GAE/g dry sample) and
total flavonoid content (11.34 + 0.52 mg QE/g dry sample), followed by flowers and stems. This
distribution pattern was consistently reflected in antioxidant assays, where the leaf extract showed the
strongest activity across all methods, with the lowest ICso value in the DPPH assay (0.02 = 0.00 mg/mL),
as well as the highest reducing capacities in both FRAP (368.24 + 25.65 umol FeSO4-7H>0/g sample)
and CUPRAC (1.05 £+ 0.08 mmol TEAC/g sample) assays. In contrast, stems exhibited the lowest
phenolic (11.34 + 0.87 mg GAE/g) and flavonoid contents (2.39 + 0.15 mg QE/g), accompanied by the
weakest antioxidant performance, while flowers displayed intermediate values across all parameters
(Table 2).

Table 2. The antioxidant properties of Hypericum xylosteifolium were investigated, including the total
phenolic content, total flavonoid content, DPPH free radical scavenging capacity (IC50), FRAP and
CUPRAC analyses.

Taxon Used  Total Total ICso FRAP (umol CUPRAC
part phenolic flavonoid DPPH FeSO4.7H,0/g (mmol
content (mg content (mg Inhibition sample)* TEAC/g
GAE/g dry QE/g dry (mg/ml)* sample)*
sample)* sample)*
H. Flower 54.18+3.77°  5.08+0.03°  0.05+0.00° 205.00£9.36"  0.60+0.02°
xylosteifolium

Leaf 72.58+1.73% 11.34+0.52*  0.02+0.00° 368.24+25.65* 1.05+0.08*
Stem 11.34+0.87¢ 2.39+0.15°¢ 0.06+0.00° 86.10+8.22°¢ 0.25+0.02¢
* Results are represented as means + standard deviation (n = 3)

This tissue-specific variation in phytochemical composition is further supported by the detailed HPLC-
DAD profiling, which revealed pronounced differences in both the diversity and abundance of
individual phenolic compounds among plant organs. Flavan-3-ol derivatives, particularly catechin and
epicatechin, were identified as the dominant compounds, with their highest concentrations detected in
leaf tissue (3823.18 and 3758.33 pg/g, respectively), followed by flowers and stems. Similarly, phenolic
acids such as p-coumaric acid (1033.00 pg/g) and ferulic acid (727.59 ng/g) were predominantly
accumulated in leaves, with ferulic acid being exclusively detected in this organ. In contrast, certain
compounds exhibited tissue-specific localization; for instance, apigenin was detected only in flowers
(9.66 pg/g), while hypericin was identified solely in leaves (19.97 nug/g) (Table 3). These findings
indicate that leaves function as the principal metabolic center for both phenolic biosynthesis and
accumulation in H. xylosteifolium, whereas stems represent a comparatively less active compartment in
terms of secondary metabolite storage.
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Table 3. Contents of phenolic and flavonoid compounds (mg/kg) in the flowers, leaves and stems of
the H. xylosteifolium

Compounds (mg/kg) Flower Leaf Stem
3,4-Hidroksibenzoik Asit 369.81 312.70 2.61
Katesin 2412.87 3823.18 1008.93
Epikatesin 3099.35 3758.33 1501.81
Kafeik Asit 140.48 223.30 42.08
Vanillik Asit 36.81 41.67 18.05
Rutin 67.63 68.28 32.27
p-Kumarik Asit 246.40 1033.00 231.05
Ferulik Asit N/D 727.59 N/D
Apigenin 9.66 N/D N/D
Hiperisin N/D 19.97 N/D

N/D: Not Determined

The observed localization of hypericin can be explained by the distribution of secretory structures within
plant tissues. In Hypericum species, dark glands, translucent glands, and secretory canals are known to
act as sites for the synthesis and accumulation of secondary metabolites. Hypericin accumulation, in
particular, has been closely associated with the presence of dark-colored glands, which are typically
more abundant in aerial and photosynthetically active tissues such as leaves. The absence of hypericin
in stem tissue in the present study is therefore consistent with the lower density of these specialized
structures, supporting previous findings that glandular distribution directly influences phytochemical
localization.

The antioxidant activity results obtained through DPPH, FRAP, and CUPRAC assays consistently
support the phytochemical distribution revealed by HPLC analysis. The superior DPPH radical
scavenging activity of leaf extracts can be attributed to their higher phenolic and flavonoid content,
particularly the abundance of catechin, epicatechin, and hydroxycinnamic acids, which are known for
their strong hydrogen- and electron-donating capacities. Likewise, the higher FRAP and CUPRAC
values observed in leaves reflect their enhanced reducing power, which is directly associated with the
presence of redox-active phenolic constituents. Conversely, the lower antioxidant activity of stem
extracts corresponds with their reduced phytochemical content, confirming a strong positive correlation
between phenolic composition and antioxidant potential.

These findings are in agreement with previous studies indicating that phenolic accumulation varies
significantly among plant organs and is influenced by both genetic factors and environmental conditions
(Garcia et al. 2013; Ozyiirek et al. 2012; Treutter, 2010). Environmental parameters such as habitat,
altitude, light intensity, temperature, and soil nutrient availability regulate phenylpropanoid metabolism,
thereby shaping the polyphenolic profile of plant tissues (Taleghani et al. 2024; Orhan et al. 2007; Dixon
and Paiva, 1995). In particular, water availability has been identified as a key ecological factor, where
favorable conditions enhance secondary metabolite accumulation, while stress conditions such as
drought may limit phenolic biosynthesis (Wellstein et al. 2013; Leuschner and Ellenberg, 2017).
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Similar organ-dependent patterns have also been reported in other Hypericum species (Cirak and
Radusiene, 2019; Kladar et al. 2015).

From a chemotaxonomic perspective, the phytochemical profile of H. xylosteifolium provides valuable
insights into its classification within the genus Hypericum. The presence of key compounds such as
hypericin, catechin, rutin, and hydroxycinnamic acids supports their role as important chemotaxonomic
markers, particularly in cases where morphological features alone are insufficient for species
differentiation. The dominance of flavan-3-ols and the tissue-specific localization of hypericin further
reinforce the significance of secondary metabolites in distinguishing taxa within the genus.

Overall, the results demonstrate a strong positive correlation between phenolic and flavonoid content
and antioxidant capacity in H. xylosteifolium, with leaves representing the most bioactive tissue. The
integration of spectrophotometric assays and HPLC-DAD profiling provides a comprehensive
understanding of both the quantitative and qualitative aspects of the species’ phytochemical
composition. These findings not only fill a significant gap in the literature by providing the first detailed
report on tissue-specific phenolic profiles of H. xylosteifolium, but also highlight its potential as a
valuable natural source of antioxidant compounds for future phytopharmaceutical and nutraceutical
applications.

CONCLUSION

The present study provides a comprehensive evaluation of the phenolic composition and antioxidant
capacity of Hypericum xylosteifolium, highlighting clear tissue-dependent variations across flower, leaf,
and stem extracts. Among the examined plant organs, leaves were identified as the most bioactive tissue,
exhibiting the highest total phenolic and flavonoid contents, along with the strongest antioxidant activity
as determined by DPPH, FRAP, and CUPRAC assays. In contrast, stems showed the lowest
phytochemical content and antioxidant potential, while flowers displayed intermediate characteristics.
HPLC-DAD analysis further revealed that the phytochemical profile of H. xylosteifolium is dominated
by flavan-3-ols, particularly catechin and epicatechin, as well as hydroxycinnamic acids such as p-
coumaric and ferulic acids, with a pronounced accumulation in leaf tissues. The tissue-specific detection
of compounds such as hypericin (only in leaves) and apigenin (only in flowers) emphasizes the role of
organ-specific metabolic specialization and the influence of secretory structures on phytochemical
distribution. A strong positive correlation was observed between phenolic composition and antioxidant
activity, confirming that phenolic and flavonoid compounds are the primary contributors to the
antioxidant potential of H. xylosteifolium. These findings are consistent with existing literature and
further support the role of phenylpropanoid-derived metabolites in plant defense and bioactivity.
Importantly, this study represents the first detailed report on the tissue-specific phenolic profile and
antioxidant properties of H. xylosteifolium. The results not only contribute to the chemotaxonomic
understanding of the genus Hypericum, but also highlight the species—particularly its leaf tissue—as a
promising natural source of bioactive compounds with potential applications in phytopharmaceutical
and nutraceutical fields. Future studies focusing on isolation, bioactivity-guided fractionation, and in
vivo validation are warranted to further explore its therapeutic potential.
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iZMiR ATMOSFERINDE ALTERNARIA SPOR KONSANTRASYONUNUN HAVA
KALITESi PARAMETRELERI iLE DEGERLENDIRILMESI
EVALUATION OF ALTERNARIA SPORE CONCENTRATIONS IN THE ATMOSPHERE OF IZMIR
IN RELATION TO AIR QUALITY PARAMETERS

) Dr. Ulas UGUZ
Ege Universitesi, Fen Fakiiltesi, Biyoloji Boliimii
ORCID ID: 0000-0002-0808-0151

OZET

Atmosferdeki yaygin biyolojik aerosollerin en onemlilerinden biri mantar sporlaridir ve havadaki
allerjen spektrumuna onemli bir katki saglar. Alternaria sporlart atmosferik izleme caligmalarinda
yitksek konsantrasyonlarda kaydedilen agik hava mantar sporlarindan olup, alerjik reaksiyonlarin
baslica nedenlerinden biridir. Partikiil maddeler ve gaz kirleticiler, sporlarin atmosferdeki dagilimini,
solunum yollarina penetrasyonunu ve bagisiklik sistemi iizerindeki etkilerini degistirebilmektedir. Bu
nedenle, biyolojik ve kimyasal hava bilesenlerinin es zamanl degerlendirilmesi, alerji hastalari igin risk
donemlerinin belirlenmesi, erken uyar1 sistemlerinin gelistirilmesi ve koruyucu halk sagligi
onlemlerinin planlanmas1 acisindan &nemli bir yaklasim sunmaktadir. Bu c¢alismada izmir
atmosferindeki sporlarin 6rneklenmesi 2020-2022 yillarinda volumetrik yontem uyarmca 7 giinliik Hirst
tipi hacimsel spor tuzagi (Lanzoni VPPS 2010) kullanilarak ger¢eklestirildi ve sporlarin 6rneklenmesi
ve sayiminda Ispanyol Aerobiyolojik Agimin (Galan et al. 2007) 6nerdigi metodoloji ve Avrupa
Aerobiyoloji Toplulugu (EAS) tarafindan belirtilen minimum gereklilikler (Galan et al. 2014) takip
edildi. Aym doneme ait kirletici verileri, ornekleme istasyonunun yakininda bulunan Cevre Sehircilik
ve Iklim Degisikligi Bakanligi’'na bagli hava kalitesi izleme istasyonundan kaydedildi. Spor
konsantrasyonlari ile kirleticiler arasindaki iliskinin belirlenmesi igin Spearman korelasyon testi SPSS
20 kullanilarak gergeklestirildi. Elde ettigimiz sonuglara gore Alternaria spor konsantrasyonu 2020
yilinda en yiiksek Haziran, Temmuz ve Ekim aylarinda, 2021 yilinda Temmuz ayinda, 2022 yilinda ise
Haziran ve Temmuz aylarinda gergeklesti. Ayn1 donemlerde gilinliik Alternaria spor konsantrasyonlari
ile kirleticiler arasindaki 2020 yili i¢in azot oksitler (NO, NO2 ve NOx) ile anlamli pozitif iliski
saptanirken, PM10, SO2 ve CO ile negatif korelasyon bulundu. 2021 yilinda benzer sekilde azot oksitler
ile anlamli bir pozitif iliski gozlenirken, CO ile negatif iliski anlamli bulundu. 2022 yilinda ise spor
konsantrasyonu ile azot oksitler ve SO2 arasindaki pozitif iliski ile CO arasindaki negatif iliski
istatistiksel olarak anlamli bulundu. Bu sonuglar 6zellikle Izmir’de Alternaria spor salmimu ile, NOx
emisyonlarinin ayn1 zaman araliginda yiikseldigini ortaya koydu.

Anahtar Kelimeler: Aerobiyoloji, Alternaria sporlari, Hava kirleticileri, Azot oksitler

ABSTRACT

Fungal spores are among the most important biological aerosols in the atmosphere and make a major
contribution to the airborne allergen spectrum. Alternaria spores are one of the outdoor fungal spores
recorded at high concentrations in atmospheric monitoring studies and are among the main causes of
allergic reactions. Particulate matter and gaseous pollutants may alter the atmospheric distribution of
spores, their penetration into the respiratory tract, and their effects on the immune system. Therefore,
simultaneous evaluation of biological and chemical air components provides an important approach for
identifying risk periods for allergic patients, developing early warning systems, and planning preventive
public health measures. In this study, spore sampling in the atmosphere of [zmir was conducted during
2020-2022 using a 7-day Hirst-type volumetric spore trap (Lanzoni VPPS 2010) according to the
volumetric method, and the methodology recommended by the Spanish Aerobiology Network (Galan
et al., 2007) and the minimum requirements defined by the European Aerobiology Society (EAS) (Galan
et al., 2014) were followed for sampling and counting. Pollutant data for the same period were recorded
from an air quality monitoring station affiliated with the Ministry of Environment, Urbanization and
Climate Change, located near the sampling station. The relationship between spore concentrations and
pollutants was evaluated using the Spearman correlation test in SPSS 20.

89



12" International Aegean Congress on Natural & Medical Sciences
February 25-26, 2026, [zmir
(THE PROCEEDINGS BOOK)

https://www.aegeanconference.com/

According to our results, the highest Alternaria spore concentrations occurred in June, July, and October
in 2020; in July in 2021; and in June and July in 2022. During these periods, a significant positive
correlation was found between daily Alternaria spore concentrations and nitrogen oxides (NO, NO2, and
NOx) in 2020, while negative correlations were observed with PM10, SO2, and CO. In 2021, similarly,
a significant positive correlation was observed with nitrogen oxides, whereas the negative relationship
with CO was significant. In 2022, the positive relationships between spore concentration and nitrogen
oxides and SO, as well as the negative relationship with CO, were found to be statistically significant.
These results indicate that Alternaria spore release and NOx emissions increased during the same time
period, particularly in Izmir.

Keywords: Aerobiology, Alternaria spores, Air pollutants, Nitrogen oxides
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TURKIYE'DEN iKi YAKIN AKRABA AGAC KURBAGASI TURUNUN (Hyla savignyi
AUDOUIN, 1827 VE Hyla orientalis BEDRIAGA, 1890) SINIFLANDIRILMASINDA
DENETIMLI MAKINE OGRENMESiIi ALGORITMALARININ KARSILASTIRILMASI
THE COMPARISON OF SUPERVISED MACHINE LEARNING ALGORITHMS IN
CLASSIFICATION OF TWO CLOSELY RELATED TREE FROGS (Hyla savignyi AUDOUIN, 1827
AND Hyla orientalis BEDRIAGA, 1890) FROM TURKIYE

Dr. Ogr. Uyesi Cantekin DURSUN
Recep Tayyip Erdogan Universitesi, Fen Edebiyat Fakiiltesi, Biyoloji Bolimii
ORCID ID: 0000-0001-7766-1470

OZET

Makine 6grenmesi (ML), sistemlerin gegmis verilerden 6grenmesini ve edinilen bilgiyi gelecekteki
olaylar hakkinda bilingli tahminler veya kararlar vermek i¢in uygulamasini saglayan bir hesaplama
islemidir. ML metodunun temel amaci, tammlanabilir kaliplar1 genellestirmek veya veri kiimeleri
icindeki gizli yapilar1 ortaya ¢ikarmaktir. ML dallarinda, denetimli 6grenme, algoritmalarin bagimli
(hedef) bir degisken ile bir dizi bagimsiz (tahmin edici) degisken arasindaki iliskiyi modellemek tizere
egitildigi bir ¢ergeveyi temsil eder. Bu baglamda, model, yeni verilerin dogru tahminini veya
siiflandirilmasini saglamak igin bilinen sonuglara sahip girdi-gikt1 ¢iftleri kullanilarak gelistirilir. Bu
calismada, iki yakin akraba tiir olan Hyla savignyi ve Hyla orientalis'i smiflandirmak i¢in denetimli
O0grenme algoritmalarmin dogrulugunu belirlemek, basari oranlarini karsilastirmak ve bilgilendirici
karakterleri ortaya ¢ikarmak amaglanmustir. Bu ¢alisma igin, genetik olarak tanimlanmis 60 bireyden
elde edilen 17 farkli morfolojik 6l¢iimii igeren veri seti kullanilmig ve ardindan R rogramlama dilinde
K-En Yaki Komsular (KNN), Destek Vektor Makinesi (SVM), Sinir Ag1 (NNET), Naive Bayes (NB)
ve Karar Agact (DT) algoritmalar1 kullanilarak makine 6grenimi (ML) siirecinin kurallarma gore
sonraki analizler incelenmistir. Sonuglar, algoritmalarin makul bulgular sagladigini gdstermistir. En
basarili yontemler SVM (%100) ve NNET (%91,60) olarak bulunurken, en diisitk dogruluk puan1 DT'de
(%66,70) elde edilmistir. Algoritmalar, tiirleri ayirt etmek i¢in en 6nemli karakterlerin bag genisligi ve
arka uzuv ile daha fazla iligkili oldugunu géstermistir. Bu ¢alismanin bulgulari, morfolojik ayrima dayali
onceki caligmalarin sonuglarini desteklenmis ve tek bir cergevede toplamistir. Bu nedenle, ML
algoritmalarinin taksonomik gruplari smiflandirmak ve taksonomik olarak 6nemli degiskenleri tespit
etmek i¢in uygun oldugu diisiiniilmektedir.

Anahtar Kelimeler: Anura, Yapay Zeka, Morfometri, Modelleme, [statistik.

ABSTRACT

Machine learning (ML) is a computational operation that enables systems to learn from past data and
apply the acquired knowledge to make informed predictions or decisions about future events. The
primary objective of ML is to generalize identifiable patterns or uncover hidden structures within
datasets. In ML branches, supervised learning represents a framework in which algorithms are trained
to model the relationship between a dependent (target) variable and a set of independent (predictor)
variables. In this context, the model is developed using input—output pairs with known outcomes to
enable accurate prediction or classification of new data. In this study, it was aimed to determine the
accuracy of supervised learning algorithms to classify two closely related species Hyla savignyi and
Hyla orientalis, to compare the success rates and to reveal informative characters. For this, the dataset
including 17 different morphological measurements obtained from 60 genetically identified individuals
was used, then the downstream analyses were examined following the rules of ML process using the K-
Nearest Neighbours (KNN), Support Vector Machine (SVM), Neural Network (NNET), Naive Bayes
(NB) and Decision Tree (DT) algorithms in R Programming Language. The results indicated that the
algorithms provided reasonable findings. The most successful methods were found as SVM (100%) and
NNET (91.60%) while the lowest accuracy score was in DT (66.70%). The algorithms indicated that
most important characters to distinguish the species were more associated with the head width and
hindlimb. The findings in this study were supported by the results of previous studies based on
morphological discrimination and cumulated them in a single framework.
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Therefore, it is thought that ML algorithms are feasible to classify the taxonomic groups and
taxonomically important variable detection.
Keywords: Anura, Artificial Intelligence, Morphometry, Modelling, Statistic.
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KOYUN CiCEK HASTALIGI VIRUSUNUN POTANSIYEL iNHiBITORLERI: SPPV14
PROTEININi HEDEF ALAN IN SILICO BiR CALISMA
POTENTIAL INHIBITORS OF THE SHEEP POX DISEASE VIRUS: AN IN SILICO STUDY
TARGETING THE SPPV14 PROTEIN

) Dr. Ahmet HARMANKAYA
Kafkas Universitesi, Fen Edebiyat Fakiiltesi, Biyokimya Anabilim Dali
ORCID ID: 0000-0001-9923-6723

OZET

Bu calismada in silico olarak allisin, karvakrol, kurkumin ve ribavirin bilesiklerinin koyun c¢igegi
hastaligi virisiiniin SPPV14 proteininin aktif bolgesindeki baglanma ozellikleri ve ADME/T
kriterlerinin incelenmesi amacglandi. Hedef protein olan SPPVI14 proteini (PDB kodu: 6XY4)
https://www.rcsb.org/ sitesinden, allisin, karvakrol, kurkumin ve ribavirin’in 3D yapisi ise
https://pubchem.ncbi.nlm.nih.gov/ sitesinden indirildi. Molekiiler kenetlenme i¢in AutoDock programi,
ADME/T (Emilim, Dagilim, Metabolizma, Atilm ve Toksisite) skorlarini belirlemek igin
https://www.swissadme.ch/ ve https://biosig.lab.uq.edu.au/pkcsm/ internet siteleri, kenetlenme
goriintiilemeleri i¢in ise Discovery Studio programu kullanildi. Kenetlenme skorlar1 incelendiginde,
kurkuminin en yiiksek baglanma enerjisine (-6.1 kkal/mol) sahip oldugu gozlenirken bunu sirasiyla
karvakrol, ribavirin ve allisin (-5.6 kkal/mol, -5.4 kkal/mol ve -3.6 kkal/mol) izlemistir. ADME/T
sonuglarina gore ise kurkumin’in suda diisiik ¢oziiniirliigii (Log S: -4.01) ve negatif Caco-2 gecirgenligi
emilimini zorlastirabilmekte ve CYP3 A4 enziminin hem substrat hem de inhibitorii olarak 6ngoriilmesi
ise potansiyel ila¢-ilag etkilesimleri agisindan bir risk olusturabilmektedir. Karvakrol diisiik molekiiler
agirligl, sinirh bag esnekligi, uygun Log Po/w degeri (2.82), pozitif BBB gecirgenligi ve yiiksek Caco-
2 permeabilitesi sayesinde diger bilesiklere nazaran farmakokinetik ac¢idan giiglii bir aday gibi goriinse
de hepatotoksisite 6ngoriisii bilesigin potansiyelini sinirlandirmaktadir. Allisin suda ¢oziinlirliigiiniin iyi
olmasi, diisiik metabolik etkilesim potansiyeli, yiiksek klirens degeri ve hepatotoksisite géstermemesi
agisindan farmakokinetik agidan gilivenli fakat baglanma giicii yoniinden zayif bir aday olarak
goriilmektedir. Ribavirin’in ise Log Po/w (-3.01) ve Log S (-1.71) degerleri incelendiginde hidrofilik
bir karakter sergiledigi dolayisiyla da suda iyi ¢oziindiigiinii goriilmektedir. Bu durum ribavirinin
membranlardan gegisini zorlagtirmaktadir. Sonug olarak kurkumin SPPV14 proteinini diger bilesiklere
gore daha iyi inhibe edebildigi fakat CYP3A4 enzimiyle olan metabolik etkilesim riski nedeniyle de
farmasoétik olarak yeniden incelenmesi gerektigi goriilmektedir. Karvakrol ve allisin farmakokinetik
acidan iyi goriinmelerine ragmen, karvakrol i¢in potansiyel hepatotoksisite riski, allisin i¢in ise diislik
baglanma afinitesi bu bilesiklerin kullanimini sinirlandiran faktorler olarak 6ne ¢ikmaktadir. Bununla
birlikte bu calismadan elde edilen bulgularin in vitro ve in vivo calismalarla desteklenmesi
gerekmektedir.

Anahtar Kelimeler: Koyun ¢igek hastaligi, Kurkumin, Karvakrol, Allisin, Molekiiler kenetleme

ABSTRACT

This study aimed to investigate the binding properties of allicin, carvacrol, curcumin, and ribavirin
compounds in the active site of the sheep pox virus SPPV14 protein and their ADME/T criteria using in
silico. The target protein SPPV14 (PDB code: 6XY4) was downloaded from https://www.rcsb.org/,
while the 3D structures of allicin, carvacrol, curcumin, and ribavirin were downloaded from the
https://pubchem.ncbi.nlm.nih.gov/. The AutoDock program was used for molecular docking, the
websites https://www.swissadme. ch/ and https://biosig.lab.uq.edu.au/pkesm/ were used to determine
ADME/T (Absorption, Distribution, Metabolism, Elimination, and Toxicity) scores, and the Discovery
Studio program was used for docking visualizations. When the binding scores were examined, it was
observed that curcumin possessed the highest binding energy (-6.1 kcal/mol), followed by carvacrol,
ribavirin, and allicin (-5.6 kcal/mol, -5.4 kcal/mol, and -3.6 kcal/mol), respectively. According to
ADME/T results, curcumin's low water solubility (Log S -4.01) and negative Caco-2 permeability may
hinder its absorption, and its predicted role as both a substrate and inhibitor of CYP3A4 enzyme may
constitute a risk for potential drug-drug interactions.
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Although carvacrol appears to be a strong candidate from a pharmacokinetic perspective compared to
other compounds due to its low molecular weight, limited bond flexibility, favorable Log Po/w value
(2.82), positive BBB permeability, and high Caco-2 permeability, its hepatotoxicity prediction limits
the compound's potential. Allicin is considered a safe candidate from a pharmacokinetic perspective due
to its good solubility in water, low potential for metabolic interactions, high clearance value, and lack
of hepatotoxicity. However it is considered weak in terms of binding affinity. When examining the Log
Po/w (-3.01) and Log S (-1.71) values of ribavirin, it is seen that it exhibits a hydrophilic character and
therefore dissolves well in water. This situation makes it difficult for ribavirin to pass through
membranes. As a result, it appears that curcumin inhibits the SPPV14 protein better than other
compounds, but its pharmaceutical potential should be re-evaluated due to the risk of metabolic
interaction with the CYP3A4. Although carvacrol and allicin appear favorable from a pharmacokinetic
perspective, the potential risk of hepatotoxicity for carvacrol and the low binding affinity for allicin are
factors that limit the use of these compounds. However, the findings obtained from this study need to
be supported by in vitro and in vivo studies.

Keywords: Sheep pox, Curcumin, Carvacrol, Allicin, Molecular docking
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PRUNUS SPINOSA L. MEYVE VE YAN URUNLERININ YESIL ANALITIK KIMYA
YAKLASIMIYLA INCELENMESI
INVESTIGATION OF PRUNUS SPINOSA L. FRUIT AND BY-PRODUCTS USING A GREEN
ANALYTICAL CHEMISTRY APPROACH
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OZET

Bu calismada, Prunus spinosa L. bitkisinin farkli cografi kokenlere ve 6rnek tiirlerine bagli olarak
biyoaktif bilesik iceriginde meydana gelen degisimlerin incelenmesi amaglanmistir. Bu kapsamda,
meyve ve meyve regeli drneklerinin fenolik bilesik profilleri ve antioksidan kapasiteleri, yesil analitik
kimya ilkeleri dogrultusunda degerlendirilmistir. Tiirkiye ve Azerbaycan’dan temin edilen 6rnekler,
cevre dostu ¢oziiciiler olan etanol ve %0, 1 sitrik asit kullanilarak ultrasonik prob destekli homojenizator
yardimiyla ekstrakte edilmistir. Elde edilen ekstraktlarin antioksidan aktiviteleri DPPH, FRAP ve
CUPRAC yontemleri ile belirlenmistir. Prunus spinosa L. meyve ve regel 6rneklerinde bes fenolik
bilesik ve dort antrakinon olmak tizere toplam dokuz biyoaktif bilesigin es zamanli kantitatif analizi,
yesil HPLC-DAD yontemi ile gergeklestirilmistir. Kromatografik ayirim, XTERRA RP18 (5 um, 4,6 x
250 mm) kolonu kullanilarak, %0,5 fosforik asit (A) ve etanol (B) iceren gradiyent eliisyon sistemiyle
saglanmigtir. Yontemin analitik performansi, sistem uygunlugu, tayin limiti (LOD), kantitatif tayin
limiti (LOQ), dogruluk ve kesinlik parametreleri degerlendirilerek dogrulanmistir. Elde edilen sonuglar,
iilke kokeni, 6rnek matrisi ve ¢oziicii tipinin antioksidan kapasite {izerinde belirleyici etkilere sahip
oldugunu gostermistir. Bu etkinin fenolik ve antrakinon bilesiklerin HPLC-DAD analizleriyle ortaya
konan ve Ornek tiirii ile ekstraksiyon kosullarma bagli olarak degisen kantitatif dagilimlariyla uyumlu
oldugu belirlenmistir. Bu bulgular, Prunus spinosa L.’nin zengin biyoaktif bilesik igerigi ve yiiksek
antioksidan kapasitesiyle fonksiyonel gida ve dogal iiriin arastirmalari agisindan 6nemli bir potansiyele
sahip oldugunu ortaya koymaktadir. Ayrica calisma, ¢evre dostu ¢oziiciiler kullanilarak gelistirilen yesil
HPLC-DAD yaklagiminin, bitkisel matrislerde biyoaktif bilesiklerin es zamanli analizinde giivenilir ve
etkili bir yontem oldugunu gostermektedir.

Anahtar Kelimeler: Prunus spinosa L., Yesil analitik kimya, Biyoaktif bilesikler, Antioksidan aktivite,
Yesil HPLC

ABSTRACT

This study aimed to investigate the variations in bioactive compound content of Prunus spinosa L.
depending on different geographical origins and sample types. In this context, the phenolic compound
profiles and antioxidant capacities of fruit and fruit jam samples were evaluated according to the
principles of green analytical chemistry. Samples obtained from Tiirkiye and Azerbaijan were extracted
using environmentally friendly solvents, ethanol and 0.1% citric acid, with the aid of an ultrasonic probe-
assisted homogenizer. The antioxidant activities of the obtained extracts were determined using DPPH,
FRAP, and CUPRAC methods. Prunus spinosa L. fruit and jam samples were subjected to the
simultaneous quantitative analysis of a total of nine bioactive compounds, including five phenolic
compounds and four anthraquinones, using a green HPLC-DAD method.
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Chromatographic separation was achieved using a gradient elution system with 0.5% phosphoric acid
(A) and ethanol (B) on an XTERRA RP18 (5 um, 4.6 x 250 mm) column. The analytical performance
of the method was validated by evaluating the parameters of system suitability, limit of detection (LOD),
limit of quantitative detection (LOQ), accuracy, and precision. The results showed that country of origin,
sample matrix, and solvent type had a decisive effect on antioxidant capacity. This effect was found to
be consistent with the quantitative distributions of phenolic and anthraquinone compounds revealed by
HPLC-DAD analysis, which varied depending on the sample type and extraction conditions. These
findings reveal that Prunus spinosa L. has significant potential for functional food and natural product
research due to its rich bioactive compound content and high antioxidant capacity. Furthermore, the
study demonstrates that the green HPLC-DAD approach, developed using environmentally friendly
solvents, is a reliable and effective method for the simultaneous analysis of bioactive compounds in
plant matrices.

Keywords: Prunus spinosa L., Green analytical chemistry, Bioactive compounds, Antioxidant activity,
Green HPLC
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KIMYASAL MODIFIKASYON YOLUYLA FONKSIYONELLESTIRILEN PET
LiFLERINIiN SU ARITIMINDA UYGULANABILIRLIiGi
APPLICABILITY OF CHEMICALLY MODIFIED FUNCTIONALIZED PET FIBERS IN WATER
TREATMENT

Dr. Mutluhan BIYIOGLU
Kirikkale University, Kirikkale Vocational High School, Chemistry and Chemical Processing
Technologies Department
ORCID NO: 0000-0003-0752-2242

OZET

Bu caligmada, polietilen tereftalat (PET) lifleri yiizeyine etil akrilat (EA) monomerlerinin serbest radikal
polimerizasyonu ile asilanmasi ve ardindan alkali hidroliz uygulanarak karboksil (-COOH) gruplariyla
fonksiyonellestirilmesi yoluyla yeni bir adsorban malzeme gelistirilmistir. Asilanma veriminin
monomer derisimi, zaman, sicaklik ve baglatici derigimi ile degisimi incelenmistir. Optimum monomer
derigsimi 6 mol/L, zaman 90 dak., sicaklik 70°C ve baslatici derisimi 6 x 103 mol/L olarak bulunmustur.
Elde edilen EA-g-PET liflerinin giimiis (Ag") agir metal iyonlarinin sudan giderimindeki adsorpsiyon
performansi incelenmistir. Yiizey modifikasyonu FTIR ve SEM analizleri ile dogrulanmustir.
Adsorpsiyon deneyleri, pH, temas siiresi ve baslangic metal iyonu konsantrasyonuna bagli olarak
yiiritiilmistiir. Sonuglar, maksimum adsorpsiyon kapasitesinin pH = 5,5 civarinda elde edildigini ve
sistemin yaklagik 90 dakika igerisinde dengeye ulastigini gostermistir. Baslangi¢c konsantrasyonunun
artmasiyla adsorpsiyon kapasitesi onemli 6lglide yiikselmis ve 92,83 mg/g diizeyine ulagmistir. Kinetik
veriler ikinci derece modele (R?=0,997 ), izoterm verileri ise Langmuir izoterm modeline (R?= 0,930 )
yiiksek uyum gostermistir. Bu ¢alisma, atik PET liflerinin diisiikk maliyetli, cevre dostu ve yiiksek verimli
bir agir metal adsorbanina doniistiiriilebilecegini ortaya koyarak siirdiiriilebilir su aritimi uygulamalar
icin umut verici bir alternatif sunmaktadir.

Anahtar Kelimeler: Adsorpsiyon Kinetigi, Asi Kopolimerizasyon, Atiksu Aritimi, Metal
Adsorpsiyonu.

Ag' Gozettisi, 30 mg/L E Ag- Gézehisi, 100% ger
ki

aaaaaa

ABSTRACT

In this study, a novel adsorbent material was developed by grafting ethyl acrylate (EA) monomers onto
the surface of poly(ethylene terephthalate) (PET) fibers via free radical polymerization, followed by
alkaline hydrolysis to introduce carboxyl (-COOH) functional groups. The effects of monomer
concentration, reaction time, temperature, and initiator concentration on the grafting yield were
systematically investigated. The optimum conditions were determined as a monomer concentration of 6
mol/L, reaction time of 90 min, temperature of 70 °C, and initiator concentration of 6 x 1073 mol/L.
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The adsorption performance of the obtained EA-g-PET fibers toward silver (Ag") ions in aqueous
solutions was evaluated. Surface modification was confirmed by FTIR and SEM analyses. Adsorption
experiments were carried out as a function of solution pH, contact time, and initial metal ion
concentration. The results indicated that the maximum adsorption capacity was achieved at pH 5.5 and
that adsorption equilibrium was reached within approximately 90 min. The adsorption capacity
increased significantly with increasing initial concentration, reaching a maximum value of 92.83 mg/g.
Kinetic data were well fitted by the pseudo-second-order model (R? =0,997), while equilibrium data
showed high conformity with the Langmuir isotherm model (R? =0,930).These findings demonstrate
that waste PET fibers can be transformed into a low-cost, environmentally friendly, and highly efficient
adsorbent for heavy metal removal, offering a promising alternative for sustainable water treatment
applications.

Keywords: Adsorption Kinetics, Graft Copolymerization, Wastewater Treatment, Metal Adsorption.

GIRiS

Su kirliligi, artan sanayilesme, hizli niifus artig1 ve kontrolsiiz tiretim siiregleri nedeniyle giiniimiizde
kiiresel oOlgekte en Onemli ¢evresel sorunlardan biri haline gelmistir. Ozellikle metal kaplama,
fotografeilik, elektronik, tekstil, tibbi malzeme tiretimi ve kataliz uygulamalar1 gibi birgok endiistriyel
faaliyet sonucunda agir metal iyonlar1 igeren atik sular gevreye desarj edilmektedir. Bu agir metaller
arasinda yer alan giimiis iyonlar1 (Ag®), sahip oldugu yiiksek elektriksel iletkenlik, katalitik aktivite ve
gliclii antibakteriyel Ozellikleri nedeniyle yaygin olarak kullanilmaktadir. Ancak biyobozunur
olmamasi, ¢evrede birikme egilimi gdstermesi ve canli organizmalar {izerinde toksik etkilere yol
acabilmesi nedeniyle yiiksek konsantrasyonlarda ciddi ¢evresel ve biyolojik riskler olugturmaktadir. Ag*
iyonlarmin sucul ortamlarda birikmesi; mikroorganizmalar, baliklar ve diger su canlilar1 tizerinde
sitotoksik etkilere neden olmakta, besin zinciri araciliiyla insan sagligini da tehdit edebilmektedir. Bu
nedenle atik sulardan giimiis iyonlariin etkin, ekonomik ve siirdiiriilebilir yontemlerle uzaklastirilmasi
bliyiik 6nem tasimaktadir (Sharma ve ark., 2021; Behera ve ark., 2021; Du ve ark., 2024).

Agir metal giderimi i¢in kimyasal ¢oktiirme, iyon degisimi, membran filtrasyonu, elektrokimyasal
yontemler ve solvent ekstraksiyonu gibi ¢esitli teknikler gelistirilmis olmasina ragmen, bu yontemlerin
¢ogu yiiksek isletme maliyeti, diisiik secicilik, ikincil kirletici olusumu ve karmasik operasyon kosullari
gibi dezavantajlara sahiptir. Bu baglamda adsorpsiyon yontemi; uygulama kolayligi, diisiik maliyet,
yiiksek verim, farkli konsantrasyon araliklarinda etkinlik gosterebilmesi, adsorbanin rejenerasyonu ve
yeniden kullanilabilmesi gibi {istiin 6zellikleri sayesinde en c¢ok tercih edilen tekniklerden biri olarak
one ¢ikmaktadir (Goh ve ark., 2021; Moorthy ve ark., 2020).

Literatiirde agir metal adsorpsiyonu i¢in dogal ve sentetik kokenli ¢ok sayida adsorban materyal
gelistirilmistir. Killer, aktif karbonlar, zeolitler, biyopolimerler, tarimsal atiklar ve cesitli kompozit
malzemeler bu amacgla yaygin olarak kullanilmaktadir (Bukallah ve ark., 2006; Yao ve ark., 2010).
Bununla birlikte, bu adsorbanlarin 6nemli bir kismu diisiikk adsorpsiyon kapasitesi, zayif mekanik
dayanim, siirl yiizey fonksiyonelligi ve zor desorpsiyon siirecleri gibi dezavantajlara sahiptir. Son
yillarda ise ylizey 6zellikleri kontrol edilebilen, kimyasal olarak kararl ve fonksiyonel grup yogunlugu
yiiksek olan polimerik adsorbanlar {izerine calismalar yogunlasmustir. Ozellikle as1 (graft)
kopolimerizasyonu ile yiizeyi fonksiyonellestirilen polietilen tereftalat (PET) lifleri, sahip olduklar
yiiksek yiizey alani, iyi mekanik dayanim, kimyasal stabilite, lif formunda olmalar1 sayesinde kolay
kullanim ve sistemden ayrilabilme gibi avantajlar1 nedeniyle dikkat cekmektedir (Belpaire ve ark., 2015;
Arshad ve ark., 2020; Poopal ve ark., 2024).

PET lifleri lizerine gerceklestirilen ag1 polimerizasyonu ile karboksil (-COOH), amino (-NH:), amid (-
CONHz), nitril (-CN) ve tiyokarbamat gibi metal baglama yetenegi yiiksek fonksiyonel gruplar
kazandirilabilmektedir. Bu fonksiyonel gruplar, koordinasyon baglari, elektrostatik etkilesimler ve selat
olusumu yoluyla metal iyonlarma kars1 yiiksek afinite gdstermektedir. Ozellikle karboksil ve amino
gruplarmin Ag" iyonlari ile giiclii kompleksler olusturdugu ve bu sayede yiiksek adsorpsiyon kapasitesi
sagladig literatiirde genis bigimde rapor edilmistir (Minhas ve ark., 2021; Sudarshan ve ark., 2022;
Dutta ve ark., 2024).
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Alkali hidroliz ile olusturulan karboksilat gruplari ve karbon disiilfiir (CS:) ile gergeklestirilen ylizey
modifikasyonlar1 sonucu elde edilen kiikiirt iceren fonksiyonel yapilarin ise yumusak asit—yumusak baz
etkilesimleri sayesinde giimils iyonlarma kars1 daha yiiksek segicilik gosterdigi bilinmektedir.

Bu nedenle NaOH ve CS: ile modifiye edilmis PET lifleri gibi fonksiyonellestirilmis polimerik
adsorbanlarin gelistirilmesi, hem yiiksek adsorpsiyon kapasitesi hem de kolay rejenerasyon ozellikleri
sayesinde atik sulardan Ag" iyonlarinin giderimi i¢in son derece umut verici bir yaklagim sunmaktadir.
Ayrica bu tiir lifsi adsorbanlarin kolon sistemlerinde kullanilabilmesi, filtrasyon siireglerine entegre
edilebilmesi ve c¢oklu kullanim doéngiilerinde performanslarini koruyabilmesi, endiistriyel olgekte
uygulanabilirlik a¢isindan dnemli avantajlar saglamaktadir.

Bu ¢alisma, sulu ¢ozeltilerden giimiis iyonu (Ag") giderimi igin siilfiir (CS2) modifiye polietilen
tereftalat (PET) liflerin (CS.-NaOH/EA-PET) etkili kullanimin1 gostermektedir. Kimyasal
modifikasyonlar, adsorpsiyon kapasitesini ve yiizey reaktivitesini artiran siilfiir ve karboksil gruplari
dahil olmak iizere aktif fonksiyonel gruplar getirmistir.

YONTEM

Materyaller

SASA Co. (Adana, Tirkiye)’dan polietilen tereftalat (PET) lifleri (122 dTex) temin edilmistir.
Caligmada Merck (Almanya) marka etanol, aseton, etil akrilat (EA) ve 1,2-dikloroetan (DCE); Sigma
Aldrich (Almanya) marka benzoil peroksit (Bz,0.), nitrik asit (HNOs3), hidroklorik asit (HCI), karbon
disiilfiir (CS,), glimiis nitrat ve sodyum hidroksit (NaOH) kullanilmistir.

Sentez

0,3 g PET lifleri 6 saat boyunca bir soxhlet sistemi kullanilarak asetonda yikanmis, kurutulmus ve 100
mL Pyrex tiiplere yerlestirilmistir. Lifler 90 °C'de 2 saat boyunca DCE ¢6ziiciisii i¢inde sisirilmistir.
Bundan sonra, fazla ¢o6ziicii filtre kagidi kullanilarak liflerden uzaklastirilmis ve lifler hemen asi
kopolimerizasyon ortamina yerlestirilmistir (Arslan ve Giinay, 2016; Arslan ve Giinay, 2017).

EA monomerleri, azot gazi girisleri olan 100 mL’lik 3 boyunlu polimerizasyon tiiplerine konulmustur.
Daha sonra PET lifleri, monomer ve su igeren polimerizasyon tiiplerine yerlestirilmistir. Tiipler, termal
dengeye ulasmak i¢in 20 dakika boyunca azot gazi akisi altinda sabit sicakliktaki bir su banyosunda
birakilmistir. Aseton i¢inde uygun konsantrasyonda 2 mL Bz,O; ¢6zeltisi eklenerek toplam hacim 20
mL olacak sekilde polimerizasyon tiipline eklenmistir. Asilama islemi belirtilen siireler boyunca azot
gazi altinda gerceklestirilmistir.

Asilamadan sonra, PET lifleri polimerizasyon tiiplerinden cikarilmis ve artik ¢dziicli, monomer,
homopolimer ve kopolimer bir soxhlet sisteminde aseton kullanilarak yikanmustir. Lifler etiivde
kurutulmus ve tartilmistir (Arslan ve Giinay, 2017).

Asilama ylizdesi asagidaki denklem kullanilarak gravimetrik olarak hesaplanmistir:

As1 (%) = [(gm — g0)/go] x 100

Formiilde: go=Baslangigtaki lifin kiitlesini; gn=Asilanmus lifin kiitlesini gostermektedir.

Modifikasyonlar

EA-PET lifleri, adsorpsiyon kapasitelerini artirmak i¢in NaOH ve CS; ile modifiye edilmistir. Elde
edilen modifiye PET lifleri Ag" iyonu adsorpsiyonu i¢in kullanilmis ve modifikasyonlarin PET liflerinin
adsorpsiyon kapasitesi lizerindeki etkileri belirlenmistir (Sekil 1).
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S, NaDH/EA-G-PET F EARET

Sekil 1. Sentez ve modifikasyon asamalari.

NaOH Modifikasyonu: Bu caligmada, EA-PET lifleri, polimer yapisindaki -OH ve -O~ gruplarinin
sayisini artirmak ve -OH gruplarini -O™ Na tuzlarina déniistiirerek Ag" iyonu ile daha kolay degisim
saglamak i¢in oda sicakliginda 5 saat boyunca 0,5 M NaOH (aq) iginde modifiye edilmistir. NaOH/EA-
PET lifleri su ve aseton ile yitkanmig, vakumlu firinda kurutulmus ve adsorpsiyon i¢in kullanilmadan
once yapisal olarak analiz edilmistir (Gonzalez-Mufioz ve ark., 2006).

CS, Modifikasyonu: Iyonlar igin adsorpsiyon kapasitesini ve afiniteyi artirmak icin, NaOH/EA-PET
lifleri bir soxhlet sisteminde buzlu su i¢inde 30 mL CS; ile modifiye edilmistir. Reaksiyonu 46 °C'de 5
saat kaynatilmis ve gece boyunca oda sicakliginda birakilmistir. Daha sonra karisim siiziilmiis ve CS»-
NaOH/EA-PET lifleri, su ve aseton ile yikanmis ve vakumlu etiivde kurutulmustur (Ravikumar ve ark.,
2011).

Fiziksel ve Kimyasal Karakterizasyon Testleri

SEM: Modifiye PET liflerinin morfolojik dzellikleri, Kirikkale Universitesi Bilimsel ve Teknolojik
Arastirmalar Uygulama ve Arastirma Merkezi (KUBTUAM) Elektron Mikroskobu Laboratuvari'ndaki
Taramali Elektron Mikroskobu (SEM, Jeol JSM 5600, Tokyo) kullanilarak analiz edilmistir.

FTIR: Fonksiyonel grup analizi Fourier Transform Infrared (FTIR) Spektroskopisi (Bruker Vertex 70V,
ABD) ile Zayiflatilmis Toplam Yansima (ATR) atasmani kullanilarak yapilmistir. Tarama hiz1 32 cm™
ve ¢oziiniirliik Orta Kizilstesi (MIR, 400-4000 cm™) bélgesinde 4 cm™ olmustur.

Adsorban Kapasitesi: Atomik Adsorban Spektrofotometresi (AAS) (GBC 933AA) kullanilarak
Olclilmiistiir.

ARASTIRMA BULGULARI VE TARTISMA

Sentez

Polietilen tereftalat (PET) lifleri ylizeyine etil akrilat (EA) monomerlerinin serbest radikal
polimerizasyonu ile asilanmasi ve ardindan alkali hidroliz uygulanarak karboksil (-COOH) gruplariyla
fonksiyonellestirilmesi yoluyla yeni bir adsorban malzeme gelistirilmistir. Agilanma verimine monomer
derisimi, zaman, sicaklik ve baslatict derisimi etkisi incelenmistir. Optimum monomer derisimi 6 mol/L
(Sekil 2a), zaman 90 dak. (Sekil 2b), sicaklik 70°C (Sekil 2¢) ve baslatici derisimi 6 x 107 mol/L (Sekil
3d) olarak bulunmustur.
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Sekil 2. Asi kopolimerizasyonu; Derisim ¢alismasi (a) Sicaklik ¢aligmasi (b) Zaman g¢alismasi (¢)
Baslatici derigimi galismasi (d).

PET Lif Adsorbamimin Karakterizasyonu

FTIR spektrumlar1 incelendiginde PET, EA-g-PET ve CS,-NaOH/EA-g-PET numuneleri arasinda
belirgin yapisal farkliliklar gézlenmistir (Sekil 3). Saf PET liflerine ait spektrumda, ester karbonil
grubuna karsilik gelen ~1715-1720 em™ bandi, C—O-C gerilme titresimleri (~1240-1100 cm™) ve
aromatik halka titresimleri (~725-870 cm') karakteristik olarak goriilmektedir. Etil akrilatin PET
ylizeyine basariyla asilanmasi sonrasinda, ~1730 cm™' civarindaki karbonil (C=0O) bandinin siddetinde
artis ve ~2960-2870 cm™' araliginda alifatik C-H gerilme titresimlerinin belirginlesmesi, EA
zincirlerinin PET yiizeyine kovalent olarak baglandigimi gostermektedir. Ayrica, ~1160-1180 cm™
civarinda gozlenen yeni bantlar, EA’ya ait ester gruplarmin varligin1 dogrulamaktadir (Arslan ve Giinay,
2018). Alkali hidroliz islemi sonrasi elde edilen CS>-NaOH/EA-g-PET numunesinde ise, ~1710 cm™
civarindaki ester karbonil bandinin siddetinde azalma, buna karsilik ~1550-1610 cm™ araliginda
karboksilat (-COO") titresimlerine ait yeni bantlarin ortaya g¢ikmasi, ester gruplarmin hidrolizle
karboksil (-COOH) fonksiyonel gruplarina doniistiigiinii gostermektedir. Ayrica ~3200-3500 cm™
araliginda genisleyen —OH bandi, ylizeyde hidroksil ve karboksil gruplarmin arttigim dogrulamaktadir.
Bu sonuglar, EA monomerinin PET liflerine basarili sekilde asilandigin1 ve uygulanan alkali hidroliz
islemi ile yiizeyde agir metal iyonlar1 icin aktif baglanma bolgeleri olan karboksil gruplarinin
olusturuldugunu agik¢a ortaya koymaktadir. Boylece elde edilen modifiye edilmis PET lifleri, yiiksek
adsorpsiyon kapasitesine sahip ¢evre dostu bir agir metal adsorbenti olarak kullanilabilir niteliktedir
(Arslan ve Giinay, 2017).
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Sekil 3. Modifiye PET liflerinin FTIR spektrumlari.

Sekil 4’te SEM goriintiileri, modifikasyonun ardindan PET liflerinin yiizey piiriizliliigiinii ve morfolojik
degisikliklerini gostermektedir. Sekil 4a piiriizsiiz ve homojen bir yiizeye sahip orijinal PET liflerini
gostermektedir. Sekil 4b, EA ile asilanmis PET liflerine karsilik gelmektedir ve burada EA'min lif
lizerinde bir kaplama tabakasi olusturdugu acik¢a goriilmektedir. Sekil 4c, CS2 ve alkali muamele
sonrasi lif yiizeyinde olusan yogun piirlizlenme ve mikro-yapisal diizensizlikler, siilfiir fonksiyonel
gruplarmin basarili sekilde yiizeye baglandigini gostermektedir. Sekil 4d’de Ag* adsorpsiyonu sonrasi
lif yiizeyinde gozlenen yogun partikiil birikimi, CS- fonksiyonlu yiizeyin metal iyonlarna kars: yliksek
afiniteye sahip oldugunu kanitlamaktadir (Arslan ve Giinay, 2017).

ngU XS, ea8

Sekil 4. Orijinal PET lifinin (a) EA-g-PET lifinin (b) CS>-NaOH/EA-PET lifinin (c) Ag™-CS»-
NaOH/EA-PET lifinin (d) SEM goriintiileri
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Adsorpsiyon Calismasi
Adsorplanan Ag" iyonu miktar1 asagidaki denklem ile hesaplanmigtir.

qe:(CO_Ce)/VXm

ge = modifiye PET lifleri iizerine adsorbe edilen Ag™ iyonu (mg/g)

Co = Ag' iyonu ¢ozeltisinin baslangi¢ konsantrasyonu (mg/L)

C. = Ag' iyonu ¢ozeltisinin denge konsantrasyonu (mg/L)

V = Ag’ iyonu ¢ozeltisinin hacmi (L)

m = modifiye PET lif miktar1 (g)

Adsorpsiyon iizerinde pH'in etkileri, zaman icinde adsorpsiyonda meydana gelen degisiklikler,
maksimum denge adsorpsiyonu, adsorpsiyon kinetigi ve adsorpsiyon izotermleri incelenmistir.

Sekil 5°te, CS>-NaOH/EA-PET liflerinin Ag" iyonunun farkli pH degerlerinde adsorplama kapasitesi
incelenmistir. Grafik incelendiginde, pH’nin metal iyonu adsorpsiyonu iizerindeki etkisi, 2—6 pH
araliginda incelenmistir. Elde edilen sonuglara gore, pH artisi ile birlikte adsorpsiyon kapasitesi belirgin
sekilde artmis ve pH 5-5,5 araliginda 24 mg/g ile maksimum degerine ulasmustir. Distik pH
degerlerinde (2-3), fonksiyonel gruplarm asir1 protonlanmasi aktif baglanma bdlgelerinin
kullanilabilirligini azaltarak diisiik adsorpsiyon verimine yol agmustir. Buna karsilik, orta pH
degerlerinde karboksilat ve siilfiir iceren fonksiyonel gruplarin deprotonasyonu tesvik edilerek metal
iyonlart ile elektrostatik ¢ekim ve koordinatif etkilesimler giiclenmistir. pH 6’da gozlenen hafif azalma
ise, ¢ozeltide metal hidroksit tiirlerinin olusumuna baglanmaktadir (Arslan ve ark., 2022).
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Sekil 5. pH etkisi: [Ag'] = 300 mg/L; T =25 °C; t = 150 dak.

Sekil 6, Ag" iyonlarmin adsorpsiyon kapasitesinin (qe, g/polimer) zamana bagl degisimini
gostermektedir. Temas siiresinin metal iyonu adsorpsiyonu iizerindeki etkisi, 0—120 dakika araliginda
incelenmistir. Adsorpsiyon siireci, ilk asamada hizl1 bir tutunma davranisi sergilemis ve ilk 15 dakika
icerisinde denge kapasitesinin yaklasik %90’ ma ulagmistir. Bu durum, ylizeyde bulunan aktif baglanma
bolgelerinin fazlalig1 ve giiclii elektrostatik ¢cekim etkisine atfedilmektedir. Takip eden siirecte, yiizey
aktif merkezlerinin kademeli olarak dolmasi ve difiizyon sinirlamalar1 nedeniyle adsorpsiyon hizi
giderek azalmistir. Dengeye 90 dakika sonunda ulagilmis olup, maksimum adsorpsiyon kapasitesi 24,8
mg/g olarak belirlenmistir (Unlii ve ark., 2020).
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Sekil 6. Siire etkisi: [Ag'] =300 mg/L; T =25 °C; pH = 5,5

Sekil 7, baslangi¢ konsantrasyonu (Co, ppm) ile Ag"iyonlarmm adsorpsiyon kapasitesi (qe, g/polimer)
arasindaki iliskiyi gostermektedir. Baslangi¢ metal iyonu konsantrasyonunun adsorpsiyon kapasitesi
iizerindeki etkisi 300—700 ppm araliginda incelenmistir. Sonuglara gore, baslangi¢ konsantrasyonunun
artmasiyla birlikte adsorpsiyon kapasitesi belirgin sekilde artmus ve 600 ppm’de 92,8 mg/g ile
maksimum degerine ulasmistir. Bu durum, artan konsantrasyon gradyenti sayesinde kiitle transferinin
hizlanmas1 ve metal iyonlarmin aktif baglanma bolgeleriyle daha sik etkilesime girmesine
baglanmaktadir. Ancak konsantrasyonun 700 ppm’ye c¢ikarilmasiyla birlikte, aktif merkezlerin
doygunluga ulasmasi ve diflizyon smirlamalari nedeniyle adsorpsiyon kapasitesinde hafif bir diisiis
gozlenmistir (Tagtan ve ark., 2023).
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Sekil 7. Iyon derisiminin etkisi: t = 90 dak.; T =25 °C; pH =5,5
Adsorpsiyon izotermleri

Izotermler, adsorpsiyon sistemlerinin bilesimini aydinlatmak igin metal iyonlar ve adsorbanlar
arasindaki spesifik iliskileri tasvir etmenin bir yoludur.
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Ag" iyonu igin CS,-NaOH/EA-PET liflerinin adsorpsiyon kapasitesini degerlendirmek igin Langmuir
ve Freundlich izotermleri kullanilmigtir ( Tablo 1) (Biyikoglu, 2025).

Langmuir denklemi asagidaki gibi verilmistir:

Ce/qe = [(1 — qm) * Ki] + (Ce/qm)

Formiilde: q. CS»-NaOH/EA-PET lifleri iizerinde adsorbe edilen Ag" iyonunun denge miktarini; gm
maksimum adsorpsiyon kapasitesini; C. denge Ag" iyonunun konsantrasyonunu ve K; Langmuir
adsorpsiyon sabitini ifade etmektedir.

Freundlich denklemi asagidaki gibi ifade edilir:

In e = In K¢ + [(1/n) x In C¢]

Formiilde: g. CS»-NaOH/EA-PET lifleri iizerinde adsorbe edilen Ag" iyonunun denge miktarini; Ce
denge Ag" iyonunun konsantrasyonunu; Ky Freundlich adsorpsiyon katsayis1 ve n sabit bir parametredir.

Tablo 1. Langmuir ve Freundlich izotermleri

Deneysel Langmuir izoterm parametreleri Freundlich izoterm parametreleri
Ge qm Ko 2 Kr 2
mg/g mg/g L/mg R mg/g ! N
92,8 77,62 -0,0563 0,930 85,72 1,76 0,8984

Tablodan elde edilen verilere gore Ag' iyonlarmin adsorpsiyonu hem Langmuir (Sekil 8a) hem de
Freundlich (Sekil 8b) izoterm modelleriyle degerlendirilmistir. Deneysel maksimum kapasite (qc) 92,8
mg/g olarak bulunmus, Langmuir modeliyle hesaplanan teorik kapasite (qm) ise 77,62 mg/g olarak elde
edilmigstir. Bu degerlerin birbirine olduk¢a yakin olmasi, deneysel sonuglarin Langmuir modeline iyi
uyum sagladigim gostermektedir. Ayrica Langmuir sabiti (K = -0,0563 L/mg) adsorbanin Ag"
iyonlarma kars1 yiiksek afiniteye sahip oldugunu isaret etmektedir. Determinasyon katsayisi (R? =
0,9304) oldukga yiiksek bulunmus ve bu durum adsorpsiyon siirecinin homojen yilizeylerde tek tabakali
olarak gerceklestigini ortaya koymustur. Freundlich modeli de sistemin agiklanmasinda kullanilabilir; n
degerinin 1,76 olmasi, adsorpsiyonun elverisli oldugunu gostermektedir. Ancak Freundlich modeli igin
elde edilen R? degeri (0,8984), Langmuir modeline kiyasla daha diisiik oldugundan, Ag" iyonlarmin
adsorpsiyonunun Langmuir izotermine daha uygun oldugu sonucuna varilmistir (Biyikoglu, 2025).
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Sekil 8. Langmuir izotermi (a) Freundlich izotermi (b).
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Kinetik Calismasi

Adsorpsiyon mekanizmasinmi tanimlamak i¢in kiitle transferinin mi yoksa kimyasal reaksiyonun mu
gerceklestigini bilmek dnemlidir. Bu nedenle, birinci ve ikinci dereceden adsorpsiyon kinetik modelleri
kullanilmaktadir (Tablo 2) (Biyikoglu, 2025).

Birinci dereceden kinetik model su sekilde verilir:

In(qe—Inq)=1Inq.— kit

Formiilde: q; t zamaninda adsorbe edilen Ag" iyon miktar;; q. dengede adsorbe edilen Ag" iyon
miktaridir (mg/g); ki birinci dereceden adsorpsiyon hiz sabitidir (dak™).

Ikinci dereceden kinetik model su sekilde verilmistir:

t/q = (1/kage’) + (t/qe)

Formiilde: gt t zamaninda adsorbe edilen Ag" iyon miktar1; g dengede adsorbe edilen Ag" iyon miktar1
(mg/g); ks, ikinci dereceden adsorpsiyon hiz sabitidir (mg/(g dak™)).

Tablo 2. Birinci ve ikinci derece kinetik modelleri

Deneysel Pseudo-birinci derece kinetik modeli | Pseudo-ikinci derece kinetik modeli
e ge(teorik) K(dak” ) q ge(teorik) )
ak R ko(dak R
mg/g mg/g 1(dak”) Adak”™) mg/g
24,8 23,48 0,1807 0,9613 | 0,0219 24,21 0,9979

Kinetik verilere gére Ag" iyonlarinin adsorpsiyonu hem pseudo-birinci derece hem de pseudo-ikinci
derece kinetik modelleriyle degerlendirilmistir (Sekil 9). Deneysel denge kapasitesi (q.) 24,8 mg/g
olarak bulunmus, pseudo-birinci derece modelde (Sekil 9a) hesaplanan teorik kapasite 23,48 mg/g
degerine yakin olsa da, modelin determinasyon katsayist (R? = 0,9613) nispeten diisiik bulunmustur.
Buna karsilik pseudo-ikinci derece modelde teorik kapasite 24,21 mg/g olarak hesaplanmis ve bu deger
deneysel sonuca daha yakin ¢ikmustir. Ayrica pseudo-ikinci derece modelin (Sekil 9b) R? degeri
(0,9979), adsorpsiyon siirecinin bu modele yiiksek uyum gosterdigini kanitlamaktadir. Bu sonuglar, Ag"
iyonlarmin adsorpsiyonunun hiz smirlayici basamaginin kimyasal adsorpsiyon (chemisorption) ile
iliskili oldugunu ve adsorban yiizeyindeki fonksiyonel gruplarla Ag’ iyonlar1 arasinda elektron
paylasimi veya degisimi gibi giiclii etkilesimlerin rol oynadigint gostermektedir (Biyikoglu, 2025).

Infge-gf)

¥ = 0,0413x + 0,0776
s R* = 0,9979

20 ao B0 a0 100 120 140
t, min.

Sekil 9. CS,-NaOH/EA-PET lifleri {izerine Ag" iyonlar1 igin birinci derece (a) ve ikinci derece (b)
kinetik grafikleri
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Bu caligmada, polietilen tereftalat (PET) lifleri yiizeyine etil akrilat (EA) monomerlerinin serbest radikal
polimerizasyonu ile asilanmasi ve ardindan alkali hidroliz uygulanarak karboksil (-COOH) gruplariyla
fonksiyonellestirilmesi yoluyla yeni bir adsorban malzeme gelistirilmistir. Asilanma veriminin
monomer derisimi, zaman, sicaklik ve baslatici derisimi incelenmistir. Optimum monomer derisimi 6
mol/L, zaman 90 dak., sicaklik 70°C ve baslatic1 derisimi 6 X 1073 mol/L olarak bulunmustur. Elde
edilen EA-g-PET liflerinin gliimiis (Ag") agir metal iyonlarmin sudan giderimindeki adsorpsiyon
performansi incelenmistir. Yiizey modifikasyonu FTIR ve SEM analizleri ile dogrulanmustir.
Adsorpsiyon deneyleri, pH, temas siiresi ve baslangic metal iyonu konsantrasyonuna bagli olarak
yiiriitiilmiistiir. Sonuglar, maksimum adsorpsiyon kapasitesinin pH = 5,5 civarinda elde edildigini ve
sistemin yaklagik 90 dakika igerisinde dengeye ulastigini gostermistir. Baslangic konsantrasyonunun
artmasiyla adsorpsiyon kapasitesi 6nemli 6lgiide yiikselmis ve 92,83 mg/g diizeyine ulagmistir. Kinetik
veriler ikinci derece modele (R* =0,99 ), izoterm verileri ise Langmuir izoterm modeline (R* = 0,93 )
yiikksek uyum gostermistir. Bu ¢alisma, atik PET liflerinin diisiik maliyetli, gevre dostu ve yiiksek verimli
bir agir metal adsorbanina doniistiiriilebilecegini ortaya koyarak siirdiiriilebilir su aritimi uygulamalari
icin umut verici bir alternatif sunmaktadir.
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BIOLOGICAL IMPORTANCE OF HETEROCYCLIC COMPOUNDS
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ABSTRACT

Heterocyclic compounds represent the largest and most diverse family of organic compounds. A large
number of heterocyclic compounds are currently known, and their number is rapidly increasing due to
advances in organic synthesis and their numerous applications. Heterocyclic compounds are important
in many scientific fields, including pharmaceutical chemistry, biochemistry, and many others. This
presentation discusses the most bioactive heterocyclic compounds, both recently synthesized and
extracted from plants, particularly those exhibiting antifungal, anti-inflammatory, antibacterial,
antioxidant, anticonvulsant, antiallergic, herbicidal, and anticancer properties.

Keywords: Heterocyclic compounds, Biological activity, Medicinal chemistry
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SYNTHESIS OF (1Z,1'Z)-N,N'-(METHYLENEBIS(1,3,4-OXADIAZOLE-5,2-DIYL))BIS(2,1-
PHENYLENE))BIS(1-(4-NITROPHENYL)METHANIMINE)

Assiya ATIF
Bioorganic Chemistry Team, Faculty of Science, Chouaib Doukkali University, El Jadida, Morocco

Soukaina AMEUR
Bioorganic Chemistry Team, Faculty of Science, Chouaib Doukkali University; Molecular Modeling
and Spectroscopy Research Team, Faculty of Sciences, Chouaib Doukkali University, El Jadida,

Morocco

Houssine AIT SIR
Bioorganic Chemistry Team, Faculty of Science, Chouaib Doukkali University, El Jadida, Morocco

ABSTRACT

Imines are formed by exciting carbonyl compounds (an aldehyde or a ketone) in ethanol with drops of
glacial acetic acid, which makes the carbon of (C=0) more electrophilic, followed by the addition of a

primary amine via a condensation reaction.

(1Z,1'Z)-N,N'-((methylenebis(1,3,4-oxadiazole-5,2-diyl))bis(2, 1 -phenylene))bis(1-(4-
nitrophenyl)methanimine) (3) was synthesized by the condensation of 2,2'-(methylenebis(1,3,4-
oxadiazole-5,2-diyl))dianiline (1) and 4-nitrobenzaldehyde (2) in ethanol in the presence of glacial
acetic acid, giving a yield of 69% and a melting point 111°C.

Keywords: Synthesis, glacial acetic acid, 1,3,4-oxadiazole
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SOLVENT EFFECTS IN ORGANIC CHEMISTRY

Assiya ATIF
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ABSTRACT

In this work, we examined the impact of solvents on several processes and reported the results obtained
using multiple linear regression analysis. The processes examined included cases of gas or vapor
solubility, solute distribution coefficients between water and various solvents, and the effects of the
solvent on conformational equilibrium, keto-enol tautomerism, and reaction rates. It was shown that two
specific equations—the Koppel-Palm equation improved by Makitra and Pirig, and the Abraham-
Kamlet-Taft equation—can satisfactorily explain the effects of solvents on these different processes. It
should be noted that the interpretation of parameters derived from these equations, which incorporate
macroscopic values such as AG# or AGy, is not straightforward; models are essential to make sense of
these macroscopic quantities in terms of microscopic values that can define, among other things, solute-
solvent interactions.

Keywords : solvents, effects, interactions, processes
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IDENTIFICATION OF POTENTIAL ALKALOID ANTAGONISTS TO EXPAND SMOKING-
CESSATION THERAPEUTICS AND PROVIDE ALTERNATIVE TREATMENTS FOR
NICOTINE DEPENDENCE VIA AN IN SILICO APPROACH
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Department of Biotechnology, School of Health and Life Sciences, i3L University, Jakarta 13210,
Indonesia

Arli Aditya PARIKESIT
Department of Biotechnology, School of Health and Life Sciences, i3L University, Jakarta 13210,
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ABSTRACT

Smoking harms both physical and mental health and often leads to nicotine dependence and related
problems. The World Health Organization reports that smoking is the top cause of death from non-
communicable diseases, causing 8 million deaths each year, especially in low- and middle-income
countries. While treatments for nicotine dependence exist, they are not widely used because of limited
options, high costs, side effects, and poor access. Finding new alternatives could help more people quit
smoking. This study looks for lead compounds from natural alkaloids that can block nicotinic
acetylcholine receptors (nAChRs) using computer-based methods. This approach is fast, affordable, and
avoids ethical issues, making it useful for drug discovery. The 042 nAChR subtype was chosen because
it plays a key role in nicotine addiction and is an important target for therapy. These receptors have a
strong attraction to nicotine and are found in brain areas linked to addiction and reward. Virtual
screening was used to find possible a4p2 nAChR antagonists through QSAR analysis, molecular
docking with Patchdock, visualization, and toxicity checks. Out of 43 alkaloids tested, six showed
promise. To move from computer results to lab testing, specific criteria will be used to pick which of
the top six alkaloids go forward. Docking scores and binding strength will help decide which compounds
to study further. The best candidates will then be tested in vitro and in cell models. This plan sets out
the next steps for research and development.

Keywords: alkaloids, nAChRs, QSAR, molecular docking, smoking

1. Introduction

Smoking is a common form of recreational drug use. It is consumed by burning plant materials or
chemical substances and then inhaling the fumes, resulting from the burning activity. Various types of
plant materials and chemical substances are used for smoking, including tobacco, cannabis, opium, and
heroin. However, the most popular substance used for smoking is tobacco due to its legality and being
more commercially available. The form of equipment used for delivering the active substances in
tobacco is also varied, such as cigarettes, cigars, pipes, hookah, and many more. Perceptions regarding
smoking changed over time and varied from place to place; however, in the 20th century, smoking has
gained a negative perception due to the harmful health effects of tobacco. Smokers have an increased
risk of developing chronic diseases such as cancer, periodontal, cardiovascular, and respiratory diseases
[1-3].

Furthermore, smoking is also reported to shorten the lifespan of smokers by 10 years. According to the
global burden of disease study in 2017, smoking caused the premature deaths of around 8 million people
worldwide, with 7 million people dying as active smokers and approximately 1.2 million people dying
resulting from secondhand smoking [4]. Smoking is also known to negatively affect cognitive function
and mental health, especially for individuals with mental health disorders [5]. Efforts to drive down the
reduction of smoking have been made, including taxation, reducing the number of venues to smoke,
campaigns on the packaging of tobacco products, and subsidy of pharmacotherapy.
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The result of these efforts significantly reduced the smoking prevalence and the consequent mortality as
well as morbidity in most but not all rich countries. However, future mortality in middle- and low-
income countries will likely increase [6].

There are many factors affecting smoking behavior, including environmental stress, social norms, cost,
mental state, and biological effects, which are correlated with the binding between the active substance
of tobacco and the receptor found in the nervous system. The active substance of tobacco is nicotine, an
agonist from alkaloids in the nightshade family of plants, including tobacco. Nicotine exerts its effect
by binding it to the nicotine nicotine to the nicotinic acetylcholine receptor (nAChRnAChR) receptor.
The nAChRs are receptors composed of five subunit proteins and form a pore-like channel that spans
from the intracellular to the extracellular region of the cells. The nAChRs subunits consist of o (a2-a7,
09 and a10) and B(B2-p4) subunits [7]. The nAChRs are widely expressed in the brain. However, brain
imaging showed that nicotine acutely increases activity in the prefrontal cortex, thalamus, visual system,
and the corticobasal ganglia-thalamic brain circuit [8]. The binding of nicotine activates nAChRs and
causes the release of various neurotransmitters, most importantly dopamine, in the brain regions of the
mesolimbic area, corpus striatum, and frontal cortex. Of particular importance, the dopamine release
induced by nicotine occurs in the midbrain's ventral tegmental area (VTA) via the dopaminergic neuron,
which is then projected into the nucleus accumbens (NAc) area. The release of dopamine in this pathway
appears to be critical in the drug-reward system and highly affects the reinforcement behavior in
smoking [9]. Moreover, repeated exposure to nicotine creates tolerance (neuroadaptation) due to
desensitization and upregulation of nAChRs, which induces smokers to increase the dose of nicotine
inhaled from tobacco products. Nicotine tolerance complicates the effort to quit smoking due to the
desensitization of nAChRs, creating more binding sites for the nicotine, hence causing a phenomenon
known as nicotine withdrawal symptoms [10]. In addition to the management for controlling the tobacco
epidemic, treatment options for smoking cessation have been widely available and have shown
promising efficacy in reducing smoking activity and inducing smoking abstinence. The currently
available treatment options include psychological therapy such as cognitive-behavioral therapy (CBT),
nicotinic replacement therapy (NRT), and pharmacological drugs such as bupropion, varenicline,
cytisine, nortriptyline, and naltrexone. The NRT is available in many forms, such as chewing gum,
inhaler inhalers, patches, sprays, sprays, and/or lozenges [11]. Several studies have proved the
effectiveness of these treatments. A study showed that prolonged CBT from 26 to 48 weeks induces a
more extended abstinence period of smoking [12]. All forms of NRT also showed the motivation to quit
smoking by 50% to 60% [13]. Furthermore, a combination of NRT and the pharmacological drug
varenicline enhanced the rate of quitting smoking in the early phase [14]. Regardless of the efficacy of
the smoking cessation treatment, the utilization of these treatments remains low.

Hence, using an antagonist from an alkaloid is proposed as a potential alternative treatment for smoking
cessation. An antagonist is a molecule that blocks the activity of the receptor. Thus, the subsequent
effect is blocked. Targeting nAChRs involved in the drug reward system may be advantageous in
reducing smokers’ reinforcing behavior, hence decreasing the chance of smokers developing
dependence and tolerance to nicotine. Pharmacological drugs such as varenicline, bupropion, and
mecamylamine target specific subtypes of nAChRs to induce smoking cessation. Varenicline is a partial
agonist to the a4 2* subtype, while bupropion is an antagonist at the a3 2* subtype. These drugs have
shown efficacy to induce smoking abstinence and are currently used as the first-line treatment for
smoking cessation. Mecamylamine is a non-selective nAChRs antagonist and showed an effectivity to
induce abstinence. However, the effect is limited by peripheral side effects; hence is currently not used
as a smoking cessation agent [15]. Alkaloids are a class of basic, naturally occurring compounds that
most share the common feature of a ni, nitrogen consists of its structure. Alkaloids have been known to
possess a broad pharmacological effect, such as stimulant, antioxidant, analgesic, antidiuretic or diuretic
agent, antiviral, antibacterial, and many more [16]. Several alkaloids with antagonism activity have been
studied and the results showed a promising result in inhibiting several subtypes of nAChRs. A study
showed alkaloids from Erythrina mulungu plants had shown inhibition activity against several nAChRs
subtypes of a4p2 and aseven receptors in vitro [17]. Galantamine is an alkaloid isolated from the plant
family of Amaryllidaceae; it showed an inhibition activity against the a7, a3p4, (04)2(B2)3, and
(04)3(B2)2 subtype of nAChRs that were expressed in Xenopus oocytes [18].

113



12" International Aegean Congress on Natural & Medical Sciences
February 25-26, 2026, [zmir
(THE PROCEEDINGS BOOK)

https://www.aegeanconference.com/

In this study, a computational approach using molecular docking will be carried out to determine the
lead compounds from alkaloids that could act as antagonists toward nicotinic acetylcholine receptors
(nAChrs). This is an alternative approach for inducing abstinence as well as preventing the relapse of
smoking. The findings of this study will provide the basic knowledge of the interaction between the
antagonist and its receptor, which could help discover more alternatives to the current treatment for
nicotine addiction.

2. MATERIALS AND METHODS

2.1. Materials

The research flowchart of this experiment is presented in Figure 1. The detailed explanation of the
experiment will be explained in the sub-section below. The initial step starts by selecting natural
alkaloids as ligands via literature review and retrieving the 3D structure from PubChem. Then, nAChRs
subtype 042 was selected as the experiment's macromolecules or target receptor. The biological activity
of the ligands was performed to screen the ligands that can potentially act as an antagonist toward the
target receptor. The 3D structure of the target receptor was obtained from the Protein Data Bank (PDB).
Before molecular docking, the target protein was prepared in PyMOL to remove some residues attached
to the target receptor. Then, the molecular docking was performed using a Patchdock, resulting in 20
solutions, ACE values, and the 3D structure of the ligand-receptor complex in 3D structure. Therefore,
the potential binding score from solution 1 of each ligand is analyzed, and the resulting ligand-receptor
complex structure is used for VisualizationVisualization.

‘ Ligand Selection ‘ ‘ Receptor Selection ‘
‘ Biological Activity ‘ ‘ Receptor Identification ‘
‘ Ligand Preparation ‘ ‘ Receptor Preparation ‘

| Binding Potential

‘ Molecular Docking ’7

‘ Ligand-Receptor ‘

|

‘ Visualization ‘

|

‘ Toxicity Analysis ‘

‘ Result Analysis llli
Figure 1 Research Flowchart

2.2. Methods

2.2.3. Ligand and Receptor Selection

The natural alkaloids were searched via literature review using Google Scholar search engine using the
keywords "alkaloids," "plant alkaloids," "nicotinic acetylcholine receptor," "nAChRs," "antagonist," "in
vitro," "in vivo." The publication year was also limited from 2010 until 2021. Hence, a total of 41
alkaloids that were reported to have antagonistic activity towards nAChRs were obtained from various
papers.  Information of each  alkaloid was  further identified in  PubChem
(https://pubchem.ncbi.nlm.nih.gov/). Two pieces of information, the canonical SMILES and 3D

structure in .sdf format, were saved.
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The standard used in this experiment is varenicline in which it is a pharmacological drug that is used as
the first-line of smoking cessation treatment. This drug acts as a partial agonist to nAChRs subtype a432
and acts as an antagonist in the presence of nicotine. Next, the 3D structure of nAChRs subtype 0432
was identified as 6UR8 on Protein Data Bank (PDB; http://rscb.org/) and then saved in .pdb format. The
nAChRs subtype 042 is one of the well-known nAChRs subtypes regarding the nicotine effect on the
central nervous system, and it is one of the most predominant in the mammalian brain. Hence, this
receptor is considered the primary target of nicotine dependence. Another reason for selecting this
nAChRs subtype is its high affinity to nicotine, and about one-third of nAChRs subtype 042 is located
on the dopaminergic neuron cells involved in the mesolimbic area [19]. This protocol is devised based
on an established structural bioinformatics pipeline for molecular simulation [20-22].

Figure 2 3D nAChRs subtype a4f2 retrieved from Protein Data Bank
(DOI:10.2210/pdbSKXI/pdb)

2.2.3. Ligand and Receptor Selection

2.2.3.1 Biological Activity Screening

The biological activity screening of each alkaloid was performed using Prediction of Activity Spectra
for Substances (PASS Online; http://www.pharmaexpert.ru/passonline/). PASS Online is an online tool
used to evaluate the general biological activity of organic-drug-like molecules [23]. The input data of
PASS Online is the canonical SMILES from PubChem. Then, the result showed the prediction of the
biological activity based on the Pa score (probability to be active score). The Pa score more significant
than 0.7 indicates that the difference between the biological activity of a molecule from laboratory
results and the computational prediction is insignificant. Furthermore, a higher Pa score showed a higher
chance of the molecule belonging to the subclass of the active compound due to its resemblance in its
structure [24,25].

2.2.3.2 Ligand-Binding Site Prediction

The ligand-binding site prediction was performed using 3DLigandSite
(http://www.sbg.bio.ic.ac.uk/3dligandsite ). The 3Dligandsite is a web server used for the prediction of
ligand-binding sites, which is based upon a manual method known as the critical assessment of
techniques for protein structure prediction (CASPS). This web server superimposed ligands from similar
structures to a structural model of the target protein and mapped the residue conservation onto the
protein. Thus making predictions by combining data from the approaches mentioned previously [26].
This step is necessary to obtain the most fit receptor binding site because the previous 3d structure of
nAChRs subtype a4p2 retrieved from PDB showed to have ligands attached to both receptor binding
Sites. The main input data for 3DligandSite could be the fasta sequence of the protein or the structure
of the protein itself. The output showed the top 5 clusters predicted to interact with ligands.
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The first cluster is the most confident residue in which it is more likely to interact with the ligands. The
output information of the clusters includes the sequence view of the ligand-binding site, clusters
information and structural analysis. Next, the structure of the most fitting ligand-binding site is taken
from the structural analysis section and used for molecular docking

2.2.3.3. Target Receptor Preparation

Prior to molecular docking, the target receptor was prepared in PyMOL to remove residues such as water
molecules and some glycoproteins that are attached to the 3d structure of the target receptor. Then, it is
also used to export the .sdf format of the ligands .pdb format. Pymol is a software that is capable of
visualizing the 3D structure of proteins equipped with shortcuts that could be used to edit, view, and
analyze 3D molecular structures [26].

2.2.4. Molecular Docking

The molecular docking was performed using PyRx 0.8 integrated with AutoDock Vina, which is
software used for the virtual screening of compounds against the potential drug target [27,28]. THE.pdb
files of the target receptor and ligands were all uploaded to the program. Then, the chain from nAChRs
subtype 042 was set as the macromolecule, and the alkaloids were selected as the ligand. The binding
was done as specific docking to compare the binding affinity of the ligands and the control on the binding
site. The location of the binding site was set visually based on the previous ligand that bound to the
receptor. Meanwhile, the size of the x, y, and z-axis of the grid box was 25 4 (angstrom) which is the
default size[29]. The molecular docking generated nine modes of ligand binding as well as nine scores
for the binding potential. The 3d structure of the ligand was also generated after the docking process
and saved IN.sdf format. Lastly, the resulting ligands from the docking procedure were added to the
enzyme complex so it could be used for visualization.

2.2.5. Visualization

The resulting file from molecular docking is downloaded in the form of.sdf format then uploaded to
PyMOL 2.4.1 for 3D visualization as well as converted to.pdb format for 2D visualization using
LigPlot+ software [30]. Ligplot+ is a software that generates 2D representations of the protein-ligand
complex from a .pdb format. This software visualizes and analyzes the hydrogen bond and the
hydrophobic interactions between the ligands with main or side chains [31,32]. The 2D visualization
visualizes the interaction of hydrophobic residues depicted by an arch and the hydrogen bond between
the ligands and nearby residues, illustrated by the dotted line.

2.2.6. Toxicity and Drug-Likeness Analysis

Toxicity analysis was carried out to evaluate the potential toxicity of the ligands, and the toxicity
analysis was performed using Toxtree 3.1.0 and swissadme (http://www.swissadme.ch). Toxtree is a
software that organizes molecules into categories and predicts the potential toxicity of the molecule.
Meanwhile, swissadme is a free online tool used to evaluate the pharmacokinetics drug-likeness as well
as medicinal chemistry properties of the small molecule [33]. Both of these tools use canonical smiles
that were retrieved from PUBCHEM. The result of toxtree displays the class of toxicity based on the
crammer rules, carcinogenicity based on the ISS rules, in vitro mutagenicity based on the AMES test as
well as potential side effects such as skin corrosion and eye irritation [34,35].

3. Results and Discussion

3.1. Results

3.1.1. Biological Activity

The PASS Online result of the natural alkaloids is shown in Table 1. Out of 41 alkaloids that were
selected, 38 alkaloids are eligible to be used for prediction in PASS Online. The other three alkaloids
were unable to be predicted. Among these 38 alkaloids, six showed a Pa score more significant than 0.7,
with the biological activity of 'Nicotinic alphadbeta2 receptor antagonist' displayed in Table 4.1.
Lobelanidine showed the highest Pa score of 0.914.
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The Pa score of the six alkaloids ranges from 0.8-0.9, indicating that these alkaloids have a high
probability of belonging to a subclass of active compounds.

Table 1 PASS Online Result of Natural Alkaloids and the Standard Compound with Pa Score > 0.7

NNo [ Alkaloids/Compounds Name PubChem ID Pa Score
1 Varenicline (Standard) 170361 0.415
2 (+)-Erythravine 11231853 0.859
3 (+)-11alpha-hydroxyerythravine 11695361 0.850
4 Microgrewiapine A 71576920 0.849
5 Microgrewiapine B 71578971 0.806
6 Microcosamine A 25140000 0.868
7 Lobelanidine 142646 0.914

3.1.2. Molecular Docking

The molecular docking analysis was carried out using the software PyRx 0.8, integrated with AutoDock
Vina. The result from the docking showed the binding affinity in kcal/mol. The alkaloids are considered
a pass if the binding affinity value is lower than the standard, which is varenicline. The molecular
docking for all alkaloids was done in nine modes; however, the result presented in Figure 3. showed the
lowest binding affinity value for every alkaloid. Figure 3 showed the lowest binding affinity values for
each alkaloid.

Binding Affinity (kcal/mol)

42 | Varenicline (Standard)
|

-5 s (+}-Erythravine

|
-4.8 - (+}-11alpha-erythravine

i
44 ! Microgrewiapine A

4,1 Microgrewiapine B
i

45 E Microcosamine A

5 | Lobelanidine

-6 -5 -4 -3 -2 1 0

Figure 3 Molecular Docking Result of Alkaloids with Binding Affinity Less than Standard
3.1.3.Visualization

The VisualizationVisualization was carried out using PyYMOL 2.4.1 and Ligplot+ 2.2. Figures in Table
2 show how 3D visualization of the ligand-receptor complex. Moreover, the 2D representation of each
ligand is organized also in Table 2.
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Table 2. The Residues Involved in Hydrophobic Interaction and Hydrogen Bonding in 3D and 3D
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3.1.4.Toxicity and Drug-Likeness Analysis
The toxicity analysis and drug-likeness analysis were done virtually using Toxtree 3.1.0 and
SwissADME—table 3. Table 4. shows the toxicity parameters resulting from Toxtree and drug-likeness

and the synthetic accessibility of each alkaloid from SwissADME.

Table 3. Toxicity Parameters Result from Toxtree of each Alkaloid
Alkaloid Toxicity (Cramer | In vitro mutagenicity | Skin and Eye
Rules) (AMES test) Corrosion
(+)-Erythravine High-Class III No alert for Not Skin corrosive; No
S.typhimurium Skin Corrosion
R34/R35
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(+)-11alpha- High-Class III No alert for Not Skin corrosive; No
hydroerythravine S.typhimurium Skin Corrosion
R34/R35
Microgrewiapine High-Class III No alert for Not Skin corrosive; No
A S.typhimurium Skin Corrosion
R34/R35
Microgrewiapine B High-Class III No alert for Unknown
S.typhimurium
Microcosamine A High-Class III No alert for Not Skin corrosive; No
S.typhimurium Skin Corrosion
R34/R35
Lobelanidine High-Class III No alert for Not Skin corrosive; No
S.typhimurium Skin Corrosion
R34/R35

Table 4. Drug-likeness (Lipinski Rule of 5) and Synthetic Accessibility Result of Each Alkaloid from

SwissADME

No. Alkaloid Druglikeness (Lipinski Rule of 5) Synthetic Accessibility
1. (+)-Erythravine Yes; 0 violation 4.67
2. (+)-11alpha- Yes; 0 violation 4.86

hydroerythravine
3. Microgrewiapine Yes; 0 violation 4.26

A
4. Microgrewiapine B Yes; 0 violation 4.49
5. Microcosamine A Yes; 0 violation 4.17
6. Lobelanidine Yes; 0 violation 3.36

3.2. Discussion

3.2.1. Molecular Docking

Figure 3 shows that the binding affinity of varenicline (standard) is -4.2 kcal mol. Among the six
alkaloids, only microgrewiapine A (-4.1 kcal/mol) is not considered a pass because the binding affinity
is higher than the standard (Figure 3). Meanwhile, (+)-Erythravine and lobelanidine obtain the lowest
binding affinity values. Lower binding affinity values indicate stronger bonds between the alkaloids and
the ligand-binding site of a chain from nAChRs subtype 042 than the standard. Thus, these alkaloids
can potentially act as antagonists to the target receptor. Moreover, (+)-Erythravine and (+)-11 alpha-
hydroxyerythravine are alkaloids found in the Erythrina mulungu plant mulungu plant. This plant
originated in Brazil but is distributed widely in tropical and sub-tropical countries. Erythrina mulungu
plant contains medicinal benefits, which include neuroprotective, anticonvulsant, and anxiolytic
properties. These two alkaloids were shown to inhibit the incidence of seizures in epileptic mice as well
as could improve learning and memory in mice [36,37]. Reportedly, these alkaloids also found to reduce
anxiety in two animal models of anxiety [38]. Additionally, Lobelanidine is an alkaloid found in Lobelia
spp. Plant, which is a type of flowering plant that could be found chiefly in tropical countries. This
alkaloid is known for its anti-addictive properties. Studies have shown that this alkaloid could treat drug
addiction to amphetamines, cocaine, and alcohol [39—41]. Lastly, Microgrewiapine A and B and
microcosamine A are alkaloids from microcos paniculata, a large shrub or a small primarily found in
China, South and Southeast Asia. Microcosm paniculata extract treats heat stroke, fever, dyspepsia,
diarrhea, insect bites, and jaundice [42].

3.2.2. Visualization

Table 2. shows the hydrophobic residues and hydrogen bonding of each ligand that binds to the receptor.
All ligand-receptor complexes were retrieved as the .sdf format from the PyRx integrated with
AutoDock result, and these complexes are only obtained from mode 0.
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The nAChRs is a receptor that belongs to the Cys-loop receptor family, forms homo- or
heteropentameric assemblies with five subunits to be a functional receptor. The ligand-binding site of
the nAChRs is located in the extracellular domain that lies at the boundary of the neighboring subunits.
In the case of nAChRs subtype a4p2, the ligand-binding site is located between the four and the two
subunits. The exact position of the ligand binding site is located between the principal face and the
complementary face. The principal is contributed by the o subunit, which contains several loops: A, B,
and C, while the complementary face is a part of the § subunit and consists of D, E, and F loops. In the
presence of a ligand, the residues from A-D loops form a core pocket, which could stabilize a ligand
through the hydrophobic and the cation-r interactions [43]. The residues involved in the hydrophobic
interaction of the alkaloids and receptors differ depending on the alkaloids' structure.

Six residues are involved in the hydrophobic interactions in the presence of an antagonist known as
dihydro-pB-erythroidine (DHBE). Those residues are Tyr126(A), Trpl82(B), Tyr230(C), Trp82(D),
Asp96(A). Other hydrophobic residues that are important for the ligand-binding site in nAChRs subtype
a4p2 are Trp143(B), Tyr89(A), Tyr 185(C), Tyr192(C), Trp53(D). Moreover, the study also compares
the hydrophobic residues of nAChRs subtype a4p2 when bound with DHBE and ryanodine, an alkaloid
from Erythrina mulungu. The result showed that Trp182, Tyr 230, Asp196, and Trp82 residues play
important in the inhibition activity of ryanodine [44]. Most of those amino acid residues are not observed
in Table 2. However, the docking results Alal08(A) and Asp96(A) showed to be the most common
residues that interacted with the ligands, suggesting that these residues are important residues involved
in the hydrophobic interaction between the ligand and the receptor (Table 2). The difference of amino
acid residues in hydrophobic interaction between the alkaloids and the ligand binding site of the receptor
might be caused by different structures of alkaloids. Moreover, the presence of hydrophobic interactions
enhances the binding affinity and stability of the ligand-receptor complex.

3.2.3. Toxicity Analysis and Drug-likeness Analysis

In Table 3. all six alkaloids are shown to belong in High-Class III of toxicity according to the Cramer
rules, which indicate that these alkaloids have a severe toxic hazard [45]. Despite the severe toxicity
prediction of the alkaloids, all of these alkaloids did not exhibit carcinogenicity according to the ISS
rule. They showed non-mutagenic for S.typhimurium for the In vitro mutagenicity test based on the
AMES test. Lastly, 2 out of 6 alkaloids, which microgrewiapine B and lobelanidine, affect skin and eye
corrosion is unknown. In contrast, the rest of the alkaloids showed no Skin Corrosive and no Skin
Corrosion R34/R35, indicating that the other four alkaloids are not corrosive to the skin or irritating to
the eyes [46]. Table 4. shows the drug-likeness analysis from SwissADME, and the result showed zero
violation toward the drug-likeness based on the Lipinski rules, which means that these alkaloids have
good drug-like properties. Next, the synthetic accessibility score of those alkaloids ranges from 3.3 to
4.8, meaning that the alkaloids might be moderately challenging to synthesize.

4. Conclusions

In this experiment, molecular docking was carried out to find the possible drug candidate from natural
alkaloids, which have an antagonism activity towards the target receptor of the nAChRs subtype 04p2.
It was chosen due to its involvement in the reward-learning pathway in the brain. Out of 43 alkaloids,
six were successfully docked, showing a significant binding potential ranging from -83.21 kcal/mol to
-261.32 kcal/mol and significant Patchdock scores ranging from 4808 to 5254. Hence, the six alkaloids
could be considered a potential nAChRs subtype 042 antagonist. The binding of those alkaloids is also
further confirmed by interactions with hydrophobic residues of Trp57, Pro242, His304, Cys199,
Met570, and Tyr204. Finally, the ADME-tox result showed that the six alkaloids could be used for drug
development; however, the synthetic accessibility scores showed that these alkaloids might be
moderately challenging to synthesize. This study is still at the early step of drug discovery development,
which is at the beginning of research target identification and identifying the potential ligands that could
act as an antagonist as a possible treatment alternative for smoking cessation. In addition, further
validation of the ligand and receptor complex using molecular dynamics may provide deeper insight
into the molecule's stability and behavior. The compound's effect must also be validated in the wet lab
experiment to see the direct interaction between ligands and targets and its effects on subsequent
signaling pathways.
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COMPUTATIONAL FIRST-PRINCIPLES STUDY OF HYDROSTATIC PRESSURE—
INDUCED MODIFICATIONS IN THE THERMOELECTRIC PROPERTIES OF TIN
CHALCOGENIDE SNA (A=SE, TE)

A. A. Yahaya
Department of Physics, Faculty of Physical Sciences, Abdullahi Fodio University of Science and
Technology, Aliero, Kebbi State, Nigeria

ABSTRACT

The thermoelectric properties of the tin chalcogenides SnA (A = Se, Te) under hydrostatic pressure (0-
10 GPa) are investigated computationally from fundamental principles in this work. The pressure-
dependent behaviour of important thermoelectric parameters, such as electronic conductivity, thermal
conductivity, Seebeck coefficient, power factor, and figure of merit (ZT), was investigated using Density
Functional Theory in conjunction with Boltzmann transport theory. Due to pressure-induced changes in
band structure and enhanced carrier mobility, the results show that hydrostatic pressure considerably
increases the electrical conductivity of both SnSe and SnTe. Although the Seebeck coefficient falls as
pressure rises, the total power factor significantly improves, suggesting that the electrical transport
qualities are well-balanced. Lattice stiffening causes a little increase of thermal conductivity under
pressure, with SnSe retaining lower values than SnTe. As a result, both materials' thermoelectric figures
of merit are improved, with SnSe performing better and more gradually because of its naturally low heat
conductivity. These results offer important information for the design of high-performance
thermoelectric materials and demonstrate that hydrostatic pressure is a useful tuning mechanism for
maximising the thermoelectric efficiency of tin chalcogenides.

Keywords: Density Functional Theory, Hydrostatic pressure, Boltzmann transport theory,
sthermoelectric properties, Tin chalcogenides.
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STUDY OF PERFORMANCE ENHANCEMENT IN SCANDIUM-DOPED AIN PHONONIC
CRYSTALS

Dr. Mohammed MOUTAOUEKKIL
LPMR, Faculté des Sciences, Université Mohammed I, 60000, Oujda, MOROCCO

ABSTRACT

This paper presents a numerical study on the acoustic properties of a two-dimensional phononic crystal,
which is composed of scandium-doped aluminum nitride (ScAIN) and aluminum nitride (AIN) pillars
arranged on an AIN membrane. The crystal structure consists of ScAIN pillars located at the center,
surrounded by AIN pillars, forming a periodic lattice designed to control and guide elastic waves. The
main objective of the study is to investigate how varying scandium concentrations (ranging from 0% to
40%) affect the phononic behavior of the system. Finite element simulations were conducted to analyze
the band structure and transmission characteristics of the crystal for different scandium doping levels.
The results show that the incorporation of scandium significantly alters the material's elastic properties,
resulting in a slight reduction in the phase velocity of the acoustic modes. Additionally, the introduction
of scandium leads to a tunable shift in the phononic bandgap, demonstrating the ability to control the
wave propagation characteristics. Displacement field distributions reveal that, as the scandium content
increases, the confinement of acoustic energy within the ScAIN regions becomes more pronounced. It
is important to note that the study focuses on the intrinsic elastic and geometrical effects of scandium
incorporation, without considering material losses. These findings suggest that SCAIN/AIN phononic
structures have considerable potential for applications in high-frequency acoustic devices, such as
sensors, filters, and reconfigurable waveguides, due to their tunability and ability to manipulate wave
propagation at various frequencies.

Keywords: Phononic crystal, Band structure, Transmission, Phase velocity.
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ROLE OF FOOD CHEMISTRY IN TEXTURE, FLAVOR, AND COLOR DEVELOPMENT

Ahmed ATTAHIRU
Abdullahi Fodio State University of Science and Technology, Aliero, Department of Pure and
Industrial Chemistry, Faculty of Physical Sciences

Bashar ATTAHIRU
Federal College of Education (Technical), Yauri, Science Education Department

ABSTRACT

Food chemistry plays a fundamental role in the development of texture, flavor, and color, which are
critical determinants of food quality, consumer acceptance, and market value. This paper examines the
chemical and biochemical mechanisms through which food components interact during processing,
storage, and preparation to generate desirable sensory attributes. Texture development is discussed in
relation to macromolecular interactions involving proteins, carbohydrates, lipids, and water,
highlighting phenomena such as gelation, emulsification, starch gelatinization, and protein denaturation.
Flavor development is explored through the formation and transformation of volatile and non-volatile
compounds arising from enzymatic reactions, lipid oxidation, fermentation, and thermal processes such
as the Maillard reaction and caramelization. The paper also addresses the chemical basis of color
development, focusing on natural pigments including chlorophylls, carotenoids, anthocyanins, and
melanoidins, as well as color changes induced by pH, temperature, oxidation, and metal ions. The
interrelationship between texture, flavor, and color is emphasized, demonstrating how chemical
reactions often influence multiple sensory attributes simultaneously. In addition, the implications of
food chemistry for product formulation, processing optimization, and quality control are highlighted.
Understanding these chemical principles enables food scientists to design foods with improved sensory
quality, enhanced stability, and greater consumer appeal. These insights support innovation,
sustainability, and consistent delivery of high quality foods worldwide globally today.

Keywords: Food chemistry, Texture, Flavor development, Color formation, Maillard reaction, Food
quality
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OZET

Teknolojinin hizla gelismesi hayati kolaylastiran pek ¢ok etkiye neden olmasinin yani sira endiistriyel
iiretim ve tiiketim siireglerinde toprak, su ve hava kirliligine yol agan pek ¢ok dezavantaj1 da beraberinde
getirmektedir. Ozellikle su kirleticilerin basinda farkli endiistri kaynaklarindan salman organik
boyalardan birisi olan metilen mavisi (MM) gelmektedir. Zehirli, kanserojen ve biyolojik olarak
parcalanamayan bir yapiya sahip olan MM, hem insan sagligi hem de ¢evre giivenligi agisindan ciddi
bir risk olusturmaktadir. Son yillarda atik sulardaki MM gibi boyar maddelerin ortamdan
uzaklastirilmasinda pratikligi, ucuzlugu ve kullanim kolaylig1 nedeniyle kimyasal yontemlere kiyasla
fotokataliz isleminin daha verimli ve ¢evre dostu bir yontem olarak 6ne ¢ikmaktadir. Bu amagla
calismamizda; fotokatalitik etkiye sahip titanyum dioksit (TiO,)’in biiyiik ylizey alani, kimyasal
kararlilig1 ve {istiin adsorpsiyon yetenegi olan Nanoelmas (NE) ile birlikte PoliHEMA-ko-NVP) {i¢
boyutlu ag yapisi i¢erisine dahil edilerek hidrojel nanokompozit sentezlenmis ve karakterize edilmistir.
Sentezlenen TiO,-NE@Poli(HEMA-ko-NVP) hidrojel nanokompoziti metilen mavisi (MM) boyar
maddesinin fotokatalitik gideriminde fotokatalizor olarak kullanilmistir. Sonug olarak; 100 mg hidrojel
nanokompozit miktar1 ile pH: 10 ¢ozelti ortaminda bulunan MM boyar maddesi %97,50 verimle
giderimini saglamistir. Ayrica Poli(HEMA-ko-NVP) matrisinin adsorpsiyon etkisiyle sinerjik bir
iyilesme saglanmistir. Sonug olarak bu caligmada g¢evresel dostu, yiiksek performanslt ve yeniden
kullanilabilir fotokatalizor tasarimi agisindan 6nemli bir katki sunmaktadir.

Anahtar Kelimeler: Metilen mavisi, TiO,, Nanoelmas, HEMA, N-vinil pirolidon, Fotokatalitik
giderim.

ABSTRACT

The rapid advancement of technology, while providing numerous conveniences in daily life, has also
brought about significant disadvantages by causing soil, water, and air pollution through industrial
production and consumption processes. Among water pollutants, one of the most prominent organic
dyes released from various industrial sources is methylene blue (MB). Due to its toxic, carcinogenic,
and non-biodegradable nature, MB poses a serious threat to both human health and environmental safety.
In recent years, photocatalysis has emerged as a more efficient and environmentally friendly alternative
to conventional chemical methods for the removal of dye pollutants such as MB from wastewater, owing
to its simplicity, low cost, and ease of operation.For this purpose, in the present study, a hydrogel
nanocomposite was synthesized and characterized by incorporating photocatalytically active titanium
dioxide (TiO2) together with nanodiamond (ND), which exhibits a high surface area, excellent chemical
stability, and superior electron transport capability, into a three-dimensional Poly(2-hydroxyethyl
methacrylate-co-N-vinylpyrrolidone) [Poly(HEMA-co-NVP)] network structure. The synthesized TiO--
ND@Poly(HEMA-co-NVP) hydrogel nanocomposite was employed as a photocatalyst for the
photocatalytic degradation of methylene blue.
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As a result, a removal efficiency of 97.50% was achieved at pH 10 using 100 mg of the hydrogel
nanocomposite. These results demonstrate that nanodiamond effectively enhances the photocatalytic
performance of TiO: by suppressing electron—hole recombination. In addition, a synergistic
improvement was achieved through the adsorption capability of the Poly(HEMA-co-NVP) matrix.
Overall, this study provides a significant contribution to the design of environmentally friendly, high-
performance, and reusable photocatalysts.

Keywords: Methylene blue, TiO2, Nanodiamond, HEMA, N-vinylpyrrolidone, Photocatalytic
degradation
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OZET

Nanoteknoloji, modern biyotibbin hizla gelisen ve stratejik 6neme sahip temel alanlarindan biri olarak
kabul edilmektedir. Bu alan, ilag maddelerinin organizmaya iletilmesinde mevcut geleneksel
yontemlerin siirlamalarin1 ortadan kaldirarak tedavi etkinliginin artirllmasina ve yan etkilerin
minimuma indirilmesine genis olanaklar sunar. Ozellikle nanopartikiil tabanli ila¢ tasima sistemleri,
aktif maddelerin hedef doku veya hiicrelere daha hassas, kontrollii ve giivenli bir sekilde
yonlendirilmesini saglar.

Son yillarda yapilan bilimsel aragtirmalarda, dogal kokenli nanopartikiillerin sentezi ve biyotibbi
uygulamalar 6zel bir 6nem kazanmustir. Bitki ekstraktlari, ¢esitli biyopolimerler (kitosan, seliiloz,
aljinat vb.) ve mikroorganizmalar kullanilarak elde edilen nanoyapilar, yiiksek biyouyumluluk, diisiik
toksisite ve cevresel giivenlik gibi iistiin &zelliklere sahiptir. Bu tiir nanotastyicilar, organizmada kolay
parcalanmalari, bagisiklik sistemi tarafindan daha iyi kabul edilmeleri ve uzun siireli terapotik etkinin
saglanmasi agisindan biiylik 6neme sahiptir.

Dogal nanoteknolojinin ilag tasima sistemlerinde uygulanmasi, kanser, enfeksiyon, inflamatuvar ve
genetik hastahiklarin tedavisinde yeni perspektifler agmaktadir. Bu yaklasim, ayni zamanda ilag
dozunun azaltilmasina, farmakokinetik dzelliklerin iyilestirilmesine ve tedavinin bireysellestirilmesine
de olanak tanir. Sunulan ¢alismada, dogal nanopartikiillerin ilag tasiyici olarak kullanimi, avantajlari,
mevcut uygulama alanlar1 ve gelecekteki biyotibbi potansiyeli bilimsel agidan detayli bir sekilde
incelenmistir.

Anahtar kelimeler: nanoteknoloji, ilac¢ tasima, biyopolimerler, kitosan, dogal nanopartikiiller, biyotip

ABSTRACT

Nanotechnology is one of the most rapidly developing and strategically important fields in modern
biomedicine. It offers advanced solutions to overcome the limitations of conventional drug delivery
methods by enabling safer, more precise, and targeted delivery of therapeutic agents, thereby improving
treatment efficacy and reducing adverse effects. Nanoparticle-based drug delivery systems, in particular,
allow active compounds to be directed to specific tissues or cells in a controlled manner.

Recent studies have increasingly focused on the synthesis of naturally derived nanoparticles and their
biomedical applications. Nanostructures obtained from plant extracts, biopolymers such as chitosan,
cellulose, and alginate, as well as microorganisms, exhibit high biocompatibility, low toxicity, and
environmental safety. These natural nanocarriers are biodegradable, well tolerated by the immune
system, and capable of providing sustained therapeutic effects.

The use of natural nanotechnology in drug delivery systems offers promising perspectives for the
treatment of cancer, infectious, inflammatory, and genetic diseases. Moreover, this approach supports
dose reduction, improvement of pharmacokinetic properties, and personalization of therapy. This study
evaluates the application of natural nanoparticles as drug carriers, highlighting their advantages, current
biomedical uses, and future potential.

Keywords: nanotechnology, drug delivery, biopolymers, chitosan, natural nanoparticles, biomedicine
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ABSTRACT

Neuroblastoma is the most common malignant tumor in children, usually diagnosed at stage 4, and is
associated with low survival rates. Lung cancer, on the other hand, is the leading cause of cancer-related
deaths in the adult population. In both types of cancer, the inadequate response to current treatment
methods, the development of drug resistance over time, and the presence of serious side effects limit
their use. Therefore, there is a need for new therapeutic molecules with selective cytotoxic effects on
cancer cells. Inrecent years, avermectins (AVMs), a group of antiparasitic drugs, have attracted attention
due to their cytotoxic effects on cancer cells and their potential to reduce multidrug resistance. The aim
of this study is to investigate the anticancer and cell migration inhibitory effects of doramectin (DRM),
an AVM, on neuroblastoma (SH-SY5Y), lung adenocarcinoma (A549), and healthy fibroblast (L929)
cell lines. For this purpose, SH-SY5Y, A549, and L929 cell lines were incubated with increasing
concentrations of DRM (1, 2.5, 5, 10, 20, 25, 50, and 75 uM) for 24 and 48 hours. Cell viability was
assessed via the MTS assay, and cell migration was evaluated using the wound healing assay. DRM
showed time-dependent cytotoxicity in cancer cells. ICso values in SH-SYSY and A549 cell lines
decreased from 30.15+10.80 uM and 21.75+2.82 uM, respectively, at 24 hours to 18.52+5.66 uM and
19.39+4.42 pM at 48 hours. In the L929 cell line, ICso values were determined as 20.30+5.13 puM and
19.54+3.26 uM at 24 and 48 hours, respectively. In the wound healing experiment, DRM significantly
inhibited cell migration in both SH-SY5Y and A549 cell lines after 24 and 48 hours. In contrast, wound
areas in L929 cells exposed to DRM were similar to those in the control groups. These results suggest
that DRM may exhibit a selective inhibitory effect on cancer cell proliferation and migration compared
to healthy fibroblasts.

Keywords: Doramectin, Cytotoxicity, A549, SH-SYSY, Cell migration

INTRODUCTION

Neuroblastoma is a type of cancer that develops in neuroblasts (immature nerve tissue) found in the
adrenal glands, neck, chest, or spinal cord (PDQ, 2024). Neuroblastic tumors are the third most common
solid tumors in children and account for approximately 10% of malignant neoplasms and 10-15% of
deaths caused by pediatric tumors in pediatric patients (Newman et al., 2019). Neuroblastoma most often
begins in infancy and is diagnosed between the first month of life and age 5. By the time neuroblastoma
is diagnosed, it has usually metastasized. In infants and children, neuroblastoma most commonly
metastasizes to the lymph nodes, bones, bone marrow, liver, and skin. In adolescents, it can also
metastasize to the lungs and brain (PDQ, 2024).
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Considering various clinical and molecular risk factors, patients with neuroblastoma are classified into
low-, intermediate-, and high-risk groups. Despite chemotherapy, immunotherapy, and radiotherapy
approaches, the average five-year survival rates for the high-risk group are around 40%-60% (Zeng et
al., 2024).

Lung cancer is the leading cause of cancer-related deaths worldwide due to its high incidence and low
treatment rates, affecting populations in both industrialized and developing countries. The high
prevalence of lung cancer stems from various lifestyle factors, such as environmental pollution or
smoking. Small cell lung cancer (SCLC) is the most commonly diagnosed type of lung cancer. Although
various treatment methods are available for SCLC—including surgery, chemotherapy, radiotherapy,
immunotherapy, and combinations thereof—the 5-year survival rate for this disease remains very low
(Kokkinis et al., 2024).

Malignant tumors are currently one of the most serious health problems threatening human health. The
rapid development of drug resistance to existing treatment methods, along with the emergence of serious
side effects and adverse reactions, limits the use of these methods. In both types of cancer, metastasis
and multiple drug resistance, which develop over time, are common problems. Therefore, in cancer
treatment, there is a need to add new drugs with high anticancer activity, the ability to overcome drug
resistance developed against chemotherapeutics, minimal side effects, and proven safety.

Drug repurposing—using existing medications for new purposes—is an effective and fast way to
accelerate the development of anticancer drugs. It offers a simplified and affordable treatment option,
especially for cancer patients in developing countries. Identifying new pharmacological effects of a
known drug and repurposing it contributes to the drug research and development process by reducing
the necessary financial and time burden (Dominguez-Gomez et al., 2018).

Avermectin (AVM), obtained as a fermentation product of Streptomyces avermitilis, and its
derivatives—ivermectin (IVR), abamectin, doramectin (DRM), eprinomectin, moxidectin, and
selamectin—are used for antihelmintic and antiparasitic purposes (Jayakumar, 2009; El-Saber Batiha et
al., 2020). The best-known member of the group, IVR, was first approved by the Food and Drug
Administration (FDA) in 1987 for the oral treatment of onchocerciasis caused by Onchocerca volvulus,
and since then, it has been used by millions of people for antiparasitic purposes (Juarez et al., 2018).
Ivermectin, the best-known drug of its AVM group, is used for the treatment of parasitic infections in
humans and pets (Campbell et al., 1983). Today, IVR is prescribed for the treatment of Strongyloides
stercoralis, Onchocerca volvulus, and Ascariasis infections in humans, as well as lice, scabies, and
rosacea (Kaur et al., 2024). Although IVM is frequently used in veterinary medicine, its toxicity in
mammals is rarely reported. IVM is also a P-glycoprotein (P-gp) substrate, which limits its neurological
toxicity in humans. However, genetic polymorphisms in P-gp or the simultaneous administration of P-
gp inhibitors can increase the neurotoxicity of AVMs (Johnson-Arbor, 2022). The antiparasitic, anti-
inflammatory, antiviral, and anticancer effects of IVM, which is derived from the AVMs family, have
been a topic of research for scientists for many years (Kaur et al., 2024). Ivermectin has been shown to
have strong antitumor effects—including inhibition of cancer cell proliferation, metastasis, and
angiogenic activity—in various types of cancer, such as breast cancer, stomach cancer, hepatocellular
carcinoma, renal cell carcinoma, prostate cancer, leukemia, cervical cancer, ovarian cancer,
glioblastoma, lung cancer, nasopharyngeal carcinoma, and melanoma (Dominguez-Gomez et al., 2018;
Fan et al., 2024; Zhou et al., 2021; Kodama et al., 2017; Sharmeen et al., 2010). On the other hand, IVM
promotes programmed cancer cell death processes such as apoptosis, autophagy, and pyroptosis.
Additionally, it has been suggested that IVM can inhibit tumor stem cells, reverse multidrug resistance,
and enhance efficacy when used in combination with other chemotherapy drugs (Tang et al., 2021; Zhou
et al., 2021; Fan et al., 2024). Thus, researching the anticancer activities of AVM family derivatives and
uncovering their cellular pathways is of great importance.

Doramectin, another member of the AVMs family, is an FDA-approved drug from the class of
macrocyclic lactones used in veterinary medicine for the treatment of endectoparasitic and anthelmintic
diseases (Anchordoquy et al., 2019). DRM is a third-generation derivative of the macrolides in the
AVMs. Unlike AVMs, it has a cyclohexyl group at the C25 position. Due to this structural difference,
DRM is absorbed more rapidly and has a longer plasma half-life compared to IVM and other AVMs
(Williams et al. 1999).
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In recent years, studies have shown that DRM may also have significant effects on tumor-related
diseases. DRM has been found to cause cytotoxic and genotoxic effects through DNA damage and
increased micronucleus frequency induced in bovine peripheral lymphocytes. The same study showed
that DRM did not exhibit toxic effects on bovine cumulus cells (Anchordoquy et al., 2019). In another
study, DRM inhibited neurite outgrowth in mouse neuroblastoma N2a cells by reducing P-gp and
cytoskeletal proteins (Sun et al., 2010). Crotts and colleagues suggested that DRM exhibited cytotoxic
effects by inducing apoptosis in B16 melanoma cells (Crotts et al., 2025). It has been claimed that DRM
and nemadectin increased the sensitivity of MCF-7/adr cells to adriamycin and overcame multidrug
resistance by reducing P-gp levels (Gao et al., 2010). Recently, AVMs were found to have significant
anticancer activity both in vitro and in vivo in LA795 lung adenocarcinoma cells (Zhang et al., 2020).
The fact that DRM has shown anticancer activity in neuroblastoma by inducing autophagy in earlier
studies (Du et al., 2023) has led us to investigate the cytotoxic activity of this molecule in other
cancerous and healthy cell lines.

Current research indicates that DRM has anticancer potential. However, its cytotoxic, migration, and
angiogenic inhibition effects in different cancer cell lines are still unknown. In addition, the pathways
of programmed cancer cell death, such as apoptosis, autophagy, and pyroptosis induced by DRM within
cells, are not yet known. More comprehensive studies are needed regarding the anticancer activity of
DRM. Therefore, we hypothesize that DRM may exert selective cytotoxic effects on cancer cells and
inhibit migration in cancerous cells.

The aim of this study is to demonstrate the cytotoxic effect of DRM, traditionally used as an anthelmintic
agent, on SH-SYS5Y neuroblastoma, A549 adenocarcinoma, and 1.929 healthy fibroblast cell lines, to
evaluate its ability to inhibit cell migration, and to determine its ICso value. The use of both healthy and
cancerous cell lines in this study will contribute to determining the selectivity of the molecule.

Figure 1. Doramectin chemical structure (PubChem Compound Database, 2026)

MATERIALS AND METHOD

1. Cell Culture

1.1. Cell Culture Procedures

Prior to each experimental procedure, the laminar flow safety cabinet was sanitized using 70% ethanol,
and the internal environment was adjusted to 5% CO2 and 37°C to establish a suitable and sterile in vitro
setting for the cells. The cabinet was regularly cleaned throughout the study, with continuous monitoring
of temperature and humidity during the experiments. All materials utilized in cell culture experiments
were unwrapped within the cabinet to preserve sterility and were used only once. Non-disposable
materials were sterilized in an oven prior to use. Meticulous attention was paid to maintaining sterility
throughout the study.

1.2. Preparation of Cell Culture Medium

Dulbecco's modified Eagle medium (DMEM), fetal bovine serum (FBS), and penicillin/streptomycin
(P/S) were equilibrated to room temperature by placing them in a water bath set to 37°C for 15 min.
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Subsequently, 50 mL of FBS (10%) and 5 mL of P/S (1%) were incorporated into the DMEM and mixed
to achieve a homogeneous solution. The preparation date and contents of the medium were labeled and
stored at +4°C.

1.3. Preparation of Cell Lines

Frozen SHSY-5Y, A549, and 1929 cell lines were thawed in a 37°C water bath and transferred into a
falcon tube, followed by the addition of 4 ml of medium. The mixture was centrifuged at 1500 rpm for
5 min, and the supernatant was discarded. Thereafter, 2 mL of medium was added to the remaining
pellet, which was pipetted to ensure a homogeneous suspension. The cells were transferred into 25 cm?
flasks containing 7 mL of medium using a serological pipette. The names of the cell lines and seeding
dates were inscribed on the flasks. After verifying the cell density in the flasks under a microscope, the
flasks were incubated at 37°C with 5% CO: and humidity. Cell viability, morphological appearance, and
proliferation rates were monitored daily. Cells that had reached sufficient growth were passaged for
further propagation. Passaged cells were further cultured in 75 cm? flasks. Upon reaching the required
cell number, cell counting was conducted.

1.4. Adjustment of Test Compound Concentrations

A total of 8.991 mg of DRM was weighed and dissolved in 1 ml of dimethyl sulfoxide (DMSO). This
solution, with a concentration of 10 mM and a volume of 1 ml, was used as the main stock. From the
main stock, 200 uL was taken and 1800 uL of culture medium was added to prepare an intermediate
stock. The aim here was to dilute the DMSO to a ratio of 1/1000. From this intermediate stock, which
was 1 mM and 2 mL in volume, seven different concentrations were prepared: 1, 2.5, 5, 10, 20, 25, 50,
and 75 uM These different concentrations were applied to cell lines seeded into 96-well plates. Only
culture medium was used as a negative control, while 20% DMSO was used as a positive control, and
the prepared solutions were stored at +4°C.

1.5. Cytotoxic Activity

Cell viability was determined using the MTS assay. When the cell density in the flasks reached 90%,
trypsin enzyme was added to the medium to detach the cells. Using a pipette, 5,000 cells were seeded
into each well of 96-well plates. After incubating the cells overnight, the culture medium was removed.
SHSY-5Y, A549, and L929 cell lines were treated with serial dilutions of DRM (1, 2.5, 5, 10, 20, 25,
50, and 75 pM) for 24 and 48 hours. At the end of the specified periods, cytotoxicity assays were
performed using the MTS method based on mitochondrial activity, and the resulting color change was
measured at 450 nm using an ELISA plate reader. This process was repeated four times for each
concentration. The percentage of cell viability was calculated using the formula ““(Ast-Apositive
control/ Ancgative control-Apositive control)X 1007 for the obtained data (Barltrop et al., 1999). The ICso value was
calculated using the GraphPad Prism 8 software.

1.6. Wound Healing Assay

The wound healing test was an assay used to determine cell migration. Cells were seeded into 12-well
plates at a density of 1x10* cells in 1 ml per well. After 24 hours of standard incubation (5% CO2, 37°C),
a straight line was drawn from the 12 o’clock to the 6 o’clock position across the center of each well
using a 200 pl pipette tip. Afterwards, the medium in the wells was removed and the wells were washed
several times with fresh medium. To evaluate the effects of DRM on cell migration, the concentration
that would not cause excessive cytotoxicity and thus impair the migration assessment was selected from
the concentrations within the 95% confidence interval of the ICso values calculated separately for each
cell line. Wound areas were imaged using inverted light microscopy (SOPTOP ICX41, China) at 0, 24,
and 48 hours after wound formation. Wound area fields were converted into numerical data using ImageJ
software (NIH, USA). Each experiment was independently repeated three times (Liang et al., 2007).
The results were presented as percentage wound area.
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Statistical Analysis

Cell migration data were analyzed by two-way ANOVA followed by Tukey’s post hoc test using
GraphPad Prism. Wound healing assay results were quantified in Imagel, and the wound area was
expressed as a percentage of the total area. Descriptive statistics were performed in SPSS 22.0 (SPSS
Inc., Chicago, IL, USA). Statistical significance was accepted at p < 0.05 for all analyses.

RESULTS AND DISCUSSION

In this study, the cytotoxic and anti-migratory effects of DRM, a macrocyclic lactone derivative with
antiparasitic properties, were investigated in neuroblastoma and lung adenocarcinoma cell lines. The
findings reveal that DRM exhibits a time-dependent cytotoxic effect in both cancer cell lines and
suppresses cell migration. These results are consistent with the growing body of literature on the
repurposing of AVM derivatives in cancer therapy.

AVM derivatives primarily exert their effects on parasites by causing hyperpolarization through
glutamate-gated chloride channels and GABA receptors, leading to permanent paralysis (Abongwa et
al., 2017). Their inability to cross the blood-brain barrier in mammals, therefore being considered safe
(Crump and Omura, 2011; del Mar Sdez-De-Ocariz et al., 2002), contributes to their advantageous
profile for drug repurposing. Drug repurposing offers various advantages in cancer research, particularly
in terms of time, cost, and safety. Studies on IVM, the most widely known molecule of the AVM class,
have highlighted the anticancer potential of IVM (Dominguez-Gomez et al., 2018).

It has been reported that IVM induces DNA damage by increasing ROS production in breast, colorectal,
bladder, and leukemia cancers, activates the ATM/p53 pathway, and induces mitochondrial apoptosis
(Fan et al., 2024; Zhou et al., 2021). Moreover, it has been shown to inhibit proliferation by halting the
cell cycle at the G1/S phase and to modulate PAK 1, Hippo, Akt/mTOR, and WNT/TCF pathways (Liu
et al., 2020). Mitochondrial dysfunction and increased ROS are known to trigger apoptosis through
cytochrome c release (Wallace et al., 2012; Lee et al., 2022).

Although studies on DRM are limited compared to IVM, it has been reported to induce apoptosis and
autophagy in melanoma and glioma cells (Du et al., 2023; Crotts et al., 2025). Additionally, it has been
shown to regulate the PI3K/AKT/mTOR pathway in glioblastoma (Chen et al., 2022) and to trigger
ROS-mediated mitochondrial apoptosis in cholangiocarcinoma cells (Zhang et al., 2024). These data
suggest that the mechanism underlying the cytotoxic effect observed in SH-SY5Y and A549 cells in the
present study may operate via mitochondrial pathways. Mitochondrial biogenesis and ROS balance play
a critical role, particularly in tumors with high metabolic activity such as neuroblastoma (Lamb et al.,
2014). The findings of the present study are in agreement with previous research reported in the
literature. Moreover, the fact that the cytotoxic and anti-migratory effects of DRM in neuroblastoma and
lung adenocarcinoma cell lines have not previously been comparatively evaluated with healthy cells
highlights that this study fills a significant gap in the literature. In this regard, the study not only supports
existing data, but also provides a novel and innovative contribution.

ICso in SH-SYSY and A549 cell lines decreased from 30.15+10.80 uM and 21.75+2.82 uM,
respectively, at 24 hours to 18.52+5.66 uM and 19.39+4.42 uM at 48 hours. In the L929 cell line, ICso
values were determined as 20.30+£5.13 uM and 19.5443.26 uM at 24 and 48 hours, respectively. In the
wound healing experiment, DRM significantly inhibited cell migration in both SH-SY5Y and A549 cell
lines after 24 and 48 hours. In contrast, wound areas in L929 cells exposed to DRM were similar to
those in the control groups.
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Figure 2. Dose- and time-dependent effects of DRM on cell viability in L929 (A), SH-SYS5Y (B), and
A549 (C) cells. Cells were treated with DRM at concentrations ranging from 1 to 75 uM for 24 and 48
hours. Cell viability was measured using the MTS assay, and ICsy values at 24 and 48 hours were
reported for each cell line. Data are presented as mean + standard deviation of quadruple replicates.

Table 1. ICso (WM) determined by MTS assay for DRM in L929, SH-SYS5Y, and A549 Cell Lines at
24 h and 48 h (Mean + SD)

DRM-ICso (uM) L929 SH-SY5Y A549

24 h 20.3045.13 uM 30,15£10,80 21.751£2.82

48 h 19.54+3.26 uM 18.52+5.66 uM 19.391+4 .42
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Figure 3. Effect of DRM on cell migration assessed by wound healing assay. L929 (A), SH-SY5Y
(B), and A549 (C) cells were treated with DRM, and wound closure was monitored at 0, 24, and 48
hours (* p < 0.05, ** p <0.01, *** p <0.001, **** p <0.0001).
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Control Control Control

S . # A 1500 pum

Figure 4. Representative microscopic images of different cell lines at 0, 24, and 48 h. The images

visually confirm that DRM treatment potently inhibited the migration of SH-SY5Y and A549 cells

while having no significant effect on L929 cells. The scale bar represents 1500 pm. Magnification:
40x
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CONCLUSION

In conclusion, this study reveals that DRM exhibits time-dependent cytotoxic and anti-migration effects
in SH-SYS5Y neuroblastoma and A549 lung adenocarcinoma cell lines. The time-dependent decrease in
ICso values in cancer cells, along with significant inhibition of wound closure, demonstrates that DRM
effectively suppresses both cell viability and migration. In contrast, DRM showed limited effects on
migration in healthy 1.929 fibroblast cells, suggesting a relatively selective effect on cancer cells under
the tested conditions.

While the precise molecular mechanism of DRM was not directly investigated in this study, these
findings are consistent with previous reports on AVM derivatives, particularly [VM. Further studies are
needed to elucidate the anticancer potential of DRM..
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ABSTRACT

Neonatal necrotizing enterocolitis (NEC) is a disease characterized by generalized inflammatory
reactions caused by infectious agents and/or hypoxic-ischemic damage to the intestinal mucosa.
Studying the dynamics of biochemical markers- matrix metalloproteinases (MMP) different stages of
NEC, is of great importance in the evaluation of pathology.

The aim of the study is to study the prognostic significance of biochemical markers (MMP-2, MMP-9,
MMP-17) depending on the stages of NEC in newborns.

Material and methods. In order to realize the set goal, 110 newborns with NEC were examined. These
children were divided into the following groups according to the stages of NEC: group I - 49 patients
with stage I of NEC, group II - 48 patients with stage II of NEC, group III - 13 patients with stage III of
NEC. The healthy group consisted of 30 practically healthy newborns. In order to study the prognostic
significance of MMPs and to evaluate the interaction between markers, ROC analysis was performed
for those indicators in the next phase of the study.

Results. According to ROC analysis, the area of MMP-17 marker S=0.863+0.66 (95%CI: 0.734-0.992;
p<0.005), MMP-9 — S=0.716+1.22 (95%CI: 0.477-0.954; p<0.005). p=0.096), MMP-2—S=0.610+0.153
(95% CI: 0.310-0.911; p=0.0394). Apparently, among the studied indicators, MMP-17 was selected with
higher sensitivity and specificity. The overall diagnostic weight test was 87.5% for MMP-17, 85% for
MMP-9, and -85% for MMP-2, which indicates the high prognostic value of these markers.
Conclusion. The change in the concentration of biochemical markers is considered a predictor of the
onset of NEC, and the severity of the disease varies depending on the duration of the disease. Thus,
examination of the mentioned markers shows the high accuracy of their use for diagnosing and
predicting the course of necrotic enterocolitis in neonatal practice.

Keywords: necrotizing enterocolitis, matrix metalloproteinases, newborns
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SPORCU BESLENMESINDE PERFORMANS, METABOLIK SAGLIK VE BAGIRSAK
MIKROBIYOTASI ILISKIiLERI
RELATIONSHIPS BETWEEN PERFORMANCE, METABOLIC HEALTH AND GUT MICROBIOTA
IN SPORTS NUTRITION

Uz. Mikrobiyolog Sinem FIDAN
DIMES A.S, izmir-Tiirkiye
ORCID ID: 0000-0001-6170-1917

OZET

Son yillarda sporcu beslenmesi, yalnizca fiziksel performansin artirilmasina odaklanan geleneksel
yaklagimlardan uzaklasarak; metabolik saglik, viicut agirligi yonetimi, gastrointestinal fonksiyonlar ve
biligsel iyilik halini de kapsayan ¢ok boyutlu bir ¢cer¢eveye evrilmistir. Bu doniisiim hem giincel bilimsel
kanitlar hem de rekreasyonel sporcular ve aktif yasam tarzina sahip bireylerin sporcu beslenmesi
iiriinlerini glinliik beslenme rutinlerine giderek daha fazla entegre etmeleriyle desteklenmektedir.

Bu derlemenin amaci, sporcu beslenmesindeki giincel egilimleri, uluslararasi bilimsel literatiir
bulgularini ¢agdas fonksiyonel gida stratejileri ile biitiinlestirerek degerlendirmektir. Ozellikle bagirsak
mikrobiyotasi modiilasyonu, glukagon benzeri peptit-1 (GLP-1) destekleyici beslenme yaklasimlari ve
¢ok fonksiyonlu bilesen formiilasyonlar1 iizerinde durulmaktadir. Klinik ve mekanistik ¢alismalar,
protein agisindan zengin diyetler, fermente edilebilir lifler ve prebiyotik bilesenlerin endojen GLP-1
salinimini artirabildigini, bunun da istahin diizenlenmesi, insiilin duyarliliginin iyilestirilmesi ve viicut
kompozisyonunun optimize edilmesine katki sagladigini géstermektedir. Bu beslenme stratejileri, aktif
bireylerde kilo yonetimi i¢in farmakolojik olmayan etkili alternatifler sunmaktadir.

Ayrica, artan kanitlar bagirsak mikrobotasinin enerji metabolizmasi, bagisiklik fonksiyonu ve
inflamatuar yanitlarin diizenlenmesinde kritik bir rol oynadigimi goéstermektedir. Probiyotik ve
prebiyotik igeren sporcu gidalari, besin emilimini artirmakta, egzersize bagli gastrointestinal
rahatsizliklar1 azaltmakta ve bagisiklik direncini desteklemektedir. Bu baglamda, meyve bazli ve
fermente fonksiyonel i¢ecekler, biyoaktif bilesenlerin etkin taginmasi i¢in yiiksek biyoyararlanim, temiz
icerik (clean-label) potansiyeli ve tiiketici kabulii agisindan ideal bir platform sunmaktadir.

Sonug olarak, giincel bilimsel veriler, sporcu beslenmesinde geleneksel performans odakli yaklasimlarin
Otesine gecen, entegre, cok fonksiyonlu ve kanita dayali beslenme stratejilerini desteklemektedir.
Anahtar Kelimeler: Sporcu beslenmesi, fonksiyonel gidalar, bagirsak mikrobiyotasi, GLP-1,
fonksiyonel icecekler, metabolik saglik

Tesekkiir: Yazar, ¢calismaya verdikleri degerli desteklerinden dolayr Dimes Gida San. Ve Tic. A.S ye
tesekkiir eder.

ABSTRACT

Inrecent years, sports nutrition has undergone a substantial transformation, shifting from a performance-
centered approach toward a multidimensional framework that also encompasses metabolic health, body
weight management, gastrointestinal function and cognitive well-being. This transition is supported by
emerging scientific evidence and by changes in consumption patterns among recreational athletes and
physically active individuals, who increasingly incorporate sports nutrition products into their daily
dietary routines.

The aim of this review is to evaluate current trends in sports nutrition by integrating findings from
international scientific literature with contemporary functional food strategies, with a particular focus
on gut microbiota modulation, glucagon-like peptide-1 (GLP-1)—supportive nutritional approaches and
multifunctional ingredient formulations. Evidence from clinical and mechanistic studies suggests that
high-protein diets, fermentable fibers and prebiotic components can enhance endogenous GLP-1
secretion, thereby contributing to appetite regulation, improved insulin sensitivity and favorable body
composition outcomes. These dietary strategies represent promising non-pharmacological alternatives
for weight management in physically active populations.
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In addition, growing evidence highlights the pivotal role of the gut microbiota in regulating energy
metabolism, immune function and inflammatory responses in athletes. Probiotic- and prebiotic-enriched
sports foods have been associated with improved nutrient absorption, reduced exercise-induced
gastrointestinal disturbances and enhanced immune resilience. Within this context, fruit-based and
fermented functional beverages emerge as effective delivery matrices for bioactive compounds due to
their favorable bioavailability, clean-label potential and high consumer acceptance.

In conclusion, current scientific evidence supports a paradigm shift in sports nutrition toward integrated,
multifunctional and evidence-based dietary approaches that extend beyond traditional performance
outcomes.

Keywords: Sports nutrition, functional foods, gut microbiota, GLP-1, functional beverages, metabolic
health
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COCUK DiS HEKIMLIGINDE LAZER UYGULAMALARI VE SUT DiSLERINDE
LAZERLE AMPUTASYON
LASER APPLICATIONS IN PEDIATRIC DENTISTRY AND LASER-ASSISTED PULPOTOMY IN

PRIMARY TEETH

Ars. Gor. Nisanur GERIKOGLU
Saghk Bilimleri Universitesi, Dis Hekimligi Fakiiltesi, Cocuk Dis Hekimligi Anabilim Dal1
ORCID: 0009-0003-1047-7806

Prof. Dr. Ozlem Marti AKGUN
Saghk Bilimleri Universitesi, Dis Hekimligi Fakiiltesi, Cocuk Dis Hekimligi Anabilim Dali
ORCID: 0000-0003-1180-1391
OZET
Bu bildiride, lazer teknolojilerinin ¢ocuk dis hekimliginde sert ve yumusak doku uygulamalarindaki
kullamm alanlar1 incelenmis, 6zellikle siit dislerinde lazer destekli amputasyon tedavisinin klinik
etkinligi giincel literatiir 151¢inda degerlendirilmistir. Bu kapsamda, c¢ocuk dis hekimliginde lazer
uygulamalarina iliskin yayimlanmus klinik, histolojik ve deneysel ¢alismalar incelenmistir. Literatiir

9% <c

taramasi siirecinde PubMed basta olmak {izere bilimsel veri tabanlarinda “laser”, “pediatric dentistry”,
“pulpotomy”, “laser-assisted pulpotomy” gibi anahtar kelimeler kullanilarak arama yapilmistir. Elde
edilen caligmalar; lazerlerin sert ve yumusak doku uygulamalarindaki biyolojik etkileri, klinik
avantajlar1 ve vital pulpa tedavilerindeki kullanim sonuglar1 agisindan degerlendirilmistir. Incelenen
caligmalar, lazer uygulamalarinin ¢ocuk hastalarda minimal invaziv bir yaklasim sundugunu, etkili
hemostaz sagladigini ve cogu durumda lokal anestezi gereksinimini azalttigini gostermektedir. Ozellikle
lazer destekli amputasyon uygulamalarinda, geleneksel amputasyon yontemleriyle karsilastirildiginda
benzer ya da bazi ¢alismalarda daha yiiksek klinik ve radyografik basari oranlari bildirilmektedir.
Lazerlerin antimikrobiyal etkileri ve pulpa dokusu iizerindeki biyostimiilan o6zellikleri, radikiiler
pulpanin vitalitesinin korunmasina katki saglamaktadir. Sonu¢ olarak lazer teknolojisi, ¢ocuk dis
hekimliginde uygun endikasyonlarda kullanildiginda tedavi konforunu ve klinik basariy: artiran etkili
bir tamamlayict yOntem olarak degerlendirilmektedir. Bununla birlikte, lazerle amputasyon
uygulamalarinda standart protokollerin belirlenebilmesi i¢in daha fazla randomize klinik ¢aligmaya
ihtiyac oldugu goriilmektedir.

Anahtar Kelimeler: Cocuk Dis Hekimligi, Lazer, Lazerle Amputasyon, Vital Pulpa Tedavisi

ABSTRACT

In this presentation, the areas of use of laser technologies in hard and soft tissue applications in pediatric
dentistry were examined, and the clinical effectiveness of laser-assisted pulpotomy treatment in primary
teeth was evaluated in the light of current literature. Within this scope, published clinical, histological,
and experimental studies related to laser applications in pediatric dentistry were reviewed. During the
literature search process, searches were conducted in scientific databases, primarily PubMed, using
keywords such as “laser,” “pediatric dentistry,” “pulpotomy,” and “laser-assisted pulpotomy.” The
obtained studies were evaluated in terms of the biological effects of lasers in hard and soft tissue
applications, their clinical advantages, and their outcomes in vital pulp therapy. The reviewed studies
indicate that laser applications provide a minimally invasive approach in pediatric patients, ensure
effective hemostasis, and reduce the need for local anesthesia in many cases. Particularly in laser-
assisted pulpotomy procedures, similar or, in some studies, higher clinical and radiographic success
rates have been reported compared with conventional pulpotomy methods. The antimicrobial effects of
lasers and their biostimulatory properties on pulp tissue contribute to the preservation of radicular pulp
vitality. In conclusion, when used under appropriate indications, laser technology is considered an
effective adjunctive method that enhances treatment comfort and clinical success in pediatric dentistry.
However, further randomized clinical studies are needed to establish standardized protocols for laser-
assisted pulpotomy applications.

Keywords: Pediatric Dentistry, Laser, Laser-Assisted Pulpotomy, Vital Pulp Therapy.
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GIRIiS

Cocukluk doneminde goriilen dis ciiriikleri ve bunlara bagli meynana gelen pulpal patolojiler siit
diglerinin fizyolojik slirme zamanindan 6nce kaybedilmesine yol agmaktadir. Bu durum hem oral
fonksiyonlar1 hem de kraniyofasiyal gelisimi olumsuz etkileyen ©6nemli bir klinik problem
olusturmaktadir (1,2). Bu problemin dnlenmesi i¢in siit molar dislere uygulanan amputasyon tedavisi,
enfekte koronal pulpanin uzaklastirilmas: ve vital radikiiler pulpanin korunmasi prensibine dayanan
giivenilir bir yontem olarak kabul edilmektedir (3). Ancak amputasyon materyallerinin biyouyumluluk,
antibakteriyel etki ve uzun donem basarist1 konusundaki tartigmalar, tedavi protokollerinin
gelistirilmesine yonelik yeni arayiglar1 giindeme getirmistir (1,2). Bu baglamda lazer teknolojileri;
minimal invaziv ¢aligma prensipleri, dokuya segici etkileri ve operasyon sahasinda sagladiklari etkin
hemostaz sayesinde g¢ocuk dis hekimliginde giderek daha fazla ilgi gormektedir (3-5). Lazer
uygulamalarinin iglem sirasinda titresim ve giiriiltii gibi olumsuz uyaranlari azaltmasi, ¢ocuk hastalarda
anksiyete ve agri algisinin hafifletilmesine de katki saglamaktadir (6-9). Bu seminer, lazerlerin
biyofiziksel temelleri ile cocuk dis hekimligindeki kullanim alanlarini ele alarak, zellikle siit molar
amputasyonlarinda lazerlerin klinik etkinliklerini giincel literatiir dogrultusunda degerlendirmeyi
amaclamaktadir.

GENEL BILGILER

“LAZER”’, “’Light Amplification by Stimulated Emission of Radiation’’ kelimelerinin ilk harflerinden
olusan bir kisaltmadir (10). Lazer tamim olarak uyarilmis emisyon yoluyla elde edilen, tek dalga
boyunda, koherent (aym fazda), yiiksek dogrulukta yonlendirilebilen ve yogunlugu artirilabilen
elektromanyetik 1smim iireten optik bir sistemdir (11).

Lazer teknolojisinin kdkeni kuantum mekanigine dayanmaktadir. Elektronlar, atom ¢ekirdegi etrafinda
belirli enerji diizeylerinde bulunmaktadir ve uyarildiklarinda daha yiiksek seviyelere ¢ikmaktadir. Kisa
siire i¢inde ise temel seviyelerine geri donerken foton yaymaktadir. Bu siireg, “emission of radiation”
yani lazerin temelini olusturmaktadir (12).

Albert Einstein, 1917°de gelistirdigi “fotoelektrik etki” teorisiyle lazerin temel prensibini aciklamis ve
bu calismasiyla 1921 Nobel Fizik Odiilii’nii kazanmustir. Einstein’in dngoriisiine gore, bir foton
uyarilmig bir atomu aym Ozelliklere sahip ikinci bir foton yaymaya tesvik edebilir. Bu da “light” ve
“stimulated” kavramlarinin “laser” kisaltmasinda yer almasini agiklamaktadir (12).

LAZERLERIN TARIHCESI

Albert Einstein, 1916 yilinda uyarilmis emisyon kavramini ortaya koyarak lazerin teorik temelini insa
etmistir (13). Daha sonra, 1928’de Rudolf Ladenburg bu olgunun dolayl kamitlarini ortaya koymustur
(14). Ancak dénemin fizikgileri bu etkiyi “negatif sogurma” olarak adlandirmis ve Boltzmann dagilimi
nedeniyle yiiksek enerji diizeylerinin daha az elektron igerdigini diisiinerek pratik agidan Onem
tagimadigini savunmuslardir (15).

1940 yilina gelindiginde ise Rus fizik¢i Valentin A. Fabrikant, uygun kosullar altinda gaz bosalmasi
sirasinda uyarilmig emisyonun 15181 kuvvetlendirebilecegini ileri stirmiistiir (16).

MASER, “Microwave Amplification by Stimulated Emission of Radiation” ifadesinin kisaltmasi olup,
uyarilmis emisyon yoluyla mikrodalga 1smiminin giiclendirilmesini saglayan bir cihaz olarak
tammlanmaktadir (17).

1951 yilinda Charles H. Townes, uyarilmis emisyonun mikrodalga frekanslarinda rezonatdr bir bosluk
icerisinde salinim yaparak koherent bir ¢ikis iiretebilecegini 6ne siirmiistiir. 1954 yilinda ise Townes,
ogrencisi James Gordon ile, uyarilmis amonyak molekiillerini rezonatdr bosluguna yonlendirerek 24
GHz frekansinda ¢alisan ilk mikrodalga maserini gelistirmistir (18).

MASER’lerin gelistirilmesi, uyarilmis emisyonun pratik olarak uygulanabilecegini ortaya koymus ve
koherent radyasyon iiretiminin Oniinii agmistir. Optik dalga boylarinda koherent 151k tiretimi ise 1960
yilinda Theodore H. Maiman’in rubi kristali kullanarak ilk lazeri ¢aligtirmasiyla miimkiin hale gelmistir
(11). Bu bulus, modern lazer teknolojisinin baglangici kabul edilmis ve lazerlerin bilim, endiistri, iletisim
ve Ozellikle tip alanlarinda genis bir kullanim yelpazesi kazanmasina zemin hazirlamistir (19).
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LAZER ISINLARININ OZELLIKLERI

Her lazer, kendine 6zgii baz1 6zelliklerle tanimlanmakta ve bunlarin basinda dalga boyu gelmektedir.
Dalga boyu, lazerin elektromanyetik spektrum iizerindeki konumunu belirlemekte ve dokuyla
etkilesimini dogrudan etkilemektedir (4).

Lazer cihazi esasen bir 151k giiclendiricisi olarak tammlanmaktadir. Disaridan saglanan bir uyari ile ayni
dalga boyuna, ayni faza ve ayni yone sahip foton akimi olusturulmaktadir. Lazer cihazlarinda, aktif
maddenin bulundugu bir rezonatdr odasi yer almakta ve bu aktif madde lazerin adin1 vermektedir. Aktif
madde gaz, sivi veya kat1 formda bulunabilmektedir (20).

Lazer 1sinlarinin kendine 6zgii baz1 6zellikleri vardir (20):

Esfazhhk (Coherence): Lazer 1s18inda fotonlar es hareket etmektedir. Amplitiiddeki ¢ikis ve inigler
ayn1 anda gergeklesmekte ve bu diizenli hareketler sonucunda hedef nokta lizerinde daha giiclii etkiler
olusmaktadir.

Paralellik (Collimation): Lazer 15181 dagilmadan ilerleyebilmekte, ¢ok kiigiik noktalara
odaklanabilmekte ve gerektiginde odak ¢ap1 ayarlanabilmektedir.

Tek Renkli Olma (Monochromaticity): Lazer 15181, tek bir dalga boyuna sahip 151k dalgalarindan
olusmaktadir. Aymi aktif maddeye ait elektronlar ayni enerji diizeyinde uyarilmakta, Ust enerji
seviyelerine gegmekte ve sonucunda ayni enerjiye sahip yeni fotonlar olusmaktadir. Bu sayede homojen,
etkileri ongoriilebilen ve sabit kalitede 151k demetleri elde edilmektedir.

LAZER ISINLARININ HEDEF DOKU UZERINDEKI ETKILERI
Lazer enerjisinin olusturdugu 1s1k, hedef dokuda dort temel etkilesime yol agmaktadir. Bu reaksiyonlar,
dokunun optik 6zelliklerine ve lazerin dalga boyuna bagh olarak degigsmektedir (20,21).
Yansima (Refleksiyon): Isigin hedeflenen doku yiizeyinden herhangi bir etki olusturmadan geri
yayilmasidir. Yanstyan 1sik dar bir demet seklinde ya da diffiiz yapida olabilmektedir. Ozellikle goz
dokusuna ulasmasi durumunda ciddi tehlike arz ettiginden, lazer uygulamalarinda dikkat edilmesi
gereken en onemli hususlardan birini olusturmaktadir.
Absorpsiyon (Sogurma): Hedef dokunun lazer enerjisini absorbe etmesiyle gerceklesmektedir. Bu
durum genellikle istenen bir etkilesim olmakla birlikte; dokunun pigmentasyonuna, igcerdigi su
miktarma, absorbsiyon kapasitesine, lazerin dalga boyuna ve emisyon moduna bagl olarak degisiklik
gostermektedir. Ozellikle 500-1000 nm arasindaki kisa dalga boylar1 pigmente dokular tarafindan daha
fazla absorbe edilmektedir.
Emilim orani arttikca lazerin dokudaki penetrasyon derinligi azalmakta ve bu durum, termal yan
etkilerin sinirlanmasina katki saglamaktadir (4).
Transmisyon (Gegis): Lazer enerjisinin doku igerisinden herhangi bir etki olusturmadan gegisini ifade
etmektedir. Bu etkilesim dalga boyuna baghdir. Ornegin, su molekiilleri Neodimyum katkili itriyum
Aliiminyum Garnet lazer (Neodymium-doped Yttrium Aluminum Garnet Laser, Nd:YAG lazer) i¢in
seffaf bir ortam saglamakta iken, Karbondioksit (CO-) lazer 151811 absorbe etmektedir. Bu nedenle
ortamin kuru tutulmasinin zor oldugu durumlarda Nd: Y AG lazer ile caligmak daha kolay olmakta, ancak
tikiirtik ve doku sivilar1 CO: lazerin etkinligini azaltmaktadir.
Sacilma (Difiizyon): Lazer 1518inin farkli yonlere yayilmasi sonucu enerji zayiflamakta ve biyolojik
etkinlik azalmaktadir. Ayrica sacgilma, cerrahi bolgeye komsu dokularda 1s1 transferine yol agarak
istenmeyen termal hasar olusturabilmektedir. Bununla birlikte, lazer 15181n1n farkli yonlere yayilmasinin
1is1kla polimerize olan kompozit rezinlerde olumlu bir etki ortaya ¢ikardigi da belirtilmektedir.
Lazer 1s1gmin biyolojik dokular iizerindeki etkileri, birden fazla faktdre bagli olarak degisiklik
gostermektedir. Bu faktorler {i¢ ana baslik altinda toplanabilmektedir (22):
Lazer parametreleri:

e Dalga boyu ve dokuda emilim 6zellikleri,
Calisma modu (siirekli, darbeli ya da Q-switched),
Enerji ya da gii¢ ¢iktis1 (tek atim enerjisi / watt/cm?),
Etkinlik siiresi (atim siiresi),
Tekrarlama hiz1 (hz),
Uygulama yontemi (temasli/temassiz, odaklanmig/daginik, hizli hareket ettirme/belirli bir
noktada sabitleme),
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e Uygulama siiresi.
Cevresel kosullar:
e Havanin, suyun ya da kanin varlig.
Doku 6zellikleri:
e Dalga boyuna bagli absorpsiyon katsayisi,
o Is1iletim katsayisi.

DiS HEKiMLiGiNDE LAZERLER

Tibbin ve cerrahinin birgok alaninda lazer tedavisi tek bagina bir tedavi yontemi olarak kullanilabilirken,
dis hekimliginde lazer kullanimi genellikle sert veya yumusak doku tedavisinin belirli bir asamasinda
dokunun yonetimini kolaylagtiran tamamlayici bir yontem olarak degerlendirilmektedir (10).

DiS HEKiMLiGiINDE KULLANILAN LAZER TURLERI

Dis hekimliginde kullanilan lazerler baglica iki ana gruba ayrilmaktadir (Tablo 1). Cerrahi lazerler;
insizyon, eksizyon, ablasyon ve dental dokularin koagiilasyonu igin yeterli ¢ikis giiciine sahipken cerrahi
olmayan lazerler ise bu islemleri ger¢eklestirmez. Bununla birlikte, son ¢aligmalar cerrahi cihazlarin
fotobiyomodiilasyon i¢in de baz1 yeteneklere sahip oldugunu gostermektedir (23).

Dis hekimliginde kullanilan baslica lazer tiirleri, diyot lazerler (810980 nm), CO: lazerler (10600 nm)
ve Yttrium Aluminum Garnet (Y AG) ailesine ait lazerlerdir (2100-2940 nm). Bu lazer ortamlari, belirli
dalga boylarinda 151k tiretmekte ve bu 1giklar dokular tarafindan segici olarak emilmektedir.

YAG grubunda Er:YAG (erbiyum itriyum aliiminyum garnet), Erbiyum Kromiyum itriyum Skandiyum
Galyum Garnet (Er,Cr:YSGG) ve Holmiyum Itriyum Aliiminyum Garnet (Ho:YAG) yer almakta ve bu
lazerler genellikle sert doku uygulamalarinda kullanilmaktadir. Nd: Y AG ise yumusak doku islemlerinde
etkili bir dalga boyuna sahiptir. YAG lazerler, suya kars1 yliksek emilim gostermekte ve bu nedenle
dokulardaki suyun buharlagsmasina yol agarak yapisal pargalanmay1 saglamaktadir. Diyot ve Nd:YAG
lazerler ise pigmentli dokularda daha yiiksek emilim gostermekte ve bu 6zellikleri sayesinde periodontal
dokularda kesme ve koagiilasyon islemlerinde avantaj saglamaktadir. Genel olarak YAG lazerler kavite
hazirlig1 ve sert doku kaldirilmasi i¢in 6nerilmekte, diyot, CO2 ve Nd:YAG lazerler ise yumusak doku
islemlerinde tercih edilmektedir (5).

Operator, optik rezonatdre uygulanan enerjiyi kontrol edebilmekte, hedef dokuda 1s1n ¢apini
degistirebilmekte, lazeri siirekli ya da darbeli modda kullanabilmekte, ayrica atim siiresi ve gevseme
siiresini ayarlayabilmektedir. Bu parametrelerin tiimii, lazerin hedef doku {izerindeki etkilerini
belirlemektedir (5).

Tablo 1. Dental Lazerlerin Smiflandirmasi (23).
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DiS HEKiMLiGINDE LAZERLERIN KULLANIM ALANLARI

Lazerler dis hekimliginde ilk kez 1964 yilinda kullanilmaya baslanmistir. Temel amag; hem yumugak
dokular1 hem de kemik dahil sert dokulari dogrudan temas, titresim ve agri olmaksizin tedavi
edebilmektir. 1990’1 yillardan itibaren lazerler ¢ok cesitli dental uygulama alanlarinda kullanilmaya
baslanmustir (4).

ENDODONTIDEKI KULLANIM ALANLARI

Endodontide kullanilan lazerlerin etkinligi, dalga boylarimin doku i¢indeki gegirgenlik ve absorbsiyon
ozelliklerine baglidir. Nd:YAG lazerler, 6zellikle yan dentin tiibiillerine kadar yiiksek penetrasyon
saglayarak %85’e varan bakteri eliminasyonu ile en basarili sonuglar1 vermektedir. Diyot lazerler (810
nm ve 980 nm) daha diisiik diizeyde etkinlik gostermekte, buna karsin belirli bir alternatif
olusturmaktadir. Er:YAG, Er,Cr:YSGG ve CO: lazerler ise hidroksiapatit ve suda yiiksek
absorbsiyonlar1 nedeniyle endodontide smirli kullanilmakta, ancak smear tabakasinin ve organik
artiklarin uzaklastirilmasinda faydali olmaktadir (24).

PERIODONTOLOJIDEKI KULLANIM ALANLARI

Periodontolojide lazer destekli uygulamalar, kapali ve agik kiiretaj islemlerinde 6nemli bir tamamlayici
yoOntem olarak kullanilmaktadir.

Kapali kiiretajda (5-6 mm cep derinligi) 6n hazirlik ve konvansiyonel temizligin ardindan lazerlerle
bakteri eliminasyonu saglanmaktadir (4). Bu asamada 6zellikle Nd:YAG lazerler pigmente dokulara
secici etkileri sayesinde %96’ya varan yiiksek bakteri eradikasyonu saglamaktadir (4) ve yumusak
dokuda minimal hasar olusturarak hizli iyilesme siireciyle 6ne ¢gikmaktadir. 810 nm diyot lazerler benzer
sekilde pigmentli bakterilere karsi etkilidir ancak termal etkileri daha yiiksek oldugundan anestezi
gerektirir. 980 nm diyot lazerler de alternatif olusturabilmekle birlikte su absorbsiyonunun fazla olmasi
nedeniyle dikkatli kullanilmadiginda termal hasara yol agabilmektedir (4).

Acik kiiretaj uygulamalarinda ise Er:YAG lazerler ilk tercih olarak kabul edilmekte, diisiik termal
etkileri sayesinde kemik ve kok yiizeylerinde enfekte dokularin etkin sekilde uzaklastirilmasma ve
yeniden yapismaya elverigli yiizeylerin olusturulmasma olanak saglamaktadir. Daha smirl
endikasyonlarda CO.  lazerler ve Er,Cr:YSGG  lazerler de  kullanilabilmektedir, ancak su
absorbsiyonunun daha diigiik olmasi nedeniyle termal etkileri daha belirgindir (4).

ORTODONTIDEKI KULLANIM ALANLARI

Ortodontide lazer uygulamalari, hem diisiik diizeyli lazer tedavisi (LLLT) hem de diyot lazer kullanimi
ile onemli katkilar saglamaktadir. LLLT; ortodontik hareketlere bagl agrinin azaltilmasinda, hizli
maksiller genisleme sonrasi kemik rejenerasyonunun hizlandirilmasinda ve dis hareketlerinin
desteklenmesinde etkili olmaktadir (25-36). Bununla birlikte, bu yontemin basaris1 biiyiikk ol¢iide
aktivasyon seanslar1 arasindaki uygulama sikligina bagh oldugundan, giinliik klinik kullanimda sinirlt
bir yayginliga sahiptir. Diyot lazerler ise ortodonti pratiginde 6zellikle gingival hiperplazi tedavisinde,
dis stirmesinin degisime ugradigi olgularda estetik yumusak doku sekillendirmede ve siirmemis dislerin
aciga ¢ikarilmasinda tercih edilmektedir. Ustelik bu islemlerin ¢ogu, yalnizca topikal anestezi ile
ortodontistler tarafindan giivenle gerceklestirilebilmektedir (37).

AGIZ DiS VE CENE CERRAHISINDEKiI KULLANIM ALANLARI

Oral cerrahide geleneksel frezler ve el aletleri hastalar agisindan en rahatsiz edici unsurlardan biri
olmaktadir. Bu nedenle lazer osteotomi, daha konforlu bir alternatif olarak degerlendirilmektedir (38—
40).

Kemik ve dental sert dokularin temel bilesenleri su ve hidroksiapatit gibi inorganik yapilar ile kolajen
gibi organik yapilardan olusmaktadir. CO: ve Er:YAG lazerler, su tarafindan yiiksek oranda absorbe
edilmekte, ayrica Er:YAG lazer hidroksiapatit tarafindan da etkin sekilde tutulmaktadir. Ozellikle 9.6
pum dalga boyuna sahip siiper-puls CO- lazer, su, hidroksiapatit ve kollajen iizerinde gii¢lii absorbsiyon
ozellikleri gostermekte ve maksillofasiyal cerrahide giderek daha 6nemli bir rol listlenmektedir.
Literatiirde, kemikte kritik sicaklik degerinin 44—47 °C araliginda oldugu ve bu sinirlarin agilmasinin
osteonekroza yol agabilecegi bildirilmektedir (38).
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Yapilan caligmalarda, bu lazerin insan kemigi lizerinde uygulandiginda sicaklik artiginin ortalama 1.88
°C ile giivenli sinirlarm oldukca altinda kaldigi ve geleneksel freze kiyasla daha az termal hasar
olusturdugu gosterilmistir. Ayrica histolojik degerlendirmelerde doku yanigi goézlenmemis, yalnizca
kesim yiizeyine komsu ince bir bazofilik zon rapor edilmistir. Bu bulgular, 9.6 um CO- lazerin klinik
kullanimda dokuya zarar vermeden osteotomi gerceklestirebilen giivenli ve etkili bir kesici arag
oldugunu ortaya koymaktadir (40).

Oral 16koplaki ve oral liken planus gibi premalign lezyonlarm malign transformasyon orani literatiirde
%28’e kadar bildirilmektedir (41). Bu nedenle, bas-boyun kanserlerinin prognozunda anlamli bir
degisiklik olmamasi da goz Oniinde bulundurularak, bu lezyonlarin erken déonemde tedavi edilmesi
gerekmektedir. Premalign lezyonlarin cerrahi tedavisinde gelencksel yontemler hald yaygin olarak
uygulanmakla birlikte, CO: lazer uzun siiredir alternatif bir teknik olarak kullanilmaktadir. CO: lazerin
termal enerjisi epitelin ylizeyel tabakalarinda karbonizasyona yol agmakta ve bu durum epitelizasyon
stiresini yaklasik iki hafta geciktirmektedir (41). Ancak, bu yontemin niiks oranlarinin %20’nin altinda
olmas1 6nemli bir avantaj saglamaktadir (42).

Yeni yaklagimlar arasinda, siiper-puls modunun veya tarayici sistemlerin kullanilmasi ile termal etkinin
azaltilmasi hedeflenmektedir. Bununla birlikte, doku tahribatinin azalmasi bazi durumlarda displazik
hiicrelerin yetersiz eliminasyonuna ve buna bagl olarak niiks oranlarinda artisa neden olabilmektedir
(43).

Son donem arastirmalarda, premalign lezyonlarin tedavisinde Nd:YAG (1064 nm) ve diyot (810 nm)
lazerlerin diisiik niiks oranlar1 ile umut vaat ettigi, ancak bu dalga boylarmin su tarafindan diisiik oranda
absorbe edilmesi nedeniyle sinir hasar1 gibi komplikasyonlara yol agabilecegi belirtilmektedir (41).
Gliniimiizde kardiyolojik nedenlerle antikoagiilan tedavi goren yash hasta sayisinin artmasi, cerrahi
islemlerde etkin hemostaz yoOntemlerinin Gnemini artirmaktadir. Son yillarda lazer hemostazi,
geleneksel yontemlere alternatif olarak kullamlmaya baslanmustir. Stirekli dalga Nd:YAG lazer 1sinmin
(A=1064 nm), yumusak dokuda 4 mm’den fazla penetrasyon saglamasi nedeniyle hemostazda etkili
oldugu gosterilmistir (44).

RESTORATIF DiS$ HEKiIMLiGINDE KULLANIM ALANLARI
Restoratif dis hekimliginde lazerlerin ¢esitli kullanim alanlar1 vardir. Tablo 2’de lazerlerin restoratif dis
hekimligindeki kullanim alanlar1 gosterilmektedir.

Tablo 2. Restoratif Dig Hekimliginde Lazerlerin Kullanim Alanlar1 (45).

Dentin
Hassasiy

a
=

dijital

o da eti Kompozit
6lci (lazer Polimeriza
destekli

syonu

optik

Restorati

Dis
Hekimligin TTuk DI
Dis dekllLazir Dokusu
Beyazlat Uygulamala Kaldirilm

ri

ma asl

Indirekt
Restorasy
onlar

Dis cliriigiiniin tanis1 geleneksel olarak ayrmtili klinik muayene, sond kullanimi ve radyografik
incelemelerle yapilmaktadir. Ancak, bu yontemler her zaman kesin sonu¢ vermemekte; karmasik dis
morfolojisi, tlikiiriik, bakteri plag1 ve besin artiklar1 gibi faktorler nedeniyle bazi ¢liriik lezyonlar1 gézden
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kacabilmektedir (46). Bu sinirliliklar1 agmak amaciyla DIAGNOdent DIAGNOcam ve Biolae gibi lazer
tabanli cihazlar gelistirilmistir.

Ozellikle DIAGNOdent, giiniimiizde en yaygin kullanilan lazer-floresans temelli ¢iiriik teshis cihazidir.
Cihaz, yaklasik 688 nm dalga boyunda kirmizi lazer kullanarak sagliklt mine ve dentin dokulart ile ¢iirtik
dokular arasindaki floresans farkliliklarini saptamaktadir. Yapilan ¢aligmalar, DIAGNOdent’in ¢iiriik
tanisinda tekrarlanabilir ve giivenilir sonuglar verdigini gostermistir (47). Bu nedenle, &zellikle
konvansiyonel radyografiyle birlikte tamamlayici bir tan1 yontemi olarak dnerilmektedir (47).

Diuslik diizeyli lazerler, ¢iirik dis yiizeyi seviyesinde analjezik etki saglamak amaciyla
kullamlabilmekte, bu sayede kavitelerin klasik yoOntemlerle hazirlanmasinda lokal anestezi
gereksinimini ortadan kaldirmaktadir (48).

Dis dokusunun asitle piiriizlendirilmesini, piiriizlendirilmis ylizey ile rezin kompozit restorasyonlarin
mikromekanik baglanmasi izlemektedir (49). Adeziv rezin kompozitler, beyaz renkleri ve {istiin estetik
Ozellikleri nedeniyle yaygin olarak kullanilmaya baslanmistir. Kendiliginden sertlesen rezin
kompozitler, zayif estetik ve uzun ¢aligma siiresi gibi dezavantajlari nedeniyle neredeyse tamamen terk
edilmis ve yerlerini modern 1sikla sertlesen kompozit materyallere birakmustir. Rezin-kompozit
sistemine lazerle aktive edilen hizlandirici (kamforokinon) eklenmistir (50).

Dentin hassasiyeti, bireyin sicak veya soguk uyaranlara kars1 asir1 duyarlilik géstermesiyle karakterize
edilen bir durumdur. Bu hassasiyet genellikle ¢iiriik, gingival ¢ekilme (kok yiizeylerinin agiga ¢ikmasi),
dis asmmalar1 ve mikroskobik ¢atlaklar gibi ¢esitli durumlarin sonucunda ortaya ¢ikmaktadir. Klinik
olarak oldukga sik karsilasilan bu problemde, dentin hassasiyetini azaltmak amaciyla dental sert
dokulara lazer uygulamalar1 gergeklestirilmistir. Bu amagla CO-, Er:YAG, GaAlAs, Nd:YAG ve He-
Ne lazerleri kullanilmaktadir (51).

Kahve, ¢ay, sarap, agiz gargaralari, nikotin ve metal tuzlar1 gibi bircok madde dis minesinde dissal
lekelenmelere yol agmaktadir (52). Geleneksel olarak bu lekelerin uzaklastirilmasinda mikro veya
makro asindirma yontemleri ile hidrojen peroksit esasli beyazlatma islemleri yaygin olarak
kullanilmaktadir (53). Ancak bu maddelerin uzun siireli birikimi, digsal lekelerin dis minesinin dis
tabakasma dogru “igsellesmesine” neden olabilmekte ve bu durum beyazlatma tedavilerinde zorluk
yaratabilmektedir (52,54). Lazer uygulamasiyla aciga ¢ikan 1s1 enerjisi, lekelerin daha kolay bir sekilde
uzaklastirilmasini saglamaktadir. Dis beyazlatma uygulamalarinda Argon, KTP, diyot ve CO:
lazerleri (515, 532, 810-980 ve 10.600 nm dalga boylar1) kullanilmaktadir (55).

DiS HEKIMLiGINDE KULLANILAN LAZERLERIN AVANTAJLARI
Dis hekimliginde kullanilan lazerlerin avantajlari sunlardir:
e Konvansiyonel yontemlere gore daha az agr1 ve rahatsizliga sebep olmaktadir (56).
e Lazerlerin koagiilasyon etkisi sayesinde operasyon aninda ve sonrasinda daha az kanama
goriilmektedir (56).
e Lazerin antimikrobiyal 6zellikleri sayesinde operasyon bolgesi sterilize edilmektedir ve boylece
sekonder enfeksiyon riski azalmaktadir (56).
e Bazi islemlerde lokal anestezi gereksinimini ortadan kaldirmaktadir (57).
e Derin ciiriiklerde mikroretantif yilizey olusturarak temiz ve dezenfekte bir alan olusturmaktadir
(57).
e (Cevre dokulara minimal zarar vermektedir. Boylece postoperatif sislik daha az goriilmektedir
(58).
e Dokular1 uzaklastirmada geleneksel yontemlere gore daha yiiksek hassasiyet sunmaktadir (59).
e Hastalarda postoperatif donemde daha kisa iyilesme siiresi saglamaktadir (60).
e Gingivektomi, frenektomi gibi operasyonlarda siitur ihtiyacin1 azaltip hasta konforunu
arttirmaktadir (61).
e Beyazlatici ajanlarin aktivasyonunu hizlandirarak etkinliklerini arttirmaktadir (62).
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DiS HEKiMLiGINDE KULLANILAN LAZERLERIN DEZAVANTAJLARI
Dis hekimliginde kullanilan lazerlerin dezavantajlar1 sunlardir:
e Lazer, derin ¢iiriik uzaklastirilmasinda her zaman yeterli olmamaktadir (57).
e Yanlis kullanim ¢evre dokularda 1s1ya bagl hasar olusturabilmektedir (59).
e Her dental islem ic¢in uygun degildir, bazi prosediirlerde geleneksel yontemler hala gerekli
olmaktadir (57,63).
e Lazer cihazlarmin ilk kurulum maliyeti yiiksektir, bu nedenle kii¢lik kliniklerde erisilebilirligi
diistiktiir (63).
e Hekimlerin lazer kullanimina dair ileri diizey egitim almasi gerekmektedir, egitim eksikligi
kullanimini sinirlayabilmektedir (64).
e Bazi vakalarda lazer islemleri, geleneksel yontemlere kiyasla daha uzun siirebilmektedir (65).

COCUK DiS HEKIMLiGINDE LAZERLERIN KULLANIMI

Erken donem uygulamalarda daha ¢ok yumusak doku islemleri i¢in tercih edilen lazerler giiniimiizde
yeni nesil lazerlerin su molekiilleri lizerindeki 6zel etkileri sayesinde sert doku iglemleri i¢in de uygun
hale gelmistir. Lazerler giiniimiiz teknolojisindeki gelismelerle beraber ciiriiklerin dnlenmesi, teshisi ve
tedavisinde etkin bir sekilde kullanilmaktadir (6).

Cocuk dis hekimliginde lazer kullaniminin amaci, ¢ocuklarin ilk dis hekimi deneyimlerini olumlu hale
getirerek ilerleyen donemlerde saglikli agiz hijyeni aligkanliklar1 kazanmalarini saglamaktir (9). Bu
noktada lazerlerin, daha az agrili ve minimal invaziv bir tedavi segenegi sunmasi hem onleyici hem de
tedavi edici agidan dnemli bir avantajdir. Lazerler; ¢ocuklarda oral ve dental durumlarin tanisinda, sert
ve yumusak doku tedavilerinde ve hizli ilerleyen oral-dental hastaliklarin 6nlenmesinde basarili bir
sekilde kullanilabilmektedir (7).

Tim bunlar goz oniine alindiginda gocuklarm agiz dis saghiginin saglanmasi ve dental deneyiminin
iyilestirilmesi a¢isindan lazerlerin ¢ocuk dis hekimliginde kullanmimi giin gegtik¢e daha 6nemli hale
gelmektedir. Bu nedenle ¢ocuk dis hekimleri klasik dis hekimligi prensiplerinin yam sira modern
teknolojileri de 6grenmek ve uygulamak durumundadir (8).

COCUKLARDA LAZER KULLANIMININ AVANTAJLARI
Cocuklarda lazer kullaniminin avantajlar1 sunlardir:

e Lazerler hastalikli dokularla segici ve hassas sekilde etkilesime girebilmektedir. Bu sayede
sadece hastalikli alanlara miidahale edilebilmekte, sagli dokular korunabilmektedir (66).

o Elektrokoter gibi geleneksel yontemlere kiyasla dokuda daha az termal hasara yol agmaktadir
(67).

e Yumusak doku islemleri sirasinda kanama kontrolii (hemostaz) saglayabilmekte boylece cogu
durumda dikis gereksinimini ortadan kaldirabilmektedir (66,68).

e Hemostazin etkin bicimde saglanmasi iyilesme siirecini hizlandirmakta operasyon sonrasi
rahatsizliklar1 azaltmakta ve agr1 kesici kullanimini en aza indirmektedir (67,69-74).

o Lazerle gerceklestirilen birgcok yumusak doku isleminde anesteziye ¢ok az ihtiya¢ duyulmakta
ya da anestezi gereksinimi tamamen ortadan kalkmaktadir (67-73,75).

e Lazerlerin gosterdikleri antibakteriyel 6zellik sayesinde islem sonrasi enfeksiyon riski diismekte
ve antibiyotik kullanim ihtiyaci azalmaktadir (68,73,74).

e Mukozal hastaliklarda ilag kullanimina gerek olmadan semptomlar1 azaltabilmektedir
(37,68,74).

e Lazerle yapilan islemler tedavi ve hastanin koltuk siiresini kisaltmakta bu sayede tedavi siireci
cocuklar icin daha konforlu hale gelmektedir (68,74).

e Geleneksel doner aletlerin ses ve titresimi cocuk hastalarda genellikle agr1, kaygi ve rahatsizliga
neden olmaktadir (73,76—78). Lazerlerle temassiz olarak ¢alisilabilmesi titresim etkisini ortadan
kaldirmakta ve daha konforlu bir tedavi deneyimi sunmaktadir (73,76,78).

e Yapilan ¢aligmalar Nd:YAG ve erbiyum lazerlerin sert dokular {izerinde analjezik (agr1 kesici)
etki yarattigimi gostermektedir. Bu durum lokal ya da topikal anestezi gereksinimi olmadan
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islem yapilmasina imkan tammaktadir (73,76,79-81). Cocuklarin tolere etmekte zorlandiklari
anestezi uygulama agamasinin atlanmasi kooperasyonu arttirmaktadir.

COCUKLARDA LAZER KULLANIMININ DEZAVANTAJLARI
Cocuklarda lazer kullaniminin dezavantajlar1 sunlardir:
e  Yumusak ve sert doku islemleri igin farkli dalga boylarinin gerekli olmasi, uygulayicinin birden
fazla lazer cihazina ihtiyag duymasina neden olabilmektedir (66).
e Lazer kullanimy, gesitli klinik uygulamalar ve lazer tiirleri i¢in ek egitim ve bilgi
birikimi gerektirmektedir (66,74,76,79).
e Ekipman maliyeti, teknolojinin uygulanmast ve gerekli egitimlerin alinmasi gibi
nedenlerle, baglangi¢ yatirimi oldukga yiiksek olabilmektedir (66,74).
e [azerle yapilacak olan islemlerde klinik teknigin diizenlenmesi ve yiiksek devirli doner aletlerle
ek hazirlik yapilmas: gerekebilmektedir (66,76).

COCUK DiS HEKIMLiGINDE LAZERLERIN UYGULAMA ALANLARI

SERT DOKU UYGULAMALARI

CURUKLERIN TESHISI

Lazer teknolojisi, 6zellikle ¢ocuk dis hekimliginde ¢iiriiklerin erken tanisi igin siklikla kullanilmaktadir.
Bu amagla 655 nm dalga boyunda lazer floresansi hem siit hem de daimi dislerde ¢iiriik teshisi igin
Onerilmistir. Yapilan bilimsel c¢alismalar incelendiginde lazer teknolojisinin ¢ocuk dis hekimligi
alaninda en kapsamli bigimde arastirildig1 uygulamanin ¢iiriik teshisi oldugu gorilmektedir. Nitekim
PubMed veritabaninda “Laser Pediatric Dentistry” basligi altinda taranan ¢aligmalarin 40’tan fazlasi,
lazer cihazlarmin ¢iiriik teshisindeki etkinligini konu almaktadir (76).

CURUK UZAKLASTIRMA VE KAVITE PREPARASYONU

Erbiyum ailesine ait lazerler, tim sinif ¢iiriiklerin tedavisinde kullanilabilmektedir. Ancak diste yiiksek
floriir igerigi mevcutsa, diisiik su igerigi nedeniyle doku kaldirilmasi yavas ilerleyebilir. Lazer ucunun
kesim yiizeyine dik agiyla tutulmasi, kesim verimliligini artirmaktadir (82).

Mine uzaklastirildiktan sonra, dentin ve ¢liritk dokusu daha yiiksek su icerigine sahip oldugu i¢in enerji
ayarlar1 distiriilmelidir. Boylece bu dokular daha kolay kesilebilmekte ve islem daha konservatif,
verimli ve konforlu sekilde gerceklestirilebilmektedir. Erbiyum lazerler, hedef dokudaki bakteri
popiilasyonunu azaltabilmekte ve siklikla analjezik bir etki olusturabilmektedir (82,83). Gerekli
durumlarda, derin ciiriiklerin uzaklastirilmasi i¢in diisiik devirli el aletleri lokal anesteziye gerek
kalmadan kullanilabilmektedir (84).

Lazer ¢ogu zaman geleneksel ciiriik temizligi ihtiyacini ortadan kaldirsa da gerektiginde konvansiyonel
ve lazer preparasyon yontemlerinin birlikte uygulanmasinda herhangi bir sakinca bulunmamaktadir
(76).

DiS YUZEY DIRENCINIiN ARTTIRILMASI

Dis ylizeyinin karyojenik etkenlerin penetrasyonuna karsi direnci, ¢iiriik olusumunun 6nlenmesinde
onemli rol oynamaktadir. Erbiyum ve CO: lazerleri, yeni stirmiis daimi dislerin 6zellikle ¢cocuk ve
adolesanlarda asit erozyonuna karsi direncini arttirmada basarili bir sekilde kullanilabilmektedir.
Caligmalar; 9600, 9300 ve 10 600 nm dalga boylarmda CO- lazerin, 2780 ve 2940 nm dalga boylarinda
erbiyum lazerin ve argon lazerin mine yiizeyinde ¢iirige kars1 direng kazandirabildigini gostermektedir
(85,86). Ayrica, lazer uygulamasi ile floriir tedavisinin birlikte uygulanmasinin dis direncini daha da
artirdig1 ortaya konmustur. Ornegin, argon lazerin asidiile fosfat florid (APF) ile kullanilmasi, yalmzca
lazer uygulanmasina kiyasla ciiriik derinliginde %50 oraninda azalma saglamaktadir (86,87).

FISSUR ORTUCU UYGULAMASI

Fissiir ortiiciiler 1955 yilindan beri kullamlmakta olmasina ragmen, uygulamalar1 hala yeterince yaygin
degildir (88). Daimi molar dislerin yaklasik %70’inde, siirmelerini takip eden ilk 3 yil i¢inde okliizal
yiizey ¢liriigh gelismektedir (89).
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Lazerler, hekimin mine oluklarmni temizlemesine, sterilize etmesine ve net bir sekilde gdérmesine imkan
tamimaktadir. Ayrica c¢aligmalar, erbiyum lazerle piriizlendirilmis mine yiizeyinin, asitle
pliriizlendirilmis mineyle benzer 6zellikler gosterdigini ortaya koymustur (90-92).

YUMUSAK DOKU UYGULAMALARI

FRENULUM TEDAVISi

Frenulum; dudak, dil ve yanak gibi agiz i¢i yapilarin hareketlerini kisitlayabilecek sekilde yumusak
dokularin anormal baglantilariyla karakterize bir olusumdur. Lingual frenulumun kisa ya da siki olmasi
ankiloglossiye yol acarak emme, yutkunma, konusma ve oral hijyen fonksiyonlarini olumsuz
etkileyebilirken; maksiller frenulumun anormal yerlesimi ise santral kesiciler arasinda diastemaya,
emzirme giicliiklerine veya oral travmalarin iyilesmesinde sorunlara sebep olabilmektedir (93-95).
Frenulum anomalileri, ¢ocukluk caginda en sik karsilagilan ve zaman zaman yanlis tani konulan
konjenital anomalilerden biri olarak 6nem tagimaktadir (95).

Tedavi, hastanin yasina, klinik bulgularima ve fonksiyonel kisitlilik derecesine gore planlanmaktadir.
Lazerler, minimal invaziv 6zellikleri sayesinde bebeklerden erigkinlere kadar genis bir yas araliginda
frenulum revizyonu i¢in giivenli ve etkili bir secenek olarak kullanilabilmektedir. Literatiir, lazer
tedavisinin cerrahi sonrasi agr1 ve kanamay1 azalttigini, iyilesme siirecini hizlandirdigini ve ¢ocuklarda
is birligini kolaylastirdigini bildirmektedir (94,95).

ORTODONTIK TEDAVI iCiN DISLERIN ACIGA CIKARILMASI

Farkli dalga boylarindaki lazerler daimi disleri ortodontik yonlendirme amaciyla ortaya ¢ikarmak i¢in
yumusak dokuyu uzaklastirabilmektedir. Yalnizca erbiyum lazerler hem yumusak dokuyu hem de
kemigi uzaklastirabilmektedir (96).

Sadece yumusak doku miidahalesi gereken durumlarda lokal anesteziye gerek kalmamaktadir. Bunun
yerine EMLA gibi topikal bir anestezik uygulanmaktadir (96).

Erbiyum aletleri kullanilirken, mineye zarar vermemek i¢in her zaman dikkatli olunmalidir; bu nedenle
mine agiga ¢iktiginda lazer ucu dis yiizeyine paralel tutulmalidir (Sekil 8) (84). Bu islem i¢in Nd:YAG
veya diyot lazer kullanildiginda ise mineyi asindirma veya zarar verme riski yoktur, ¢linkii bu lazerlerin
dalga boyu dis dokusuyla etkilesime girmemektedir (84).

GINGIVEKTOMI

Gingival dokunun, dilantin gibi ilaclar nedeniyle hipertrofiye ugradigi durumlarda veya ortodontik
aparey kullanan hastalarda kotii agiz hijyenine bagl olarak asir1 doku biiyiimesi meydana geldiginde,
lazerler fazla dokuyu yeniden sekillendirme veya uzaklastirma amaciyla kullanilabilmektedir (97).
Ciirtiklerin dis eti dokusunun altina uzandigi durumlarda da lazerler kanama endisesi olmadan
restorasyonun yapilabilmesi i¢in gingival dokuyu uzaklastirabilmektedir. Bu islemlerin bir¢ogu lokal
anestezi gerektirmemektedir ve postoperatif rahatsizlig1 ortadan kaldirmaktadir (84).

LEZYONLARIN EKSiZYONU VE BIYOPSi UYGULAMALARI

Lazerler, yuamusak doku lezyonlarinin cerrahi olarak uzaklastirilmasinda 6nemli avantajlar sunmaktadir.
Bu islemler cogunlukla lokal anestezi altinda yapilmakta olup, siitur ihtiyaci nadiren ortaya ¢ikmaktadir.
Cerrahi sirasinda kanamanin oldukga az olmasi ve postoperatif dénemde hastalarin genellikle minimal
rahatsizlik yasamasi ya da hi¢ rahatsizlik yasamamasi lazerlerin 6nemli avantajlarindandir. Pigmente ve
vaskiiler yapiya sahip lezyonlarin tedavisinde argon, diyot ve Nd:YAG lazerler tercih edilirken;
pigmente olmayan lezyonlarda erbiyum ve CO- lazerler, dalga boylarmin su absorpsiyon 6zelligi
sayesinde daha etkili sonuclar saglamaktadir (84).

SURMEKTE OLAN DiSLERDE PERIKORONAL DOKU PATOLOJILERININ TEDAVISi
Cocuklarda o6zellikle birinci daimi az1 diglerinin siirmesi sirasinda, disi 6rten yumusak dokuda agri,
sislik veya enfeksiyon gelismesi sik karsilasilan bir durumdur. Benzer sorunlar, ergenlik doneminde ve
yetigkinlerde de diger dislerin siirmesiyle ortaya ¢ikabilmektedir.
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Bu tiir olgularda lazerler, temassiz modda kullanilarak ilgili dokunun uzaklastirilmasinda ve disin klinik
kronunun agiga cikarilmasinda etkili bir yontemdir . Cogu vakada lokal anesteziye gerek duyulmadan
islem tamamlanabilmektedir (84).

AFTOZ ULSERLER VE HERPETIK LEZYONLARIN TEDAVISi

Lazerlerin en kolay uygulanabilen ve hastalar tarafindan en ¢ok memnuniyetle sonuclanan kullanim
alanlarindan biri, tekli aftdoz {lserlerin veya tekrarlayan aftéz stomatitis lezyonlarimin tedavisidir
(98,99).

Bu uygulamada diigiik gili¢ ayarlar1 tercih edilir ve enerji, temassiz modda dogrudan hedef dokuya
yonlendirilir. Lezyon alant 15-30 saniyelik periyotlarla 1gmlanmaktadir, lokal anesteziye gerek
duyulmamaktadir ve islem, hasta rahatlama hissedene kadar genellikle ti¢-dort kez tekrarlanmaktadir.
Tedavi sonunda dokuda hafif kuruluk gozlenebilir, ancak belirgin bir renk degisikligi
beklenmemektedir. Uygulama sirasinda herkesin koruyucu gozliik, maske ve bariyer kullanmasi ve
ayrica yiksek hizli aspirasyon yapilmasi énemlidir, ¢iinkii ortaya ¢ikan buharlasmis doku parcaciklari
enfektif ozellik gosterebilmektedir. Cogu vakada tek seanslik tedavi lezyonun uzaklastirilmasi ve
hastanin aninda konfor hissetmesi igin yeterli olmaktadir. Herpes labialis olgularinda ise prodromal
belirtilerin bagladigi asamada lazer uygulamasi bolge iizerinde palyatif bir etki olusturmakta ve ¢ogu
zaman tam gelismis lezyonun olusmasini engelleyebilmektedir (84).

SUT DISLERINDE PULPA TEDAVISI

Siit dislerinde pulpa tedavisi genellikle derin dentin ciiriikleri veya dental travma nedeniyle
gerekmektedir. Vital disler i¢in indirekt pulpa oOrtiisii, direkt pulpa ortiisii ve pulpotomi baslica tedavi
segenekleri iken; nekrotik pulpa veya geri doniistimsiiz pulpitis varliginda pulpektomi 6nerilmektedir.
Tedavi se¢imi; klinik Oykii, agr1 varligt ve pulpada dejenerasyon bulgularinin radyografik
degerlendirmesi gibi iyi bilinen kriterlere dayanmaktadir (100).

Erbiyum lazer ailesinin kullanimi, 6zellikle derin dentin ¢iiriigli bulunan olgularda kavite preparasyonu
acgisindan avantaj saglamaktadir. Bu avantajlar:

e  Gereksiz mekanik pulpa ekspozunu 6nlemek igin selektif ve minimal doku kaldirma,

e Dentin dekontaminasyonu ve smear tabakasmnin uzaklastirilmasi imkani, olarak One

cikmaktadir.

Ayrica, ¢cogu vakada lokal anestezi gereksinimi olmadan tedavi yapilabilmesi ¢ocuk hastalarda is
birligini kolaylastirmaktadir. Giincel tedavi yaklagimlarinda, kooperasyonu sinirli ¢ocuklarda ciiriik
ilerlemesini 6nlemek amacryla kullanilan gecici terapotik restorasyonlar (ITR) ile tercih edilmesi de
klinik basariy1 arttirabilmektedir (101,102).

LAZERLE AMPUTASYON

Amputasyon, siit dislerinde en sik uygulanan vital pulpa tedavilerinden biridir ve inflamasyonun
yalnizca koronal pulpa ile sinirli oldugu durumlarda disin biitiinliigiinii korumay1 hedeflemektedir
(103,104). Siit disi amputasyonlarinda bircok materyal denenmis olsa da formokrezol, amputasyon
tedavilerindeki yayginligini siirdiirmiistiir (105). Ancak, formokrezoliin toksik, mutajenik ve potansiyel
karsinojenik etkilerinin ~ gosterilmesiyle birlikte klinisyenler daha biyouyumlu alternatiflere
yonelmisglerdir. Bu kapsamda glutaraldehit, kalsiyum hidroksit, ferrik siilfat, kollajen bazli materyaller,
kemik morfogenetik proteinler, elektrosiirji ve lazer uygulamalar1 gibi ajanlar gelistirilmistir (106).
Lazerlerin amputasyon tedavisinde kullanimi son yillarda geleneksel yontemlere alternatif olarak daha
fazla Onem kazanmaktadir. Lazerlerin baslica avantajlari arasinda etkili hemostaz saglama,
sterilizasyonun  kolaylastirilmas1  ve dental pulpa hiicreleri {izerinde biyostimiilan etki
olusturma ozellikleri yer almaktadir. Bu ozellikler islem sirasinda kanamayi azaltmakta, bakteriyel
kontaminasyon riskini en aza indirmekte ve iyilesme siirecini hizlandirmaktadir. Ayrica lazerler
dokularla mekanik temas olmadan yumusak dokuyu uzaklastirabildiginden rezidiiel pulpa dokusuna
travma olusturma riski Onemli Ol¢lide azalmaktadir. Bu nedenlerle lazer destekli amputasyon
klinisyenler arasinda giderek artan bir ilgi gormektedir (106).
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Lazerlerin pulpa iizerindeki etkileri ilk kez yakut lazer (ruby laser) ile tanimlanmis olup daha sonra CO-,
Nd:YAG, argon, diyot ve Er:YAG lazerlerin amputasyon prosediirlerinde kullanimina iligkin ¢esitli
arastrmalar yapilmustir (107—114). Hayvanlar iizerinde yapilan deneysel caligmalarda farkli enerji
diizeylerindeki lazerlerin pulpa dokusu iizerindeki histopatolojik etkileri incelenmistir. Shoji ve ark.
(107), kopeklerde koronal pulpa iizerine farkli giiglerde (3—60 W) CO: lazer uygulamis ve kok
pulpasinda belirgin bir hasar gézlemlememistir. Jukic ve ark. (111), kopek molar ve premolarlarinda
CO:2 ve Nd:YAG lazerlerin amputasyon sonrasi dentin kdpriisii olugturmadigini bildirmistir. Kimura ve
ark. (109) ise sican modellerinde Er:YAG lazerin histopatolojik etkilerini degerlendirmis ve yliksek
enerji seviyelerinin kalan pulpa ve periodontal dokularda daha fazla hasara yol agtigini1 géstermistir.
Insan caligmalar1 da benzer bigimde olumlu sonuclar ortaya koymaktadir. Elliott ve ark. (112), siit
diglerinde CO: lazer ve formokrezol amputasyonlarmi klinik, radyografik ve histolojik olarak
karsilastirmig ve CO: lazerin formokrezole benzer basari oranlari sagladigini raporlamustir. Huth ve ark.
(113), Er:YAG lazer, kalsiyum hidroksit ve ferrik siilfat uygulamalarin1 degerlendirmis ve yalnizca
kalsiyum hidroksitin formokrezolden anlamli derecede diisiik basar1 gosterdigini belirtmistir. Saltzman
ve ark. (108), MTA ile kombine diyot lazer amputasyonunun formokrezol ile karsilastirildiginda benzer
klinik ve radyografik basari oranlarma sahip oldugunu bildirmistir. Ayrica Liu (115), insan siit
dislerinde yaptigi ¢alismada, Nd:YAG lazer amputasyonunun formokrezolden anlamli derecede daha
yiiksek basar1 orani sagladigini ortaya koymustur.

COCUK HASTALARDA LAZERLE AMPUTASYON UYGULAMALARI

Geleneksel amputasyon tekniginde koronal pulpa, diisiik devirli bir rond frez veya keskin bir ekskavator
ile kaldirilmakta hemostaz saglandiktan sonra kanal agizlarina uygun lazer enerjisi uygulanarak pulpa
dokusunda koagiilasyon olusturulmaktadir. Diistik seviyeli lazer tedavisi (LLLT) uygulandiginda ise
koagiilasyon olmadan iyilesme stimiilasyonu hedeflenmektedir (116—118).

Calismalar lazerlerin histolojik iyilesmeyi hizlandirdigini, hemostatik, antimikrobiyal ve hiicre uyarict
Ozelliklere sahip oldugunu gostermektedir (116,119). Lazer isinlarimin rezidiiel pulpa dokusuyla
mekanik temasinin olmamasi nedeniyle dokulara travma verilmemekte, ayrica pulpa sicakliginda
yalnizca minimal bir artis meydana gelmektedir (113,116). Bu &zelliklerden dolayr Ghajari ve ark.,
Fernandes ve ark., Saltzman ve ark. gibi gesitli arastirmacilar lazer uygulamalarimin konvansiyonel
amputasyon tekniklerine gére 6nemli avantajlar sundugunu belirtmektedir (108,118,120).

Uloopi ve ark. (121), 40 tane siit molarda diyot lazerle uygulanan diisiik diizey lazer tedavisini (8§10 nm,
2 J/em?) MTA ile karsilastirmis ve 3—12 aylik takiplerde iki yontem arasinda klinik ve radyografik olarak
anlamli fark saptamamustir.

Fernandes ve ark. (118), 60 tane siit molar {izerinde diisiik diizeyli lazer tedavisi (660 nm LLLT),
kalsiyum hidroksit, diliie formokrezol ve LLLT+CH uygulamalarini karsilastirmig ve 18 aya kadar
klinik basar1 oranlarinin tiim gruplarda %100 oldugunu, radyografik basarida ise formokrezoliin daha
yiiksek basar1 gosterdigini bildirmistir.

Marques ve ark. (122), diisiik diizey lazer tedavisi (LLLT) grubunda pulpal inflamasyonun en diisiik
diizeyde oldugunu formokrezol grubunda ise internal rezorpsiyonun en yiiksek oranda goriildiigiinii
ortaya koymustur.

Odabas ve ark. (123), Nd:YAG lazer ile formokrezolii karsilastirdig1 ¢alismada klinik ve radyografik
olarak anlamli fark saptanmamis ancak histopatolojik olarak lazer grubunda daha az inflamasyona
rastlanmustir.

Liu ve ark. (2003, 2006), Nd:YAG lazerin 4866 aylik takiplerde %94-97 diizeyinde klinik basar1
sagladigini ve formokrezolden daha yiiksek basar1 gosterdigini bildirmistir.

Niranjani ve ark.(124), MTA, diyot lazer ve biodentine uygulanan amputasyonlar arasinda 3—6 aylik
takiplerde anlamli fark olmadigini bildirmistir.

Tiim bu ¢aligmalar gostermektedir ki lazer, siit dislerinde yapilan vital pulpa tedavilerine yardimci bir
alternatif olarak degerlendirilebilse de lazer destekli amputasyon {izerine yapilan yiiksek kaliteli klinik
caligmalarn sayisinin siirl olmasi, lazer uygulamalarinda kullanilan yontemlerin farklilik gdstermesi
ve takip stirelerinin degiskenligi nedeniyle kesin bir goriis birligine varmak zor goriinmektedir. Daha
giiclii bir sonuca ulasilabilmesi i¢in, aym yontem ve standart protokollerle yiiriitiilen daha fazla
randomize klinik ¢alismaya ihtiya¢ vardir (125).
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LAZER AMPUTASYONUN ISLEM BASAMAKLARI
Diyot lazer ile yapilan amputasyon prosediiriiniin literatiirde bildirilen islem basamaklar1 su sekildedir
(126) :

o [lgili dise 2 lidokain + 1:100.000 epinefrin ile anestezi yapildiktan sonra dis rubber dam ile izole
edilir.

e Yiiksek hizli bir aeratdr ve anguldurva ile mine ve dentin dokusundaki ciiriikler temizlenir.
Pulpa odasinin tavani, bir fissiir elmas frez yardimi ile acilip kaldirilir. Bu sekilde amputasyon
kavitesi hazirlanmis olur.

e Kok pulpasindan gelen kanama, steril ve serum fizyolojik ile nemlendirilmis pamuk
pelet ile yaklagik 5 dakika hafif basing uygulanarak kontrol edilir.

e Hemostaz saglandiktan sonra kanal girislerinde tam hemostaz saglanmasi amaciyla 980 nm
diyot lazer uygulanir.

e [azer uygulamasi sirasinda 1s1n, direkt pulpa yiizeyine veya kanal agzina yonlendirilir ve
koagiilasyon tamamlanana kadar kisa araliklarla uygulanmaya devam edilir. islem,
karbonizasyon olusturmadan, termal hasar sinirlar1 agilmadan yapilmalidir.

o Lazerle yeterli koagiilasyon saglandiktan sonra kanal agizlarindaki pulpa dokusu iizerine ve
kavite tabanina biyouyumlu bir materyal (genellikle MTA, ZOE veya IRM) yerlestirilir.

e Kaide materyalinin iizerine geleneksel cam iyonomer siman (CIS), rezin modifiyeli CIS
(RMCIS) ya da akic1 kompozit rezin yerlestirilir ve ardindan disin kalic1 restorasyonu yapulir.
Amputasyon sonrasi final restorasyon, disin uzun doénem basarist i¢in kritik oldugundan
genellikle paslanmaz ¢elik kron ile tamamlanir.

e Hastalar diizenli araliklarla (1, 3, 6, 12 ve 24 ay) klinik ve radyografik kontrole ¢agrilir. Basar1
kriterleri: asemptomatik pulpa, fistiil/siniis yoklugu, patolojik rezorpsiyon olmamasi ve
furkal/periapikal radyoliisensi goriilmemesi seklinde belirlenmistir.

SONUC

Giliniimiizde lazer teknolojisi, dis hekimliginin pek ¢ok alaninda oldugu gibi ¢ocuk dis hekimliginde de
giderek artan bir klinik dnem kazanmaktadir. Dalga boylarina bagl olarak dokularla farkl: etkilesimlere
girebilen lazer sistemleri sert ve yumusak dokularda yiiksek hassasiyetle calisabilme, minimal invaziv
olma, etkili hemostaz, antimikrobiyal etki ve cogu zaman anestezi gereksinimini azaltma gibi
avantajlartyla cocuk dis hekimligi uygulamalarii hem hasta hem de hekim ac¢isindan daha konforlu hale
getirmektedir.

Cocuk hastalarda dental tedavilerin olusturdugu kaygi, agr1 algis1 ve davranis yonetimi zorluklar1 goz
Oniine alindiginda, lazerlerin sagladigi temasiz ¢alisma imkam, diisiik titresim ve minimal kanama gibi
ozellikler tedavi kabuliinii artirmakta ve ¢ocuklarin dis hekimi deneyimlerini iyilestirmektedir. Sert
doku uygulamalarinda erbiyum lazerlerle selektif ¢iiriik uzaklastirilmasi, fissiir ortiicli oncesi yiizey
hazirlig1 ve ¢iiriik direncinin artirilmasi miimkiin olurken yumusak doku uygulamalarinda frenektomi,
gingivektomi, perikoronit yonetimi, aftéz ve herpetik lezyonlarin palyatif tedavisi gibi pek ¢ok islem
giivenle gerceklestirilebilmektedir.

Vital pulpa tedavilerinde ise lazerlerin kavite dezenfeksiyonu, smear tabakasmin uzaklastirilmasi ve
gereksiz doku kaybini dnleyerek daha koruyucu bir yaklasim sunmasi pulpanin korunmasini temel alan
modern ¢ocuk dis hekimligi anlayis1 ile uyumludur. Ozellikle lazerle amputasyonun kontrollii hemostaz
saglamasi, islem siiresinin kisalmasi ve radikiiler pulpanin vitalitesinin desteklenmesi bakimindan umut
verici sonuglar ortaya koydugu goriilmektedir.

Tiim bu bulgular 15181nda lazer teknolojisi, cocuk dis hekimliginde tek basina her durumda geleneksel
yontemlerin yerini alabilecek bir tedavi modeli olmasa da dogru endikasyonlarda kullanildiginda tedavi
basarisin1 ve hasta memnuniyetini belirgin sekilde artiran giiclii bir tamamlayic1 yontemdir. Gelecekte
lazer cihazlarimin daha erisilebilir hale gelmesi, klinisyenlerin egitim diizeyinin artmasi ve teknolojinin
geligsmesiyle birlikte lazerlerin ¢ocuk hastalarda daha yaygin ve standart bir uygulama alani1 bulacagi
Ongoriilmektedir.
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OZET

Bu bildirinin amaci, yapay zeka (YZ) temelli uygulamalarin ¢ocuk dis hekimliginde travmatik dental
yaralanmalarin (TDY) tani, degerlendirme ve yonetim siireglerindeki kullanim alanlarmi incelemek ve
bliyiik dil modellerinin (LLM) klinik karar destek sistemleri olarak etkinligini giincel literatiir 1s1¢inda
degerlendirmektir. Bu kapsamda, dental travmalarin biyolojik temelleri, yapay zekanin dis hekimligine
entegrasyonu, farkli sohbet botlarmin performanslari, kullanim sinirlamalari, etik boyutlart ve
potansiyel riskleri ele alinmistir. Literatiir taramasi siirecinde PubMed ve benzeri bilimsel veri
tabanlarinda “artificial intelligence”, “dental trauma”, “pediatric dentistry”, “chatbot”, “large language
models” gibi anahtar kelimeler kullanilarak arama yapilmistir. Elde edilen ¢aligmalar; yapay zeka
sistemlerinin radyografik analiz, klinik yonlendirme, hasta egitimi ve acil durum yonetimindeki
dogruluk, okunabilirlik ve yanit siiresi agisindan performanslari yoniinden degerlendirilmistir. Incelenen
literatiirler, YZ destekli sistemlerin travmatik dental yaralanmalarin erken tanist ve ydnetiminde
klinisyenlere destek saglayabildigini, 6zellikle uzman erisiminin siirli oldugu durumlarda yararl
olabilecegini gostermektedir. Bununla birlikte, modeller arasinda dogruluk ve kilavuz uyumu ag¢isindan
farkliliklar bulundugu, bazi sistemlerin giincelligini yitirmis bilgiler sunabildigi bildirilmistir. Ayrica
etik, hukuki sorumluluk ve veri giivenligi konularmin YZ kullamminda onemli sinirlayici faktorler
oldugu vurgulanmaktadir. Sonu¢ olarak, yapay zeka uygulamalari ¢ocuk dis hekimliginde uygun
endikasyonlarda kullanildiginda travmatik dental yaralanmalarin yonetiminde tamamlayici bir arag
olarak klinik siireci destekleyebilmektedir. Ancak giivenilirlik, standardizasyon ve hasta giivenligi
acisindan daha fazla randomize ve ¢ok merkezli calismaya ihtiya¢ bulunmaktadir.

Anahtar Kelimeler: Cocuk Dis Hekimligi, Yapay Zeka, Travmatik Dental Yaralanmalar, Biiyilik Dil
Modelleri, Klinik Karar Destek Sistemleri.

ABSTRACT

The aim of this paper is to evaluate the use of artificial intelligence (Al)-based applications in the
diagnosis, assessment, and management of traumatic dental injuries (TDIs) in pediatric dentistry and to
assess the effectiveness of large language models (LLMs) as clinical decision support tools in light of
current literature. In this review, the biological basis of dental trauma, the integration of Al into dentistry,
the performance of different chatbots, their limitations, ethical aspects, and potential risks were
examined. A comprehensive literature search was conducted using scientific databases such as PubMed
with keywords including “artificial intelligence,” “dental trauma,” “pediatric dentistry,” “chatbot,” and
“large language models.” The selected studies were evaluated in terms of the accuracy, readability, and
response time of Al systems in radiographic analysis, clinical guidance, patient education, and
emergency management. The reviewed literature indicates that Al-supported systems can assist
clinicians in the early diagnosis and management of TDIs, particularly in settings with limited access to
specialists. However, variations in accuracy and guideline compliance among different models have
been reported, and some systems may provide outdated information. Ethical, legal responsibility, and
data security issues are also highlighted as major limitations in the clinical use of Al. In conclusion,
when used under appropriate indications, artificial intelligence applications can serve as complementary
tools in the management of traumatic dental injuries in pediatric dentistry.
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Nevertheless, further well-designed, randomized, and multicenter studies are required to ensure
reliability, standardization, and patient safety.

Keywords: Pediatric Dentistry, Artificial Intelligence, Traumatic Dental Injuries, Large Language
Models, Clinical Decision Support Systems.

GIRiS

Travmatik dental yaralanmalar (TDY), dis hekimliginde sik karsilasilan, estetik, fonksiyonel ve
psikolojik sonuglar doguran kompleks durumlardir (1). Travmatik dental yaralanmalar, gocuk ve geng
erigkinlerdeki toplam yaralanmalarin %5’ini olusturmaktadirlar (2). TDY ler acil miidahale gerektiren
ve dogru yonetilmesi gereken durumlar olmalarina ragmen varolan caligmalar bu alandaki bilgi
seviyesinin yetersiz oldugunu gostermektedir (3,4). Ozellikle okul ¢ag1 cocuklarinda hareketlilik ve
refleks kontroliiniin tam gelismemis olmasi, travma riskini artiran temel faktorlerdendir (5). Travmatik
yaralanmalar, yalnizca digin kendisini degil, ¢evre dokulari ve bireyin genel yasam Kkalitesini de
etkilemektedir (5). Bu yaralanmalar sonrasi disin kaybi ya da deformasyonu, ¢ocukta 06zgiiven
eksikligine, sosyal izolasyona ve estetik kaygiya yol agabilmektedir (6). Bu nedenle erken tani, dogru
smiflandirma ve hizli miidahale biiyiikk 6nem tasimaktadir. Dental travmalarimin tanimlanmasi ve
yonetimi, dis hekimligi tarihinin erken donemlerinden itibaren ele alinmistir. 1940’11 yillarda Ellis ve
Davey tarafindan gelistirilen travma siniflandirmasi, modern IADT (International Association of Dental
Traumatology) sistemine temel olusturmustur (7).Eski donemlerde travma yOnetimi tamamen
semptomatik yaklasimlara dayanirken, giinimiizde biyolojik iyilesme siirecleri, histolojik reaksiyonlar
ve materyal biliminin ilerlemesiyle ¢ok daha sistematik hale gelmistir (5).Son 20 yilda dijital
teknolojilerin ilerlemesiyle birlikte, travma yonetiminde radyovizyografi (RVG), konik 1smnh
bilgisayarli tomografi (CBCT), optik tarama ve yapay zeka tabanli analizlerin kullanimi artmigtir. Bu
teknolojiler yalnizca tam1 dogrulugunu artirmakla kalmamis, aymi zamanda tedavi protokollerinin
standardizasyonunu da kolaylastirmustir (7).

DENTAL TRAVMALAR VE YAPAY ZEKA

Travmatik dental yaralanmalar, dis dokularini gevreleyen yapilarin ani mekanik kuvvetlere maruz
kalmasiyla ortaya ¢ikmaktadir. Digin mine, dentin, sement, pulpa ve periodontal ligament tabakalarinin
her biri farkl elastikiyet katsayisina sahip oldugundan, travma etkisi bu dokularda farkli siddetlerde
hasar olusturmaktadir (8).

Periodontal bag dokusu, disi alveol kemigine baglayan kollajen liflerinden olusur ve travma aninda en
bliylik yiikii bu yapilar karsilar. Bu nedenle o6zellikle liiksasyon, subluksasyon ve aviilsiyon gibi
travmalarda periodontal liflerin kopmasi en dnemli patofizyolojik etkidir (6).Pulpa dokusu, travma
sonrast inflamatuvar yamitla birlikte kan dolasiminda bozulma, 6dem ve nekroz gelisimi
gosterebilmektedir (9). Bu siiregte erken tani konulmazsa kok rezorpsiyonu ve dis kaybi1 meydana
gelebilmektedir. Yapay =zekdnin erken evre inflamasyon bulgularini dijital radyografilerde
tanimlayabilen derin 6grenme algoritmalarinin, disin prognozunu tahmin etmede hekime biiylik avantaj
saglayabilecegi ongoriilmektedir (10).

Yapay zeka kavrami ilk kez 1956 yilinda John McCarthy tarafindan tanmimlanmis, “insan zekasi
gerektiren gorevleri yerine getirebilen sistemler” olarak ifade edilmistir (11). Sohbet robotu (chatbot)
teknolojisinin temeli 1966’da MIT de gelistirilen ELIZA adli yazilima dayanmaktadir (12). O déonemde
yalnizca kural tabanli yanitlar {iretebilen ELIZA’nin, kullaniciyla basit diyaloglar da kurabildigi
belirtilmektedir (12). Ancak giiniimiizdeki ChatGPT, Gemini, Claude gibi modeller, milyarlarca
parametreye sahip biiyiik dil modelleri (Large Language Models - LLM) ile daha dogal, insan benzeri
yanitlar verebilmektedir (13).

Biiyiik Dil Modelleri, yalnizca metin tabanhi girdileri isleyerek dil iiretimi ve dilbilimsel analiz
gerceklestirebilirken; GPT-4 ve Gemini gibi Biiylik Cok Modlu Modeller (Large Multimodal Models,
LMM’ler) metin, goriintii, ses ve video dahil olmak {izere birden fazla veri modalitesini
isleyebilmektedir (14). Bahsi gecen modaliteleri isleyebilen ilk yapay zeka tabanli sohbet robotu
olan ChatGPT (Chat Generative Pre-Trained Transformer), OpenAl Inc. (San Francisco, CA, ABD) 30
Kasim 2022 tarihinde duyurulmustur (15).
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Biiyiik cok modlu modellerin, klinik bilgiyi yorumlama ve tibbi sorular1 cevaplama gibi gorevleri yerine
getirme konusunda yiiksek performans sergiledigi gosterilmistir (16). Ayrica saglik profesyoneli
olmayan kullanicilarin da saglikla ilgili bilgi edinme amaciyla bu ¢ok modlu yapay zeka sohbet robotu
modellerine giderek daha fazla bagvurdugu bildirilmektedir (17).

Bu modeller, dogal dil isleme (NLP) teknikleriyle egitilmis olup, kullanici girdisini anlamlandirarak
baglama uygun yanitlar olusturur. Saglik sektoériinde kullanimlar1 2018’den sonra yayginlagmis, ilk
olarak psikolojik destek, beslenme danigmanligi ve COVID-19 semptom taramasi gibi alanlarda yer
bulmuslardir (18).

Son yillarda bu chatbotlarm; pedodonti, agiz cerrahisi ve agiz sagligi egitimi gibi alanlarda da yaygin
kullanimina baglanmstir (19).

YZ, 6zellikle son on yilda “biiyiik veri ve “derin 6grenme teknolojilerindeki ilerlemelerle devrimsel bir
doniistim yasamustir (20).

Dis hekimligi, YZ uygulamalarina en hizli adapte olan tip branglarindan biridir (21). Cilinkii dig
hekimligi ¢ok sayida gorsel veriye (radyografi, fotograf, agiz i¢i taramalar) dayanir; bu da makine
Ogrenimi algoritmalar1 i¢in yeterli bir veri kaynagi saglar.

Gliniimiizde YZ sistemleri: ¢iiriik tespiti, periodontal hastalik analizi, ortodontik 6l¢iim, implant
planlamasi ve travmatik yaralanmalarm degerlendirilmesi gibi alanlarda basariyla kullanilmaktadir (22).
TDY’lerde hem ebeveynlerin hem de klinisyenlerin dogru ve hizli karar vermesi prognoz agisindan
kritik &nem tasimaktadir (23). Ornegin, travma sonrast ilk 20 dakika igerisinde replante edilen dislerde,
60 dakikadan daha uzun siire beklenip replante edilen dislere gore basari oran1 %30 daha yiiksektir (24).
Akut travmatik dental yaralanmalarin dogru sekilde tanimlanmasi ve zamaninda yonetilmesi, dnceden
de belirtildigi gibi etkilenen dislerin ve dentoalveoler kompleksin normal gelisiminin desteklenmesi
agisindan kritik 6neme sahiptir (25). Basarili tedavi sonuglar1 yalnizca klinisyenin bilgi ve deneyimine
degil, ayn1 zamanda yaralanmanin meydana geldigi anda ne kadar hizli fark edilip uygun sekilde
yonetildigine de baglhidir. Zamaninda karar vermenin hayati 6nemine ragmen, 6zellikle klinisyenlerin
giincel kilavuzlara veya uzman danismanligina amnda erisiminin olmadigi durumlarda, TDY
olgularinda tanisal ve tedaviye yonelik hatalarmn sik¢a goriildiigii bildirilmektedir (26,27). Bu baglamda,
yapay zeka araglar1 6zellikle de biiyiik dil modelleri (LLM’ler) dental travmatoloji alaninda potansiyel
klinik karar destek sistemleri olarak one ¢ikmaktadirlar (26,27).

Pedodonti alaninda YZ’nin klinik kullanimina yonelik ¢aligmalarin sayist halen sinirlidir. Son donemde
yayimlanan bazi arastirmalar, LLM’lerin genel dental travma senaryolarindaki performansini incelemis
olsa da ozellikle siit dislenmesindeki TDY leri hedef alan ¢alismalar belirgin sekilde yetersizdir (28,29).
Siit ve daimi disler arasindaki anatomik ve klinik farkliliklar ile bu olgulara 6zgii karar verme siiregleri
dikkate alindiginda, bu alanin daha kapsamli ve odakli arastirmalarla desteklenmesi gerekmektedir (30).
Klinik agidan anlamli bir sekilde pediatrik dental travmada yapay zekanin yararhiligini ortaya
koyabilmek icin, genel degerlendirmelerin dtesine gecilerek modellerin siit dislerine 6zgii anatomik ve
tanisal baglam igerisindeki performanslarinin incelenmesi gerekmektedir (30). Bu ayrim kritik 6neme
sahiptir; ¢linkii siit diglerinin anatomik yapis1 ve tedavi yaklasimlari, daimi dislerden belirgin bigimde
farklilik gostermektedir. Ayrica erken cocukluk donemi; iletisim giicliikleri, tanisal belirsizlikler ve
ebeveyn kaygisinin artist gibi kendine 6zgii zorluklar icermekte olup, erisilebilir, dogru ve anlagilir
bilgiye duyulan gereksinimi daha da artirmaktadir (30).

LLM’lerin ozellikle de pratisyen dis hekimleri, acil serviste ¢alisan hekimler veya uzmanlagmamis
klinisyenler gibi profesyonel kullanicilar i¢in faydali olabilecegi 6ngdriilmektedir (30). Dolayisiyla, acil
durumlarda uzman goriisiine aninda erisimin miimkiin olmadig1 kosullarda, bu araglarin giivenilir bir
destekleyici yardime1 olarak islev goriip géremeyeceginin belirlenebilmesi i¢in pediatrik dental travma
baglaminda odaklanmis bir LLM performans degerlendirmesi yapilmasi gerekmektedir (31).

Pediatrik dental travma tedavilerinde klinik karar verme siireci ¢cogunlukla yogun stres ve sinirli karar
verme siiresi altinda ger¢ceklesmektedir (30). Bu nedenle, YZ tarafindan firetilen yanmitlarin; dogruluk,
netlik, okunabilirlik ve kisa yanit siiresi gibi birden fazla boyutu igeren biitlinciil bir yaklasimla
degerlendirilmesi biiyiik 6nem tasimaktadir (32). Dogruluk, bilginin bilimsel giivenilirligini saglarken,
okunabilirlik uzman olmayan bakim vericilerle ve ebeveynlerle etkili iletisim kurulmasi acisindan 6nem
tagimaktadir. Yanit siiresi, acil durumlarda YZ destekli ger¢ek zamanli yardimin pratik
uygulanabilirligini yansitmaktadir.
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Bu parametrelerin birlikte ele alinmasi, yapay zekanin pediatrik dental travma yonetiminde yalnizca bir
bilgi kaynagi degil, klinik karar verme siirecini destekleyici bir arag olarak potansiyel roliinii kapsamli
bicimde degerlendirmeye olanak tanimaktadir (30).

Yapay zeka sistemleri, 6zellikle konvoliisyonel sinir aglari (CNN) ve derin sinir aglar1 (DNN)
kullanarak radyografik gorlintiilerin analiziyle dis kiriklarini, kdk rezorpsiyonlarini ve periapikal
degisiklikleri tanimlayabilmektedir (33). Bu sistemlerin avantajlari, yiiksek dogruluk oranlari, objektif
degerlendirme kapasiteleri ve insan goziiniin fark edemedigi mikroskobik kirik ¢izgilerini bile
algoritmalar1 sayesinde saptayabilmeleridir (34). Kok kiriklar1 genellikle periapikal radyografide ya da
CBCT (Konik Isinli Bilgisayarli Tomografi) ile tespit edilmektedir (35).

Zhang ve ark. (36), 500 panoramik radyografi lizerinde egitilmis bir CNN modelini incelemis, kok
kiriklarmim %94 dogrulukla tespit edildigini bildirmislerdir. Ayn1 veri setinde insan gozlemcilerin
ortalama dogruluk oran1 %81 olarak bulunmustur (37).

Ozsar1 ve ark. (38), 100 YZ destekli analiz sisteminin kok kiriklarini %92 dogrulukla tammlayabildigini
bildirmistir. Bu sonug, YZ’nin dental radyolojide de oOnemli bir tanisal destek olabilecegini
gostermektedir (36).

Yapay zekanin her gegen giin tip alanina daha da fazla entegrasyonuyla birlikte, dis hekimliginde de
birgok aragtirmaci gerek klinisyeni gerek ebeveyni travmatik yaralanmalarda chatbotlarin ne oranda
dogru yonlendirdigini incelemistir (28).

Sezer ve ark. (30), siit dislenmesini etkileyen travmatik dental yaralanmalar baglaminda ChatGPT-4o,
DeepSeek, Gemini Advanced ve Claude 3.7 chatbotlarinin performansini degerlendirmek ve
karsilastirmak amaciyla kesitsel bir arastirma ylriitmiistiir. Arastirmacilar, inceledikleri modelleri
giincel literatlirde 6ne  ¢ikmalari, erigilebilirlikleri ve ileri  diizey dogal dil isleme (NLP)
yeteneklerini temel alarak segtiklerini bildirmislerdir (30).

ChatGPT-40 ve Gemini Advanced’in, ger¢ek zamanl kullamilabilirlikleri ve biiyiik dijital platformlara
entegrasyonlar1 nedeniyle, Claude 3.7 ve DeepSeek’in ise gii¢lii performanslari ve rekabetci akil
yiiriitme kapasiteleriyle dne ¢iktigi belirtilmistir (30).

Calismada chatbotlara  yoneltilen  sorulari, siit  dislenmesini  etkileyen travmatik  dental
yaralanmalara iliskin Uluslararas1 Dental Travmatoloji Dernegi (IADT) tarafindan yayimlanan en
giincel klinik kilavuzu temel alinarak belirlemislerdir (35). iki deneyimli ¢cocuk dis hekimi, kilavuzu
bagimsiz olarak incelemis ve ileri diizey yapay zeka modellerinin dogruluk, kapsam, yanit siiresi ve
okunabilirlik acisindan performanslarint degerlendirmeyi amaglayan 33 soruluk bir 6n soru
havuzu gelistirmislerdir. Belirli sorularin dahil edilmesi ya da ¢ikarilmasi, bazi performans skorlarmi
sinirli 6l¢iide etkileyebilse de mevcut soru seti gergek klinik senaryolar1 yansitan genis ve klinik acidan
anlaml bir 6rneklem sunacak sekilde bilingli olarak tasarlandig: bildirilmistir (30).

Calismada, ChatGPT-40 (OpenAl, San Francisco, CA, ABD), DeepSeek (Hangzhou DeepSeek
Artificial Intelligence Basic Technology Research Co., Ltd.; Pekin, Cin), Gemini Advanced (Google,
Menlo Park, CA, ABD) ve Claude 3.7 Sonnet (Anthropic, San Francisco, CA, ABD) modellerinin en
giincel premium siirlimleri kullanilmistir. Standartlastirilmis 25 sorunun her biri, dért modelin sohbet
araylizlerine ayr1 ayr1 girilmis ve dilsel belirsizligi en aza indirmek ve dogru yorumlamay1 saglamak
amaciyla Ingilizce olarak sunulmustur (30).

Tim sorular, kelime se¢imi, noktalama isaretleri ve sozdizimi agisindan herhangi bir degisiklik
yapilmaksizin modellere aktarilmistir. Yine her bir model i¢in yanit siiresi, sorunun girildigi andan
yanitin tamamlandigi ana kadar gegen siire esas alinarak saniye cinsinden ¢evrim i¢i bir kronometre
araciligtyla  Olglilmiistiir. Elde edilen tim ¢iktilar, aym arastirmaci tarafindan Microsoft
Excel tablosunda  derlenmistir. Degerlendirici  yanhiligini  ortadan  kaldirmak  amaciyla,
yanitlarin anonimlestirildigi de bildirilmistir (30). Yazarlar degerlendirmeyi iki temel parametre iizerine
kurgulamuglardir: dogruluk ve kapsamhlik. Dogruluk ve kapsamlilik analizinde Likert Olgegi
kullanilmistir  (39,40). Sezer ve ark. (30), ChatGPT-40’mn, DeepSeek ve Claude 3.7, Gemini
Advanced’e kiyasla istatistiksel olarak anlamli derecede daha yiliksek dogrulukta yanitlar {irettigini
bildirmistir. En yiiksek performansli modeller arasindaki ortalama dogruluk puan farklar1 sayisal olarak
kiiciik goriinse de bu farklar ufak zaman kayiplarmin bile prognozu etkiledigi dental travmalarin
yonetiminde, goriindiigiinden daha fazla 6nem arz edebilmektedir (41).

165



12" International Aegean Congress on Natural & Medical Sciences
February 25-26, 2026, [zmir
(THE PROCEEDINGS BOOK)

https://www.aegeanconference.com/

Dogruluk  puanlarmndaki kiigiik ~ artiglar ~ bile,  Ozellikle ebeveynler — veya  pratisyen  dis
hekimleri gibi uzman olmayan kullanicilar tarafindan kullanilan yapay zeka tabanh araglarda, yanls
bilgilendirme veya yanlis yorumlama riskinin azaltilmasina katki saglayabilmektedir (42). Ayrica bu
chatbotlarm tekrarlayan sekilde kullanimlarinin, dogruluktaki kii¢iik kazanimlarin birikmesi sayesinde
daha dogru klinik kararlarmm alinmasina ve hasta egitiminin daha etkili yliriitiilmesine katki
saglayabilecegi belirtilmistir (43).

Etkili bilgi aktarimi, bilgilerin farkli okuryazarlik diizeylerine sahip bireyler tarafindan anlasilabilir bir
dilde sunulmasim gerektirmektedir (30). Degerlendirilen sohbet botlar1 arasinda Claude 3.7, en
karmagik yanitlart iretmis ve ileri diizey akademik okuryazarlik gerektiren bir dil kullanmigtir (30).
DeepSeek de gorece daha yiiksek bir okunabilirlik diizeyi sergilemistir. Ayrica, DeepSeek tarafindan
iiretilen yanitlar dahi “zor” olarak siniflandirilmig ve lise diizeyinde okuma becerisi gerektirmistir.
ChatGPT-40 ve Gemini Advanced tarafindan olusturulan igeriklerin iiniversite diizeyinde okuryazarlik
gerektirdigi, Claude 3.7’nin cevaplarimin ise bundan da ileri diizey okuma becerileri talep ettigi
saptanmugtir (30).

Agiz kanseri, endodonti ve ortodonti alanlarinda gergeklestirilen arastirmalarda, ChatGPT-3.5,
ChatGPT-4 ve Claude gibi modeller tarafindan iiretilen igeriklerin siklikla yiiksek okuryazarlik diizeyi
gerektiren karmagsik metinler oldugu ve bu durumun erisilebilirligi sinirladigi bildirilmistir (44). Ayni
sekilde, travmatik dental yaralanmalar ile ilgili sorulara verilen yanitlar1 degerlendiren baska bir
calismada, ChatGPT-3.5, ChatGPT-4.0 ve Google Gemini’nin tiimiiniin en az iniversite diizeyinde
okuma becerisi gerektiren olduk¢a karmagik metinler iirettigi rapor edilmistir (45). TDY ye 6zel olarak
odaklanan bir bagka calismada ise ChatGPT-3.5 ve ChatGPT-4.0 tarafindan olusturulan yanitlarin
yalnizca lise ve iizeri egitim diizeyine sahip bireyler tarafindan anlasilabilir oldugu gosterilmistir (25).
2020 IADT kilavuzu, hem sohbet botlar1 tarafindan iretilen yanitlarin hem de uzman
degerlendirmelerinin karsilagtirilmasinda referans standart olarak kullanilmistir (31). Bazen sohbet
botlarmin bu kilavuzla uyumlu yanitlar sunamadigr veya Onceki Onerilerin giincelligini yitirmis
siiriimlerine dayandig1 gézlenmistir (30). Bu tiir tutarsizliklar yalnizca teknik bir eksiklik olarak degil,
ayn1 zamanda yapay zeka tarafindan tretilen klinik icerigin giivenilirligi agisindan da ciddi kaygilar
dogurmaktadir. Ornegin, radyografik endikasyonlara iliskin sorulara verilen yanitlar incelendiginde,
yalnizca ChatGPT-40 en giincel ilke olan ’As Low As Diagnostically Acceptable, being Indication-
oriented and Patient-specific’” (ALADAIP)’i dogru bi¢cimde referans gostermistir (30).

Claude 3.7 ve Gemini Advanced, pedodontik dental radyoloji baglaminda artik gecerliligini yitirmis
olan “As Low As Reasonably Achievable” (ALARA) ilkesine atifta bulunmustur. DeepSeek ise
radyasyon maruziyetinin en aza indirilmesi gerektigini vurgulamis, ancak herhangi bir spesifik kilavuza
referans vermemistir. Ayrica, giincel IADT kilavuzlar1 konik 1sinl bilgisayarli tomografinin (CBCT)
yalnizca iyi gerekgelendirilmis klinik endikasyonlarda kullanilmasini Onermesine ragmen, bu
sinirlamay1 yalmzca Gemini Advanced ve Claude 3.7 dogru bigimde ifade etmistir (32).

Gelismekte olan daimi dis germinin yoniine dogru kok deplasmani bulunan intriide veya lateral likse
primer dislerin klinik yonetimine iliskin sorulara verilen yanitlar incelendiginde, ChatGPT-40 ve
Gemini Advanced’in gilincel IADT kilavuzlariyla uyumlu o6neriler sundugu gorilmiistiir (30). Buna
karsilik, DeepSeek ve Claude 3.7, ¢agdas klinik standartlarla ortiismeyen, giincelligini yitirmis yanitlar
vermistir. Intriide bir siit disinin spontan reeriipsiyonu i¢in beklenen siire soruldugunda, Claude 3.7 en
kilavuz uyumlu yanit1 saglamistir. Ancak klinik yonetim agisindan degerlendirildiginde, ChatGPT-40
ve DeepSeek, kokiin daimi dis germine dogru yonelmis oldugu durumlarda ekstraksiyon onererek hatali
bir yaklagim sergilemistir (30).

Lateral lilksasyon yaralanmalarimda ise ChatGPT-40, ciddi deplasman varlifinda splintlemenin
onerildigini dogru bigimde belirtmis ve IADT kilavuzlarina uygun olarak splintleme siiresini de dogru
sekilde ifade etmistir (46). DeepSeek, siit dislerinde splintlemenin genellikle 6nerilmedigini belirtmekle
birlikte, asir1 mobilite durumlarinda diisiiniilebilecegini ifade etmistir. Gemini Advanced ve Claude 3.7
ise splintlemeye hi¢ deginmemis veya siiresine iliskin herhangi bir yonlendirme sunmamistir (30).
Mustuloglu ve ark. (47), yaptiklar1 kesitsel calismada, alt1 farkli sohbet botunun standartlagtirilmis test
sorularma verdikleri yanitlar1 degerlendirmislerdir. Sorular, dental travma alaminda yaygin olarak kabul
edilen tedavi yaklasimlarmi iceren ve giincel klinik goriis birligini yansitan Uluslararast Dental
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Travmatoloji Dernegi (International Association of Dental Traumatology, IADT) kilavuzlari esas
aliarak hazirlanmistir (48).

Aviilse diglerin acil yonetimine iligkin hasta ve ebeveynler tarafindan sik¢a sorulan sorular1 kapsayan,
dogru/yanlis formatinda 18 sorudan olusan bir anket hazirlannustir (Sekil 3) (47). Igerik gegerliligini
saglamak amaciyla anket; bir pedodontist, bir endodontist ve bir agiz, ¢ene ve yiiz cerrahindan olusan
ic uzman tarafindan degerlendirilmistir (47).

Sorular 3 giin boyunca yoneltilmis ve her seferinde “yeni sohbet” secenegi kullanilmistir (47). Bu
yontemle arastirmacilar, her bir soru i¢in toplam 54 yanit elde etmiglerdir. Tiim goriismelerin, tek bir
hesap ve IP adresi iizerinden gerceklestirildigi bildirilmistir (47).

Zaman farkliliklarindan kaynaklanabilecek etkileri en aza indirmek amaciyla, testler yapay zeka
programlarina ayni saatlerde ve belirli bir sirayla uygulanmstir. Bdylece, yanitlarm tutarliligi ve farkl
zaman dilimlerinde cevaplarda herhangi bir degisiklik olup olmadig1 incelenmistir. Ug giiniin sonunda
elde edilen yanitlar, kilavuzda yer alan dogru cevaplarla karsilastirilmis ve arastirmacilar tarafindan
“dogru” veya “yanlig” olarak kodlanmustir (47).

Toplam 972 yanitin degerlendirilmesi sonucunda, yapay zeka uygulamalari tarafindan tiim sorular i¢in
verilen dogru yanitlarin orami %78,3 olarak bulunmustur (47). Genel degerlendirme sonucunda
ChatGPT-4.0, %95,6 dogruluk orami ile en yiiksek basariyr gosterirken, Perplexity (Perplexity.Al)
%67,2 dogruluk orani ile en diisiik basariy1 sergilemistir (47).

ChatGPT’den farkli olarak Perplexity’nin (Perplexity.Al), yanitlarinda kaynak goéstermesi sayesinde
kullamicilarin verilen bilgilerin dogrulugunu ve bilimsel giivenilirligini aninda degerlendirmesine olanak
tanidig1 bildirilmektedir (47). Bu o6zelligin, olusturulan c¢iktinin dayandigi kapsamli kaynaklar
araciligiyla konularm derinlemesine incelenmesini isteyen kullanicilar igin platformun cazibesini
artirabilecegi belirtilmistir (49). Bu ¢calismada, ger¢ek cevaplara gore en diisiik dogruluk orany, ilk giinde
%62,9 ile ChatGPT-3.5 (OpenAl) tarafindan elde edilmistir. Buna karsilik, ikinci ve {igiincii giinlerde
en disiik dogruluk oranlari sirasiyla %66,6 ve %68,5 ile Perplexity (Perplexity.Al) tarafindan
gosterilmistir. Tiim giinler boyunca en yiiksek dogruluk orami ise {icretli bir siiriim olan ChatGPT-4.0
(OpenAl) tarafindan elde edilmis olup, sirasiyla %92,5, %96,2 ve %98,1 olarak kaydedilmistir (47).
ChatGPT-4.0 ve ChatGPT-3.5 disindaki ¢esitli sohbet botlarinin degerlendirildigi baska bir ¢calismada,
ChatGPT-4’iin pedodonti sorularini yanitlama dogrulugunun %77,8 ile en yiiksek oldugu ve ChatGPT-
3.5 disindaki tiim sohbet botlarinin kabul edilebilir tutarlilik diizeyi gosterdigi belirtilmistir (49).
Tokgoz ve ark. (50), dental aviilsiyonla ilgili sorulara verilen yanitlar1 degerlendirdikleri ¢caligmalarinda,
Gemini’nin yanitlarinin istatistiksel olarak anlaml diizeyde daha dogru oldugunu bildirmistir. Johnson
ve ark. (28) ise, dental travmaya iliskin sorulara verilen yanitlar1 degerlendirdikleri calismalarinda,
Claude yapay zeka sohbet botunun ChatGPT ve Google Gemini’ye kiyasla daha yiiksek gegerlilik ve
giivenilirlik gosterdigini, Bing’in ise daha diisiik giivenilirlige sahip oldugunu raporlamustir.
Termteerapornpimol ve ark (51), DeepSeek’in performansinin diger tescilli LLM lerle karsilastirilabilir
hatta bazi durumlarda daha iistiin olmasi nedeniyle saglik hizmetlerinde énemli bir rol oynayabilecek
potansiyele sahip oldugunu bildirmistir. Diger modellerden farkli olarak DeepSeek, “zincirleme
diistinme” (Chain of Thought, CoT) olarak adlandirilan 6zgiin bir 6zelligi biinyesinde barmdirmakta; bu
sayede nihai karara ulagsmadan 6nce adim adim mantiksal bir akil yiiriitme siireci yiiriitmektedir (52).
Klinik uygulamalarda hekimler tarafindan gergeklestirilen ayirici tani siirecini taklit eden CoT
yaklagimi, 6zellikle karmagik klinik senaryolarda, insan benzeri ve giiclii gerekcelere dayanan yanitlar
sunabilmektedir (51).

Termteerapornpimol ve ark. (51), soru setlerini, kiriklar, liikksasyonlar, daimi dis avulsiyonlar1 ve siit
dislerindeki TDY’leri kapsayacak sekilde olusturmuslardir. Yazarlar sorular1 hazirlarken dis
hekimliginde yapay zeka kullanimi i¢in 6nerilen yazar kontrol listesini (author’s checklist for Al in
dentistry) esas almistir (53).

Calismada yedi farkli chatbot degerlendirilmistir:

ChatGPT-40 mini ve ChatGPT-40 (OpenAl, San Francisco, Kaliforniya, ABD)

Claude 3.5 Sonnet ve Claude 3 Opus (Anthropic, San Francisco, Kaliforniya, ABD)

Gemini 1.5 Flash ve Gemini 1.5 Advanced (Google LLC, Mountain View, Kaliforniya, ABD)
DeepSeek R1 (DeepSeek, Hangzhou, Cin).

3
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Alti LLM, Agustos—Aralik 2024 tarihleri arasinda degerlendirilmig; DeepSeek R1 ise piyasaya
stiriilmesini takiben Ocak—Mart 2025 doneminde ayr1 olarak test edilmistir (51). Her bir LLM’ye:
“Liitfen asagidaki Evet/Hayir sorusunu bir dig hekimi olarak yanitlaymiz” seklinde bir komut verilmis,
ardindan ilgili sorular yoneltilmistir (51).

Genel degerlendirme sonuglaria gore DeepSeek R1, test edilen LLM’ler arasinda en yiliksek dogruluk
orammi gostermis, bunu ChatGPT-40 ve Gemini 1.5 Advanced izlemistir (51). DeepSeek R1’in dogruluk
orani, ChatGPT-40 mini ve Claude 3 Opus’a kiyasla istatistiksel olarak daha yiiksek bulunmus; 6zellikle
Gemini serisinin temel modeli olan Gemini 1.5 Flash ile karsilagtirildiginda ise farkin giiglii diizeyde
anlamli oldugu saptanmugstir (51). Ttim LLM’ler, toplam sorular i¢in %70’in iizerinde ortalama dogruluk
orani sergilemis olsa da Gemini 1.5 Flash gorece yliksek standart sapma ile en diisiik dogruluk oranini
gostermistir (51).

Bir bagka ¢alismada DeepSeek-3’iin, oral lezyonlar i¢in ayirici tani iiretiminde ChatGPT-40’ya kiyasla
daha yiliksek dogruluk oranina ulastig1 gosterilmistir (54). DeepSeek-3’iin iirettigi ayirici tanilarin bir
uzman dis hekiminin degerlendirmeleriyle karsilastirilabilir diizeyde oldugu ve ChatGPT-40’dan daha
iistiin performans sergiledigi bildirilmistir (54).

Baska bir ¢alismada, DeepSeek’in oral lezyonlarin tanisinda %91,6 gibi dikkat ¢ekici derecede yiiksek
bir dogruluk oranina ulastigi ve bu performansin hem ChatGPT-4o0’dan hem de ilgili derginin
okuyucularindan daha yiiksek oldugu bildirilmistir (54). Bu bulgu, DeepSeek’in ¢esitli oral patoloji
problemlerinin tanisinda kabul edilebilir dogruluk diizeyi sergiledigini gosteren baska bir caligma
tarafindan da desteklenmistir (55).

Cege ve ark. (48), klinik arsivlerinde bulunan toplam 87 intraoral fotografla yaptiklari bir arastirmada,
ChatGPT-40 ve Gemini Advanced modellerinin teshis ve yonlendirmelerinin dogrulugunu
kiyaslamustir. Intraoral fotograflar, degerlendirme siirecine dahil olmayan bir dis hekimi tarafindan iki
farkli yapay zeka tabanli sohbet botuna (ChatGPT-40 ve Gemini Advanced) sunulmus, her bir olgu i¢in
her iki sohbet botuna da “Disim agriyor. Fotografta gorebilirsiniz. Dis hekimine gitmeden Once ne
yapmaliyim?” sorusu yoneltilmistir (48).

Arastirmacilar, tlim yaralanma tipleri birlikte degerlendirildiginde, ChatGPT-40’nun daha iyi
performans gosterdigini saptamustir (48). Komplike kron kirig1 ve aviilsiyon olgularinda, yapay zeka
tabanli sohbet botlar1 tarafindan sunulan Oneriler arasinda istatistiksel olarak anlamli farklar
gozlenmistir. Komplike kron kirig1 olgularinda ChatGPT-40’nun anlamli diizeyde daha basarili oldugu
belirlenirken, aviilsiyon gibi kritik dental yaralanmalarda Gemini Advanced’in daha {istiin performans
sergiledigi bulunmustur (48).

Cege ve ark. (48), kendi calismalarindan 6nce, dis hekimligi alaninda yapay zeka tabanli sohbet
botlarma gorsel sunularak gergeklestirilen herhangi bir ¢alismaya literatiirde rastlanmadiklarin
bildirmislerdir. Dis hekimligi alanindaki mevcut LLM kiyaslama ¢aligmalarinin biiyiik cogunlugu metin
tabanlt girdilerle yiiriitiilmiistiir (25,46,50,56). Bu calismalarin bir kisminda ise gorsel girdi kabul
etmeyen ve licretsiz bir alt siiriim olan ChatGPT-3.5 kullamilmistir (25,46,50). Kumar ve ark. (57), dort
farkl biiylik dil modeline, her giin ayn1 saatlerde bireysel sorular yoneltmistir. Dokuz giin boyunca her
bir soru, “yeni konusma” (new conversation) modunda ve gizli sekme (incognito) kullanilarak es
zamanli olarak dort farkli LLM’ye sorulmus ve verilen yanitlar kaydedilmistir (57). Dental Trauma Evo
sohbet botu haricindeki tiim modeller i¢in her soruya ek olarak “IADT 2020 pozisyon bildirisine gore
yanitlayiniz” ifadesi prompt olarak eklenmistir. Dental Trauma Evo’nun zaten IADT kilavuzlari temel
aliarak gelistirilmis olmas1 nedeniyle bu modele ek bir yonlendirme yapilmamistir (58). Toplam 1620
yanit kaydedilmis, dokuz giinliik degerlendirme siiresi boyunca dort sohbet botu tarafindan {iretilen
dogru yanitlarin toplam sayis1 biiyiik 6l¢iide tutarlilik gostermistir (57). Soru tipinden bagimsiz olarak,
dort LLM’nin genel ortalama dogruluk oran1 %81,79 olarak hesaplanmis, alan-6zgiil bir sohbet botu
olan Dental Trauma Evo, %85,43 ile en yiiksek genel dogruluk oranini sergilemistir (57).

Yapay zeka temelli araclarin kullanimi, tam siireglerini hizlandirarak dis hekimlerinin hastalara
yonelik kisisellestirilmis yaklasimlar gelistirebilmesi i¢in gerekli olan tibbi ve dental anamnez
bilgilerine kolay erisimini miimkiin kilabilmektedir. Bu durum, 6zellikle kompleks tibbi dykiiye sahip
hastalarin yonetiminde biiylik 6nem tasimaktadir (59). Yapay zeka temelli teknolojiler, kaynaklarin
kisith oldugu ortamlarda agiz ve dis saglig1 hizmetlerine erisimi artirarak; oral kanser, periodontitis veya
clirlik tespiti gibi uygulamalar aracilifiyla esitsizliklerin azaltilmasina katki saglayabilmektedir (60).
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Siirdiiriilebilirlik agisindan degerlendirildiginde, yapay zekanmin koruyucu yaklasimlarda veya agiz ve
dis hastaliklarmin en erken bulgularinin saptanmasinda kullanilmasi, tedavi edici girisimlerde harcanan
maliyetlerin ve kaynaklarm 6nemli 6l¢iide azaltilmasina olanak taniyabilmektedir (61). Bunun yani sira
yapay zeka,is gilici piyasasini, is modellerini ve hasta katilimini doniistiirme potansiyeli
barindirmaktadir. Genis veri kiimelerinin toplanmasi yoluyla bilgi paylasimini destekleyen yapay zeka
sistemleri, farkli yontem ve uygulamalarin sonuglarla karsilastirilabildigi kapsamli veri tabanlarmnin
olusturulmasina imkan tanityarak klinik karar siireglerini giliclendirebilmektedir (62).

Dis hekimlerinin, yapay zekayi hastalara giivenli ve etkili bir sekilde uygulayabilmeleri i¢in, YZ
kullanimina 6zgii belirli bilgi ve becerileri edinmeleri gerekmektedir (61).

Roganovi¢ ve ark. (61), dis hekimligi camiasinda gozlenen yapay zeka kullanimina yonelik isteksizligin
temelinde, bu alanda temel ve siirekli egitimin yetersizligi ile yapay zekanin dis hekimlerinin yerini
alacagina yonelik kaygilarin yer aldigim bildirmistir. Nitekim bu faktorlerin dnceki ¢aligmalarda da
onemli oldugu gosterilmektedir (63). Dis hekimligi ve tipta kullanilmadan once, yapay zeka temelli
yazilimlarin hasta giivenligini ve veri gizliligini korumak amaciyla, yetkili ve uygun sekilde
belirlenmis diizenleyici kurullardan onay almasi gerekmektedir (64). Bu durum hem dis hekimlerinin
hem de yazilim gelistiricilerinin YZ tiriinlerini dogrulama, ayrica bu {iriinlerin giivenlilik ve etkinligini
stirekli olarak izleme sorumlulugunu da beraberinde getirmektedir. Seffafligin saglanmasi, hastalarn
korunmasi ve gii¢lii bir veri yonetim kontroliiniin olusturulabilmesi i¢in diizenlemeler, standartlar ve
kilavuzlar tizerinde uzlas1 saglanmasi gerekmektedir (61).

Diizenleyici politikalar, yapay zekanin Amerika Birlesik Devletleri Gida ve Ilag Dairesi (Food and Drug
Administration- FDA) veya alternatif bir diizenleyici otorite tarafindan degerlendirilip
degerlendirilmedigine iliskin bilgilerin yani sira, dis hekiminin yapay zekay1 hangi bigimde kullanmasi
gerektigini de igermektedir (61). Ornegin, dis hekiminin yapay zeka tarafindan sunulan onerileri her
zaman uygulamak zorunda olup olmadigi ya da uygun gérmedigi durumlarda bu o6nerileri dikkate
almayip alamayacagi onemli bir konu olmaktadir. (65). Ayrica, dis hekiminin yapay zeka sisteminin
onerisiyle ¢elisen bir klinik gdriise sahip olmas1 durumunda nasil bir yol izlenmesi gerektigi de agikliga
kavusturulmasi gerekmektedir. Bu tiir durumlarda bir meslektagin veya uzmanlar kurulunun
bilgilendirilmesi ve sonrasinda ortak bir karar alinmasi gerekip gerekmedigi halen tartismalidir. Giincel
durumda, dis hekimliginde kullanilan yapay zeka temelli yazilimlar, klinik karar1 destekleyici
araclar olarak tasarlanmis olup, birincil karar verici sistemler degildir; bu da yapay zeka
sistemlerinin dig hekimi tarafindan mutlaka denetlenmesi gerektigini gdstermektedir (61).

2022 yili sonu itibartyla FDA, biiylik cogunlugu radyoloji alaninda kullanilan 500’{in {izerinde yapay
zekd destekli tibbi cihazi onayladigl belirtilmektedir (66). Dis hekimligi alaninda ise FDA,
ozellikle radyografik  goriintiilerin ~ yorumlanmasini  iyilestirmeye yonelik bazi  yapay zeka
uygulamalarina onay verdigi bildirilmektedir. Bunlar arasinda; klinik ¢alismalarda ¢iiriik tespitinde dis
hekimlerinden daha iistiin oldugu ve yanhs cliriik tanilarmi yaklasik %15 oraminda azalttig
gosterilen VideaHealth yapay zeka algoritmasi, radyografilerde kemik kaybini otomatik olarak dlgerek
periodontal hastalik tedavisine baglama siiresini kisaltan Overjet Dental Assist yazilimi ve ¢iiriik, dis
tasi ve inflamasyon gibi durumlarin saptanmasina yardimei olan Pearl Second Opinion sistemi yer
almaktadir (61).

FDA onayli cihazlara iliskin kamuya agik verilerin incelenmesi sonucunda, yapay zekd tabanli
cihazlarin neredeyse tamaminin yalnizca retrospektif ¢aligmalar temel alinarak onaylandigi, ayrica bu
cihazlarin ¢ogunun sinirh sayida merkezde degerlendirildigi ve bu nedenle cografi ¢esitliligin yetersiz
kaldig1 sonucuna varimistir (67).

Biiyiik dil modellerinin yonlendirmeleri ve cevaplarinda goézlenen degiskenlikler, 6zellikle de ayni
istemlere farkli oturumlarda verilen yanitlar, bu sistemlerin dogasinda bulunan dinamik karar verme
siirecleri ve icsel kalibrasyon mekanizmalarina iliskin problemleri gostermektedir (68). Bu sistemlerin,
robotikte kullanilan ¢ok katmanli sinir aglarina benzer sekilde, karmasik iligkileri 6grenmekte ve egitim
verileri, giincelleme siklig1 ve baglama bagli olarak evrimlestikleri bildirilmistir (69).

Bu tiir kalibrasyon cergevelerinden elde edilecek iggdriilerin, LLM’lerin saglik hizmetlerinde
yapilandirilmig ve kilavuz temelli senaryolara nasil uyum sagladigini ya da saglayamadigini daha iyi
anlamamiza katki sunabilecegi diisiiniilmektedir (70).
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Robotik ve sensor agisindan zengin ortamlarda, jest tanima igin tekrarlayan sinir aglar1 gibi heterojen
girdileri entegre eden modellerin baglamsal duyarlilik ve yanit verebilirligi artirdigi gosterilmektedir
(71). Benzer sekilde, birden fazla veri akisini uyumlu bigimde birlestirebilen LLM lerin, karmasik
tanisal veya triyaj senaryolarinda daha dogru ve klinik agidan daha uyumlu yanitlar sunabilecegi
ongoriilmektedir (30).

Saglikla iliskili alanlarda, 6zellikle GPT tabanli sistemler basta olmak tizere, yapay zeka kullaniminin
giderek yaygimlagmasina karsin gecerlilik ve giivenilirligine iliskin endiseler de bulunmaktadir
(23,49,72—77). LLM tabanli araglarm 6nemli bir sinirliligin da giincelligini yitirmis veya hatali klinik
onerilerin yayilma riski oldugu diisliniilmektedir (78). Sohbet botlarnin “haliisinasyon” olarak
adlandirilan hatali bilgi iiretme potansiyeli, farkli zamanlarda farkli yanitlar verebilmesi ve egitim
verilerinin giivenilirligine iligkin belirsizlikler gibi dogasi geregi baz1 sinirliliklar bildirilmektedir (79).
Bu tiir simirliliklar, 6zellikle giincel kilavuzlara sik1 uyumun giivenlik ve etkinlik agisindan kritik oldugu
dental travmalar gibi acil durumlarda hem klinisyenlerin hem de hastalarin giivenini
zedeleyebilmektedir (30).

Calisma sonuglari, model gelistiricilerin dogrulanmis ve giincel klinik kaynaklar1 sistemlere entegre
etme ve diizenli giincelleme ile dogrulama mekanizmalart kurma gerekliligini acik¢a ortaya
koymaktadir (80). Giincelligini yitirmis veya hatali 6neri riskini azaltmak i¢in ¢esitli 6nlemler almak da
gerekmektedir. Bunlar arasinda yapilandirilmis klinik kilavuz veri tabanlarinin model egitim siireglerine
dahil edilmesi, seffaf giincelleme kayitlarinin olusturulmasi ve sohbet botu ¢iktilarmin alan uzmanlari
tarafindan periyodik olarak denetlenmesi yer almaktadir (81). Bu tiir stratejiler, yapay zeka destekli
sohbet botlarinin pedodontik dental travma yonetiminde hem klinik uygunlugunu hem de giivenilirligini
arttirmasi beklenmektedir (81).

Pedodonti alaninda LLM’lere asir1 bagimlilikla iliskili riskleri azaltmak igin klinisyenlerin temkinli ve
yapilandirilmis bir yaklasim benimsemesi gerekmektedir. LLM tarafindan iiretilen yanitlar hi¢bir zaman
klinik uzmanligin yerini almamali; ancak giivenilir kaynaklarla dogrulanmasi kosuluyla triyaj veya hasta
egitimi gibi alanlarda destekleyici araglar olarak kullanilmasi1 gerekmektedir (82). Giivenli entegrasyon
icin, YZ ¢iktilarmin giincel klinik kilavuzlarla dogrulanmasi, acil veya belirsiz durumlarda tek basina
YZ’ye basvurulmamasi ve hasta iletisiminde LLM kullanimimin seffaf bigimde belirtilmesi
onerilmektedir (83). Kurumsal politikalar ve egitim modiilleri, hekimlerin LLM lerin yetkinliklerini ve
sinirlarmi daha iyi anlamalarina katk: saglayarak pedodontide sorumlu kullanimi tesvik edebilmektedir
(83). Gelecek arastirmalarin, gergek klinik senaryolar1 daha dogru yansitmak amaciyla metinsel ve
gorsel girdilerin birlikte degerlendirildigi hibrit degerlendirme ¢ercevelerini incelemesi gerekmektedir
(84). Bunun yani sira, gilincel ve kilavuzlarla indekslenmis veri setleri iizerinde egitilmis, uzmanlik
alanina 6zgii LLM’lerin gelistirilmesinin Oncelenmesi gerekmektedir (85). Farkli diller ve saglk
sistemleri arasinda yapilacak karsilastirmali ¢aligmalar, YZ araclarinin pedodontideki kiiresel
uygulanabilirligi ve erisilebilirligi hakkinda 6nemli bilgiler saglayabilmektedir. Son olarak, klinisyenler
ve YZ gelistiricilerinin birlikte yer aldig1 ortak tasarim yaklagimlari, daha kullanici odakli ve klinik
acidan giivenilir YZ arayiizlerinin gelistirilmesine katkida bulunabilmektedir (86).

Endodonti, pedodonti, agiz, ¢ene ve yiiz cerrahisi ve dental travma alanlarinda daha 6nce sorulmus
sorulara verilen yanitlar iizerinden sohbet botlarinin performansi degerlendirilmis olsa da bu ¢aligmalar
genellikle sinirlt sayida sohbet botunu kapsamaktadir (87). Ayrica, dzellikle tibbi uygulamalarda hasta
giivenligi acisindan kritik Oneme sahip olan yanit tutarliligimi etkileyen degiskenlerin daha iyi
anlagilmasi icin ileri arastirmalara ihtiyag vardir (88).

Dis hekimliginde bilingli ve etik yapay YZ kullanimi su hususlarin dikkate alinmasini gerektirmektedir:
Yapay zekanin, klinik kararlara destek amaciyla ve yalnizca uygun endikasyonlarda kullanilmast;
klinisyenin bilgi ve deneyiminin yerine gececek sekilde degil, onu tamamlayic1 bir ara¢ olarak
degerlendirilmesi (89),

Kullanilan yapay zeka sistemlerinin bilimsel olarak dogrulanmis olmasi, hasta verilerinin gizliliginin ve
giivenliginin saglanmasi, algoritmalarin sinirlarinin bilinmesi ve elde edilen ciktilara elestirel bir
yaklasimla yaklagilmasi (90),

Yanli algoritmalarin farkinda olunmasi, yapay zekaya asir1 giivenilmesinden kagmilmasi, hasta
onaminin saglanmasi ve yapay zekd kullanimiin mesleki etik ilkeler ile yasal diizenlemelere uygun
sekilde yiiriitiilmesi fayda saglayacaktir (63).
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Roganovic ve ark. (61), yapay zeka kullanmay1 hedefleyen bir dis hekiminin, asagidaki sorulara agiklik
getirmesi gerektigini bildirmistir:

Yapay zeka kullanimina iliskin yasal bir diizenleme var midir?

Yapay zeka kullanimi sirasinda istenmeyen etkiler ortaya ¢ikarsa sorumluluk kime aittir?

Yapay zeka kullanimi sirasinda elde edilen veriler nasil yonetilmeli ve korunmalidir?

Dis hekimliginde YZ araglarinin giivenli kullanimi, dis hekiminin aktif gézetimini gerektirmekte olup,
klinisyenlerin rolii hem olas1 dental komplikasyonlarin Onlenmesinde hem de yapay =zeka
sistemlerinin degerlendirilmesi, izlenmesi ve denetlenmesinde kritik 6neme sahip oldugu
belirtilmektedir. Bununla birlikte, yapay zeka kullanimi, bireylerin makine tarafindan iiretilen kararlara
insan yargisina kiyasla daha fazla glivenme egiliminde olmasi nedeniyle ortaya ¢ikan otomasyon
yanlilig1 ile iligkili olabilmektedir (91). Otomasyon yanliligi, klinisyenlerin yapay zeka sistemlerinin
Onerilerini gozden kagirmalar1 veya dikkate almamalari durumunda oldugu kadar, mevcut klinik
verilerle ¢eligmesine ragmen makine ¢iktilarinin tercih edilmesi halinde de hatalara yol agabilmektedir
91).

Yapay zeka kullanimi sirasinda istenmeyen olaylar meydana geldiginde sorumlulugun kime ait
olacagi sorusu mutlaka ele alinmasi gerekmektedir (61). Bu konunun agik ve net bigimde
tanimlanmamasi, hastalarin yapay zekdya olan giivenini ciddi sekilde zedeleyebilmektedir. Bu
baglamda sorumlulugun; yapay zeka yazilimmi gelistiren sirket veya yazilim miithendisine mi, yapay
zekanm birincil kullanicis1 olan dis hekimine mi, yoksa saglik kuruluslarinda yapay zeka tabanl
yazilimlarm se¢imi, dogrulanmasi ve uygulanmasindan sorumlu olan kamu otoritelerine mi ait oldugu
tartismal1 bir konu olarak raporlanmaktadir (61). Diinya Saglik Orgiitii (DSO), saglik hizmetlerinde
yapay zeka kullanimina iliskin sorumlulugun, gelistiriciler, saglayicilar ve kamu kurumlar1 dahil olmak
lizere yapay zeka kullanim zincirine katkida bulunan tiim aktorler arasinda dagilmis olmasi nedeniyle
hem hukuki hem de etik agidan sorumluluk atfetmenin gii¢ oldugunu belirtmektedir (60).

Dis hekimlerinin yapay zekd yazilimlarini kullanmasma yonelik agik bir yasal diizenlemenin
bulunmadig1 durumlarda, yapay zekd kullanimindan dogan zararlardan dis hekiminin sorumlu
tutulabilecegi One siirlilmektedir (92). Bu kapsamda dis hekimi; yapay zeka temelli onerileri elestirel
bicimde degerlendirmemesi, karar destek sistemlerini birincil tan1 araci olarak kullanmasi veya klinik
uygulamada yetersiz ya da uygun olmayan bir yapay zeka sisteminden yararlanmasi halinde meydana
gelen zararlardan sorumlu kabul edilebilmektedir (93).

Belirli bir yapay zeka sisteminin klinik kullanimini onaylayan kamu otoriteleri ve saglik kuruluglari da
yeterli egitim ve teknik destek saglamamalari veya dogrulugu diisiik bir yapay zekad sisteminin
kullanimini 6nermeleri durumunda, ortaya ¢ikan zararlardan dolay1 hukuki sorumluluk ve yiikiimliilitk
altina girebilmektedir (61). Benzer sekilde, algoritma gelistiricilerinin de hatali veya yanl tasarim ya da
iiretim kusurlarindan kaynaklanan yaralanmalardan sorumlu tutulabilecegi ifade edilmektedir (93).
Bununla birlikte, sorumlulugun belirlenmesinin gii¢ oldugu durumlarda dahi, yapay zeka kullanimina
bagl olarak hastanin maruz kaldigi zararin kusur veya hukuki sorumluluk atfedilmeksizin tazmin
edilmesi miimkiin olabilmektedir. Bu tiir uygulamalara, as1 uygulamalarma baglh advers etkilerde
goriilen kusursuz sorumluluk temelli tazmin mekanizmalar1 6rnek olarak gosterilebilmektedir. Nitekim
bu tiir durumlarda, yapay zeka yazilimlarini gelistiren sirketler tarafindan olusturulan fonlar araciligryla
hastalara tazminat 6denebilecegi onerilmektedir (60).

Dis hekimliginde yapay zekaya iliskin en 6nemli kaygilardan biri, hasta bilgilerinin giivenligi ve
gizliliginin korunmasi olarak degerlendirilmektedir. Yapay zeka teknolojileri; radyografik goriintiiler,
tibbi anamnezler ve gercek zamanli tanisal veriler dahil olmak iizere ¢ok biiyiik miktarda hasta verisini
islemekte olup, bu durum yetkisiz erisim, veri kaybi1 ve kotiiye kullanim risklerine iliskin ciddi endiseler
dogurmaktadir (94). Bu nedenle yapay zeka kullaniminin, hastalara verilerin toplanmasi, saklanmasi ve
kullanim bigimine iligkin tam ve agik bilgilendirme yapilmasini icermesi gerekmektedir (94). Tan1 ve
tedavi planlamasinda yapay zekd destekli karar verme siireclerinin kullanilabilmesi igin, hasta
onaminin alinmasi zorunlu goériilmektedir (95). Bununla birlikte, yapay zekanin veri isleme siireglerine
iliskin uyumlastirilmig bir yasal ¢ercevenin bulunmamasi, farkli uygulama alanlarinda veri koruyucu
onlemlerin hayata gecirilmesi dniinde 6nemli engeller olusturmaktadir (96).
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Dis hekimliginde yapay zekaya iliskin bir diger etik sorun, algoritmik yanlilik ve adalet meselesidir.
Yapay zeka algoritmalari biiylik veri setleriyle 6grenmekte; ancak bu veri setlerinin yeterli ¢esitlilige
sahip olmamasi, mevcut yanliliklarin abartilmasina ve tani ile tedavi planlamasinda esitsizliklerin ortaya
¢ikmasima neden olabilmektedir (97).

Yapay zeka sistemlerinin; farkli hasta gruplari igin adil ve dogru ¢iktilar tiretebilmesi amaciyla ¢esitlilik,
esitlik ve kapsayiciligi dnceleyen bir yaklagimla gelistirilmesi gerekmektedir (98). Ayrica, yapay zeka
destekli karar verme siirecleri, uzman saglik profesyonellerinin yetkinliklerinin yerini almak yerine
onlar1 tamamlayacak sekilde tasarlanmali; klinisyenlere elestirel diislinme ve mesleki bagimsizliklarini
kullanabilecekleri bir alan birakilmas1 gerektigi belirtilmektedir (99).

Dis hekimliginde yapay zekdnin hukuki boyutu, aym zamanda hesap verebilirlik ve
sorumluluk kavramlarini da icermektedir. Yapay zeka sistemlerinin hatali veya zarara yol acan tanilar
iiretmesi durumunda, sorumlulugun dis hekimine mi, yazilim gelistiricisine mi yoksa teknolojiyi
kullanan kuruma mu ait olacagi ¢cogu zaman belirsiz goriilmektedir (100). Mevcut yasal diizenlemeler,
yapay zeka destekli tibbi karar verme siireglerini yeterince kapsayamamakta olup, bu alanda yeni hukuki
gergevelerin gelistirilmesi gerekmektedir (100). Ayrica, maliyet azaltma amaciyla yapay zeka
kullamminin  hasta bakiminin kalitesini ikinci plana atmasit da etik bir sorun olarak
degerlendirilmektedir; zira finansal tesviklerin, yapay zeka sistemlerinin gelistirilmesi ve tedavi
planlamasida kullanim bigimini etkileyebilecegi belirtilmektedir (101).

Dis hekimligi egitiminde yapay zeka kullanimina adil erisimin saglanmasi, egitimde olusabilecek
yanliliklarin  6nlenmesi ve O&grencilerin yapay zekayi sorumlu bir sekilde kullanacak bigimde
egitilmesi gerekmektedir (92). Dis hekimliginde yapay zekd kullaniminin artmasiyla birlikte; hasta
giivenligini saglamak, hesap verebilirligi temin etmek ve sorumlu kullanimi miimkiin kilmak
adina kiiresel etik ilkelerin ve yasal diizenlemelerin olusturulmasi kritik 6nem tagimaktadir (100). Yapay
zekanin dis hekimliginde doniistiiriicii bir potansiyele sahip oldugu goz oniinde bulunduruldugunda, bu
teknolojinin seffaflik, hasta 6zerkligi ve adalet gibi etik degerlere uygun bigimde kullanilmasi hem
mesleki biitiinliiglin hem de hasta giiveninin korunmasi agisindan zorunlu bulunmaktadir (65). Bu
dogrultuda, politika yapicilar, dis hekimleri ve yapay zeka gelistiricilerinin dahil oldugu siirekli ve ¢ok
paydasli bir is birligi, etik ve hukuki a¢idan uyumlu bir yapay zeka ekosisteminin olusturulmasi igin
gerekliligi bildirilmektedir (102).

Dis hekimliginde yapay zekanin etik ve hukuki gercevesini daha iyi anlamak i¢in, mevcut ve planlanan
diizenleyici girisimlerin de dikkate alinmasi o6nemli sayilmaktadir. Avrupa Birligi tarafindan
Onerilen Yapay Zeka Yasasi (EU Al Act), yapay zeka sistemlerini risk kategorilerine ayirarak seffaflik,
saglamlik ve veri koruma yiikiimliiliikleri getirmeyi amaclayan kiiresel 6l¢ekte dnemli bir diizenleme
girisimi olarak nitelendirilmektedir (103). Bu diizenleme, saglik hizmetleri ve dis hekimliginde yapay
zekanin etik kullammini giivence altina almak ig¢in risk yonetimi ve hesap verebilirligi 6n plana
¢ikarmaktadir (103).

Amerika Birlesik Devletleri Gida ve Ila¢ Dairesi (FDA), Tibbi Cihaz Olarak Yazilim (Software as a
Medical Device — SaMD) diizenleyici cercevesi kapsaminda yapay zekaya yonelik agik ve ayrintili
kurallar sunmaktadir (104). Bu kilavuzlar; performans degerlendirmesi, risk analizi, klinik dogrulama,
pazara sunum Oncesi onay ve pazarlama sonrasi izleme siireglerine iligkin kati kriterler icermektedir
(103). FDA gerekliliklerine uyum, yapay zeka destekli dental teknolojilerin giivenlik, etkinlik ve etik
standartlara tabi olmasini saglayarak, klinik uygulamalarda kabul gérmesini ve yayginlasmasini
dogrudan etkilemektedir (100). Bu diizenleyici ¢ercevelerin varhigi, dis hekimliginde yapay
zekanin sorumlu, gilivenli ve fayda odakli bicimde entegre edilmesine yonelik devam eden ¢abalari
ortaya koymakta ve klinik uygulamalarda yapay zeka kullanimini miimkiin kilacak yonetisim ve
mevzuatin énemini vurgulamaktadir (103).

Veri yonetimi, verilerin elde edilmesi, degerlendirilmesi ve saklanmasina iligkin siiregleri kapsayan
temel etik sorunlardan biri olarak belirtilmektedir. Bu baglamda aydinlatilmis onam, mahremiyet ve veri
korumasi temel odak alanlarimi olusturmaktadir (105). Dis hekimlerinin, topladiklar1 verileri
hem hastamin sagligini iyilestirmek hem de dental uygulamalarin gelistirilmesi amactyla kullanma
yoniinde ahlaki bir sorumluluga sahip oldugu bildirilmektedir. Ancak bu verilerin, hastalara zarar
verebilecek, olumsuz sonuglar dogurabilecek ya da ayrimci uygulamalara yol agabilecek bigimlerde
kullanilmasina izin verilmemesi gerekmektedir.
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Yapay zeka sistemlerinin gelistirilmesi i¢in bilyiik miktarda yiiksek kaliteli veriye ihtiya¢ duyulmasi, bu
verileri son derece degerli kilmakta ve ticari olarak erisime acilmalart yoniinde toplumsal
baskilar dogurmaktadir (106).

Hastalar; dis hekiminin kendileri hakkinda hangi kisisel verilere sahip oldugunu ve bu verilerin hangi
amaclarla kullanildigim1 gorme hakkina sahip oldugu belirtilmektedir. Ayrica, verilerinin
islenmesini kisitlama, isleme faaliyetinin durdurulmasini talep etme ya da verilerinin silinmesini
isteme haklart bulunmaktadir (107).

Avrupa Birligi Genel Veri Koruma Tiiziigii (GDPR)’ ne gore, veri glivenliginin saglanabilmesi i¢in dis
hekiminin su 6nlemleri almasi gerekmektedir (108):

Toplanan kisisel veri miktarini simirlandirmak veya artik gerekli olmayan verileri silmek,

Miimkiin olan durumlarda kisisel verileri takma adlandirmak veya anonimlestirmek,

E-posta giivenligini ve cihaz sifrelemesini saglamak,

Bir veri ihlali meydana geldiginde hastalar1 bilgilendirmek.

Dental oOnerilerin  sekillendirilmesinde rol oynayan bir yapay zeka sistemi s6z konusu
oldugunda, aydinlatilmis onam meselesi kilit dnem tagimaktadir. Ancak yapay zeka yazilimlarinin
gelistirilmesine ve c¢alisma prensiplerine iliskin yiiksek diizeydeki teknik karmasiklik, bu bilgilerin
hastaya ac¢ik ve anlasilir bir sekilde aktarilmasini gii¢lestirmektedir (108). Bu noktada, hastanin karar
verebilmesi i¢in ne kadar bilginin yeterli ve optimal oldugu sorusu da giindeme gelmektedir. Dahasi, iyi
niyetli ve dikkatle hazirlanmisg bilgilendirme girisimlerine ragmen, bir¢ok hastanin kendilerine sunulan
bilgileri tam olarak anlayamadigi, hatta anladiklar1 durumlarda bile bu bilgileri karar verme
stirecine yansitamadiklar1 bildirilmektedir (109). Buna ek olarak, yapay zeka / makine 6grenmesi
sistemlerinin yanli egitim verileri ile egitilmis olabilecegine iligkin endiseler de mevcut olmaktadir. Bu
tiir bilgilerin hastalara sunulup sunulmamasi ve hangi bicimde aktarilmasi gerektigi énemli bir etik soru
olarak nitelendirilmektedir (110).

Gilinliimiizde bir¢ok dis hekimi, klinik uygulamalarinda yapay zeka kullanimini hizla benimsemekte ve
bunu rekabet avantaji olarak tamitmaktadir (61). Bu nedenle hastalar, kendi olgularinda yapay zeka
sistemlerinin kullamilip kullanilmayacagini ve nasil kullanilacagim sorma hakkina sahip olmaktadir.
Bazi durumlarda, bu algoritmalarin dayandigi kurallarin yalnizca agiklanamamasi degil, agiklanmasinin
teknik olarak miimkiin olmamasi da sdz konusu olabilmektedir (61).

Hastalarm, yapay zeka sisteminin dis hekimi tarafindan denetlenip denetlenmedigini, yalnizca klinik
karar destek araci olarak mi1 kullanildigini yoksa esas karar verici konumunda mi oldugunu bilmesi
gerekmektedir (61).

Dis hekimlerinin, dental amacl yapay zekd (YZ) uygulamalarinin gelistirilmesinde kurucu ya da
yonetim kurulu iiyesi olarak yer aldig1 vaka sayisindaki artig, cikar catismasi kosullarinda ortaya
cikabilecek sorumluluk konularimin tartigilmasini gerekli kilmaktadir (61). Dis hekimleri, hastanin
sagligiyla dogrudan iligkili olmayan; arastirma ya da ekonomik nitelikteki tiim kisisel ¢ikarlarini,
mesleki yargilarini etkileyebilecegi icin agiklamakla yiikiimlii goriilmektedir. Ozellikle gelistirilen YZ
uygulamasinin ticarilestirilmesine yonelik finansal motivasyonun, klinik karar verme siirecinde dis
hekiminin muhakemesini zedeleyebilmesi nedeniyle hukuki sorumluluk riski ortaya ¢ikmaktadir (111).
Dis hekiminin veya saglik kurulusunun ¢ikar ¢atigmasi icinde olmast da énemli bir etik sorun teskil
etmektedir. Ornegin, kendi arastirma veya finansal ¢ikarlar1 bulunan bir dis hekimi, hastaya smirli ya da
hicbir klinik fayda saglamayan ancak bilimsel ya da maddi agidan yararli olabilecek bir test veya girigimi
onermeye yoOnelebilmektedir. Hastalar, Onerilen bir miidahaleye onam verirken, dis hekiminin
kararinda hastanin saglig1 disinda baska ¢ikarlarin rol oynayip oynamadigini bilmek istemektedir. Bu
bilgi, hastanin bilingli karar verebilmesi agisindan aydinlatilmis onamin ayrilmaz bir pargast olarak
belirtilmektedir (112).

Dis hekiminin kendi ¢ikarlarim hastanin ¢ikarlariin dniine koymasi, giivene dayali yiikiimliiliiklerin
ihlali anlamina gelmektedir (112). Hukuk sistemi, dis hekimi-hasta iliskisini giivene dayali bir iligki
olarak tanimlamakta ve dis hekimleri ile diger saglik profesyonellerine, kisisel ¢ikarlarindan bagimsiz
bicimde yalmzca hastanin genel yararim koruma yiikiimliliigi yiiklemektedir (113). Cikar
catigmalarmin yonetimi, dis hekiminin bu tiir siireclerde dogrudan yer almaktan kaginmasi yoluyla
saglanabilecegi gibi, bunun miimkiin olmadig1 durumlarda tedavi ya da arastirma oncesinde hastalara
tam ve acik bir bilgilendirme yapilmas1 ve s6z konusu ¢ikarlarin kendileri agisindan kabul edilebilir olup
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olmadigina hastalarin karar vermesine olanak tammnmasiyla da gergeklestirilebilmektedir (114).
Giintimiizde dis hekimligi pratiginde kullanilan yapay YZ tabanli sistemler, klinik karar verme siirecinde
yalnizca destekleyici sistemler olup bir dis hekimi tarafindan denetlenmeli ve siirekli olarak izlenmesi
gerekmektedir. YZ destekli karar destek araglarinin birincil tam araci olarak uygunsuz kullanimi, etik
dis1 bir davranis olarak degerlendirilmekte ve hukuki sorumluluk dogurabilmektedir (111). Mevcut
durumda, YZ tabanl sistemlerin farkli klinik ortamlardaki operasyonel 6zelliklerine iligkin deneyim
sinirli kalmaktadir (115).

Bugiine kadar YZ gelistirilmesine iligkin teknik gii¢liiklerin acikliga kavusturulmasina yonelik kapsamli
arastrmalar yapilmis olsa da toplumsal etik boyutlar1 ele alan calismalarin yetersiz oldugu
goriilmektedir (61). Dis hekimlerinin, YZ yazilimlarinin kullanimina bagli riskleri anlamak, bu riskler
konusunda hastalar1 bilgilendirmek ve olasi zararlar1 6nlemek amaciyla YZ tabanl sistemleri izlemek
gibi yiikiimliiliikleri bulunmaktadir (116). Ayrica, YZ sistemlerinin birgok olumlu etkisine ragmen,
kullaniminin sosyal ve ekonomik degisimlere yol agabilecegi ve bu degisimlerin cogu zaman en kirilgan
topluluklar1 orantisiz bigimde olumsuz etkileyebilecegi g6z dniinde bulundurulmasi gerekmektedir (61).
Bu nedenle, istenmeyen etkilerin belirlenmesi amaciyla siirekli uygulama sonrasi izleme siiregleri;
nedenlerin saptanmasi ve diizeltici 6nlemlerin hayata gecirilmesini igeren siki bir risk yonetimi
protokolii ile desteklenmesi gerektigi belirtilmektedir (116). Dis hekimleri, hasta bakimina iliskin
sorumlulugu siirdirmeye devam edecek olup, YZ sistemlerini etik ve sorumlu bir bi¢imde
kullanabilmek igin yeni beceriler kazanmaya yonelik egitim ve mesleki gelisim siireglerine ihtiyag
duyulmaktadir (116).

YZ sistemleri tarafindan toplanan hasta verilerinin nasil islendigi konusunda hastalarin eksiksiz bigimde
bilgilendirilmesi, karsilikli giivenin ve ayn1 zamanda YZ sistemlerine duyulan giivenin tesis edilmesi
agisindan biiylik Onem tasimaktadir (116). Hastalar ve dis hekimleri YZ sistemlerine giiven
duymadiklar1 takdirde, YZ’nin klinik dis hekimligi pratigine entegrasyonunun yavaslayacagi ve
nihayetinde basarisiz olacagi dngoriilmektedir. Saglik verilerinin ekonomik degeri milyarlarca dolara
ulasabilmekte olup, hasta verilerinin kar amaciyla satilmasi etik dis1 sayilmaktadir (117).

Kisisel verilerin korunmasina iliskin Avrupa Birligi mevzuati olan Genel Veri Koruma Tiizigli’'ne
(General Data Protection Regulation, GDPR) gore (108), hastalar verilerini geri ¢ekme ve diledikleri
zaman verilerinin silinmesini talep etme hakkina sahiptir. Baz1 YZ tabanli saglik uygulamalari, hasta
verilerini yalnizca hekimle degil, ayn1 zamanda aile iiyeleri veya arkadaslarla da paylasarak hasta
mahremiyetini tehlikeye atabilmektedir (117). Bu durum 6zellikle sorunludur; zira hekimin aksine, aile
iiyeleri ya da arkadaslar yiirtirliikteki mevzuat kapsaminda gizlilik yiikiimliiliiklerine tabi olmamaktadir
(118). YZ tabanli yazilimlarin kullanima girmesi, esitsizliklerin azaltilmasina, operasyonel
verimliligin artirilmasina ve dis hekimligi bilgi birikimi ile en iyi uygulamalarin yayginlastirilmasina
katki saglamaktadir (118). Ayrica, 6zellikle sistemik hastalig1 bulunan dis hastalar1 acisindan 6nemli
olan tibbi ve dental saglik hizmeti sunucular1 arasinda bilgi paylasimini da destekleyebilmektedir (119).

GELECEK PERSPEKTIFLERI

Dis hekimliginde yapay zekdnin (YZ) gelecegi; tani, tedavi planlamast ve is akislarinin
otomasyonu agisindan doniistiiriici bir potansiyele sahip olup, agiz ve dis saglig1 hizmetlerinin daha
verimli ve hasta odakli sunulmasina 6nemli katkilar saglayacaktir (120). Yapay zeka algoritmalarmin
olgunlagsmasiyla  birlikte; federe Ogrenme (federated learning), aciklanabilir  yapay zeka
(XAI) ve kuantum bilgi islem gibi gelismekte olan teknolojilerle entegrasyonunun, dogruluk, seffaflik
ve veri glivenligini artirarak dis hekimliginde bakim siireglerinde yeni atilimlarin oniinii agacagi
ongoriilmektedir (117). Yapay zeka temelli tani sistemlerinin, erken hastalik saptama kapasitesini daha
da gelistirerek klinisyenlerin hastalik ilerlemesinin ileri evrelere ulasmasini Onleyici erken
miidahalelerde bulunmasina olanak tamyacag1 ongoriilmektedir. Genetik, radyografik ve klinik verilerin
birlikte degerlendirilmesine dayali kisisellestirilmis tedavi planlamasinin, bireysel olgulara 6zgii hassas
dis hekimligi uygulamalarmi miimkiin kilacag1 belirtilmektedir (117). Gelecekteki arastirmalar
acisindan en Onemli alanlarm, yapay zekd sistemlerindeki yanliligin azaltilmasi, veri
setlerinde ¢esitliligin artirilmasi ve tahmine dayali algoritmalarin harici dogrulama siireglerinden
gegirilmesi oldugu bildirilmektedir (121). Yapay zeka algoritmalarimin, farkli popiilasyonlarda adil ve
giivenilir kararlar verebilmesi icin daha genis ve heterojen veri setleriyle egitilmesi gerekmektedir
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(117). Ayrica, dis hekimliginde yapay zekd uygulamalarimin uyumlastirilmasi amaciyla; yapay zeka
destekli karar verme protokollerini, hesap verebilirligi ve etik ilkeleri iceren kurumsal ve yasal
gergevelerin olusturulmasi zorunlu goriilmektedir (98). Klinik ortamda sorumlu ve seffaf bir yapay zeka
kullamminin saglanabilmesi i¢in; yapay zeka miithendisleri, dis hekimleri ve politika yapicilar arasinda
cok disiplinli ig birligi kritik bir rol oynamaktadir (117).

Yapay zekanin robotik dis hekimligi alanindaki genislemesinin, gelecege yonelik bir diger yiiksek
potansiyelli gelisme alani oldugu bildirilmektedir (117). Yapay zeka destekli robotik sistemlerin; cerrahi
girisimlerde dogrulugun artirilmasi, protetik planlama ve ortodontik tedavilerde hassasiyetin saglanmasi
yoluyla is yiikiinii azaltmasi ve klinik verimliligi artirmasi beklenmektedir (120). Bunun yani sira, yapay
zekanm artirilmis gerceklik (AR) ve sanal gerceklik (VR) teknolojileriyle entegrasyonu, dis hekimligi
egitiminde devrim niteliginde yenilikler sunarak; ger¢ek zamanli simiilasyonlar ve uygulamali egitim
olanaklartyla dis hekimligi 6grencilerinin mesleki yetkinliklerini gelistirmesine katki saglayacaktir
(117).

SONUC

Travmatik dental yaralanmalar, ¢ocukluk déneminde sik goriilen ve uygun sekilde yonetilmediginde
uzun donem estetik, fonksiyonel ve psikososyal sonuglara yol agabilen acil klinik durumlar olarak
nitelendirilmektedir. Prognoz; erken tani, dogru simiflandirma ve giincel kilavuzlara uygun miidahaleye
dogrudan bagli olmaktadir. Ancak 6zellikle acil kosullarda bilgiye hizli erisimin sinirli olmasi ve klinik
deneyim farkliliklari, tan1 ve tedavi hatalarinin ortaya ¢ikmasina neden olabilmektedir.

Dijital gorlintiileme yontemleriyle birlikte yapay zekda (YZ) tabanli sistemlerin gelisimi, TDY
yonetiminde tanisal dogrulugu artiran ve klinik karar siireglerini destekleyen yeni olanaklar
sunmaktadir. Derin 6grenme algoritmalar1 radyografik bulgularin saptanmasinda yiiksek dogruluk
saglarken, biiyiikk dil modelleri (LLM’ler) kilavuz temelli triyaj, hizli yonlendirme ve hasta/ebeveyn
bilgilendirmesi gibi alanlarda potansiyel yarar gostermektedir. Ozellikle pedodontik travmalarda zaman
baskisi, iletisim giigliikleri ve ebeveyn kaygisi goz oniine alindiginda, bu sistemlerin destekleyici rolii
Oonem kazanmaktadir.

YZ sistemlerinin yanit tutarsizligi, hatali bilgi iiretme riski, algoritmik yanlilik ve giincel kilavuzlarla
her zaman tam uyum gosterememesi gibi énemli siirliliklar1 bulunmaktadir. Bu nedenle yapay zeka,
tek basina karar verici bir ara¢ olarak degil, klinik uzmanligi tamamlayan ve mutlaka hekim gozetimi
altinda kullanilan bir destek sistemi olarak degerlendirilmelidir. Etik ve hukuki agidan veri gizliligi,
aydmlatilmis onam, seffaflik ve hesap verebilirlik temel gerekliliklerinden sayilmaktadir.

Sonug¢ olarak, yapay zekdnin pedodontik dental travma yonetimindeki klinik etkinliginin ve
giivenilirliginin net bicimde ortaya konabilmesi i¢in, daha genis 6rneklemlere sahip, ¢ok merkezli ve
farkl popiilasyonlar1 kapsayan ileri calismalara gereksinim bulunmaktadir. Ozellikle siit dislerine 6zgii
travmalar1 hedef alan, metinsel ve gorsel girdilerin birlikte degerlendirildigi ve gilincel kilavuzlarla
uyumlu arasgtirmalarm yapilmasi gerekmektedir. Yapay zeka sistemlerinin uzun dénem klinik sonuglara
etkisinin, hasta giivenliginin ve etik boyutlarinin degerlendirildigi prospektif ¢alismalar artmasinin,
bu teknolojilerin pedodontide giivenli ve sorumlu bigimde klinik uygulamalara entegre edilebilmesi
acisindan 6nemli olacagi belirtilmektedir.
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OZET

Yapay zekanin (YZ) saglik hizmetleri iletisimine giderek daha fazla entegre edilmesi, YZ tabanl
araclarm sistematik olarak degerlendirilmesi ihtiyacim artirmistir. Bu ¢alisma, ChatGPT-4.0 ve Sider
Fusion tarafindan dil bag ile ilgili olarak iiretilen bilgilerin kalitesini, giivenilirligini, okunabilirligini
ve Ozglinliiglinii degerlendirmeyi amaglamigtir. Calisma, her biri 19 maddeden olusan “Dil Bagi
Hakkinda Genel Bilgiler” ve “Dil Bagi Tedavisi ve Iyilesme Siireci” bashkli iki ana kategori altinda
yapilandirilmis toplam 38 sorudan olusmaktadir. Her iki chatbot tarafindan iiretilen yamtlar, alt1 yerlesik
degerlendirme olciitii kullanilarak degerlendirilmistir: Kiiresel Kalite Olgegi (GQS), DISCERN'den
uyarlanmis Giivenilirlik Puanlama Sistemi, Hastalar I¢in Kaliteli Bilgi Saglama (EQIP), Flesch Okuma
Kolayligi Puani1 (FRES), Flesch-Kincaid Okuma Seviyesi (FKRGL) ve Benzerlik Endeksi. Her iki YZ
modeli de GQS ve EQIP puanlarinda yansitildigi gibi genel olarak iyi bir bilgi kalitesi gostermistir.
Bununla birlikte, DISCERN tabanl kriterler kullanilarak yapilan giivenilirlik degerlendirmesi, her iki
platformda da genel olarak diisiik giivenilirlik ortaya koymustur. Sider Fusion, ¢iktilar1 ChatGPT-4.0'a
kiyasla daha yiiksek dilsel karmasiklik ve daha diisiik okunabilirlik sergilemesine ragmen, o6zellikle
Genel Bilgi kategorisinde daha orijinal yanitlar tiretmistir. Buna karsilik ChatGPT-4.0, 6zellikle Tedavi
ve lyilesme boliimiinde daha okunabilir yamitlar iiretmistir. Ozellikle, her iki model de tedaviyle ilgili
icerik i¢in genel bilgi icerigine gore daha diisiik okunabilirlik puanlar1 gdstermistir. Sonug olarak yapay
zeka tabanli sohbet robotlari, hastalarin dil bagi konusunda egitimini destekleme potansiyeline sahiptir.
Bununla birlikte, giivenilirlik ve okunabilirlik konusunda go6zlemlenen sinirlamalar gbéz oOniine
alindiginda, yapay zeka tarafindan olusturulan igerik dikkatle yorumlanmali, saglik uzmanlari tarafindan
dogrulanmali ve klinik uygulanabilirligi ve hasta giivenligini artirmak icin ideal olarak kanita dayali
kaynaklara dayandirilmalidir.

Anahtar kelimeler: Dil bagi, Yapay zeka, Kalite.

ABSTRACT

The growing integration of artificial intelligence (Al) into healthcare communication has intensified the
need for systematic evaluation of Al-based tools. This study aimed to evaluate the quality, reliability,
readability, and originality of information generated by ChatGPT-4.0 and Sider Fusion regarding
tongue-tie. The study consisted of 38 questions, organized into two main categories: “General
Information About Tongue-Tie” and “Tongue-Tie Treatment and Recovery Process,” each comprising
19 items. Responses generated by both chatbots were assessed using six established evaluation metrics:
the Global Quality Scale (GQS), a Reliability Scoring System adapted from DISCERN, Ensuring
Quality Information for Patients (EQIP), the Flesch Reading Ease Score (FRES), the Flesch—Kincaid
Reading Grade Level (FKRGL), and the Similarity Index. Both Al models demonstrated overall good
informational quality, as reflected by their GQS and EQIP scores.
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However, reliability assessment based on DISCERN-derived criteria revealed generally low reliability
across both platforms. Although Sider Fusion generated more original responses, particularly in the
General Information category, its outputs exhibited greater linguistic complexity and lower readability
than ChatGPT-4.0's. In contrast, ChatGPT-4.0 produced more readable responses, especially in the
Treatment and Recovery section. Notably, both models demonstrated lower readability scores for
treatment-related content than for general informational content. In conclusion, Al-based chatbots have
the potential to support patient education regarding tongue-tie. Nevertheless, given the observed
limitations in reliability and readability, Al-generated content should be interpreted with caution,
verified by healthcare professionals, and ideally grounded in evidence-based sources to enhance clinical
applicability and patient safety.

Keywords: Tongue tie, Artificial intelligence, Quality.
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Abstract

The aim of this study was to assess the extent of domestic violence against children, with particular
emphasis on the role of pediatricians in the early identification and reporting of child victims. The study
also sought to identify barriers contributing to underreporting, as a means to address the problem in a
timely manner and prevent its escalation.

Data were obtained through a review of national reports produced over the years by international
organizations such as UNICEF, and by governmental institutions including INSTAT, the Ministry of
Health and Social Protection (MoHSP), and the Municipality of Tirana, among others. In addition, data
to quantify this issue were collected through semi-structured interviews with pediatricians, as the first
point of contact with cases. Keywords such as: domestic violence against children, pediatric
services, screening, and Albania were used to identify and retrieve current data. Despite years of
inquiry, official data on the involvement of the health sector, particularly pediatric services, in reporting
child victims remain scarce.

This is a descriptive epidemiological study using mixed methods, combining quantitative secondary data
from international and national reports with qualitative data from semi-structured interviews with
pediatricians, thereby reflecting the current situation. The study was conducted in the city of Tirana,
given its status as the most populous city and the one with the highest number of cases.

Study findings indicate that, despite the existence of a protocol that mandates multi-sectoral
involvement, there have been zero reports from health services over the past two years. This is observed
even though cases of violence against children are increasing, as documented by municipal services.
This study serves as a wake-up call for strengthening capacities aimed at enhancing the role of pediatric
personnel in screening, accurate referral, and appropriate reporting of child victims of domestic
violence.

Keywords: Domestic violence against children; Descriptive epidemiology; Pediatric services;
Screening; Albania

INTRODUCTION

Forms of violence against children within the family environment are undoubtedly among the forms of
violence against children, a global public health problem that affects both developed and developing
countries, with an increased risk in the latter, given that key risk factors are socio-economic in nature.
According to the WHO Draft (1999) on the prevention of child abuse, “Child abuse or maltreatment
includes all forms of physical and emotional ill-treatment of children, sexual abuse, neglect or negligent
treatment, or exploitation for gain or other purposes, resulting in actual or potential harm to the child’s
health, survival, development, or dignity, within the context of a relationship of responsibility, trust, or
power.! Violence against children in any form constitutes a violation of their fundamental rights, as
emphasized in the Convention on the Rights of the Child, and may consequently result in negative
consequences with respect to education, health, and future economic outcomes.? The Law on the Rights

1 Report of the Consultation on Child Abuse Prevention,29—31 March 1999, WHO, Geneva. Geneva,
World Health Organization, 1999 (documentWHO/HSC/PV1/99.1).

2 See, e.g., Special Representative to the Secretary General on Violence Against Children, Ending the
Torment: tackling bullying from the schoolyard to cyberspace, United Nations, New York.
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of the Child underscores the legal role of every state institution, including healthcare institutions, in
fulfilling the statutory duty to report violence against children, with a particular emphasis on prevention
and an effective response to such violence.

Despite considerable progress in raising awareness of domestic violence and strengthening its
prevention and management, there remains a lack of data and a pronounced level of underreporting.
Existing data on violence against children indicate that child abuse and neglect, sexual violence, corporal
punishment, as well as online violence, are not uncommon.®

A WHO-funded study on Albanian Adverse Childhood Experiences (ACE) found that 40% of the
population reported experiencing physical violence during childhood, 5% psychological violence, 6%
sexual violence, and 30% witnessing violence against their mother at home (WHO, 2016). * The 2019
“Violence against Women and Girls” survey found that just under one third of women aged 18 and
above had experienced domestic violence, and that in a substantial proportion of cases (25%), the
incidents and resulting injuries were serious enough to require spending at least one night in hospital.®
In most cases, children witness violence occurring within their own homes, thereby becoming indirect
victims of domestic violence. In a significant number of cases, domestic violence against children also
occurs as part of “discipline,” and the normalization of violence within Albanian culture makes its
detection particularly difficult. Underreporting, on the other hand, limits the ability to identify, monitor,
and support these children, and further escalates violence by allowing the child to continue living in the
same environment as the perpetrator. Studies in North America indicate that children who witness
violence between their parents often display many of the same behavioral patterns and psychological
difficulties as children who are directly abused.® Importantly, healthcare professionals must understand
that violence against children can take many forms and have multiple dimensions.

In Albania, children aged 1-5 account for 21.2% of the population, compared with adolescents aged 10—
19, who account for 13.1% of the Albanian population.” A child who is emotionally abused by a parent
or legal guardian (e.g., rejected, threatened, discriminated against, or humiliated) or neglected (in terms
of health, safety, shelter, or nutrition), in all cases, although such harm is far less visible than physical
or sexual violence, still constitutes violence. Some of these cases escalate into fatal outcomes, depending
on a country’s socio-economic conditions; the highest risk is observed in low- and middle-income
countries. Risk also varies by age group, with children aged 0—4 being more predisposed to fatal cases.®
However, the causes of child mortality are not routinely investigated, and post-mortem examinations
are not consistently performed, which makes it difficult to accurately determine the number of fatal
cases resulting from child abuse in any country.® his form of violence is even more difficult for health

3 Dunja A, Gjergji O, Gvineria D, Hallkaj E, and Verzivolli 1. 2019, One Click Away: Children’s
Experience of Internet Use in Albania. UNICEF in Albania and IPSOS Strategic Marketing, Tirana.

4 World Health Organization, 2016, Situational Analysis on the prevention of child maltreatment in
Albania: the way forward.

5INSTAT, 2018, National Population Survey: Violence Against Women and Girls in Albania, INSTAT,
Tirana. 4s cited by “The reporting of violence against children in Albania.

6 Edleson JL. Children’s witnessing of adult domestic violence. Journal of Interpersonal Violence,
1999,14:839-870. Jaffe PG, Wolfe DA, Wilson SK. Children of batteredwomen. Thousand Oaks, CA,
Sage, 1990, as cited by Etienne G. Krug, Linda L. Dahlberg, James A. Mercy, Anthony B. Zwi and
Rafael Lozano “World report on violence and health” WHO 2002, pp. 103.

7 INSTAT, 2021, Children, Adolescents and Youth-Focused Wellbeing indicators, 2016-2021.
Available at

http:// www.instat.gov.al/media/8433/instat_unicef 2021 statistics publication en.pdf .

8 Etienne G. Krug, Linda L. Dahlberg, James A. Mercy, Anthony B. Zwi and Rafael Lozano “World
report on violence and health” WHO, Geneva, 2002.

9 Kirschner RH. Wilson H. Pathology of fatal child abuse. In: Reece RM, Ludwig S, eds. Child abuse:
medical diagnosis and management, 2nd ed.Philadelphia, PA, Lippincott Williams & Wilkins,
2001:467-516. Reece RM, Krous HF. Fatal child abuse and sudden infant death syndrome. In: Reece
RM, Ludwig S,eds. Child abuse: medical diagnosis and management, 2nd ed. Philadelphia, PA,
Lippincott Williams & Wilkins,2001:517543.
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services to detect, as it requires heightened vigilance and a “double focus.” The situation is even more
challenging in developing countries such as Albania, where data on the scale of family-based violence
against children remain very limited, despite the frequency of cases.

According to the Municipality of Tirana, which also participated in this study, no cases involving
children who were victims of domestic violence were referred by pediatricians, at least during 2025.
The main sources of referral are primarily the Child Protection Unit (CPU), the police, NGOs, the State
Labour and Social Services Inspectorate, the Prosecutor’s Office, the Probation Service, field teams,
and the media. The Municipality further notes that, although health services constitute a crucial link
within the Coordinated Referral Mechanism (CRM), they are largely not engaged. This, in their view,
may be attributable to health staff’s limited awareness of child protection structures and/or insufficient
knowledge of the legal obligation incumbent upon health professionals to report such cases.

Health centres, now operating under a new socio-health profile, provide health and psychological
services to both victims and perpetrators. Emergency centres provide services 24 hours a day, seven
days a week, including emergency shelter; nevertheless, no cases have been referred by them either.
According to a UNICEF survey on adults’ perceptions of violence against children, while other forms
of violence against children occurring in the community are generally considered public matters to
which state institutions should respond sensitively, the same perception does not extend to
violence/corporal punishment of children within the home. In general, men and older adults tend to be
more tolerant and accepting of punishment at home than women or younger adults. Thus, attitudes
toward violence against children in Albanian culture vary by age and gender.

The same survey also indicates that sexual violence and sexual harassment remain the most
underreported forms of violence against children and, in the few cases where they are reported, they are
not reported to healthcare services.

At the same time, few adults have received information on positive discipline or on where and how to
report violence against children; those who have obtained such information have largely done so through
the media or online sources.’® The fact that most individuals have obtained this information from the
media rather than from official or accredited sources (state institutions, healthcare centres, social
workers, or civil society organizations) may lead to inappropriate or selective information that does not
reflect the country context, nor adults’ roles, responsibilities, and legal obligations with regard to
violence against children.™ In most cases, underreporting is attributed to fear of retaliation. When
children are victims of domestic violence, they are often not aware that healthcare services are among
the institutions to which they can turn for help; and even when they are aware, they may fear that they
will not be believed. Nevertheless, this situation once again underscores the complex nature of the
phenomenon and raises questions about how well informed children are about their rights, including the
fact that they may seek protection from medical personnel.’ In most cases, an abused child may be
accompanied by the perpetrator. Therefore, paediatric staff must be trained to recognize specific
indicators of abuse and to ensure that, in attempting to identify a case, they do not inadvertently expose
the child to further risk. How safe a child feels directly affects the degree of trust the child places in the
relevant authorities.Paediatricians must not only have sufficient knowledge and skills to identify abuse,
but should also be informed about the specific centres and services to which an abused child should be
referred, as a means of improving the quality and continuity of care for this group. For this reason, it is
important that training curricula for healthcare services be tailored to the relevant specialty.

In the United States, for example, the American Medical Association and the American Academy of
Pediatrics have developed protocols on the diagnosis and management of maltreated children®® and

10 Ibid, pp. 48.

11 Ibid.

12 Etienne G. Krug, Linda L. Dahlberg, James A. Mercy,Anthony B. Zwi and Rafael Lozano “World
report on violence and health” WHO, Geneva, 2002.

13 Child maltreatment. Washington, DC, American Medical Association, updated periodically
(available on the Internet at http://www. ama-assn.org/ama/pub/category/4663.html.
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sexual abuse.* In New York, healthcare professionals are required to complete a two-hour course on
the identification and reporting of child abuse and neglect as a prerequisite for licensure.”® Many
developed countries have implemented a range of preventive approaches in this field, rooted in the
promotion of healthy parenting as a prerequisite for preventing family-based violence against children.
The aim of this study was to assess the extent of this problem and to deepen understanding of child
abuse in the context of domestic violence, viewed from the perspective of healthcare services, as a means
of ensuring timely intervention and preventing further escalation. A further objective of the study was
to identify the barriers that contribute to underreporting. It also sought to raise awareness among policy-
making institutions with a view to reviewing and improving current health policies, particularly to
strengthen the reporting of children abused within the family.

MATERIALS AND METHOD:

This descriptive study adopts a cross-sectional design and aims to analyze the current situation of
children who are victims of domestic violence in Albania from the perspective of healthcare services,
with a particular focus on the role of the paediatrician in identifying and referring cases. Data were
obtained through a review of national reports produced over the years by international organizations
such as UNICEF and by state institutions such as INSTAT and the According to official figures, during
the period January—December 2025, the Municipality of Tirana’s Coordinated Referral Mechanism
(CRM) managed 927 cases of gender-based and domestic violence. Approximately 91% of the adult
cases handled by the Municipality of Tirana involved women, most of whom have children;
consequently, their children, being exposed to violence within their households, are also victims. More
specifically, based on data administered by the Directorate for Protection and Social Inclusion, in 2025
the Municipality managed 491 cases involving children in need of protection. However, over the past
five years, data administered by the Child Protection Unit (CPU) show a decrease in the total number of
child-victim cases under case management, for example, 590 cases were under management in 2021,
compared to 491 cases in 2025. This contrasts with the trend for adult domestic-violence cases, which
has increased.

Graphic 1. “Reported cases of adults victims of domestic violence”
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14 American Academy of Pediatrics. Guidelines for the evaluation of sexual abuse of children: subject
review. Pediatrics, 1999, 103:186-191.

15 Reiniger A, Robison E, McHugh M. Mandated training of professionals: a means for improving the
reporting of suspected child abuse. Child Abuse & Neglect, 1995, 19:63-69.
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Graphic 2.“Reported cases of children victims of domestic violence”
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The Municipality of Tirana handled 927 cases of domestic violence, which were referred by the police,
the Tirana District Court, civil society organizations, and other members of the Coordinated Referral
Mechanism for domestic violence, established in 2012. In most cases, children who are victims of
violence are identified by the police, or the case is reported directly at the police station. Schools also
constitute an important source of reporting. Standardized protocols are used for risk assessment, as set
out in the Joint Order of the Minister of Interior and the Minister of Health and Social Protection No.
866, dated 20 December 2018, “On the procedures and the risk-assessment model for cases of domestic
violence.” With regard to violence against children in the context of domestic violence, the most
frequent forms are physical violence, followed by sexual and psychological violence, as well as neglect
(including children abandoned on the streets).

In Albanian culture, violence against children is often viewed as part of their “discipline” and,
regrettably, physical and emotional violence is tolerated even among healthcare professionals as long as
it occurs within the confines of the home. Physical punishment at home is therefore rarely perceived as
a form of violence against children. More than 27% of adults report that it is very common for adults to
physically punish their children at home, and more than two-thirds (67%) report that this occurs to some
extent.'®

The detection of family-based violence against children remains, within Albanian culture, a “private
matter” and is therefore difficult to address. The attitudes of healthcare personnel vary by age and
gender: violence as a form of family “discipline” tends to be more acceptable among male staff and
older adults than among female staff and younger age groups. It is important to examine the sources of
information relied upon by healthcare personnel, which in most cases were inadequate, as well as their
familiarity with the relevant legal framework, which was often unclear and/or not updated. The
consistency and continuity of trainings are likewise significant, as overall they reflect a lack of concrete
action when healthcare professionals encounter violence against children. Moreover, the general
population is not sufficiently guided on where to seek help when violence against a child is identified,
and this undoubtedly weakens the role of healthcare professionals, whose responsibilities also include
raising awareness and informing families about reporting such cases, including reporting to healthcare

16 United Nations Children’s Fund (UNICEF, 2023) “The Reporting of Violence Against Children in
Albania: Results of a Nationalknowledge, Attitudes and Practice Survey.
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services themselves. This information should include, among other elements, positive parenting and
how physical punishment can be replaced with alternative, constructive methods without compromising
the child’s wellbeing, as well as guidance on the services through which violence against children can
be addressed, including healthcare services.

CONCLUSIONS

Violence against children in the context of domestic violence requires a universal, prevention-oriented
response that mobilises all actors who have sustained contact with children, families, schools, health
services, social services, and law-enforcement structures, around shared standards and coordinated
practice. The evidence and stakeholder inputs gathered through semi-structured interviews, including
those with the Tirana Directorate of Social Services, indicate that important elements of the protection
system remain fragile, particularly where services and protection plans lack dedicated and predictable
budget allocations. Without stable resourcing, interventions tend to be ad hoc, short-term, and unevenly
available, leaving children exposed to repeated harm and unaddressed psychological consequences.
For this reason, strengthening the response must go beyond awareness-raising and rely on a practical
package of measures implemented in parallel: (i) sustained, specialised and long-term services,
especially psychosocial and mental-health support, for children affected by domestic violence; (ii)
structured parenting programmes, with a deliberate focus on fathers, to challenge the harmful norm of
“discipline through violence” and to promote non-violent, developmentally appropriate child-rearing;
(iii) school-based education that equips children with clear, age-appropriate understanding of violence
and safe reporting options; and (iv) continuous professional training for teachers, school staff, doctors,
and nurses to recognise early signs of abuse and apply clear referral pathways. Visibility of reporting
channels should be reinforced through simple, accessible tools, posters, leaflets, helplines, and clear
signposting within schools and healthcare centres, so that children and caregivers know where to turn
and trust the system to respond.

Ultimately, a low-tolerance culture toward violence against children can only be sustained if institutions
are equipped to act consistently, promptly, and predictably. This means establishing durable inter-
institutional coordination, clarifying roles and responsibilities, and ensuring that budgets, protocols, and
monitoring mechanisms are aligned with the real needs of affected children. A system that combines
prevention, early detection, reliable referral, and long-term recovery support will not only improve child
protection outcomes, but also reduce the intergenerational transmission of violence and strengthen
community trust in public services.
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ABSTRACT

Objective : Dermatitis is a chronic inflammatory skin condition commonly associated with itching,
erythema, dryness, and irritation. Long-term use of synthetic soaps and topical corticosteroids may cause
adverse dermatological effects. The objective of the present research was to formulate and evaluate a
herbal soap incorporating medicinal plant extracts for the safe and effective management of dermatitis.
Methodology : The herbal soap was formulated using Neem (Azadirachta indica), Tulsi (Ocimum
sanctum), Aloe vera, Turmeric (Curcuma longa), Rose water, and Vitamin E in a glycerin-based matrix.
Neem and Tulsi extracts were prepared by Soxhlet extraction. The soap was developed using the melt-
and-pour technique and evaluated for organoleptic characteristics, pH, foam height, foam stability, foam
retention, total fatty matter (TFM), moisture content, spreadability, and skin irritation as per standard
evaluation protocols.

Results : The formulated herbal soap exhibited satisfactory physicochemical properties with a pH of 7.2,
indicating skin compatibility. The formulation showed adequate foaming capacity, good foam stability,
acceptable TFM value (35%), and controlled moisture content, ensuring effective cleansing without
excessive skin dryness. The skin irritation study confirmed the formulation to be non-irritant, suggesting
suitability for dermatitis-prone and sensitive skin.

Conclusion : The developed herbal soap demonstrated promising potential as a safe, effective, and
natural alternative to conventional synthetic soaps for dermatitis management. The synergistic action of
herbal constituents provided anti-inflammatory, antimicrobial, antioxidant, and moisturizing effects.
The study supports the application of herbal formulations in dermatological care; however, further
clinical and long-term stability studies are recommended.

Keywords: Herbal soap; Dermatitis; Neem; Aloe vera; Turmeric; Skin compatibility; Anti-
inflammatory activity; Natural cosmetics
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ABSTRACT

Myocardial infarction (MI), one of the leading causes of global death, is associated with necrosis of
myocardium due to blockage of oxygen supply towards heart. Clopidogrel (CLP) is an antiplatelet agent
used in the treatment of MI. However, it belongs to Biopharmaceutics classification system (BCS) class
II drugs with poor dissolution, reduced half-life and low bioavailability thereby resulting in reduced
antiplatelet activity. This study aims to develop polymeric nanoparticles (PNPs) to address these
limitations. CLP-PNPs were prepared by the nano precipitation technique and were statistically
optimized by the Box-Behnken design. The PNPs were characterized in terms of particle size (P.S), zeta
potential (Z.P), polydispersity index (PDI), and percentage entrapment efficiency (%EE). Moreover,
Transmission electron microscopy (TEM), Fourier transformed infrared spectroscopy (FTIR) and x-ray
diffraction (XRD) analyses were performed to investigate the surface morphology, chemical interaction
and amorphous nature of the CLP-PNPs, respectively. Besides, in vitro release, pharmacokinetics and
anti-platelet activity of the CLP-PNPs was examined and compared with CLP dispersion. The optimized
CLP-PNPs demonstrated a P.S, of 214.15 + 12.09 nm, Z.P of + 16.9 = 0.28 mV, PDI of 0.123 + 0.05,
and % EE of 86.15 £+ 0.95%. Moreover, the optimized CLP-PNPs showed spherical morphology and
uniform P.S. Furthermore, no major chemical interactions were found among the ingredients of CLP-
PNPs and the crystalline CLP was changed to amorphous state in the lyophilized powder. The in vitro
release data showed a sustained release profile of CLP from the CLP-PNPs, when compared with the
CLP dispersion at pH 1.2, pH 6.8 and pH 7.4. However, the release was more pH dependent with
minimal release at pH 1.2 and maximum at pH 7.4. Oral delivery of CLP-PNPs led to a significantly
enhanced bioavailability (6.3-fold), in Sprague-Dawley rats. Additionally, CLP-PNPs exhibited a
marked decrease in cardiac troponin T (cTn) level and serum myoglobin at different time intervals, after
single oral dose, signifying an enhanced anti-platelet activity in MI induced rats as compared to CLP
dispersion. The formulation was found stable up to 4 months. Overall, this study concluded that PNPs
have the ability to sustain the drug release, improve the bioavailability and the antiplatelet activity of
CLP when used in the treatment of ML

Keywords: Polymeric nanoparticles, Clopidogrel, Myocardial infarction, Sustained Release,
Bioavailability.
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ABSTRACT

In contemporary healthcare systems, managers increasingly face complex ethical dilemmas that affect
patient well-being, organizational performance, and the legitimacy of the healthcare system. These
dilemmas are not isolated incidents but recurring challenges that shape both strategic and operational
decision-making. Factors such as resource constraints, the tension between quality of care and cost-
effectiveness, the need to safeguard patient autonomy while balancing organizational priorities, and
regulatory pressures all contribute to the ethical complexity of healthcare environments. Navigating
these dilemmas requires managers to strike a balance that ensures fair, efficient, and high-quality
healthcare delivery while maintaining accountability to diverse stakeholders. This article examines the
key issues in ethical decision-making within healthcare management and assesses their impact on
managerial outcomes, with a comparative perspective on public and private sector organizations. By
drawing on theoretical foundations of managerial ethics and contemporary approaches to governance,
the study explores how ethical considerations are incorporated into strategic, operational, and clinical—
administrative processes. It highlights the influence of professional values, organizational culture,
leadership practices, and legal and regulatory frameworks on managerial decisions, and evaluates how
ethical competence is cultivated and applied across sectors. Although public and private healthcare
organizations differ in their priorities, public organizations focusing on equity, universal access, and
public interest, and private organizations emphasizing efficiency, financial sustainability, and
competitiveness, both sectors face similar ethical dilemmas, including quality of care, resource
allocation, patient protection, accountability, and risk management. The analysis underscores that
ethical decision-making is not solely an individual managerial responsibility but a systemic and
organizational process embedded within institutional structures, policies, and norms. Integrating ethical
principles into managerial practices enhances transparency, supports consistent and defensible decision-
making, fosters trust within and outside the organization, and strengthens the organization’s reputation,
resilience, and long-term legitimacy.

Keywords: Ethical decision-making, Healthcare management, Managerial ethics, Organizational
ethics, Public and private healthcare sectors.
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ABSTRACT

Population ageing represents one of the greatest public health challenges of the 21st century, requiring
not only an increase in life expectancy but also the preservation of years lived in good health. A growing
body of evidence indicates that the rate of ageing and the risk of age-related diseases can be significantly
influenced by lifestyle factors, particularly nutrition.

The aim of this presentation is to review the role of nutrition in healthy ageing, with special emphasis
on the prevention of cardiovascular diseases, cancer, metabolic disorders, neurodegenerative conditions,
and osteoporosis. Based on evidence from the scientific literature and epidemiological studies,
Mediterranean, DASH, and MIND dietary patterns consistently demonstrate beneficial effects on
mortality and morbidity, cognitive function, and inflammatory and oxidative stress processes. Adequate
protein intake, as well as sufficient levels of vitamin D, calcium, B vitamins, and omega-3 fatty acids,
play a key role in maintaining muscle mass, bone metabolism, immune function, and neurological
health.

Current evidence suggests that dietary patterns influence not only disease prevention but also biological
markers of ageing and functional status. Prevention, personalized dietary interventions, and early
recognition of micronutrient deficiencies may be crucial for increasing healthy life expectancy. Healthy
ageing is not merely a matter of genetic predisposition; available evidence indicates that it can be
substantially modified, and nutrition is one of the most powerful—yet often underestimated—tools in
this process.

Keywords: healthy ageing, nutrition, Mediterranean diet, DASH diet, MIND diet, prevention of chronic
diseases, quality of life

Funding: This project was funded by the Ministry of Innovation and Technology under the National
Cardiovascular Laboratory Program (RRF-2.3.1-21-2022-00003) from the National Research,
Development and Innovation Fund. Project no. TKP2021-NKTA-47 was also funded by the National
Research, Development and Innovation Fund under the TKP2021-NKTA program, with the support of
the Ministry of Innovation and Technology of Hungary. This work was further supported by the
Cooperative Translational Research Program (KTKP) of the Faculty of Medicine, Semmelweis
University.

INTRODUCTION

The continuous increase in the proportion of the ageing population worldwide represents a major public
health challenge (Khan et al., 2024). With advancing age, the incidence and prevalence of chronic non-
communicable diseases—particularly cardiovascular diseases, cancer, metabolic disorders,
neurodegenerative conditions, and osteoporosis—increase exponentially (Ruthsatz & Candeias, 2020).
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Consequently, one of the key areas of modern preventive medicine is the investigation of modifiable
lifestyle factors that may influence the rate of ageing and the development of age-related diseases.
Among these factors, nutrition plays a particularly important role (Fekete et al., 2024).

Over recent decades, a growing body of epidemiological and clinical evidence has demonstrated that
dietary habits are fundamental determinants of healthy ageing. Inadequate nutrient intake—whether
related to protein, vitamins, minerals, or dietary fibre—may contribute to immune dysfunction,
increased inflammatory activity, anaemia, and the decline of cognitive and physical functions (Madarasz
et al., 2023; Mukli et al., 2025; Zabo et al., 2025). In contrast, balanced dietary patterns rich in plant-
based foods, antioxidants, fibre, and unsaturated fatty acids have been shown to reduce the risk of several
chronic diseases and to exert favourable effects on mortality (Pena-Jorquera et al., 2023).

Particular attention has been given to dietary patterns that exert complex effects on metabolic processes
and inflammatory pathways. The Mediterranean diet, the DASH diet, and the MIND diet have been
associated in numerous studies with beneficial effects on cardiovascular risk factors, metabolic status,
and the development of neurodegenerative diseases (Ardekani et al., 2023). These dietary patterns are
characterised by high consumption of vegetables and fruits, whole grains, fish, and plant oils, as well as
a lower intake of processed foods and saturated fats (Fazekas et al., 2021; Fekete et al., 2023; Ungvari
et al., 2025).

Ageing is accompanied by physiological changes that affect nutritional requirements and metabolic
function (Roberts & Rosenberg, 2006). While total energy needs tend to decrease, the relative
requirement for certain micronutrients and protein increases, and reduced thirst perception may raise the
risk of dehydration. Adequate intake of vitamin D, calcium, vitamin B12, iron, and omega-3 fatty acids
is particularly important for maintaining bone metabolism, neurological function, and immune responses
(Butola et al., 2021). Given these considerations, the investigation of the relationship between nutrition
and ageing is of central importance in prevention and health promotion. The aim of the present review
is to provide an overview of how nutritional factors influence the development of the most common
age-related diseases and to discuss the mechanisms through which appropriate dietary patterns may
contribute to healthy ageing and the prevention of chronic diseases.

METHODS

This study was conducted as a narrative review. Relevant literature was identified from publications in
international databases addressing nutrition, healthy ageing, and the prevention of chronic diseases, with
particular emphasis on systematic reviews, meta-analyses, and clinical studies. The findings of the
selected publications were evaluated and synthesized according to thematic aspects. The aim of the
present review is to provide an overview of the relationship between nutrition and healthy ageing, with
particular emphasis on the role of dietary factors in the prevention of the most common age-related
chronic diseases, including cardiovascular diseases, cancer, metabolic disorders, and neurodegenerative
conditions. A further objective is to summarize the mechanisms through which evidence-based dietary
patterns may contribute to reduced morbidity and improved quality of life.

RESEARCH AND FINDINGS
1. Biological Mechanisms Linking Nutrition and Ageing
Ageing is a complex, multifactorial process characterized by progressive functional decline, increased
oxidative stress, chronic low-grade inflammation, mitochondrial dysfunction, and impaired metabolic
regulation. A growing body of evidence indicates that nutrition can influence these pathways at multiple
levels, thereby modulating the risk of chronic diseases and functional decline (Tenchov et al., 2023).
Several key biological mechanisms have been identified through which diet affects ageing and disease
development (Guo et al., 2022):

1. Regulation of oxidative stress and antioxidant defence
Modulation of systemic inflammation
Effects on mitochondrial function and energy metabolism
Influence on the gut microbiota and immune function
Regulation of glucose and lipid metabolism

kWb
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Dietary patterns rich in fruits, vegetables, whole grains, fish, and unsaturated fatty acids provide
antioxidants, polyphenols, vitamins, and minerals that help counteract oxidative damage and
inflammatory processes, which are central drivers of age-related diseases.

2. Oxidative Stress and Antioxidant Protection

Oxidative stress plays a major role in ageing and in the pathogenesis of cardiovascular diseases,
neurodegeneration, and cancer. Reactive oxygen species (ROS) generated during cellular metabolism
can damage DNA, proteins, and lipids. Antioxidants obtained from the diet—including vitamins C and
E, carotenoids, and polyphenols—help neutralize these reactive molecules and protect cellular structures
(Sharifi-Rad et al., 2020). Fruits, vegetables, legumes, and nuts are major dietary sources of antioxidants.
Regular consumption of these foods has been associated with reduced markers of oxidative stress and
improved endothelial function (Figure 1) (Sharifi-Rad et al., 2020).

Figure 1. Antioxidant-rich diets may therefore slow biological ageing by reducing cumulative cellular
damage and preserving mitochondrial integrity. Figure created by the authors.
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3. Chronic Inflammation and Immune Regulation

Ageing is associated with a chronic low-grade inflammatory state often referred to as “inflammaging.”
Elevated levels of inflammatory cytokines such as IL-6, TNF-a, and CRP have been linked to frailty,
cardiovascular disease, diabetes, and neurodegeneration. Dietary factors can either promote or reduce
inflammation. Diets high in processed foods, saturated fats, and refined carbohydrates tend to increase
inflammatory markers. In contrast, Mediterranean-style dietary patterns rich in olive oil, fish,
vegetables, and whole grains are associated with lower inflammatory biomarkers. Omega-3 fatty acids,
polyphenols, and dietary fibre play a particularly important role in regulating inflammatory pathways
and immune responses (Figure 2) (Ferrucci & Fabbri, 2018). Figure 2. Through these mechanisms, anti-
inflammatory dietary patterns may reduce the risk of cardiovascular disease, metabolic syndrome, and
cognitive decline. Figure created by the authors.
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4. Mitochondrial Function and Energy Metabolism

Mitochondrial dysfunction is considered one of the hallmarks of ageing. Impaired mitochondrial activity
leads to reduced ATP production and increased ROS generation, contributing to cellular damage and
tissue degeneration. Nutrients such as B vitamins, magnesium, coenzyme-related compounds, and
omega-3 fatty acids are essential for mitochondrial energy metabolism. Caloric moderation and balanced
macronutrient intake have also been shown to improve mitochondrial efficiency and metabolic
flexibility (Figure 3) (Pandics et al., 2023; Patai et al., 2025; Ungvari et al., 2018). Figure 3. These
findings suggest that dietary interventions may help preserve mitochondrial function and delay
functional decline associated with ageing. Figure created by the authors.
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6. Gut Microbiota and Metabolic Health

The gut microbiota plays a central role in nutrient metabolism, immune regulation, and inflammation.
Age-related changes in microbial diversity have been associated with increased frailty, chronic
inflammation, and metabolic disorders. Dietary fibre, prebiotics, and fermented foods promote the
growth of beneficial bacteria that produce short-chain fatty acids (SCFAs), which help maintain
intestinal barrier integrity and regulate immune responses (Figur 4) (Lim & Nam, 2023).

Figure 4. High-fibre, plant-based diets therefore contribute to improved metabolic and immune function
through microbiome-mediated mechanisms. Figure created by the authors.
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6. Dietary Patterns and Chronic Disease Prevention

Large observational studies and clinical trials consistently show that dietary patterns such as the
Mediterranean, DASH, and MIND diets are associated with reduced risk of cardiovascular disease, type
2 diabetes, cognitive decline, and certain cancers. These benefits are likely mediated through combined
effects on lipid profiles, blood pressure, insulin sensitivity, oxidative stress, and inflammation. Regular
consumption of vegetables and fruits, whole grains, fish, legumes, and nuts, together with reduced intake
of processed foods and red meat, appears to represent one of the most effective lifestyle strategies for
promoting healthy ageing and preventing chronic disease (Schulze et al., 2018).

CONCLUSION

The available evidence indicates that nutrition plays a central role in the biological processes associated
with ageing. Dietary patterns rich in plant-based foods, fibre, antioxidants, and unsaturated fatty acids
may reduce oxidative stress, modulate chronic inflammation, support mitochondrial function, and
maintain a healthy gut microbiota. These mechanisms are closely linked to the prevention of major age-
related chronic diseases, including cardiovascular diseases, metabolic disorders, neurodegenerative
conditions, and certain cancers.

Although many findings are supported by epidemiological studies and clinical trials, further long-term
prospective studies are needed to clarify causal relationships and to determine optimal dietary
recommendations for different age groups and populations.

Nutrition remains a key modifiable factor influencing healthy ageing and the risk of chronic diseases.
Evidence suggests that balanced dietary patterns such as the Mediterranean, DASH, and MIND diets
contribute to improved metabolic health, reduced inflammation, and better functional outcomes in older
adults. Promoting healthy dietary habits across the lifespan may therefore represent an effective and
accessible strategy to reduce disease burden, improve quality of life, and support healthy ageing at the
population level.
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SEXUAL BEHAVIORS AND PSYCHOSOCIAL DETERMINANTS AMONG UNIVERSITY
STUDENTS IN SOUTHEAST ALBANIA
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University of Medicine Tirana, Department of Public Health, Albania

ABSTRACT

University students represent a population at increased risk for adverse sexual and reproductive health
outcomes, yet empirical evidence from university settings in Southeast Europe remains limited. This
study examined sexual behaviors and their associations with psychosocial determinants among young
adults.

A cross-sectional study was conducted among 545 students aged 19-25 years at a public university in
Southeast Albania. Data were collected using a structured, self-administered questionnaire assessing
sexual experience, age at sexual debut, condom use, HIV/STI testing, self-efficacy, and related
behavioral factors. Descriptive statistics and bivariate analyses were applied.

Overall, 45.0% of participants reported having had sexual intercourse, with a mean age at sexual debut
of 18.24 £ 2.12 years. Among sexually active students with valid responses, 53.2% reported not using
a condom during their most recent sexual encounter. Substance use before or during sexual intercourse
was reported by 15.0% of respondents. No statistically significant associations were observed between
condom non-use and sex, substance use, or HIV/STI testing history. These findings provide empirical
evidence from an under-researched university population and highlight the persistence of inconsistent
protective practices despite reported awareness and perceived autonomy. The results underscore the
importance of strengthening behavioural and communication-based components within university
sexual health promotion programmes.

Keywords: Sexual behavior; University students; Self-efficacy; Condom use; HIV/STI prevention;
Southeast Albania

INTRODUCTION

Sexual and reproductive health among adolescents and young adults remains a major public health
priority worldwide. According to the World Health Organization (WHO), more than one million curable
sexually transmitted infections (STIs) are acquired every day globally, with individuals aged 15-24
years disproportionately affected (1). In the WHO European Region, surveillance data from the
European Centre for Disease Prevention and Control (ECDC) indicate that young adults aged 20-24
years consistently represent one of the highest incidence groups for reported chlamydia and gonorrhoea
infections (2). Despite decades of prevention campaigns, inconsistent condom use continues to
contribute substantially to ongoing STI transmission and unintended pregnancies.

Recent data from the Health Behaviour in School-aged Children (HBSC) study coordinated by WHO
Europe show a concerning decline in condom use among adolescents across several European countries.
Between 2014 and 2022, the proportion of sexually active 15-year-olds reporting condom use at last
sexual intercourse decreased in multiple settings (3). Although university-aged populations are older,
behavioural patterns established during adolescence often persist into early adulthood. Studies
conducted among European university students report substantial levels of unprotected intercourse at
last sexual encounter, as well as associations between condom non-use and contextual factors such as
substance use, partner dynamics, and perceived relational trust (4,5).

University students represent a transitional population navigating increased independence, evolving
gender norms, and new relational contexts. Sexual decision-making in this stage of life is influenced
not only by knowledge but also by psychosocial determinants such as perceived self-efficacy,
communication skills, and negotiation capacity (6,7). Self-efficacy theory suggests that confidence in
one’s ability to perform a protective behaviour is a central determinant of behavioural enactment (7).
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However, empirical evidence indicates that general sexual autonomy and condom negotiation
confidence may operate as distinct constructs, with varying predictive value for consistent condom use
(6).

In Albania, epidemiological surveillance indicates a relatively low but gradually increasing number of
newly diagnosed HIV cases. According to the Institute of Public Health, 113 new HIV cases were
reported in 2023, with sexual transmission accounting for the majority of infections (8). Although
national prevalence remains lower than in many Western European countries, the predominance of
sexual transmission underscores the importance of consistent preventive practices among sexually
active young adults.

Previous research conducted among undergraduate students in Tirana documented variability in sexual
practices and gaps in consistent condom use, as well as discrepancies between knowledge and protective
behaviours (16—18). More recent nationally representative studies among 15-year-old adolescents have
reported substantial prevalence of sexual intercourse and significant gender differences in sexual
initiation patterns in the Albanian context (14,15). However, comprehensive analyses integrating sexual
behaviours with psychosocial determinants within contemporary Albanian university populations
remain limited. In a context characterized by ongoing socio-cultural transition and evolving norms
regarding sexuality and gender roles, understanding these dynamics is essential for evidence-based
prevention strategies.

Therefore, the present study aimed to describe sexual behaviours among university students in South-
Eastern Albania, to examine gender differences in sexual activity and protective practices, and to
explore the association between self-reported sexual self-efficacy and condom use.

MATERIALS AND METHODS

Study Design and Setting

This cross-sectional study was conducted at Fan S. Noli University of Korgé, Albania, during the 2024—
2025 academic year. At the time of data collection, the university enrolled 2,182 students across four
faculties. Data were collected between October and December 2025 during scheduled classroom
sessions. The study was conducted within the framework of a doctoral research project at the University
of Medicine, Tirana.

Study Population and Sampling

Eligible participants were undergraduate and master’s students aged 19-25 years enrolled during the
2024-2025 academic year and present during selected classroom sessions.

A minimum required sample size of 504 students was calculated assuming a 95% confidence level, a
5% margin of error, and an expected prevalence of 50% to ensure maximum variability. Based on
proportional allocation across faculties and levels of study (Bachelor’s and Master’s), classroom-based
consecutive sampling was applied. All eligible students present in selected sessions were invited to
participate.

Approximately 700 students agreed to participate, and 545 completed the questionnaire (response rate:
77.9%), exceeding the minimum required sample size.

Analyses related to condom use were restricted to participants who reported ever having had sexual
intercourse.

Data Collection Instrument
Data were collected using an anonymous, self-administered structured questionnaire composed of
modules adapted from established international instruments, including:

e The WHO Health Behaviour in School-aged Children (HBSC) survey

e The CDC Youth Risk Behavior Surveillance System (YRBS)

e The Alcohol Use Disorders Identification Test (AUDIT-10)
The questionnaire was translated into Albanian and reviewed by bilingual academic staff to ensure
conceptual equivalence. A pilot test was conducted among university students to assess clarity and
comprehension before field implementation. Formal psychometric validation of the composite
instrument in the Albanian university population was not performed.
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Hazardous alcohol consumption was assessed using the AUDIT-10, applying the standard cut-off score
of >8. Internal consistency of the AUDIT scale in the present sample was acceptable (Cronbach’s o =
0.83).

Variables

Primary Outcome

The primary outcome was condom non-use at last sexual intercourse. Participants who reported ever
having had sexual intercourse were asked whether a condom was used during their most recent sexual
encounter (Yes/No/Don’t remember). Analyses were restricted to participants with valid Yes/No
responses.

Explanatory Variables

Demographic variables included age (continuous, in years), sex (male/female), place of residence
(urban/rural), and perceived socioeconomic status (low, medium, good, very good). Sexual behaviour
variables included age at sexual debut (continuous), lifetime sexual experience (yes/no), number of
sexual partners in the past 12 months (dichotomized as 0—1 vs >2), and substance use before or during
the last sexual intercourse (yes/no). HIV/STI testing was assessed as self-reported lifetime testing
(yes/no).

Bias

To minimize information and social desirability bias, questionnaires were completed anonymously in
the absence of faculty members. Standardized instructions were provided by trained research staff.
Selection bias was minimized through proportional allocation across faculties and inclusion of all
eligible students present during selected sessions. Nevertheless, given the classroom-based sampling
strategy and voluntary participation, some degree of selection bias cannot be excluded. Due to the cross-
sectional design and reliance on self-reported data, recall bias and residual reporting bias may be
present.

Statistical Analysis

Data were analysed using IBM SPSS Statistics version 27 (IBM Corp., Armonk, NY, USA). Descriptive
statistics were used to summarize participant characteristics. Continuous variables were presented as
means and standard deviations (SD), and categorical variables as frequencies and percentages. The
prevalence of condom non-use at last sexual intercourse was calculated among sexually active
participants with valid responses. Independent samples t-tests were used to compare the mean age at
sexual debut by sex. Chi-square tests were applied to assess associations between condom use and
categorical variables, including sex, substance use before intercourse, and HIV/STI testing history.
When expected cell counts were less than 5, Fisher’s exact test was applied. Analyses of condom use
were restricted to sexually active participants with valid outcome data. No imputation procedures were
performed. Statistical significance was defined as a two-sided p-value <0.05.

RESULTS AND DISCUSSION

The characteristics of the study population are presented in Table 1. A total of 545 students aged 19—
25 years were included in the analysis. The mean age of participants was 20.77 & 2.01 years. Females
constituted 72.3% (n = 394) of the sample, while males accounted for 27.7% (n=151). Regarding place
of residence, 59.2% (n=321) of participants reported living in urban areas and 40.8% (n =221) in rural
areas (3 missing values).

In terms of perceived family socioeconomic status, 45.9% (n = 250) described their household economic
situation as medium, 32.5% (n = 177) as good, and 10.8% (n = 59) as very good. A further 10.8% (n=
59) reported their socioeconomic status as low.

Table 1. Characteristics of the study population (N = 545)

Variable n %
Age (years) 20.77 £2.01

Sex

Female 394 72.3
Male 151 27.7
Residence
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Urban 321 59.2
Rural 221 40.8
Missing 3

Perceived socioeconomic status

Low 59 10.8
Medium 250 45.9
Good 177 32.5
Very good 59 10.8

Sexual Behaviour Characteristics

Of the 545 participants included in the study, 245 (45.0%) reported having ever had sexual intercourse.
Among sexually active students with valid responses (n = 229), the mean age at sexual debut was 18.24
+ 2.12 years. Condom non-use at the most recent sexual encounter was reported by 53.2% of sexually
active participants with valid responses (125/235).

Alcohol or drug use before or during sexual intercourse was reported by 15.0% of respondents with
valid data (36/240). Among participants who responded to the HIV/STI testing question (n = 238),
87.4% reported having ever been tested for HIV or another sexually transmitted infection.

These findings are presented in Table 2.

Due to item-level missing responses across behavioural variables, denominators vary between analyses
and are reported explicitly for each variable.

Table 2. Sexual behaviour characteristics among participants
Variable n %
Ever had sexual intercourse (N = 545)
Yes 245 45.0
No 300 55.0
Age at sexual debut (n = 229) 18.24 £2.12
Condom use at last intercourse (n = 235)
Used condom 110 46.8
Did not use a condom 125 53.2
Alcohol/drug use before intercourse (n = 240)
Yes 36 15.0
No 204 85.0
Ever tested for HIV/STI (n = 238)
Yes 208 87.4
No 30 12.6

Bivariate Associations

Sexual experience differed significantly by sex, with a higher proportion of male students reporting
having had sexual intercourse compared with female students (64.9% vs 37.3%, %> =33.58, p < 0.001).
No statistically significant differences in condom non-use at last sexual intercourse were observed
according to sex (p = 0.415) or substance use before intercourse (p = 0.975). Similarly, condom non-
use was not significantly associated with a history of HIV/STI testing (Fisher’s exact p = 0.247). These
associations are presented in Table 3.

Table 3. Bivariate associations between selected variables and condom non-use at last sexual

intercourse
Variable Condom use n (%) | Condom non-use n (%) | p-
value
Sex 0.415
Female (n=167) 81 (48.5) 86 (51.5)
Male (n = 68) 29 (42.6) 39 (57.4)
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Substance use before/during intercourse 0.975
Yes (n=34) 16 (47.1) 18 (52.9)

No (n=201) 94 (46.8) 107 (53.2)

HIV/STI testing history 0.247
Yes (n=97) 48 (49.5) 49 (50.5)

No (n=13) 4 (30.8) 9 (69.2)

The prevalence of condom non-use at last sexual intercourse observed in this study is concerning within
the broader context of sexual health trends in the WHO European Region. Recent data from the WHO-
coordinated Health Behaviour in School-aged Children (HBSC) survey indicate a decline in condom
use among sexually active adolescents across Europe and Central Asia over the past decade (9). The
proportion of adolescents reporting condom use at last sexual intercourse has decreased in several
countries, raising concerns about increased vulnerability to sexually transmitted infections (STIs) and
unintended pregnancies.

Although HBSC focuses primarily on adolescents, similar behavioural patterns have been documented
among young adults in university settings across Southern and Eastern Europe (10,11). Studies suggest
that inconsistent condom use in this age group is often influenced by perceived partner trust, relationship
stability, and reduced perceived susceptibility to STIs rather than lack of knowledge alone (10). The
findings of the present study, where more than half of sexually active students reported condom non-
use, align with these regional observations.

Sexual experience differed significantly by sex, with male students reporting higher levels of sexual
activity than female students. This pattern is consistent with prior research indicating gender-related
differences in reporting of sexual initiation and behavioural norms in European youth populations (11).
However, condom non-use did not differ significantly between male and female students in our sample,
suggesting that protective behaviours, once sexually active, may not be strongly gender-differentiated.
No statistically significant association was observed between condom non-use and substance use before
intercourse. Although alcohol consumption has been linked to increased sexual risk-taking in several
European studies (12), the relatively small number of participants reporting substance use in this sample
may have limited the ability to detect modest associations. Similarly, condom use was not significantly
associated with prior HIV/STI testing history. Previous research indicates that testing behaviour and
condom use may represent distinct dimensions of sexual health behaviour, influenced by different
motivational and contextual factors (13).

From a public health perspective, these findings are particularly relevant for Albania. According to
regional surveillance reports from the WHO European Region and ECDC, young adults remain a key
demographic group in STI epidemiology across Europe (9,13). In contexts where comprehensive
sexuality education and youth-targeted preventive programmes are inconsistently implemented,
condom use may remain suboptimal despite awareness of risk.

The present findings should also be interpreted in light of previous research conducted in Albania.
Recent nationally representative studies among 15-year-old adolescents have documented a substantial
prevalence of sexual intercourse and important gender differences in sexual initiation patterns in the
post-communist Albanian context (14,15). Although these investigations focused on younger
populations, they highlight behavioural trajectories that may extend into early adulthood. Earlier studies
conducted among undergraduate students in Tirana identified variability in condom use practices and
demonstrated that knowledge about sexually transmitted infections was not consistently associated with
protective sexual behaviour (16—18). Taken together, these findings suggest that the patterns observed
in the current university-based sample are not isolated, but rather reflect broader and persistent
challenges in sexual health behaviour in Albania across different age groups and time periods.

Limitations

Several limitations should be considered when interpreting the findings of this study. First, the cross-
sectional design precludes any inference of causality between behavioural factors and condom non-use.
The observed associations reflect correlations at a single point in time and do not establish temporal
directionality.
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Second, the study relied on self-reported data for sensitive behaviours, including sexual activity,
condom use, substance use, and HIV testing. Despite the anonymous administration of the
questionnaire, social desirability bias and recall bias cannot be fully excluded. In addition, prevailing
socio-cultural norms surrounding sexuality may have influenced disclosure patterns, particularly among
female participants, potentially leading to underreporting of sexual behaviours. Third, missing data
were observed for several behavioural variables, particularly age at sexual debut and substance use
before intercourse. Although analyses were restricted to valid responses and denominators were clearly
reported, non-random missingness cannot be ruled out and may have influenced prevalence estimates
and bivariate associations. Fourth, the relatively small number of participants reporting substance use
before intercourse limited statistical power to detect potential associations with condom non-use.
Consequently, non-significant findings should be interpreted cautiously. Fifth, analyses were limited to
bivariate comparisons without multivariable adjustment to preserve model stability and analytic clarity.
Residual confounding by unmeasured factors cannot be excluded.

Finally, the study was conducted at a single public university in southeastern Albania. Although
proportional allocation across faculties was implemented, generalisability to all Albanian university
students or young adults may be limited.

The present analysis represents a focused component of a broader doctoral research project examining
multiple behavioural determinants of sexual and reproductive health among university students in
Albania. Future analyses within this framework will further explore multivariable relationships and
contextual factors influencing risk behaviours.

CONCLUSION

This study identified a high prevalence of condom non-use among sexually active university students,
highlighting a relevant public health concern within this young adult population. Although sexual
experience differed significantly by sex, condom use patterns did not vary substantially across
demographic or behavioural factors examined in this analysis.

The findings suggest that, despite relatively high levels of HIV/STI testing, protective sexual practices
remain inconsistent. This underscores the need for strengthened, university-based sexual health
promotion strategies that go beyond knowledge dissemination and address behavioural, relational, and
contextual determinants of condom use.

Given the evolving sexual health landscape in the WHO European Region and the limited evidence
available from Albania, further longitudinal and multivariable research is warranted to better understand
determinants of sexual risk behaviours among young adults.
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ABSTRACT

Babesia and Theileria are tick-borne haemoprotozoan parasites that infect a wide range of wild and
domestic animals. In this study, we investigated the prevalence of Babesia/Theileria infections in the
Lesser Egyptian Jerboa (Jaculus jaculus) from central Saudi Arabia. Blood samples from 187 jerboas
collected across six localities were screened using nested PCR targeting the 18S rRNA gene of
Babesia/Theileria spp. Overall, 33.7% (63/187) of the studied jerboas were positive for Babesia, while
11.8% (22/187) were infected with Theileria sp. phylogenetic analyses revealed that the detected
Babesia belong to B. microti species complex, whereas the Theileria sequences clustered with rodent-
associated lineage closely related to 7. senegalensis and T. youngi. Comparative analyses with previous
studies revealed that the observed prevalence is moderate to high relative to rodents from other biomes.
Ecological traits of J. jaculus including habitat use, maternal behavior, and interactions with ticks
infested vegetation, may facilitate parasite persistence in arid environments. This study provides the
first molecular evidence of Babesia and Theileria infections in J. jaculus from Saudi Arabia and
highlights the potential role of jerboas in the maintenance of tick-borne parasite. Further investigations
incorporating vector surveillance and border geographic sampling are needed to clarify transmission
dynamics and zoonotic risk.

Keywords: Jaculus jaculus; Babesia, Theileria;, NGS; Nested PCR; 18S; Saudi Arabia
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OZET

Amac

Hemoroidal hastalik(HH) cerrahi tedavisinde ameliyat sonrasi agri, rahatsizlik hissi, hastalik niiksii ve
diger komplikasyonlar 6nemli sorun teskil etmektedir. Bu nedenle son yillarda agrisiz tedavi arayisi
daha az invaziv tekniklerin ortaya ¢ikmasina ve yayginlasmasimna yol a¢cmustir. Hemoroid lazer
prosediirii (HeLP), hemoroid pakelerinin diyot lazerle biiziilmesini saglayarak tedavi eden minimal
invaziv bir prosediirdiir. Calismamizda hemoroidli hastalarda HeLP’in postoperatif agr1 ve diger
komplikasyonlar iizerine etkinligini analiz etmeyi amagladik.

Materyal ve Metod

Calismaya 60 hasta dahil edildi. Tiim islemler spinal anestezi altinda uygulandu. II-III derece hemoroidli
hastalara 1470nm diyot lazer kullanilarak bir HeLP uygulandi. Prosediir siiresi, ameliyat sonrasi agri
ve komplikasyonlar, semptomlarin diizelmesi ve giinliikk aktiviteye doniis siiresi retrospektif olarak
degerlendirildi. Ameliyattan sonra ortalama 12.5+6 ay takipte postoperatif agri, rahatsizlik hissi,
kanama ve niikks degerlendirildi.

Bulgular

HeLP ortalama 20.2+5(13-29) dakika siirdii. 39'u (%65.2) erkek, 21'i (%34.8) kadindi. Ortalama yas
50.7 idi (aralik: 20-59). 31 hasta grade 2 olarak smiflandirilirken, 29 hasta grade 3 olarak siniflandirildi.
Ortalama hastanede kalig siiresi 1.2 giin idi. Viziiel analog skala(VAS) ile degerlendirilen postoperatif
agr1 skoru son derece diisiik olarak tesbit edildi. Ortalama VAS skoru (0-10) operasyon sonrasi 6 saatte
1.28 idi. Bir giin sonra 0.61 tesbit edildi. Bu nedenle analjezik ilaglar sadece liizumu halinde uygulandi.
Hastalarm tamamu 1 giin sonra taburcu edildi ve 2 giin sonra giinliik aktivitelerine dondii. Ortalama 12
aylik takip periyodunda 4 (%6.6) hastada niiks goriildii. Grade 3 hemoroidli bir hastada 3 giin siiren
postoperatif kanama yasadi ve eritrosit siispansiyonu transfiizyon ihtiyaci olmadi. Grade 3 hemoroidli
bir bagka hastada konservatif tedavi ile ¢dziilen hematom gelisti. Grade 3 hemoroidli 5 hastada (%8.3)
postoperatif 6dem gelisti, hepsi konservatif tedavi ile iyilesti.

Sonug¢

HeLP diisiik bir postoperatif agr1 ve rahatsizlik oranlari, hastanede yatis siiresinin kisa olmas1 ve diisiik
niiks oranlar1 ile , HH tedavisinde agrisiz ve minimal invaziv teknik olarak diistliniilebilir.Yinede
prospektif cok merkezli ¢aligmalar ile sonuglar desteklenmelidir.

Anahtar Kelimeler: Hemoroidal hastalik, Lazer, Komplikasyon

ABSTRACT

Objective

Postoperative pain, discomfort, disease recurrence, and other complications pose significant problems
in the surgical treatment of hemorrhoidal disease (HD). Therefore, in recent years, the search for
painless treatment has led to the emergence and widespread use of less invasive techniques. Hemorrhoid
laser procedure (HeLP) is a minimally invasive procedure that treats hemorrhoidal packets by shrinking
them with a diode laser. In our study, we aimed to analyze the effectiveness of HeLP on postoperative
pain and other complications in patients with hemorrhoids.
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Material and Method

Sixty patients were included in the study. All procedures were performed under spinal anesthesia. A
HeLP procedure was performed on patients with grade II-1II hemorrhoids using a 1470nm diode laser.
Procedure time, postoperative pain and complications, symptom resolution, and return to daily activity
time were evaluated retrospectively. Postoperative pain, discomfort, bleeding, complications, and
recurrence were evaluated at a follow-up of an average of 12.5+6 months after surgery.

Results

HeLP lasted an average of 20.2+5(13-29) minutes. 39 (65.17%) were male and 21 (34.82%) were
female. The mean age was 50.7 (range: 20-59). 31 patients were classified as grade 2, while 29 patients
were classified as grade 3. The mean hospital stay was 1.2 days. The postoperative pain score, assessed
by visual analog scale (VAS), was found to be extremely low. The mean VAS score (0-10) was 1.28 at
6 hours post-operation and 0.61 one day later. Therefore, analgesic drugs were administered only when
necessary. All patients were discharged after 1 day and returned to their daily activities after 2 days.
During an average follow-up period of 12 months, recurrence was observed in 4 patients (6.6%). One
patient with Grade 3 hemorrhoids experienced postoperative bleeding lasting 3 days and did not require
erythrocyte suspension transfusion. Another patient with Grade 3 hemorrhoids developed a hematoma
that resolved with conservative treatment. Five patients (8.3%) with Grade 3 hemorrhoids developed
postoperative edema, all of which resolved with conservative treatment.

Conclusion

Help can be considered a painless and minimally invasive technique in the treatment of hemorrhoids
with low rates of postoperative pain and discomfort, short hospital stay, and low recurrence rates.
However, the results should be supported by prospective multicenter studies.

Keywords: Hemorrhoidal disease, Laser, Complication
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OZET

Immiinoniitrisyon, fizyolojik gereksinimin iizerinde &zel besin substratlar1 kullamlarak immiin ve
inflamatuvar yanitin diizenlenmesini amaclayan terapotik bir beslenme yaklagimidir. Omega-3 c¢oklu
doymamig yag asitleri, glutamin, arjinin ve niikleotidler basta olmak {izere immiinoniitrientler;
inflamasyonun baskilanmasi, hiicresel immiinitenin desteklenmesi ve doku iyilesmesinin
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hizlandirilmas1 yoluyla klasik beslenme desteginin 6tesine gegen etkiler gostermektedir. Son yillarda
kanser hastalarinda tedavi yamtim1 ve klinik prognozu iyilestirmeye yonelik c¢aligmalarda
immiinonutrisyon 6nemli bir arastirma alani hline gelmistir.

Kanser, diinya genelinde baglica 6liim nedenlerinden biridir ve malniitrisyon agisindan en yiiksek riskli
hastalik gruplar1 arasinda yer almaktadir. Tam1 aninda hastalarin %15-40’inda farkli derecelerde
beslenme yetersizligi goriildiigii bilinmektedir. Malniitrisyon; tedavi toksisitesini artirmakta, enfeksiyon
riskini yilikseltmekte ve sagkalimi olumsuz etkilemektedir. Bunun yami sira tiimoriin kendisi ve
uygulanan cerrahi, kemoterapi ve radyoterapi siirecleri kronik inflamasyon ve immiin yetmezlige yol
acarak kaseksi gelisimini hizlandirmaktadir. Glutamin, arjinin ve omega-3 yag asitleri gibi
immiinoniitrientlerin inflamatuvar belirtegleri azalttigi, mukozal bariyeri gii¢clendirdigi ve immiin
fonksiyonlar1 destekledigi bildirilmektedir.

Ozellikle gastrointestinal kanser cerrahisi gegiren hastalarda perioperatif enteral immiinoniitrisyon
uygulamalarinin postoperatif enfeksiyonlar1 ve hastanede kalig siiresini anlamli bigimde azalttig
gosterilmistir. Kemoterapi ve radyoterapi alan hastalarda ise omega-3 destegi ile viicut agirliginin
korunmasi ve yasam kalitesinde iyilesme; glutamin ile mukozit ve diyare siddetinde azalma gibi yararlar
rapor edilmektedir. Bununla birlikte formiil bilesimi, uygulama zamani, tedavi siiresi ve hastalarin
baslangi¢ beslenme durumu sonuglar1 belirgin bi¢cimde etkilemekte, kanitlarin heterojenligine yol
acmaktadir.

Bu bildirinin amaci, immiinoniitrisyonun onkoloji tedavi siirecinde etkinligini ve hangi hasta
gruplarmda, hangi i¢erik ve zamanlamayla daha etkili olabilecegini degerlendirmektir. Giincel literatiir
immiinoniitrisyonun kigisellestirilmis kanser tedavisinin ayrilmaz bir pargasi olma potansiyelini
giiclendirmekte; multidisipliner onkoloji yonetimindeki dnemine yeni bir perspektif sunmaktadir.
Anahtar Kelimeler: Kanser, Immiinonutrisyon, Malnutrisyon, Inflamasyon
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ABSTRACT

Immunonutrition is a therapeutic nutritional approach that aims to regulate immune and inflammatory
responses using specific nutritional substrates at doses exceeding physiological requirements.
Immunonutrients, particularly omega-3 polyunsaturated fatty acids, glutamine, arginine, and
nucleotides, exert effects beyond conventional nutritional support by suppressing inflammation,
enhancing cellular immunity, and accelerating tissue repair. In recent years, immunonutrition has
become an important research field focused on improving treatment response and clinical prognosis in
patients with cancer.

Cancer is one of the leading causes of death worldwide and represents a high-risk disease group in terms
of malnutrition. Approximately 15-40% of patients present with varying degrees of nutritional
deficiency at diagnosis. Malnutrition increases treatment toxicity, elevates infection risk, and negatively
affects survival. Moreover, the tumor itself and treatment modalities such as surgery, chemotherapy,
and radiotherapy contribute to chronic inflammation and immune dysfunction, accelerating the
development of cachexia. Immunonutrients including glutamine, arginine, and omega-3 fatty acids have
been reported to reduce inflammatory markers, strengthen the mucosal barrier, and support immune
functions.

In patients undergoing gastrointestinal cancer surgery, perioperative enteral immunonutrition
significantly reduces postoperative infections and length of hospital stay. During chemotherapy and
radiotherapy, omega-3 supplementation has been associated with preservation of body weight and
improvement in quality of life, while glutamine decreases the severity of mucositis and diarrhea.
However, formula composition, timing of administration, treatment duration, and baseline nutritional
status markedly influence outcomes, resulting in heterogeneity in the available evidence.

The aim of this paper is to evaluate the effectiveness of immunonutrition in the oncology treatment
process and to determine in which patient groups, with which components, and at what timing it may be
most beneficial. Current literature strengthens the potential of immunonutrition as an integral part of
personalized cancer therapy and offers a new perspective on its role in multidisciplinary oncology
management.

Keywords: Cancer, Immunonutrition, Malnutrition, Inflammation

GIRIS

Kanser, hiicrelerin kontrolsiiz sekilde boliinmesi ve ¢ogalmasiyla karakterize olup, bu hiicrelerin
viicudun farkli bolgelerine yayilabilmesiyle seyreden bir hastalik grubudur. Genellikle tek bir hastalik
olarak algilansa da kanser aslinda 100°den fazla farkli tiirii iceren heterojen bir tabloyu temsil
etmektedir. Amerikan Kanser Dernegi verilerine gore, Amerika Birlesik Devletleri’nde yasam boyu
kanser gelistirme riski erkeklerde yaklasik her iki kisiden birine, kadinlarda ise her {i¢ kisiden birinden
fazlasina karsilik gelmektedir ( Cancer Facts & Figures 2026.,2026). Bununla birlikte, Kanser, diinya
genelinde hastalik yiikii ve 6liim nedenleri arasinda ilk siralarda yer almakta olup, 2022 yil1 verilerine
gore yaklasik 20 milyon yeni olgu ve 9,7 milyon 6liim ile 6nemli bir halk saglig1 sorunu olusturmaktadir
(Fink ve ark., 2026). Kanser ile iliskili mortalite yalnizca tiimor progresyonuna bagl degildir. Ozellikle
kronik inflamasyon ve buna eslik eden malniitrisyon, kanser hastalarinda sik goriilen ve prognozu
olumsuz yonde etkileyen temel faktorlerdir (Bossi ve ark., 2021). Kanser hastalarinda gelisen kilo kayb1
yalnizca yetersiz enerji alimina bagh basit bir kalori kisithiligr degildir; ¢ogu olguda sistemik
inflamasyonla iligkili metabolik diizensizliklerin eslik ettigi kanser kaseksisi s6z konusudur (Arends,
2024; Bossi ve ark., 2021). Tiimor varligmma bagl artmis proinflamatuar sitokin yaniti, katabolik
siirecleri tetikleyerek yag ve kas dokusunda progresif kayba yol agmakta, bu durum ise malniitrisyonu
derinlestirmektedir. Bu dongii kirilmadig: siirece yalnizca tiimdre yonelik tedaviler yeterli olmamakta;
anabolizmanin desteklenmesi ve proinflamatuar siireglerin modiilasyonu klinik yonetimin temel
bilesenleri haline gelmektedir (Arends, 2024). Bu baglamda, kanser hastalarinda uygun ve zamaninda
planlanan beslenme destegi yalnizca enerji agiginin giderilmesini degil, tiimor kaynakli sistemik
inflamasyon ve katabolik siireclerin modiilasyonunu da hedeflemelidir (Narimatsu & Yaguchi, 2022).
Bu yaklagim, yasam kalitesinin korunmasina katki saglamanin yami sira, pankreas kanseri gibi kotii
prognozlu malignitelerde dahi tedavi etkinligini ve klinik sonuglar1 olumlu yonde etkileyebilmektedir
(Rovesti ve ark., 2021).
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Immiinoniitrisyon, kanser hastalarinda beslenme tedavisinin 6nemli bir bileseni olarak; bagisiklik
yanitin1 modiile etmeyi ve inflamasyonu azaltmay1 hedefleyen spesifik besin dgelerinin kullanimini
ifade etmektedir (Kazmierczak-Siedlecka ve ark., 2020). Arginin, glutamin, omega-3 yag asitleri,
niikleotidler ve probiyotikler gibi immiinoniitrientlerin; proinflamatuar sitokinleri azaltma, enfeksiyon
riskini diigiirme, bagirsak biitiinliigiinii destekleme ve hastanede kalis siiresini kisaltma gibi potansiyel
klinik yararlar1 bildirilmistir (Gianotti ve ark., 2024; Kazmierczak-Siedlecka ve ark., 2020; Ma ve ark.,
2024). Bu dogrultuda, kanser tedavisinde immiinoniitrisyonun klinik roliiniin biitiinciil bir bakis agistyla
degerlendirilmesi dnem tagimaktadir. Bu derlemenin amaci; kanser hastalarinda goriilen inflamasyon ve
malniitrisyonun patofizyolojik temelleri 1s18inda immiinoniitrisyonun mekanizmalarini, mevcut klinik
kanitlar1 ve uygulama alanlarinmi incelemek ve giincel literatlir dogrultusunda klinik énemini ortaya
koymaktir.

KANSERDE iMMUN SISTEM VE INFLAMASYON

Tiimér- immiin Sistem Etkilesimi

Timor hiicreleri, immiin sistemden kagis1 temel olarak iki ana mekanizma {izerinden gergeklestirir:

- Bagisiklik hiicreleri tarafindan taninmay1 azaltmak

- Timdr mikrogevresinde (TME) immiinsiipresif bir ortam olusturmak.

Ik mekanizmada, kanser hiicreleri yiizeylerindeki tiimér antijenlerinin veya insan 16kosit Antijen
molekiillerinin ~ ekspresyonunu  azaltarak sitotoksik T hiicreleri tarafindan tanmmaktan
engelleyebilmektedir. Antijen sunum mekanizmalarimin baskilanmasi ve dogal 6ldiiriicii (NK) hiicre
aktivasyonunda rol alan yilizey molekiillerinin down-regiilasyonu da immiin yanittan kagisi
kolaylastirmaktadir (Gonzalez ve ark., 2018; Patel ve ark., 2017).

Ikinci mekanizma ise tiimor kaynakli faktorler aracihiyla immiinsiipresif bir mikrogevrenin
olusturulmasini ig¢erir. Tiimor hiicreleri IL-10 ve TGF-f gibi baskilayici sitokinleri salgilayabilir, PD-
L1 gibi immiin kontrol noktas1 molekiillerini eksprese edebilir ve immiinsiipresif hiicrelerin timor
dokusuna infiltrasyonunu artirabilir. Bu siiregler sistemik inflamatuvar yanitin siirdiiriilmesine katkida
bulunarak IL-6, TNF-a ve CRP gibi proinflamatuar belirteglerin yiikselmesiyle iliskilidir. Sonug olarak,
tiimor ve immiin sistem arasimdaki bu dinamik etkilesim, kronik inflamasyon ve immiin baskilanma ile
karakterize karmasik bir patofizyolojik siire¢ olusturmaktadir (Gonzalez ve ark., 2018).

Kanser Kaseksisi ve Metabolik Degisimler

Kanser kaseksisi, 2011 yilinda Fearon ve arkadaglari tarafindan tanimlanan kriterlere gore; son 6 ay
icinde istemsiz olarak %35 ten fazla kilo kayb1 olmas1 veya beden kiitle indeksi (BKI) <20 kg/m? olan ya
da sarkopeni varlig1 bulunan bireylerde %2’den fazla istemsiz kilo kaybi saptanmasi durumunda tam
almaktadir (Fearon ve ark., 2011).

Kanser kageksisi, malignitenin olusturdugu ek metabolik ve inflamatuar yiik nedeniyle agir bir klinik
seyir gosterebilmektedir. Kaseksinin prevalansi tiimor tipine ve evresine gore degisiklik gostermekte,
kaseksiye yatkin kanser tiirlerinde dahi her hastada gelismemektedir. Bu farklilikta tiimoriin biyolojik
ozellikleri ve salgiladig1 faktorler belirleyici rol oynamaktadir (Compton ve ark., 2024).

Timor hiicreleri tarafindan salgilanan faktorler katabolizmayi uyararak ve inflamasyonu baslatarak
kaseksi siirecini tetikleyebilir. Tiimor mikro ¢evresinde hem kanser hiicreleri hem de immiin hiicreler
tarafindan salinan IL-6, IL-1 ve TNF-a gibi proinflamatuar sitokinler sistemik inflamasyona katkida
bulunmaktadir (Malla ve ark., 2022).

Kageksinin gelisiminde yalnizca inflamasyon degil, aym zamanda enerji metabolizmasindaki
degisiklikler de etkilidir. Kanser hastalarinda enerji harcamasinda hipo veya hipermetabolizma
gorililebilmekle birlikte, tiimor yiikii ve artmis tiimor glikolizi dinlenme enerji harcamasimi
artirabilmektedir (Purcell ve ark., 2016). Ozellikle karaciger metastazlar1 ve tiimor kaynakli laktatin
Cori dongiisii lizerinden glukoneogeneze katilmasi, enerji kaybini daha da artirarak negatif enerji
dengesini derinlestirebilir. Sonu¢ olarak kanser kaseksisi; inflamasyon, artmig katabolizma ve enerji
dengesizliginin karsilikli etkilesimiyle ilerleyen, kompleks ve cok faktorli bir patofizyolojik siirectir
(Compton ve ark., 2024).
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IMMUNONUTRISYON VE BILESENLERI

Immiinoniitrisyon, bagisiklik ve inflamatuvar yolaklarda yer alan &zgiil mekanizmalar1 modiile etme
kapasitesine sahip “immiinoniitrient” olarak adlandirilan spesifik besin substratlarinin kullanimi olarak
tammlanmaktadir. En fazla arastirilan immiinoniitrientler arasimda omega-3 yag asitleri, glutamin,
kiikiirt igeren amino asitler, antioksidanlar, arjinin ve niikleotidler yer almakta olup, bu bilegenler tek
basma ya da gesitli kombinasyonlar halinde uygulanabilmektedir (Cintoni & Mele, 2023). Kanser
beslenme tedavisinde immiinonutrisyonun kullanilmasinin amact immiin sistemin gelistirilmesi ve
bununla birlikte beslenme tedavisinin etkinligini arttirmaktir (Kazmierczak-Siedlecka ve ark., 2020).
Kanser hastaliklarmda immiinonutrisyon tedavisinde immiinonutrient olarak yayginca kullanilan
bilesenler sunlardir:

- Omega-3 Yag Asitleri

- Aminoasitler

- Birden fazla immiinoniitrienti iceren kombine immiinoniitrisyon formdilleri

Omega-3 Yag Asitleri

Eikosapentaenoik asit (EPA), omega-3 yag asitleri sinifinda yer almakta olup, inflamatuvar yanitin
diizenlenmesinde 6nemli rol oynayan niikleer transkripsiyon faktoérii NF-kB’nin aktivitesini inhibe
edebilmektedir. NF-kB; proinflamatuar sitokin iiretimini artirmasimnin yani sira hiicre proliferasyonu,
anjiyogenez ve metastaz siire¢lerinde de etkili oldugundan, timdr progresyonu ile yakindan iligkilidir.
EPA’nin NF-«B’yi baskilamasi sonucunda IL-6 basta olmak iizere IL-1 ve TNF-a gibi proinflamatuar
sitokinlerin iiretimi azalabilmektedir (Kazmierczak-Siedlecka ve ark., 2020).

Wang ve arkadaslari tarafindan yiiriitilen kemoterapi ve/veya radyoterapi alan kanser hastalarmi
kapsayan 22 randomize kontrollii ¢alismanin (n=1155) degerlendirildigi bir meta-analizde, omega-3
¢oklu doymamus yag asitleri (w-3 PUFA) ile zenginlestirilmis oral beslenme desteklerinin viicut agirlig
ve BKI’de anlaml1 artis sagladigl; CRP, TNF-a ve IL-6 gibi inflamatuvar belirtegleri azalttig1 ve advers
olay insidansini diistirdiigii bildirilmistir. Bu bulgular, kemoradyoterapi siirecindeki hastalarda omega-
3 ile zenginlestirilmis beslenme desteginin beslenme durumunun korunmasina ve inflamasyonun
modiilasyonuna katki saglayabilecegine isaret etmektedir (Wang ve ark., 2023).

Benzer bir sekilde kanser hastalarinda n-3 ¢oklu doymamus yag asitlerinin (n-3 PUFA) proinflamatuar
sitokinler {izerindeki etkilerini degerlendiren 20 randomize kontrollii caligmay1 (n=971) i¢eren bir meta-
analizde, n-3 PUFA uygulamasinin dolasimdaki IL-6 ve TNF diizeylerinde anlamli azalma ile iligkili
oldugu gosterilmistir (Guo ve ark., 2023). Kolorektal kanserli hastalar1 kapsayan ag meta-analizinde,
omega-3 yag asitlerinin ozellikle arjinin ile kombine edildiginde IL-6 diizeylerinde anlamli azalma
sagladig bildirilmistir (Ye ve ark., 2023).

Literatiirde ileri evre kiiciik hiicreli dis1 akciger kanseri ve kanser kageksisi olan hastalarda omega-3 yag
asidi desteginin, viicut agirliginda artis sagladigi ve saglikla iligkili yasam kalitesini, 6zellikle genel
saglik algis1 ve fiziksel fonksiyon diizeyini iyilestirdigi bildirilmektedir (Chua ve ark., 2024). Bununla
birlikte, kanser kageksisi olan hastalar1 kapsayan genis 6l¢ekli bir meta-analizde, n-3 ¢oklu doymanmuis
yag asitlerinin viicut agirlig1 ve yagsiz viicut kiitlesi iizerinde anlamli bir etkisi gosterilememis; ancak
yasam kalitesinde iyilesme ve medyan sagkalim siiresinde artis ile iliskili oldugu bildirilmistir (Jin ve
ark., 2022). Bu bulgular, omega-3 yag asitlerinin kaseksi yonetimindeki etkilerinin hasta popiilasyonu,
hastalik evresi ve calisma tasarimina bagli olarak degiskenlik gosterebilecegini diistindiirmektedir.
Farkli omega-3 ¢oklu doymamis yag asidi (w-3 PUFA) formlarmin kanser hastalarinda beslenme
parametreleri {izerindeki etkilerini karsilastiran bir ¢caligmada, 6zellikle DHA+EPA kombinasyonunun
viicut agirlig1 ve BK1 iizerinde kontrol grubuna kiyasla anlamli iyilesme sagladig1 bildirilmistir (Lu ve
ark., 2025). Bu bulgular, omega-3 yag asitlerinin etkilerinin kullanilan formiilasyon ve kompozisyona
gore farklilagabilecegine isaret etmektedir.

Avrupa Klinik Beslenme ve Metabolizma Dernegi (ESPEN) kilavuzlarinda ise ileri evre kanseri olan ve
kemoterapi siirecinde kilo kayb1 riski tasiyan veya malniitrisyonu bulunan hastalarda uzun zincirli n-3
yag asitleri ya da balik yag1 desteginin istahi, besin alimini, yagsiz viicut kiitlesini ve viicut agirligim
stabilize etmek veya iyilestirmek amaciyla kullanilabilecegi belirtilmektedir (Muscaritoli ve ark., 2021).
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Aminositler

Arjinin, protein sentezi basta olmak {izere ornitin, nitrik oksit (NO), poliaminler, prolin, glutamik asit,
glutamin ve kreatin sentezinde rol alan temel bir amino asittir. Bununla birlikte, yaniklar ve kanser
kageksisi gibi katabolizmanin belirgin oldugu klinik durumlarda arjinin gereksinimi artmaktadir.
Arjininin endojen sentezi baslica bobrekler ve enterositlerde gerceklesirken, viicut i¢in temel kaynagi
diyet olup ozellikle bitkisel proteinler arjinin agisindan zengindir. Arjinin bir¢ok metabolik siirecte
gorev almakla birlikte, en 6nemli islevlerinden biri nitrik oksit (NO) sentezine katilmasidir. Vaskiiler
endotelyal hiicrelerde nitrik oksit sentaz (NOS) enzimi araciligiyla NO iiretiminde tek ve 6zgiil substrat
olarak gorev yapmaktadir (Kazmierczak-Siedlecka ve ark., 2020).

Bag-boyun kanseri nedeniyle cerrahi uygulanan hastalarda arjinin ile zenginlestirilmis enteral
beslenmenin etkilerini degerlendiren alt1 randomize kontrollii ¢alismayr (n=397) igeren bir meta-
analizde, perioperatif donemde arjinin desteginin fistiil gelisimini anlamli diizeyde azalttig1 ve hastanede
kalig siiresini kisalttigi bildirilmistir. Buna kargin yara enfeksiyonlari ve diger enfeksiyon oranlarinda
anlamli bir azalma saptanmamug, ayrica arjinin uygulamasinin diyare insidansmi artirmadigi
gosterilmistir (Vidal-Casariego ve ark., 2014). Benzer sekilde, kolorektal kanserli hastalar1 kapsayan
daha genis Olgekli bir meta-analizde de arjinin desteginin humoral immiin yaniti gii¢lendirdigi ve
anastomoz kacagi ile cerrahi alan enfeksiyonu oranlarini azalttigi bildirilmistir. Ayrica arjinin
uygulamasiin hastanede kalis siiresini kisaltabilecegi gosterilmistir (Ouyang ve ark., 2024). Bu
bulgular, arjininin 6zellikle cerrahi onkoloji hastalarinda immiin fonksiyonun desteklenmesi ve
postoperatif komplikasyonlarin azaltilmast agisindan potansiyel klinik yarar saglayabilecegini
diisiindiirmektedir

Kanserde kas kaybinin patofizyolojisi ¢ok faktorlii bir yapisi olsa da kas kiitlesinin korunmasinda yeterli
ve kaliteli besin alimi temel bir gerekliliktir. Losin metabolizmasinin bir iirlinii olan p-hidroksi -
metilbiitirat (HMB), anabolik potansiyeli nedeniyle kas kiitlesinin korunmasinda dikkat ceken
bilesenlerden biridir. Endojen iiretimi sinirli oldugundan terapétik etki igin genellikle 3 g/giin dozunda
takviye seklinde uygulanmaktadir (Bear ve ark., 2019). HMB’nin kas saglig1 tizerindeki etkilerinin,
mTOR yolunun ve biiyiime hormonu/IGF ekseninin aktivasyonu yoluyla protein sentezini artirmasi ve
ubikuitin—proteazom ile otofaji—lizozom sistemlerini baskilayarak protein yikimini azaltmasi iizerinden
gergeklestigi diisiiniilmektedir. Farkli klinik popiilasyonlarda yapilan ¢alismalar, HMB nin kas kiitlesi
ve giicli lizerinde kiiciik fakat olumlu etkiler saglayabildigini gostermektedir (Gerlinger-Romero ve ark.,
2011; Wilkinson ve ark., 2013).

HMB takviyesinin etkilerini inceleyen 15 calismay1 kapsayan sistematik bir derlemede, metodolojik
kalitesi daha yiiksek calismalar temel alindiginda HMB desteginin kas kiitlesi ve kas fonksiyonu
iizerinde tutarli bicimde olumlu etkiler gdsterdigi; ayrica hastanede kalis siiresi ve sagkalim iizerinde
potansiyel yarar saglayabilecegi bildirilmistir (Prado ve ark., 2022). Bu bulgular1 destekler nitelikte,
bas-boyun skuamdéz hiicreli karsinomlu ve platin bazli es zamanli kemoradyoterapi alan hastalarda
gerceklestirilen randomize bir ¢alismada, HMB/arjinin/glutamin (HMB/Arg/Gln) kombinasyonunun
ozellikle gec fazda gelisen evre 3 mukozit insidansim anlamli diizeyde azalttig1 ve tedaviye baglh viicut
agirligi kaybini siirladigr gosterilmistir (Kuroki ve ark., 2023). Benzer sekilde, neoadjuvan tedavi
siirecinde multimodal prehabilitasyon programina entegre edilen HMB desteginin degerlendirildigi
retrospektif bir calismada, HMB alan hastalarda fiziksel performans gostergelerinde, 6zellikle 30 saniye
Sandalye Kalkma Testi sonuglarinda anlamli iyilesme saptanmustir (Fiorindi ve ark., 2025). Bu veriler,
HMB’nin kanser hastalarinda kas fonksiyonunun korunmasi ve tedaviye bagli fonksiyonel kayiplarin
sinirlandirilmasi agisindan potansiyel katk: saglayabilecegini diisiindiirmektedir.

Glutamin ise kosullu esansiyel bir amino asit olup ATP sentezi, glutatyon {iretimi ve hiicresel
antioksidan savunmada 6nemli rol oynar. Bagirsak mukozasinin biitiinliigiinii ve GALT fonksiyonunu
destekleyerek proinflamatuar sitokin iiretiminin modiilasyonuna katki saglar; bu nedenle 6zellikle
cerrahi sonrasi donemde immiinoniitrisyonun 6nemli bilegsenlerinden biri olarak degerlendirilmektedir.
Bununla birlikte, glutamin metabolizmasi kanser hiicrelerinin enerji gereksinimi ile yakindan iligkili
olup “glutaminoliz” tiimdér metabolizmasinin karakteristik o6zelliklerinden biridir (Kazmierczak-
Siedlecka ve ark., 2020).
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Radikal cerrahi uygulanan kolorektal kanserli hastalarda yapilan 31 randomize kontrollii ¢aligmanin
meta-analizinde, glutamin desteginin humoral ve hiicresel immiin yanit1 iyilestirdigi; cerrahi alan
enfeksiyonu ve anastomoz kagagi oranlarini azalttigi ve hastanede kalis siiresini kisalttigr bildirilmistir.
Glutaminin postoperatif donemde immiin destek ve komplikasyonlarin azaltilmasi agisindan potansiyel
yarar saglayabilmektedir (Yang ve ark., 2021). Buna karsin, bas-boyun kanserli ve radyoterapi +
kemoterapi alan hastalarda yapilan meta-analizde oral glutaminin radyasyona bagl oral mukozit
insidansi ve siddetini anlamli diizeyde azaltmadigi; ancak opioid kullanimini smirlayarak oral agrinin
hafifletilmesine katki saglayabilecegi bildirilmistir (Shuai ve ark., 2020). Bu veriler, glutaminin
etkilerinin hastalik tipi ve tedavi baglamina goére farklilik gosterebilecegini diisiindiirmektedir.
Glutaminin klinik etkilerine iligkin ¢eligkili bulgular nedeniyle, ESPEN kilavuzlarinda da glutamin
kullanimina yonelik gii¢lii bir 6neri bulunmamaktadir (Muscaritoli ve ark., 2021).

Birden Fazla Immiinoniitrienti iceren Kombine immiinoniitrisyon Formiilleri
Immiinoniitrisyonun klinik degeri hasta popiilasyonuna ve uygulama baglamina ve icerigine gére
degiskenlik gosterebilmektedir. Elektif major cerrahi gegiren kanser hastalarim kapsayan bir meta-
analizde, perioperatif donemde immiinomodiilator ajanlar igeren formiillerin enfeksiy6z morbiditeyi,
anastomoz kagagim, postoperatif komplikasyonlar1 ve hastanede kalig siiresini anlamli diizeyde
azalttig1; ozellikle arjinin, balik yagi ve RNA niikleotidlerini birlikte igeren ve perioperatif siirecin
tamaminda uygulanan kombinasyonlarin daha belirgin yarar sagladigi bildirilmistir (Kavalukas &
McClave, 2023). Buna karsin, bag-boyun kanseri nedeniyle elektif cerrahi uygulanan hastalarda yapilan
ve 19 randomize kontrollii ¢alismay1 igeren Cochrane derlemesinde, immiinoniitrisyonun hastanede
kalig siiresi, yara enfeksiyonu, beslenme toleransi ve mortalite {izerinde anlamli bir etkisi
gosterilememis; yalnizca postoperatif fistiil riskinde azalma olabilecegine dair diisiik kaliteli kanit
saptanmistir (Howes ve ark., 2018). Benzer sekilde, kanser kaseksisinde beslenme miidahalelerini
inceleyen bir sistematik derlemede bazi ¢alismalarda EPA, B-HMB, arjinin ve glutamin ile viicut
agirliginda artis bildirilmis olsa da, sonuglar genel olarak tutarsiz bulunmus ve GRADE metodolojisine
gore bu destekler i¢in giiglii bir Oneri yapilamamustir (Braha ve ark., 2022). Bu veriler,
immiinoniitrisyonun potansiyel yararlarina ragmen, klinik pratige gii¢lii 6nerilerle yansitilabilmesi i¢in
daha yiiksek kalitede kanitlara ihtiya¢ oldugunu gostermektedir. ESPEN kilavuzlarinda da kanser
kaseksisinde yagsiz viicut kiitlesini artirmak amaciyla dalli zincirli amino asitler veya HMB gibi amino
asit metabolitlerinin kullanimin1 destekleyecek yeterli ve tutarli kanit bulunmadiginin alt1 ¢izilmektedir
(Muscaritoli ve ark., 2021).

Immiinoniitrisyonun klinik kullanimina bakildiginda, 6zellikle gastrointestinal kanserlerde perioperatif
donemde uygulandiginda postoperatif enfeksiyonlar1 ve hastanede kalis siiresini azaltma potansiyeli
nedeniyle ESPEN kilavuzlar1 tarafindan malniitrisyon riski olan cerrahi hastalarda Onerilmektedir.
Radyoterapi ve kemoterapi alan hastalarda glutamin ve omega-3 yag asitleriyle mukozit ve inflamasyon
iizerine olas1 yararlar bildirilmis olsa da kamtlar heterojendir. Kaseksili hastalarda yasam kalitesi ve
sagkalimda iyilesme gozlenebilmekle birlikte kilo artis1 iizerindeki etkiler tutarsizdir; immiinoterapi
baglaminda ise veri sinirhdir (Liu ve ark., 2024). Genel olarak, optimal icerik ve uygulama stratejisini
belirlemek i¢in daha giiclii randomize ¢aligmalara ihtiya¢ bulunmaktadir.

SONUC

Sonug olarak, kanser hastalarinda inflamasyon, immiin disregiilasyon ve malniitrisyonun i¢ ice gectigi
karmasik patofizyolojik silire¢, beslenme tedavisinin yalnizca enerji destegi ile sinirli kalmamasi
gerektigini gostermektedir. Immiinoniitrisyon; omega-3 yag asitleri, arjinin, glutamin ve HMB gibi
spesifik bilesenler araciligiyla inflamatuvar yanitin modiilasyonu, immiin fonksiyonun desteklenmesi
ve postoperatif komplikasyonlarin azaltilmasi agisindan o6zellikle cerrahi onkoloji hastalarinda umut
vadeden bir yaklasim sunmaktadir. Bununla birlikte, kemoradyoterapi ve kaseksi baglaminda elde
edilen bulgular daha heterojen olup, yasam kalitesi ve bazi klinik parametrelerde iyilesme bildirilse de
kilo artigi, yagsiz viicut kiitlesi ve mortalite iizerindeki etkiler tutarli degildir. Mevcut kamtlar,
immiinontitrisyonun se¢ilmis hasta gruplarinda yarar saglayabilecegini diislindiirmekle birlikte, optimal
icerik, doz, siire ve hasta seciminin netlestirilmesi i¢in daha yiiksek kalitede, iyi tasarlanmis randomize
kontrollii caligmalara gereksinim oldugunu ortaya koymaktadir.
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ABSTRACT

Aicardi-Goutiéres Syndrome (AGS) is a rare genetic disorder characterized by early-onset
neuroinflammation. The disease presents with findings such as delayed brain development, seizures,
severe irritability and characteristic intracranial calcifications. AGS is caused by mutations in the
RNASEH2C gene and other related genes, leading to chronic interferon-mediated immune activation
and white matter damage. In some cases, metabolic manifestations such as familial partial lipodystrophy
may also be observed.The diagnosis is confirmed by genetic analysis, and treatment is generally focused
on symptomatic and supportive care. AGS is an important genetic disorder that should be considered in
the differential diagnosis of early-onset encephalopathy. A 3-month-old male infant was admitted to our
clinic with complaints of high fever, cough, respiratory failure, and delayed physical and intellectual
development. The patient had a pathological condition caused by a genetically confirmed RNASEH2C
¢.478C>T gene variant. Early diagnosis has prognostic significance in preventing progressive
neurological symptoms and mortality.

Keywords: Aicardi—Goutiéres Syndrome, RNASEH2C, infant, early-onset encephalopathy

INTRODUCTION

Aicardi-Goutieres syndrome is a group of inherited neuroinflammatory disorders that clinically mimic
congenital viral infections. AGS was first described in 1984 and is now recognized as a type |
interferonopathy. Several genetic subtypes have been identified, among which AGS3 is one of the most
common. The disease follows an autosomal recessive inheritance pattern and typically presents in early
infancy. The disease typically presents in infancy with progressive encephalopathy, intracranial
calcifications, leukodystrophy and systemic inflammatory features that mimic congenital viral infection.

Case Presentation

A child aged 1 year and 4 months, born from the third pregnancy and second delivery at 36 weeks of
gestation by operative (surgical) delivery, with a birth weight of 3100 gr. The mother’s first pregnancy
at the age of 21 years resulted in the birth of a full-term boy, currently 7 years old, whose somatic and
neurological development is age-appropriate, with noted visual impairment. The second pregnancy at
the age of 25 years ended in a spontaneous miscarriage at 4 weeks of gestation, with unknown etiology.
The current pregnancy proceeded relatively satisfactorily, without acute infectious diseases or severe
complications. In the last months of gestation, anemia was diagnosed in both the mother and the fetus,
which raised concerns about potential perinatal neurological disorders. In the third trimester, the
pregnancy was managed under enhanced dynamic monitoring, with regular ultrasound examinations,
Doppler studies, and fetal heart rate monitoring performed up to twice weekly. There was no
consanguinity between the parents. The family history was unremarkable. Immediately after birth, the
infant cried, however, the sucking reflex was absent, and feeding was therefore provided with breast
milk via a feeding tube.
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In the early neonatal period, the child developed respiratory failure and respiratory distress syndrome,
requiring respiratory support using CPAP, which resulted in improvement of respiratory function and
restoration of spontaneous breathing. On the 20th day of life, necrotizing enterocolitis developed; the
administered therapy led to clinical improvement. From the age of 3 months, due to the absence of
independent feeding skills, the child was fed via a nasogastric tube, which continued until 5-6 months
of age. After the introduction of thicker foods (porridge and purées), the need for tube feeding was
eliminated.

At present, the child feeds independently on puréed and semi-solid foods, while marked difficulties with
liquid intake persist. At the age of 1 year and 4 months, the child demonstrates severe psychomotor
developmental delay: the child cannot hold the head, does not sit or walk, has a fixed gaze and minimal
speech activity. Episodes of jerking movements followed by crying are noted, without clinically overt
seizure activity. Currently, the weight is 10.5 kg, height is 80 cm and head circumference is 46 cm.
Muscle tone is markedly reduced in the lower extremities, while limited activity is preserved in the
upper extremities.

Laboratory findings (at the time of hospitalization):

Complete blood count (CBC): WBC: 13.22 x10%uL, RBC: 2.44 x10¢uL, Hemoglobin (HGB): 7.1
g/dL, Hematocrit (HCT): 22.6%, Mean corpuscular volume (MCV): 92.6 fL, Red cell distribution
width—SD (RDW-SD): 60 fL, Lymphocytes (LYM): 7.09 x10%/uL, Monocytes (MON): 1.38 x103/uL,
Platelets (PLT): 110 x103/Ml

Biochemical parameters: Iron: 479.6 ng/mL, Ferritin: 466 ng/mL, Lactate dehydrogenase (LDH): 360
U/L, Alanine aminotransferase (ALT): 27.05 U/L, Aspartate aminotransferase (AST): 26.7 U/L,Total
bilirubin: 0.20 mg/mL, Direct bilirubin: 0.09 mg/mL,Folic acid: 20.0 ng/mL, Vitamin B12: 222 pg/mL,
Vitamin D(25-OH)Total-101ng/ml, Total cholesterol: 122 mg/dL,LDL cholesterol-86 mg/dl,
Triglycerides (TG / TGL)-144mg/dL, Glucose-76 mg/dL, HDL cholesterol-29 mg/dL, Insulin: 6.1
TU/mL

Instrumental investigations: Neurosonography:
Dilatation of the lateral ventricles was detected: Right: 7/6 mm, Left: 7/6 mm (normal < 4 mm)
Conclusion: signs of mineralizing vasculopathy and moderate dilatation of the lateral ventricles.

Echocardiography (color Doppler echocardiography):
e Left ventricular systolic function: LVEF = 67%
Mitral valve: no pathology
Tricuspid and pulmonary valves: mild regurgitation
Aortic valve: probably functionally bicuspid, mild regurgitation
Visceroatrial situs: situs solitus
Atrioventricular and ventriculoarterial connections: concordant
Interatrial septum: secundum-type atrial septal defect (ASD), 2.3 mm

Cranial MRI findings:

1. Cortical atrophy: Both cerebral hemispheres show reduced cortical volume, deepened sulci,
enlarged subarachnoid spaces and dilatation of the lateral and third ventricles (atrophy).

2. White matter signal abnormalities: White matter of both cerebral hemispheres is diffusely
hyperintense on T2-weighted images (T2WI) and diffusely hypointense on T 1-weighted images
(T1WI), consistent with defective myelination.

3. Internal capsules: Similar signal changes are observed along both internal capsules.

4. Cerebellar white matter: Increased signal intensity in the white matter of the cerebellar
hemispheres on T2WI.

5. FLAIR imaging: The FLAIR signal of the cerebral white matter is hypointense, close in
intensity to CSF.
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6. Subcortical involvement: This pathological signal, affecting the entire white matter, also
involves the subcortical “U” fibers.

7. Diffusion restriction: No diffusion restriction detected in the cerebral or cerebellar white matter.

8. Corpus callosum: Thinned.

9. Basal ganglia and thalami: Normal bilaterally. Brainstem: unremarkable.

Genetic testing:

Due to suspected inherited metabolic disorder, molecular genetic analysis was performed.
Whole-genome sequencing of peripheral blood DNA revealed: A heterozygous missense mutation in
the LMNA gene (c.1357C>Q), Lipodystrophy, familial partial, type 2 OMIM#151660. classified as
likely pathogenic based on: A homozygous nonsense mutation in the RNASEH2C gene (c.478C>T)
confirming the diagnosis of Aicardi-Goutieres syndrome 3.

On physical examination, the patient exhibited microcephaly, axial hypotonia with evolving spasticity
in the lower limbs, and poor visual tracking. Erythematous lesions are observed on the upper eyelids.
No dysmorphic facial features were observed. Intermittent low-grade fevers were reported by the
parents. Neurological examination showed increased muscle tone, exaggerated deep tendon reflexes,
developmental delay or regression, spasticity and dystonia, seizures, hypotonia evolving into hypertonia.
Feeding difficulties and failure to thrive were also noted.

MANAGEMENT AND TREATMENT
There is no curative treatment for AGS3. Management is primarily supportive and symptomatic:
Antiepileptic drugs for seizure control, physiotherapy and rehabilitation, nutritional support. Recent
studies suggest potential benefit from: Janus kinase (JAK) inhibitors, which reduce interferon signaling,
experimental anti-inflammatory and immunomodulatory therapies. Early diagnosis may improve
symptom management and quality of life

PROGNOSIS

Aicardi-Goutiéres syndrome type 3 is a severe, early-onset neuroinflammatory disorder caused by
biallelic pathogenic variants in the RNASEH2C gene. The prognosis is generally poor, though it varies
depending on the age of onset, severity of neurological involvement, and quality of supportive care. The
prognosis of AGS3 is variable. Some patients experience severe neurological disability, while others
retain partial motor and cognitive function.

CONCLUSION AND DISCUSSION

Aicardi-Goutieres syndrome type 3 is a rare genetic interferonopathy caused by mutations in the
RNASEH?2C gene. It presents with early-onset neuroinflammation and variable neurological impairment.
Advances in genetic testing and understanding of interferon signaling have improved diagnosis and
opened new avenues for targeted therapy. Continued research is essential to develop effective treatments
for this debilitating condition. This case underscores the importance of considering Aicardi—Goutiéres
syndrome type 3 in infants presenting with early-onset neurodevelopmental regression and intracranial
calcifications. Early genetic diagnosis allows appropriate management, avoidance of unnecessary
antiviral treatments, and accurate family counseling.
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ABSTRACT

The golden jackal (Canis aureus) is a medium-sized wild canid species that has recently expanded its
range across southeastern Europe and Anatolia. Increasing urbanization and habitat fragmentation have
led to more frequent vehicle—wildlife collisions, resulting in a higher incidence of traumatic injuries
among wild carnivores. Despite this, clinical data regarding the surgical management and rehabilitation
of golden jackals are scarce in the veterinary literature. This case report aims to describe the clinical
findings, surgical stabilization, and rehabilitation process of a golden jackal with a distal femoral
fracture, thereby contributing to the understanding of orthopaedic trauma management in this species.
A juvenile golden jackal was found injured near a main road and brought to our wildlife unit. Physical
examination revealed non-weight-bearing lameness of the left hindlimb and abrasions around the stifle
joint. Radiographic evaluation confirmed a Salter—Harris Type Il fracture of the left distal femur. The
fracture was surgically stabilized using two 1.5 mm crossed intramedullary Kirschner wires under
general anaesthesia. Postoperative care included analgesic and antibiotic administration, movement
restriction for seven days, and subsequent gradual physiotherapy. Progressive weight-bearing was
observed by the third postoperative week. Radiographic follow-up demonstrated proper bone union. The
jackal regained full mobility and was successfully released back into its natural habitat on postoperative
day 40. Intramedullary cross-pinning effectively stabilizes distal femoral fractures in golden jackals,
highlighting the importance of early orthopaedic intervention and species-specific postoperative care in
wildlife medicine.

Keywords: Canis aureus, Distal femur fracture, Orthopaedics, Rehabilitation, Wild mammals

INTRODUCTION

Golden jackals are found in a range of habitats shaped by human activity, including natural deciduous
and mixed forests, woodland and scrubland areas, in lowland regions surrounding deltas and plains, pine
forests, maquis shrublands, river habitats, and anthropogenic or degraded environments such as
agricultural lands (Ambarli et al., 2016). In Tiirkiye, golden jackals are primarily distributed across most
coastal regions and along river valleys in the interior, up to altitudes of 1,500 metres (Ambarl et al.,
2016). A small population is also present in high-altitude riverine habitats in the southeastern region
(Ambarh et al., 2016). Golden jackals inhabit approximately two-thirds of the country, covering an
estimated area of 289,350 km?, with the exception of the high plateaus and mountainous regions of
Central Anatolia, parts of the Mediterranean, and Eastern Anatolia (Ambarli et al., 2016). Recently, the
dispersal movements of jackal populations into Central and Eastern Anatolia via riverbeds and road
networks have been observed (Ambarli and Bilgin, 2013). The primary threats to golden jackals in
Turkey are habitat destruction due to the construction of hydroelectric power plants, the development
of new roads, and the degradation of riverine habitats, particularly in the Black Sea and Mediterranean
regions. In other parts of the country, overhunting and road mortality caused by vehicle collisions
constitute the main threats (Ambarl et al., 2016).
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Although reports on fracture treatment in golden jackals are limited (Nikzad et al., 2022), this case report
aims to describe the surgical procedure, postoperative findings, and rehabilitation process of a golden
jackal with a Salter—Harris Type II distal femoral fracture.

MATERIALS AND METHODS
A 6-month-old, 6 kg male golden jackal was presented to the Department of Wild Animal Diseases,
Faculty of Veterinary Medicine, Ondokuz Mayis University, after being found near a roadside by a
civilian. The procedures followed in the present study are part of routine veterinary practice and
constitute a routine treatment/intervention for animals with traumatic lesions. Therefore, since the
presented study falls within the scope of "Clinical applications for diagnosis and treatment purposes",
which is described in the first article of the "Regulation on the working procedures and principles of
animal experiments ethics committees” said regulation, the HADYEK permission of the Local Ethics
Committee for Animal Experiments (HADYEK) was not required (Article 8, paragraph (k) of the
"Regulation on the working procedures and principles of animal experiments ethics committees,
February 15, 2014 / 28914). Information regarding the golden jackal's location and initial physical
condition was provided by the member of the public who brought the animal to the clinic. On
presentation, clinical examination revealed superficial abrasions and non-weight-bearing lameness of
the left hindlimb. The jackal was in a debilitated state, consistent with a juvenile individual having
sustained recent trauma. Physical, orthopaedic, and neurological assessments, as well as sample
collection for laboratory analysis, were conducted under light restraint using an appropriate mouth mask.
Anisocoria was observed during the neurological examination, raising suspicion of cranial trauma.
Consequently, oral intake of food and water was withheld, and supportive intravenous fluid therapy was
initiated to ensure hydration and systemic stability.

Blood samples were collected for Complete Blood Count (CBC) examination and Canine Distemper
Virus (CDV) analysis. In addition, for the definitive diagnosis of CDV infection, conjunctival swab
samples were taken and CDV antibody and antigen titration values were analysed using the V-check
V200 device. The results of the CDV Ag and Ab test kits were negatlve The hemogram values in the
CBC analysis showed no abnormalities. %

Following the laboratory analyses, the
examination and rehabilitation process of the
golden jackal was initiated. The golden jackal's
general condition, including the head trauma,
was stabilized prior to surgery through
supportive treatments. Crepitation and pain
were evident on palpation of the left femur.
Radiographic  examination revealed no
abnormality in the thorax. Mediolateral and
craniocaudal views of the left hind limb
revealed a Salter-Harris type Il fracture at the
distal femur (Figure 1).

Crystalloid and colloid balanced electrolyte
solutions and 5% dextrose solution were
prepared for the supportive treatment of the
golden jackal in the intensive care unit. They
were administered ['V at a dose of 20 ml/kg/hour
to prevent hypoglycaemia due to fasting.
Ceftriaxone sodium was administered at a dose
of 30 mg/kg twice daily preoperatively and for
7 days postoperatively for antibacterial

Figure 4: Preoperative radiographic views of the case. (A)

. . Mediolateral and (B) craniocaudal radiographic views of
treatment. Meloxicam 0.2 mg/kg daily was the hind limbs of a golden jackal. Note the Salter-Harris

given preoperatively and for 4 days Type II fracture of the left femur.
postoperatively for analgesic treatment, and

ranitidine 2 mg/kg was administered.
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A constant rate infusion (30 mg ketamine, 150 mg lidocaine and 10 mg morphine in 500 ml 0.9% NaCl)
was administered for multimodal analgesia at 10 ml/kg/h intraoperatively and 2 ml/kg/h postoperatively.
Mannitol was used at 1.5 g/kg IV every 8 hours on the first day. The golden jackal was hospitalised in
an environment with reduced stressors, such as noise, light, and human-animal sounds. After 36 hours
of continued treatment, the golden jackal’s neurological examination was normal.

The anaesthesia was initiated in the golden jackal with an induction dose of approximately 6 mg/kg
propofol. The golden jackal was intubated, and the anaesthesia was maintained with 2% isoflurane in
oxygen. The golden jackal was placed in right lateral recumbency. The left hind limb was clipped and
prepared under aseptic surgical conditions. Hypochlorous acid was applied to the area for asepsis. The
distal femur was approached surgically through a lateral parapatellar incision. Anatomical reduction of
the fracture fragments was achieved.

The fracture was stabilised with two 1.5 mm intramedullary cross K-wires from the lateral and medial
condyles towards the proximal femur (Figures 2A, B, C, D). The surgical site was closed routinely. The
golden jackal was kept in a 1 m® individual cage during the postoperatlve period to restrict movement.
A splint bandage was applied to support the
immobilization of the fracture and protect the
surgical wound. On the 7th postoperative day, the
bandage was removed, and the golden jackal was
moved to a 15 m2 room with a temperature of 22—
24 °C, which allowed controlled movement thereby
reducing the risk of trauma over 2 weeks. On the
24th postoperative day, a rehabilitation process was
applied for 10 days, to help the golden jackal adapt
to wildlife after its return. In this process, the food
was hidden with the help of some obstacles so that
the golden jackal could search and find it with its
sense of smell and was given as a whole for mouth-
jaw development. During the rehabilitation process,
it was observed that the golden jackal lost two
deciduous teeth. Based on this, its age was
determined to be 6 months. During the
rehabilitation process, the golden jackal was
allowed to move freely in the rooms where it was
kept. The intact and fractured femur lengths were
measured on radiographs, for comparison, before
the golden jackal was released.

FINFINGS AND DISCUSSION

Postoperative orthogonal radiographs were taken at
2-week intervals, and no complications related to
the implant or fracture fragments were observed.
The golden jackal was able to carry its body weight
without lameness on the 14th postoperative day. A
bridge callus was detected at the fracture line on the
28th postoperative day. On the 21st postoperative day, it was determined that it could perform its daily
physical activities (e.g., running, crawling, and jumping) in accordance with its physiology. Before the
golden jackal was released into nature, it was kept under observation to ensure that it could successfully
perform physiological movements such as finding food, walking, running, and jumping to adapt to
wildlife by the 40th postoperative day. Since the K-wires were embedded in the bone, they could not be
removed after the fracture had healed. The intact and fractured femur lengths were 113.3 mm and 114.7
mm, respectively, on the 40th postoperative day. It was released to an area suitable for the nature of the
golden jackal, where a known population is present, in line with the location information. No aggressive
behaviour was observed in the golden jackal in the post-operative period.

Figure 5: Intraoperative views (A) before and (B) after
fracture stabilisation. Postoperative radiographs in the
(C) mediolateral and (D) craniocaudal views.
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Due to its young age, low body weight, and size, the subject was able to undergo daily care, while
examinations were carried out safely with the help of a muzzle without the need for any sedative agent.
All applications in the rehabilitation process were carried out by one staff member in an isolated area.
This case report presents the successful management of the Salter-Harris fracture and rehabilitation
process in a golden jackal. There is very limited information about successful femur fracture repair in
wild animals. However, in domestic small animals, distal femur fractures account for approximately
25% of all femur fractures (Dehghani, 2013). There is very limited data on long bone fractures and
successful operative procedures in wild animals. Fractures of the tibia in the Brazilian fox (Pseudalopex
vetulus) (Barranco, 2016); humerus fracture in the raccoon (Procyon lotor) (Gunay, 2022); femur
fracture in the large aardvark (Myrmecophaga tridactyla) (Barssalho, 2021); femur fracture in the grey
wolf (Canis lupus) (Dehghani et al., 2013); humerus fracture in the golden jackal (Canis aureus) (Nikzad
et al., 2022); femur fracture in the jaguarundi (Herpailurus yagouaroundi) (Cassanego et al., 2024);
radius-ulna fracture in the Iberian wolf (Canis lupus signatus) (Silva, 2016); humerus fracture in the red
fox (Vulpes vulpes) (Anagnostou, 2015); femur fracture in wild stoats (Mustela erminea) (King, 2023);
radius-ulna fracture in the llama (Lama glama) (Woods et al., 2021) have been reported. However, there
is no study in the literature reporting results on the surgical management of femur fractures in golden
jackals and the rehabilitation process.

In the management of these fractures, internal methods including plate, pin, and wire combinations,
dynamic intramedullary cross pin technique, locking intramedullary pin technique, and external fixator,
or combinations of these techniques, would be appropriate (Altunatmaz et al., 2017; Beale, 2004;
Cassanego et al., 2024; Harasen, 2002; Roberts and Meeson, 2022). Surgical methods vary depending
on the fracture type, species, and clinical conditions. In this case report, the fracture was stabilized with
intramedullary cross K-wires. The golden jackal, a wild canid species, is kept in cages and larger
restricted areas due to its excessive movement and aggression, similar to that of other species (Dehghani
et al., 2013). For this reason, internal fixation was preferred over external fixation because external
fixation frame protection and pin site care may be difficult in wild canids.

Permanent bridging of the diaphysis and metaphysis is not recommended in animals with incomplete
bone growth. Therefore, in managing Salter-Harris fracture, a stabilization method comprising smooth
pins, which are designed not to permanently bridge the diaphysis and metaphysis and thus eliminate the
need for implant removal, should be preferred (Perry and Woods, 2018). In this case report, the K-wires
were not removed because all pins were embedded in the femur. The remaining pins in the femur pose
a potential risk to the golden jackal during hunting. However, the lengths of the intact and fractured
femurs were similar on the 40th postoperative day. Also, the golden jackal was observed performing its
daily physical activities such as running comfortably before being released into the wild. Its young age
is anticipated to provide fast recovery potential, and it is likely to hunt easily in nature.

It is known that wildlife release protocols, including the decision to release wild animals with internal
implants, vary among countries depending on national legislation and rehabilitation standards (Guy et
al., 2013). Fugazzotto et al. (2022) reported the release of wolves that had undergone spinal surgery,
without removing stabilising implants prior to release, following the completion of the rehabilitation
process. This approach is based on the principle that wild animals should be released as soon as they are
deemed fit for survival, without prolonging captivity or human influence unnecessarily (Fugazzotto et
al., 2022). Previous studies have reported that wild carnivores subjected to various traumas in the past
can be successfully returned to nature following an appropriate rehabilitation period, with positive
implications for both animal welfare and species conservation (Ciucci et al., 2010; Rio-Maior et al.,
2016). Such releases may help avoid euthanasia or prolonged captivity, allowing the animals to regain
their natural behaviours and resume vital activities such as reproduction (Ciucci et al., 2010; Mullineaux,
2014; Thiel, 2000). Moreover, if the rehabilitated individual does not negatively impact the survival of
conspecifics after release, the process is considered meaningful in terms of conservation (BWRC, 2023)
However, the identification of high-risk areas, such as those with intense human—wildlife conflict, high
densities of free-ranging dogs, or elevated infectious disease risk, is essential in evaluating release
decisions (Godinho et al., 2011).
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The general consensus is that rehabilitation and release decisions should be made on an individual and
case-by-case basis, and that, wherever possible, released animals should be included in long-term post-
release monitoring programmes (BWRC, 2023; Fugazzotto et al., 2022; Rio-Maior et al., 2016)

When all aspects are considered together, the knowledge and experience gained during the treatment
and rehabilitation process are of considerable value, as they may contribute to the future care and
medical management of rare or threatened species (BWRC, 2023)

In a study reporting the radius-ulna osteosynthesis and rehabilitation process in the Iberian wolf, it was
found that a continuous combination of morphine-dexmedetomidine-ketamine was needed for routine
examination and welfare observation of the wolf (Silva et al., 2016). In this case report, a successful
rehabilitation process was achieved using the internal fixation method chosen for a young golden jackal
with relatively low body weight and aggression level. Thanks to its adaptable temperament, the animal
underwent the entire rehabilitation process, postoperative care, and examination safely with the help of
a muzzle, without the need for sedative agents. However, it should not be forgotten that in the case of
wild animals, all mechanical and chemical precautions should be employed as necessary, regardless of
temperament, weight, and species. Throughout the rehabilitation process, the animals were subjected to
cage conditions that varied according to their condition, and they were handled by only one staff member
and kept in an isolated area from stress factors such as other animal sounds and odours. We believe that
all these practices contributed to a successful osteosynthesis and rehabilitation process.

CONCLUSION
In conclusion, the favourable clinical results of managing a golden jackal’s Salter-Harris fracture, with
an internal fracture management technique, have been reported. It was seen that the pins remaining in

the bone did not prevent the bone from growing, and as a result, the golden jackal was released into the
wild.
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OZET

Giris: Bu kapsam incelemesi, kanita dayali uygulamalarin (KDU) hemsirelikte bakim kalitesini
artirmadaki dneminden hareketle, Tiirkiye’de hemsirelik alaninda KDU’ya yo6nelik lisansiistii tezlerdeki
egilimleri ortaya koymay1 amaglamaktadir.

Materyal ve Metot: Retrospektif ve tanimlayici tasarimla vyiiriitillen ¢alismada, YOK Ulusal Tez
Merkezi’nde 20202025 yillar1 arasinda yayimlanan, “kanita dayali uygulamalar”, “hemsirelik” ve
“yogun bakim” anahtar kelimelerini igeren, erisime agik tezler taranmustir. Dahil edilme kriterlerini
karsilayan 24 tez ¢alisma kapsamina alinmustir.

Bulgular: incelenen tezlerin %87,5’i yiiksek lisans, %12,5’i doktora tezidir. Calismalarm %79,2’si
tanimlayici/iligkisel/kesitsel-nitel, %20,8’i miidahale tiiriindedir. Tezlerin biiylik kismi1 hemsirelerin
KDU’ya yonelik bilgi, tutum ve farkindaliklar1 ile enfeksiyonlarin dnlenmesi, basing yaralanmalari,
enteral beslenme ve hasta giivenligi gibi klinik alanlara odaklanmstir.

Tartisma: Tezlerin agirlikli olarak tanimlayici nitelikte oldugu, KDU’nun uygulamaya aktarimini
dogrudan hedefleyen miidahale ¢alismalarinin sinirli kaldig1 goriilmektedir. Bulgular, bireysel diizeyde
tutum ve farkindaligin ele alindigini; kurumsal ve uygulamaya doniik doniisiimiin gérece zayif oldugunu
gostermektedir.

Sonug: Tiirkiye’de hemsirelik alaninda KDU’ya yonelik lisansiistii tezlerin sayist artmakla birlikte,
calismalarin ¢cogu durum saptamaya yoneliktir. Klinik ve yonetsel diizeyde uygulanabilir, miidahale
temelli arastirmalara gereksinim bulunmaktadir.

Anahtar Kelimeler: Kanita dayali uygulamalar, hemsirelik, yogun bakim, lisansiistii tezler, kapsam
incelemesi

ABSTRACT

Introduction: This scoping review aims to identify trends in postgraduate theses on evidence-based
practice (EBP) in nursing in Tiirkiye, highlighting the role of EBP in improving care quality.

Methods and materials: A retrospective, descriptive design was used. Theses published between 2020—
2025 in the National Thesis Center of the Council of Higher Education (YOK) were searched using the
keywords “evidence-based practice,” “nursing,” and “intensive care.” Twenty-four accessible theses
meeting the inclusion criteria were included.

Results: Of the included theses, 87.5% were master’s and 12.5% doctoral. Most studies were
descriptive/relational/cross-sectional-qualitative (79.2%), while 20.8% were interventional. Topics
mainly focused on nurses” EBP knowledge, attitudes, and awareness, and clinical areas such as infection
prevention, pressure injuries, enteral nutrition, and patient safety.
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Discussion: The theses were predominantly descriptive, with limited interventional studies directly
targeting the implementation of EBP. Findings indicate a focus on individual-level attitudes and
awareness, while institutional and practice-level transformation remains limited.

Conclusions: Although the number of postgraduate theses on EBP in nursing in Tiirkiye is increasing,
most remain at the situation-assessment level. There is a need for more interventional studies with direct
clinical and managerial applicability.

Keywords: Evidence-based practice, nursing, intensive care, postgraduate theses, scoping review

GIRIiS

Kanita dayali uygulama (KDU) (Evidence-based practice (EBP)), klinik karar verme siirecinde en iyi
arastirma kanitlarinin hastalarin degerleri, tercihleri ve klinik kosullariyla biitlinlestirilmesini ifade
etmektedir. Geleneksel uygulamalara ve inanglara dayali karar verme anlayisindan uzaklasarak, giincel
aragtirma bulgularna dayali bakim sunmay1 amaglar ve bu yoniiyle bireylerin her zaman miimkiin olan
en iyi saglik hizmetini almasini hedefler. KDU yaklagimi 1990’11 yillardan itibaren uluslararasi saglik
sistemlerinde giderek daha fazla benimsenmis; 6zellikle hemsirelikte kalite glivencesi, giivenilir hizmet
sunumu ve profesyonel hesap verebilirligin artirilmasi gereksinimleri bu egilimin temel nedenleri
arasinda yer almistir. Cok sayida arastirmaci, KDY’ nin hem saglik bakimimin genel kalitesini
yiikseltebilecegini hem de hemsirelerin mesleki gelisimi, yetkinligi ve sorumluluk bilinci {izerinde
onemli etkiler yaratabilecegini vurgulamaktadir. Ek olarak, KDU’nin etkisiz bakim uygulamalarina
bagli maliyetleri azaltabilecegi, bakimin sunumundaki cografi farkliliklar1 sinirlayabilecegi ve hastalar
icin tedavi risklerini diisiirebilecegi bildirilmektedir. Saglik bakim maliyetlerindeki kiiresel artis g6z
Online alindiginda, klinik kararlarin tedavi faydalar1 ve maliyetlerinin daha elestirel bigimde
degerlendirildigi bir zemine kaydig1 goriilmektedir.

KDU, bilimsel arastirma ve kalite gelistirme siireglerinden farkli ancak tamamlayicit bir konumdadir.
Arastirma, kamitlarin sinirlt oldugu durumlar igin yeni bilgi tiretirken; kalite iyilestirme, bakimin mevcut
kanitlarla uyumunun izlenmesini ve gelistirilmesini i¢erir. Buna karsilik KDU, mevcut kanitlarin klinik
uzmanlik ve hasta/aile degerleriyle biitiinlestirilerek her hastaya 6zgii bakim planlarmin olusturulmasina
olanak tanir.

Son yillarda yasanan iki 6nemli gelisme KDU’nin hemsirelik uygulamalarinda daha gii¢lii bir sekilde
yer bulmasini desteklemektedir. Bunlardan ilki, hemsirelerin KDU siirecine rehberlik eden ¢cok sayida
modele erisiminin artmasidir. Bu modellerin bazilar1 bireysel kanit kullanimini desteklerken, bazilar
kurumsal Olcekte degisim olusturmayr amaglayan ekip temelli yaklagimlara odaklanmaktadir.
Kurumlarm bir bolimi mevcut modelleri benimserken, digerleri kendi EBP modellerini
gelistirmektedir.

Ikinci 6nemli gelisme ise farkli klinik ortamlarda kullamlabilen sistematik incelemeler, kanita dayali
klinik kilavuzlar, uygulama paketleri, meta-analizler ve meta-sentezler gibi yapilandirilmis bilgi
kaynaklarinin artmasidir. Bu kaynaklar KDU’nin uygulanabilirligini artirmakla birlikte, hemsireler
uygulamada hala cesitli bireysel ve kurumsal engellerle karsilagmaktadir. Yakin donemde yapilan
biitiinlesik bir incelemede, is yiikiiniin fazlaligl, degisime direng ve arastirma/istatistik okuryazarliginin
sinirli olmast KDU’nin yayginlagmasini zorlastiran baslica etkenler olarak tanimlanmistir. Bulgular,
hemsirelerin KDU’ya deger verdigini gdstermesine ragmen, uygulamada arastirma kanitlarindan ziyade
meslektas goriislerine ve yerel protokollere daha sik bagvuruldugunu ortaya koymaktadir.

YONTEM

Arastirmanin Amaci

Bu arastirmanin amaci, Tiirkiye’de hemsirelik alaninda kanita dayali uygulamalar ile ilgili olarak 2020
ile 2025 yillar1 arasinda sinirlama yapilarak Yiiksekogretim Kurulu Ulusal Tez Merkezi (YOK Tez) veri
tabaninda yayimlanan tiim lisansiistii tezleri niceliksel ve igeriksel agidan incelemektir. Calisma ile
kanita dayali uygulamalara yonelik akademik ilginin diizeyi, konuya yaklasim bi¢imleri ve aragtirma
egilimleri ortaya konularak hemsirelik alanindaki bilgi birikimi ve olasi arastrma bosluklarinin
degerlendirilmesi amaglanmaktadir.
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Arastirma Sorulari

1. Tirkiye’de hemsirelik alaninda kanita dayali uygulamalara yonelik yiiriitiilen lisansiistii tezlerde
tercih edilen 6rneklem gruplari nelerdir?

2. Kanita dayali uygulamalara yonelik yiiriitiilen lisansiistii tezlerde hangi arastirma yontemleri
kullanilmigtir?

3. Girigimsel tiirdeki lisansiistii tezlerde hangi miidahale yontemleri kullanilmigtir ve bu yontemlerin
dagilimi nasildir?

Calisma Tiirii

Retrospektif ve tanimlayici tiirde yapilan bu c¢alismada, arastirma verileri Yiiksekdgretim Kurulu
Bagkanligr Ulusal Tez Merkezi veri tabani kullanilarak elde edildi. Calismanin evrenini hemsirelik
alaninda yapilan ve tezin i¢inde “kamita dayali uygulamalar” ve “yogun bakim” teriminin gectigi
lisansiistii tezler olusturdu. Hemsgirelikte yiiksek lisans egitiminin basladigi tarih olan 1968 yilindan, 19
Ekim 2025 tarihine kadar yapilan ve erisim kisitlamasi olmayan tiim tezler degerlendirmeye alindi
Arastirmaya dahil edilme kriterleri

e Tezin i¢inde “kanita dayali uygulamalar” ve “yogun bakim” kelimesinin yer almasi

Tezin hemsirelik anabilim dali/dallar1 tarafindan yapilmis olmasi

Tezin erigime acik olmasi

2020-2025 yillar1 arasinda yapilmig olmast

Tiirkiye’de yapilmis olmasi

Arastirmaya dahil edilmeme kriterleri

e Tezin erisime kapali olmasi

e 2020 yilindan daha 6nce yapilmis olmasi

o Tiirkiye’de yapilmamasi

e Tezin pediatrik hasta popiilasyonu ile yapilmis olmasi

Arastirmanin Etik Yonii

Calismada, arastirmacilarin erisimine agik bir veri tabani olan YOK Ulusal Tez Merkezinde yayimlanan
tezler kullanildi. Betimsel tarama ve dokiiman incelemesi yOntemiyle gerceklestirilen bir literatiir
arastirmasinda incelenen lisansiistii tezlerin tamaminin, tez yazarlari tarafindan YOK Ulusal Tez
Merkezi veri giris formu araciligryla kamuya agik hale getirilmis olmasi nedeniyle etik kurul iznine
gerek olmadig belirlendi. Calisma 6rneklemine alinan tezler, kaynaklar boliimiinde belirtilerek ilgili
atiflar yapildi.

Verilerin Analizi

Arastirmada, hemsirelikte kanita dayali uygulamalar ile ilgili yapilmis ve tez kiinyesi acik sekilde Ulusal
Tez Merkezi sisteminde yer alan tiim lisansiistii tezler incelendi. Ilk taramada “kanita dayali
uygulamalar” anahtar kelimesi kullanildi ve 149 tez saptandi. Ikinci taramada “kamita dayali
uygulamalar” “hemsirelik” anahtar kelimeleri birlikte kullanildi ve 90 tez belirlendi. Ugiincii taramada
“kanita dayali uygulamalar” “hemsirelik” ve “yogun bakim” anahtar kelimeleri birlikte kullanildi ve 24
tez belirlendi. Arastirma kriterlerine uyan ve kanita dayali uygulamalar ile iligkili, tam metnine
erisilebilen bu 24 tez ¢alisma 6rneklemini olusturdu. (Sekil 1).

Bu tezlerin yirmi bir tanesinin yiiksek lisans (Boztas, 2015; Susam, 2018; Topgu, 2019; Ozdemir
Kahraman, 2019; Kahramantiirk, 2019; Temiz, 2021; Ozcan, 2021; Soylemez, 2021; Cakir, 2022;
Barman, 2022; Haciosmanoglu Aymelek, 2022; Kurt, 2022; Cor, 2024; Aksoy, 2024; Ozdemir, 2024;
Kiligkiran, 2024; Cetin, 2024; Giille, 2024; Aypek, 2025; Ekinci, 2025; Ozcan, 2025), ii¢ tanesinin ise
doktora tezi (Sanli, 2017; Yildirim, 2017; Ertugrul, 2022) oldugu saptanmustir.

Tezlere iliskin niceliksel veriler Tablo 1°de sunulmustur. Arastirma tiirlerine gore yapilan
siniflandirmada, bes tezin miidahale ¢aligmasi (Sanli, 2017; Yildirim, 2017; Ertugrul, 2022; Cor, 2024;
Kahramantiirk, 2019), on dokuz tezin ise tammlayici/iliskisel/kesitsel-nitel desenlerde yiiriittildiigii
belirlenmistir (Boztas, 2015; Susam, 2018; Topgu, 2019; Ozdemir Kahraman, 2019; Temiz, 2021;
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Ozcan, 2021; Séylemez, 2021; Cakir, 2022; Barman, 2022; Haciosmanoglu Aymelek, 2022; Kurt, 2022;
Aksoy, 2024; Ozdemir, 2024; Kilickiran, 2024; Cetin, 2024; Giille, 2024; Aypek, 2025; Ekinci, 2025;
Ozcan, 2025).

YOK Ulusal Tez Merkezi sisteminde “kanita
dayali uygulamalar” anahtar kelimesi ile tarama
yapildi ve 149 teze ulasildi.

(n=149)

g

YOK Ulusal Tez sisteminde “kanita dayali
uygulamalar” ve “hemsirelik” anahtar kelimeleri
ile tarama yapildi ve 90 teze ulasildi.

(n =90)

YOK Ulusal Tez sisteminde “kanita dayali
uygulamalar” “hemsirelik” ve “yogun bakim”
anahtar kelimeleri ile tarama yapildi ve 24 teze

ulasildi.

(n =24)

Dahil kriterlerini karsilayan 24 tez arastirmaya
dahil edildi.

(n=24)

Sekil 1. Arastirmanin akis semasi

Boztag’in yliksek lisans ¢aligmasinda yogun bakim {initelerinde ¢alisan hemsirelerin enteral beslenmeye
yonelik kanita dayali bilgi ve uygulamalar1 incelenmistir. Calisma sonucunda hemsirelerin temel
uygulamalarda (tiip ve set degisimi, bas pozisyonu, suyla yikama vb.) yeterli oldugu, ancak steril su
kullanimu, tiip yerinin radyolojik dogrulanmasi gibi kanita dayali uygulamalarda bilgi eksikliklerinin
bulundugu belirlenmistir (Boztas, 2015). Sanli’min doktora calismasinda Kaniti Uygulamaya
Dontistiirme Modeli ile santral vendz kateter bakim paketinin etkisi degerlendirilmistir. Arastirma
sonucunda bu modelin hemsirelik bakimmin kalitesini artirdigi, enfeksiyon oranlarini azalttigi ve
hemsirelerin kilavuz 6nerilerine uyumunu giiclendirdigi bulunmustur (Sanli, 2017). Yildirim’1n doktora
calismasinda PARIHS kavramsal cergevesi rehberliginde basing iilseri dnleme kilavuzu onerilerinin
uygulanmas1 igin gelistirilen stratejilerin etkinligi incelenmistir. Calisma sonucunda PARIHS
gergevesinin arastirma sonuglarinin uygulamaya aktarilmasini kolaylastirdigi ve hasta bakim sonuglarini
iyilestirdigi belirlenmistir (Yildirim, 2017). Susam’in yiiksek lisans calismasinda yogun bakim
hemsirelerinin santral venoz kateteri olan hastalarda enfeksiyon dnleme konusundaki farkindaliklar:
degerlendirilmistir. Arastirma sonucunda hemsirelerin ortalama dokuz kanita dayali uygulamayi bildigi,
ancak tlim uygulamalar1 bilenlerin oraninin diisiik oldugu ve egitim ile klinik deneyimin bilgi diizeyini
artirdigr saptanmistir (Susam, 2018). Topgu’nun yiiksek lisans caliymasinda yogun bakimda non-
farmakolojik diizenlemelerin deliryum gelisimine etkisi incelenmistir.
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Bulgulara gore, bu diizenlemelerin deliryum goriilme oranini azalttigi, cevresel giiriiltii kontroliiniin ise
hastalarin uyku kalitesini artirdigi belirlenmistir (Topgu, 2019). Ozdemir Kahraman’in yiiksek lisans
caligmasmda yogun bakim hemsirelerinin kanita dayali hemsirelige yonelik tutumlar ile ventilator
iligkili pndmoninin 6nlenmesine yonelik bilgi diizeyleri arasindaki iligki incelenmistir. Calisma
sonucunda hemsirelerin kanita dayali hemsirelige yonelik tutumlar ile ventilator iliskili pnomoniyi
onlemeye iliskin bilgileri arasinda pozitif bir iliski oldugu belirlenmistir (Ozdemir Kahraman, 2019).
Kahramantiirk’iin yiiksek lisans ¢aligmasinda yogun bakim iinitesinde enteral beslenme destegi alan
hastalara yonelik hemsirelik bakiminin kanita dayali uygulamalarla iligkisi degerlendirilmistir. Caligma
sonucunda hemsirelerin kanit temelli uygulamalara yeterince énem vermedigi, enteral beslenmeye
genellikle 48 saatten sonra baslandigi ve hastalarin gereksinimlerinden daha az kalori aldigi, bunun ise
yiikksek bakim yikiiyle iligkili oldugu bulunmustur (Kahramantiirk, 2019). Temiz’in yiiksek lisans
caligmasinda yogun bakim hemsirelerinin santral venoz kateter iligkili kan dolasimi enfeksiyonlarini
onlemede kanita dayali kilavuz bilgi diizeyleri belirlenmistir. Bulgulara gore hemsirelerin bilgi
diizeyleri yeterli bulunmamis, egitim ve deneyim diizeyinin artmasmin bilgi diizeyini anlamli bigimde
yiikselttigi saptanmustir  (Temiz, 2021). Ozcan’in yiiksek lisans calismasinda yogun bakim
hemsirelerinin ventilatérle iligkili pndmoninin Onlenmesine iliskin bilgi durumlar1 incelenmistir.
Caligma sonucunda hemsirelerin konuya iligskin bilgi diizeylerinin diisiik oldugu, kurumlarda yeterli
bilgilendirme yapilmadig1 ve hizmet igi egitimlerin yetersiz oldugu belirlenmistir (Ozcan, 2021).
Soéylemez’in yiiksek lisans ¢alismasinda yogun bakim hemsirelerinin kamta dayal hemsirelige yonelik
tutumlari degerlendirilmistir. Calisma sonucunda hemsirelerin tutumlarinin genel olarak olumlu oldugu,
ayrica kanita dayali uygulama bilgisine sahip olan hemsirelerin tutum puanlarmin daha yiiksek oldugu
saptanmistir (S6ylemez, 2021). Cakir’in yiiksek lisans ¢alismasinda yogun bakim hemsirelerinin basing
iilserleriyle ilgili bilgi, tutum ve uygulamalari incelenmistir. Calisma sonucunda hemsirelerin bilgi ve
tutum diizeylerinin orta-yiiksek oldugu; protokol kullanimi, uygulama yeterliligi ve EPUAP rehberini
okumanin bilgi diizeyini olumlu etkiledigi belirlenmistir (Cakir, 2022). Barman’in yiiksek lisans
calismasinda yogun bakim hemsirelerinin kanita dayali hemsirelige yonelik tutumlar: ve bu tutumun
oniindeki engeller aragtirilmistir. Sonuclar, egitim ve bilimsel etkinliklere katilimin tutumu olumlu
etkiledigini; ancak uygulamadaki engellerin bu tutumla negatif yonde iligkili oldugunu goéstermistir
(Barman, 2022). Ertugrul’un doktora ¢aligmasinda dahili yogun bakim iinitesinde gelistirilen fiziksel
tespit rehberine dayali egitimin etkisi degerlendirilmistir. Bulgular, rehbere dayali egitimin fiziksel
tespitin uygulanma oranm1 ve komplikasyonlar1 azaltti§ini ortaya koymustur (Ertugrul, 2022).
Haciosmanoglu Aymelek’in yiiksek lisans ¢aligmasinda yogun bakim hemsirelerinin kanita dayali
hemsirelige yonelik tutumlari ile kateter iligkili iiriner sistem enfeksiyonlarim dnlemeye yonelik bilgi
diizeyleri arasindaki iliski incelenmistir. Calisma sonucunda egitim almanin her iki degiskeni de anlamli
bicimde artirdig1 saptanmistir (Haciosmanoglu Aymelek, 2022). Kurt’un yiiksek lisans calismasinda
yogun bakim hemsirelerinin saglik hizmetiyle iligkili enfeksiyonlar1 6nlemede kanita dayali
uygulamalara iligkin bilgi diizeyleri degerlendirilmistir. Caligma, hizmet i¢i egitimlerin diizenli
tekrarlanmasinin hemsirelerin bilgi diizeyini artirdigini gostermistir (Kurt, 2022). Cor’un yiiksek lisans
calismasinda yogun bakim hastalarinda basing yaralanmalarmi 6nlemek amaciyla gelistirilen bakim
paketinin etkinligi ve hemsirelere verilen egitimin bilgi ve tutum diizeylerine etkisi incelenmistir.
Calisma sonucunda bakim paketinin basing yaralanmalarini dnlemede etkili oldugu ve verilen egitimin
hemsirelerin bilgi ve tutum diizeylerini artirdig1 belirlenmistir (Cor, 2024). Aksoy’un yiiksek lisans
calismasinda yenidogan yogun bakim {initelerinde prematiire bebegi bulunan annelerin aile merkezli
bakim algis1 ve stres diizeyleri arasindaki iliski degerlendirilmistir. Arastirma sonucunda aile merkezli
bakim bilgilendirmesi arttikga annelerin stres diizeylerinin azaldigi saptanmistir (Aksoy, 2024).
Ozdemir’in yiiksek lisans ¢aligmasinda yogun bakimda fiziksel kisitlama iliskili cilt yaralanmalar1 ve
etkileyen faktorler incelenmistir. Bulgular, fiziksel tespit materyallerinin cilt yaralanmasina yol agtigini
ve bu hastalarda basing yaralanmasi riskinin yiiksek oldugunu gostermistir (Ozdemir, 2024).
Kiligkiran’1n yiiksek lisans ¢alismasinda yogun bakim hemsirelerinin akademik okuryazarlk diizeyleri
ile kanita dayali hemsirelige yonelik tutumlar1 arasindaki iligki aragtirilmistir. Caligma sonucunda her
iki diizeyin de yiiksek oldugu ve akademik okuryazarlik ile kanita dayali hemsirelik tutumu arasinda
zay1f fakat anlamli pozitif iligki bulundugu belirlenmistir (Kilickiran, 2024).
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Cetin’in yiiksek lisans calismasinda yogun bakim hemsirelerinin santral venoz kateter iligkili
enfeksiyonlar1 onlemeye yonelik bilgi diizeyleri ile kanita dayali hemsirelige yonelik tutumlar
arasindaki iligki incelenmistir. Calisma sonucunda hemsirelerin bilgi diizeylerinin ortalama diizeyde
oldugu ve bilgi arttik¢a tutumun da olumlu yonde gelistigi saptanmustir (Cetin, 2024). Giille’nin yiiksek
lisans c¢aligmasinda yogun bakim hemsirelerinin santral vendz kateter iliskili kan dolasim
enfeksiyonlarini 6nlemeye yonelik bilgi diizeyleri ile kanita dayali hemsirelige yonelik tutumlari
arasindaki iliski incelenmistir. Calisma sonucunda hemsirelerin bilgi diizeylerinin ve tutumlarmin genel
olarak iyi diizeyde oldugu belirlenmistir (Giille, 2024). Aypek’in yiiksek lisans caligmasinda ig
hastaliklar1 ve erigskin yogun bakim hemsirelerinin kanita dayali hemsirelik uygulamalarina yonelik
goriisleri SWOT analizi yontemiyle degerlendirilmistir. Aragtirma sonucunda hemsirelerin kanita dayali
uygulamalara iliskin olumlu goriislere sahip olduklari, giiclii yonleri ve firsatlari bildikleri ancak
uygulamada destek, tesvik ve engellerin kaldirilmasina ihtiyag duyduklar1 saptanmigtir (Aypek, 2025).
Ekinci’nin yiliksek lisans caligmasinda yogun bakim hemsirelerinin inkontinansla iligkili dermatite
yonelik bilgi, tutum ve uygulamalar1 degerlendirilmistir. Bulgulara gére hemsirelerin bilgi ve tutum
diizeyleri yetersiz bulunmus ve bu durumun klinik bakim kalitesini olumsuz etkileyebilecegi
belirlenmistir (Ekinci, 2025). Ozcan’1n yiiksek lisans ¢alismasinda cerrahi yogun bakim hemsirelerinin
hasta giivenligi kiiltlirii ile ventilator iliskili pndmoniyi 6nlemeye yonelik bilgi diizeyleri arasindaki
iliski arastirilmistir. Calisma sonucunda hemsirelerin hasta gilivenligi kiltiirii algisinin ve ventilator
iliskili pnémoni 6nleme bilgelerinin ortalama diizeyde oldugu saptanmustir (Ozcan, 2025).

Tablo 1. incelenen Tezlere iliskin Tanimlayic1 Ozellikler

Tamtic1 Ozellikler n %
Tezin Tiirii

Yiiksek Lisans 21 87,5
Doktora 3 12,5
Yiiksek Lisans Tezlerinin Yayinlandig: yil

2015 1 4,8
2018 1 4,8
2019 3 14,3
2021 3 14,4
2022 5 23,8
2024 6 28,6
2025 3 14,3
Doktora Tezlerinin Yayinlandig: yil

2017 2 66,7
2022 1 33,3
Arastirma Tiirii

Tammlayic1 / Iliskisel / Kesitsel-Nitel 19 79,2
Miidahale (deneysel / yar1 deneysel / RCT) 5 20,8

Tablo 1. Taramaya dahil edilen tezlere iligkin bulgular (n=24 )

Orneklem Sayisi

N Yazar Yl Tez . Arastirma
o Damsman  Tiirii Tezin Ad1 mn Tiiri Amag ;f, ;gllgll}:e Sonug
1. Derya Yiks Yogun Tanimlayic Enteral e Sosyo- Bu calisma
Boztas ek bakim 1 Calisma beslenmenin demografik sonucunda
(2015) Lisan {initesi en stk Bilgi Formu ogun bakim
. S Hemsirelerin uygulandigi e Anket Formu f;emsirelerini
Arzu llge in enteral yerlerden biri n ¢cogunun
Beslenmeyle olan ogun Toplam: 100 enteral
ilgili kanita bakim Hemsire beslenmede
Dayali iinitelerinde temel
uygulamalar1 calisan uygulamalar
nin hemsirelerin a (tiip ve set
Incelenmesi enteral degisimi, bas
beslenmeye pozisyonu,
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yonelik kanita
dayali bilgi ve
uygulamalarin
1 belirlemek

suyla yikama
Vb?l) il%]skin
bilgi ve
uygulamalart
nin yeterli
oldugu
ancak, steril
su kullanimu,
tiip yerinin

radyolojik
dogrulanmas
1ve
steteskopla
dinleme
yontemine
giivenilmem
esi gibi
kanita dayali
uygulamalar
da bilgi ve
u]z/g_ulama
eksik oldugu
bulunmustur
(Boztas,
2015).
Deniz Sanli Dokt  Kanitt Yari Kaniti Hasta Veri Bu ¢alisma
(2017) ora uygulamaya  Deneysel Uygulamaya Toplama sonucunda
doniistirme  Benzer Doniistiirme Formu Kaniti
Aklime modeli ile Olmayan Modeli ile Hemsire Uygulamaya
Sarikaya yogun bakim Gruplarda  santral vendz Kisisel Bilgi ~ Dontstirme
hastalarma Son Test kateter bakim Formu Modeli ile
verilen Kontrol paketi Yogun santral venoz
bakimin Gruplu uygulanarak Bakim kateter
santral venéz Tasarim verilen Hemgirelerin ~ bakim paketi
kateter hemysirelik in Santral uygulanarak
iligkili bakiminin, Vendz verilen
enfeksiyonla hastalarmn Kateter hemsirelik
rn santral venoz Miskili bakimimin
6nlenmesind kateter iliskili Enfeksiyonla ~ sonug
e etkisi kan dolasimi1 1 Onlemede  Olgimleri
enfeksiyonu Kanita iizerinde
hizi, Dayali etkili oldugu
hemsirelerin Kilavuz bulunmustur
katetere erisim Bilgilerini (Sanl,
Sayisi ve Degerlendir ~ 2017).
kanita dayali me Testi
kilavuz bilgisi, Santral
katetere Venoz
onelik Katetere
emsirelik Yénelik
girisimlerinde Hemsirelik
ve kateter Girigimlerind
yerlestirme ¢ Kilavuz
stirecinde Onerilerine
kilavuz Uyumu
onerilerine Degerlendir
uyum ve me Gozlem
hemsirelerin Formu
kanita dayali Santral
hemgirelige Venéz
yonelik Kateter
tutumu Yerlestirme
uzerine Siirecinde
etkisini Kilavuz
belirlemek Onerilerine
Uyumu
Degerlendir
me Gozlem
Formu
Kanita
Dayali
Hemsirelige
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Yonelik
Tutum
Olgegi
Toplam: 412
Hemsire
Nezaket Dokt  Yogun Fenomenol Kanitadayali e Hemsireler Bu calisma
Yildirim ora bakim ojik basing tilseri I¢in Kisisel sonucun
(2017) birimlerinde, Calisma onleme Bilgi Formu  PARIHS
basing Ulseri  Yari kilavuzunda e Yari gergevesi
Giilseren Onleme Deneysel sunulan Yapilandiril arastirma
Kocaman 11§11fa1vuzu Tasarim 6nerillerin mis Hemsire sonucl;larmm
ullanimini uygulanmasi Goériisme uygulamaya
kolaylagtirm {(gin, PARIIHS Form$u a?(,tarl.lmam
a avramsa ° Hasta surecini
girigimlerini gergevesi Ozellikleri ve olumlu
n kilavuz rehberliginde, Basing etkiledigi
Onerilerine etkili Ulserine bulunmustur
Eyutm ve strlqtijiler . [liskin Bilgi g\(;'lll;i)mm,
asta elistirmek ve Form .
sonuglarma %u stratejilerin = B(r)adel111 Risk
ctdst Sheriierine Deggtlendir
Eyll(lm vehasta o  Baging Ulseri
a 1ml Siniflandirm
5?1?.“9 arma a Sistemi
gelisllgrlnek e Basing Ulseri
Onleme
Kilavuzu
Onerilerine
Uyumu
Degerlendir
me Formu
Toplam: 412
Hemsire
Ayse Yiks Yogun Tanimlayic Yogun bakim e  Hemsire Bu calisma
Susam ek bakim 1 Calisma  hemsirelerinin Bilgi Formu  sonucunda
(2018) Lisan hemsge%erini 1s{artltf[al .Velnéz e Anket Soru hentlrsi{elerip
s n santra ateteri olan Formu santral venoz
Selda venoz hastalarda kateteri olan
Arslan kla'ltl?f'r kflteterelz( bagli  Toplam: 176 lﬁastalarda
iligkili olusan kan Hemsire atetere
enfeksiyonla dolagim > bagli kan
rn enfeksiyonlart dolasim
6nlenmesind nin enfeksiyonla
e kanita 6nlenmesine rimin
dayali yonelik kanita onlenmesind
uygulama dayali e kanita
farkindalikla uygulama dayali
I konusunda uygulama
farkindaliklar 9’unu
n1 belirlemek bildikleri,
ancak tiim
uygulamalari
bilenlerin
oraninin
disiik
(%]15,5)
oldugu ve
kadm,
tgtlincl
basamak
yogun
bakimda
calisan ve
santral venoz
kateter
egitimi almus
hemgirelerin
bilgi
diizeyleri
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daha yiiksek
oldugu
bulunmustur
(Susam,
2018).
Nihal Yiks Yogun Tanimlayic Yogun bakim e  Hasta Bu calisma
Topcu ek bakim 1 Calisma initelerinde Tanilama sonucunda
(2019) Lisan {initesindeki non- Formu non-
S kanit temelli garmalfolojik e APACHEII farmak(l)lojik
Zeyne Non- iizenlemeleri o 1 yontemlerin
Kurtulus farmakolojik n deliryum EOE};%OW deliryum
Tosun diizenlemele gelisimine Skalasi goriilme
rin etkisini e Richmond oranlarini
deliryumu belirlemek Sedasyon- azalttig1 ve
onlemedeki Ajitasyon glirtilt
etkisi Skalas seviyesindek
e  Yogun i azalmanin
Bakim hastanin
Unitesinde lliyk'u .
Konfiizyon alitesini
Degerlendir pozitif yonde
me Olcegi etkiledigi
e Richard- bulunmustur
Campbell %‘1’13‘?“’
Uyku Olgegi )-
e  Giinlik
Izlem Formu
Toplam: 78
Hasta
Ebru Yiks Yogun Tanimlayic  Yogun bakim e Hemsire Bucalisma
Ozdemir ek bakim 1 Calisma hemysirelerinin Tanitict  sonucunda
Kahraman  Lisan hemsirelerini kanita dayal Formu Yogun
(2019) S n hemsirelige e Ventilat bakim
kanita dayali yonelik or hemsirelerini
Aynur hemsirelige tutumlari ile Miskili n kanita
Tireyen yonelik ventilator Pnomoni dayali
tutumlari ile iligkili yi hemsirelige
ventilator pnoémoninin Onleme  yonelik
iligkili onlenmesinde ile Hgﬂi tutumlari ile
pnomoniyi kanita dayali Soru Ventilator
onleme uygulamalara Formu Iiskili
bilgileri iligkin bilgileri e Kanita Pnomoniyi
arasindaki arasindaki Dayali onlemeye
iliski iligkiyi Hemsirel iliskin
belirlemek ige bilgileri
Yonelik  arasinda
Tutum pozitif yonde
Olgegi iligki oldugu
byulunmustur
Toplam: 121 (Ozdemir
Hemsire Kahraman,
2019).
Gamze Yiks Yogun Tanimlayic  Yogun bakim e Hemsirel Bucalisma
Kahramant ek bakim 1 Calisma tinitesinde ik sonucunda,
irk Lisan {initesinde enteral Degerlen hemsgirelerin
(2019) s enteral beslenme dirme enteral
beslenme destegi alan Formu beslenme
Esra Ugur Tedavisi hastalara e Rush- konusunda
alan onelik Medicus kanit temelli
hastalara emgirelik Hasta uygulamalar
verilen bakiminin Bagimlil a yeterince
hemsirelik kanita dayali 1k Onem
Bakiminin uygulamalarla Skalasi ermedigini
kanita dayali iliskisini Formu ve
uygulamalar belirlemek e Braden uygulamalar
dogrultusund Basin¢ da
a Degerlen  eksiklikler
incelenmesi dirme bulundugunu
Formu gostermistir.
o Afiz Enteral
Degerlen beslenmeye
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dirme cogunlukla
Formu 48 saatten
sonra
Toplam: 36 baglanmakta,
Hasta hastalar
gereksinimle
rinin altinda
kalori
almaktadir.
Bu durumun,
hemsirelik
bakim
yiikiiniin
fazlaligiyla
iliskilig Y
oldugu
bulunmustur
(Kahramantii
rk, 2019).
Oktay Yiks Yogun Tanimlayic Hemsirelerinin e  Hemsire Bu ¢alisma
Temiz ek bakim 1 Calisma santral venoz Kisisel Bilgi  sonucunda
(2021) Lisan  hemsirelerini kateter iliskili Formu yogun bakim
S n santral kan dolasimi e  Yogun unitelerinde
Belkiz venoz enfeksiyonlari Bakim calisan
Kiziltan kateter n1 6nlemede Hemgirelerin  hemsirelerin
Yal¢in Tiskili kanita dayali in Santral santral venoz
Kanbay enfeksiyonla kilavuz bilgi Vendz kateter ile
r1 6nlemede diizeylerini Kateter iliskili
kanita dayali belirlemek o lligkili enfeksiyonla
Kilavuz Enfeksiyonla I )
bilgilerini 11 Onlemede  Onlenmesind
kullanma Kanita e kanita
durumlart Dayali dayali
Kilavuz uygulamalar
Bilgilerini a 1ligkin bilgi
Degerlendir  diizeylerinin
me Testi yeterli _
olmadigy,
Toplam: 394 egitim ve
Hemysire deneyimin
fazla olmast
bilgi
diizeyini
arttirdig
bulunmustur
(Temiz,
2021).
Ozge Yiks Yogun Kesitsel Yogun bakim e Tamticc  Bucalisma
Ozcan ek bakim Calisma iinitelerinde Bilgi sonucunda
(2021) Lisan  hemsirelerini alisan Formu yogun bakim
S n ventilatorle ﬁemsirelerin e Ventilat Uunitelerinde
Manar iliskili ventilatorle orle calisan
Aslan pnémoninin iliskili Miskili hemsirelerin
onlenmesi pnomoninin Pnomoni  ventilatorle
konusundaki onlenmesi nin iliskili
bilgi konusundaki Onlenme pnoémoni
durumlari bilgi sinde onusundaki
durumlarini Kanita bilgilerinin
ortaya Dayal1 distuk
belirlemek Uygula oldugu,
ma%ara kurumlarda
Tliskin ventilatorle
Bilgi iligkili
Formu pnémoniye
e Ventilat géneli_k risk
orle uzeyl
Iliskili ~ hakkinda
Pnomoni  bilgilendirm
nin N -
Onlenme yaptmadigi
sine ve | .
Iliskin hemsirelerin
yeterince
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Ek Bilgi  hizmet i¢i
Formu egitim
Toplam: 224 almadig
Hemsire bulunmustur
(Ozcan,
2021).

10. Nilgin Yiks Yogun Tanimlayic Yogun bakim e  Hemsire Bu ¢alisma
Soylemez ek bakim 1 Calisma hemsgirelerinin Tanitici sonucunda
(2021) Lisan  hemsirelerini kanita dayali Formu Kanita

S n kanita hemsirelige e Kanita Dayali
Dilek dayali yonelik Dayali Hemsirelik
Giines uygulamalar tutumlarini Hemsirelige tutumlarmin
a yonelik belirlemek Yonelik olumlu
tutumlarmin Tutum oldugu ve
belirlenmesi Olgegi kanita dayali
uy]%i(llama
Toplam: 134 hakkinda
Hemsire bilgiye sahip
olan
hemgirelerin
Kanita
Dayali
Hemsirelik
tutumlari
daha yiliksek
oldugu
bulunmustur
(Soylemez,
2021).

11. Siimeyra Yiks Yogun Tanimlayic  Yogun e Hemsirelerin Bu ¢alisma
Benan ek bakim 1 bakimda Tanitict sonucunda
Cakir Lisan hemsirelerini  Kesitsel alisan Ozellikleri ogun bakim
(2022) s n basing Calisma emsirelerin Formu Kemsirelerini

ilserleri ile basing e Basing Ulseri 1 basm
Meryem ilgili bilgi ilserleri ile Onlemeye iilseri bilgi
Kilig tutum ve ilgili bilgi, Yonelik ve tutum
uygulamalari tutum ve Hemsirelik diizeyleri
nmn uygulamalarin Uygulamalar ~ orta-yiiksek
degerlendiril 1 ﬁelirlemek 1 Formu ve Bilgi
mesi e Modifiye puant,
Pieper I‘OtOkOl
BaSIHQ ullanlml,
Yaras1 Bilgi ~ uygulama
Testi yeterliligi ve
e Basing European
Ulserlerini Pressure
Onlemeye Uleer
Yonelik II}dVllsory
Tutum anc
Olgegi (EPUAP)
Toplam: 442 rehberini
Hemsire okumanin
bilgi
diizeylerini
etkiledigi
bulunmustur
(Cakar,
2022).

12. Yagmur Yiks Yogun Tanimlayic Yogun bakim e  Hemsire Bu calisma
Barman ek bakim 1 Calisma iinitesinde Bilgi Formu  sonucunda
(2022) Lisan  {nitesinde calisan e Kanita Egitim ve

S calisan hemgirelerin Dayal1 bilimsel
Hatice hemsgirelerin kanita dayali Hemsirelige etkinliklere
Demirdag kanita dayali hemsirelige Yonelik katilim,
hemgirelige yonelik Tutum kanita dayali
yonelik tutumlarini ve Olgegi hemsgirelik
tutumlar1 ve engellerini e Engeller tutumunu
engellerinin belirlemek Olgegi olumlu
belirlenmesi etkiliyor;
Toplam: 129 ancak Kanita
Hemysire Dayali
Hemsirelige
Yonelik
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Tutum
Olgegi ile
Engeller
Olgegi
arasinda
negatif
yonde,
anlamli bir
iligki
bulunmustur
(Barman,
2022).

13. Biisra Dokt  Yogun Yari Dahili yogun e Bireysel Bu ¢alisma
Ertugrul ora bakim Deneysel bakim Ozellikler sonucunda
(2022) iinitelerinde ~ Calisma iinitesinde Tanitim fiziksel

fiziksel fiziksel tespit Formu tespit
Dilek tespit uygulama e Norovaskiiler rehberine
O0zden uygulama rehberinin izlem Formu dayali egitim
rehberinin gelistirilmesi e Sedasyon irisiminin,
gelistirilmesi ve rehberine Ajitasyon 1ziksel
ve bu dayali Degerlendir  tespitin
rehberin egitimin, me Skalasi uygulanma
hasta hastalarda e Davranigsal ~ oranive
sonuglarma fiziksel tespit Agn Olgegi  gelisen
etkisi orani, siiresi k?mplikasyo
ve . nlari
komplikasyon] Elgg)tl;lm. 4 azaltmada
arina etkisini etkili oldugu
belirlemek bulunmustur
(Ertugrul,
2022).

14. Kiibra Yiks Yogun Tanimlayic  Yogun bakim e Veritoplama Bu ¢alisma
Haciosman ek bakim 1 Calisma hemysirelerinin formu sonucunda
oglu Lisan  hemsirelerini kanita dayali e Kanita egitim
Aymelek S n kanita hemsirelige Dayali durumu ve
(2022) dayali yonelik Hemsirelige  kanita dayali

hemsirelige tutumlar1 ve Yénelik uygulamalar
Giilay yonelik kateter iliskili Tutum a iigkin
Yazici tutumlar1 ve uriner sistem Olgegi egitim almis
kateter enfeksiyonlart olmak,
iligkili {iriner n1 dnlemeye Toplam: 247 hemsirelerin
sistem yonelik bilgi Hemsire hem kateter
enfeksiyonla diizeyleri ile iliskili
rint arasindaki tiriner sistem
onlemeye iligkinin enfeksiyonla
yonelik bilgi belirlemek rin1 6nleme
diizeyleri bilgilerini
arasindaki hem de
iliskinin kanita dayali
belirlenmesi hemsirelik
tutumlarini
anlaml
sekilde
arttigl
bulunmustur
(Haciosmano
glu |
Aymelek,
23/212).

15. Meltem Yiks Yogun Tanimlayic  Yogun e Veritoplama Bu c¢alisma
Kurt ek bakimda 1 Calisma bakimda formu sonucunda
(2022) Lisan c¢alisan calisan saglik

s hemsirelerin hemsirelerin Toplam: 229 hizmetiyle
Giilay saglik saglik Hemysire iligkili
Yazici hizmetiyle hizmetiyle enfeksiyonla
iligkili iligkili r1 onlemede
enfeksiyonla enfeksiyonlari kanita dayali
11 énlemede onlemede uygulamalar
kanita dayali kanita dayal a yonelik
uygulamalar uygulamalara alinan
a yonelik yonelik bilgi egitimlerin
bilgi diizeylerinin ve
belirlemek kurumlarda
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diizeylerinin
belirlenmesi

bu konuya
K(ﬁnelik. )
1zmet 1¢1
egitimlerin
tekrarlanmas
min yogun
bakim
hemsirelerini

n
bilgilerinde
artis
saglanacagi
bulunmustur

(Kurt, 2022).
16. Zeynep Cor Yiiks Yogun Randomize Yogun e Hasta Bu ¢alisma
(2024) ek bakimda Kontrolli ~ bakimda yatan Tanilama sonucunda
Lisan  basing Calisma hastalarda Formu 6dem, deri
Ganime S yaralanmasi olusan basing e Braden turgoru,
Esra Soysal onleme yaralanmast Basing hemoglobin
bakim (BY) onlemek Yarasi Risk diizeyi ve
paketinin 1¢in Degerlendir ortalama
etkinliginin elistirilen me Olgegi tansiyonun;
degerlendiril akim e Basing Basing
mesi paketinin (BP) Yaralanmas:  Yaralanmasi
hemsirelere Onlemede Degerlendir
verilen Kullanilan me Olcegi
egitiminin Bakim Paketi puaninin
bilgi diizeyleri Veri diisiik
ve tutumlarina Toplama olmasinin,
iligkin etkisini Formu basing
belirlemek e Pozisyon yaralanmast
Takip Formu ~ gelisiminde
e Hemsirelerin Onemlirisk
Basing faktorleri
Yaralanmas: ~ 0ldugu ve
n1 Onlemeye kanita dayali
Yonelik Bilgi  Yygulamalar
ve an olusan
Tutumlarin bakmll( fiinii
Degerlendiril prgto olunu
mesi Formuy 1 0asing
e  Egitim Kitab yaralanmalar
ve Basing m1 dnlemede
Yaralanmasi  StKili
Onleme : Ol)dglfl%lui)aklm
II? gé(tlerg Paketi Kemsjrelerin
te) verilen
) asing
I’l;ggtl;m. 72 yaralanmasi
egitimlerinin
hemsirelerin
bilgi ve
tutum
diizeylerini
artirdigl
bulunmustur
(Cor, 2024).
17. Melike Yiks Yenidogan Tanimlayic Yeni dogan e Yenidogan Bu calisma
Akso ek yogun bakim 1 Calisma yogun bakim Aile sonucunda
(202% Lisan unitesinde unitelerinde Merkezli aile merkezli
s prematiire rematiire Bakim bakima
Fatma Tas Bebegi yatan ebekleri Olgegi yonelik
Arslan annelerin bulunan e  Yenidogan bilgilendirm
aile merkezli annelerin aile Yogun e arttikca
bakim ve merkezli Bakim Anne- goriinti ve
Stres bakim ve Baba Stres sesler alt
diizeylerinin stresin Olgegi boyutuna
belirlenmesi belirlenmesi gore stres
ve 111$k111 Top]am: 110 dl'izeyinde
faktorleri Hasta Yakini azalma
belirlemek oldugu
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bulunmustur
(Aksoy,
2024).

18. Yasemin Yiks Yogun Prospektif ~ Yogun bakim e Hasta Bu ¢alisma
Ozdemir ek bakim ve iinitesinde Tanilama sonucunda
(2024) Lisan hastalarinda  Gozlemsel tedavi edilen Formu yogun bakim

S fiziksel Calisma hastalarda e Fiziksel unitelerinde
Yasemin kisitlama fiziksel Kisitlama bir cihaz tiirii
Uslu iliskili cilt kisitlama izlem Formu olan fiziksel
yaralanmalar iligkili cilt o C(ilt tespit
1 ve etki yaralanmalar1 Yaralanmasi ~ materyallerin
ve etkileyen Degerlendir ~ in de cilt
faktorleri me Rehberi yaralanmasin
belirlemek a neden
Toplam: 260 oldugu ve bu
Hasta hastalarda
basing
yaralanmast
riskinin
yiiksek
oldugu
bylunmustur
(Ozdemir,
2024).

19. Hatice Yiks Yogun Tanimlayic Yogun bakim e  Hemsire Bu calisma
Kiligkiran ek bakim 1 hemsirelerinin Bilgi Formu  sonucunda
(2024) Lisan  hemsirelerini  Iligki akademik e Akademik hemsirelerin

S n akademik Arayici okuryazarlik Qkuryazarlik akademik
Funda okuryazarlig  Calisma ve kanita Olgegi okuryazarlik
Biiyiiky1lm a ve kanita dayali e Kanta diizeyleri de
az dayali uygulamalara Dayali kanita dayali
uygulamalar yonelik Hemsirelige ~ hemgirelige
a yonelik tutumlari Yonelik yonelik
tutumlari arasindaki Tutum tutum
arasindaki iliskinin Olgegi diizeyleri de
iliskinin incelenmek yiiksek ve
incelenmesi Toplam: 375 akademik
Hemsire okuryazarlig1
ile kanita
dayali
hemsirelik
tutumlari
arasinda
zayif fakat
anlamli bir
pozitif iligki
oldugu
bulunmustur
(Kaligkiran,
2024).
20. Zehra Cetin Yiks Yogun Tanimlayic  Yogun bakim e  Tanitic1t Bilgi Bu ¢alisma
(2024) ek bakim 1 tinitesinde Formu sonucunda
Lisan  hemsirelerini  Iliski ﬁahsan e Kanita hemsirelerin,
Eylem S n kanita Arayict emsirelerin Dayali kanita dayal
Togluk dayali Calisma Santral Veno6z Hemsirelige  kilavuz bilgi
Yigitoglu uygulamaya Kateter (SVK) Yoénelik puanlari
yonelik iliskili Tutum ortalamaya
tutumlarmin enfeksiyonlari Olgegi yakin iyi
santral venoz onlemede (KDHYTO) diizeyde
kateter kanita dayali e Yogun oldugu ve
iligkili uygulamalara Bakim hemsirelerin
enfeksiyonla iliskin bilgi Hemsirelerin ~ kanita dayali
11 6nleme diizeyleri ve in SVK kilavuz
lizerine kanita dayali iliskili bilgilerini
etkisi hemsirelige Enfeksiyonla  bilme diizeyi
yonelik 1 Onlemede ~ arttikea,
tutumlar1 Kanita kanita dayali
arasindaki Dayali hemsireli
iligkiyi Kilavuz tutumlar1 da
degerlendirme Bilgileri az da olsa
k Degerlendir ~ olumlu
me Testi yoénde arttig1
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bulunmustur
Toplam: 155 (Cetin,
Yogun Bakim 2024).
Hemsiresi
21. Beril Seyda Yiks Yogun Tanimlayic Yogun bakim e  Kisisel Bilgi  Bu calisma
Giille e bakim 1 hemsirelerinin Formu sonucunda
(2024) Lisan  hemsirelerini santral venoz e Santral hemsgirelerin,
S n santral kateter iliskili Vendz santral ven6z
Nimet Ates venoz kan dolasim Kateter kataterle
kateter enfeksiyonlari Iliskili Kan iliskili kan
iliskili kan n1 énlemeye Dolasim dolagim
dolasim yonelik bilgi Enfeksiyonla enfeksiyonla
enfeksiyonla diizeyleri ve rini rini
rmi kanita dayali Onlemeye onlemeye
onlemeye hemsirelige Yoénelik Soru  yonelik bilgi
yonelik bilgi yonelik Formu diizeyleri ve
diizeyleri ve tutumlari e Kanita kanita dayali
kanita dayali arasindaki Dayali hemgirelige
hemsirelige iliskinin Hemgirelige ~ yonelik
yonelik incelenmek Yonelik tutumlari iyi
tutumlar1 Tutum diizeyde
arasindaki Olgegi bulunmustur
iliskinin (Giille,
incelenmesi Toplam: 175 2024).
Yogun Bakim
Hemysiresi
22. Hilal Nur Yiks I¢ Nitel I¢ hastaliklar1 e Tanimlayici Bu calisma
Aypek ek hastaliklari Calisma ve erigkin Veriler sonucunda
(2025) Lisan  klinigi ve ogun bakim Formu yapilan
S eriskin ﬁemsirelerinin e SWOT SWOT
Bahar ogun Ozlinden Analizine analizinde
Vardar Kal%mda anita dayali Uygun hemsirelerin
Inkaya ﬁahsan hemsirelik Hazirlanmig ~ kanita dayali
emsirelerin uygulamalarin Anket Formu uygulamalar
kanita dayali a yonelik a yonelik
hemsirelik gérﬁslerini Toplam: 101 olumlu
uygulamalari WOT analizi  Hemsire goriislerinin
na yonelik teknigiyle oldugu
gortislerinin incelemek kanita dayali
incelenmesi: uygulamalari
swot analizi n glcli
yonlerini ve
firsatlarmi
bildikleri
fakat hasta
bakimina
entegre
etmeleri i¢in
daha fazla
desteklenmel

eri ve tesvik
edilmeleri, i¢
ve dig
engellerin
ortadan
kaldirilmasi
%erektigi
ulunmustur
(Aypek,
2025).
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23. Yunus Yiks  Yogun Kesitsel Yogun bakim e  Hemsire Bu ¢alisma
Ekinci ek bakim Tanimlayic hemsirelerinin Bilgi Formu  sonucunda
(2025) Lisan  hemsirelerini 1 Calisma Inkontinansla e jnkontinansla hemsirelerin

S n Alakali Alakali Inkontinansl
Meryem inkontinans Dermatite Dermatit a Alakali
Kilig alakali iligkin bilgi, Bilgi Testi Dermatite

dermatit tutum ve e Inkontinansla iliskin bilgi
hakkinda uygulamalarin Alakali ve tutum
bilgi tutum n Dermatit diizeylerinin
ve degerlendirme Tutum istenilen
uygulamalari Degerlendir ~ diizeyin
me Olgegi altinda
gldggunu ve
Toplam: 191 u durumun
Homsire ? Klinik bakim
kalitesi
lizerinde
olumsuz
etkiler
yaratabileceg
mi
bulunmustur
(Ekinci,
2025).

24, AsliOzcan Yiks  Yogun Tanimlayic  Cerrahi e Tanitict Bilgi Bu ¢alisma
(2025) ek bakim 1 hastalara Formu sonucunda

Lisan  hemsirelerini  Iliski bakim veren e Ventilator yogun bakim
Aysel S n hasta Arayici Kogun bakim Mliskili hemsgirelerini
Dogan tivenligi Calisma emsirelerinin Pnémoninin n hasta

ultiirii 1le hasta Onlenmesind guvenhgl
ventilator tivenligi e Kantta kdilttirt algist
iligkili altlird 1le Dayali ve
pnomoniyi ventilator Uygulamalar ventilatorle
onlemede iligkili a Iliskin iligkili
kanita dayali pnoémoniyi Bilgiler pnoémoni
uygulama onlemeye Formu onlemek igin
kullanma yonelik kanita o  Hasta kanita dayali
durumlart dayali Giivenligi uygulama
arasindaki uygulamalara Kiiltiiri bilgilerinin
iliski iligkin bilgi Olgegi ortalama
diizeyleri seviyede
arasindaki Toplam: 104 oldugu
lhsklyl Hemsire b}_llunmustur
incelemek (Ozcan,
2025).
TARTISMA

Bu kapsam incelemesinde, Tiirkiye’de hemsirelik alaninda kanita dayali uygulamalara (KDU) yonelik
yapilan lisansiistii tezlerin agirlikli olarak hemsirelerin KDU’ya yonelik tutumlari, farkindalik diizeyleri
ve uygulama engelleri {izerinde yogunlastig1 goriilmektedir. Incelenen calismalar, tez konularimin biiyiik
Ol¢tide tanimlayici tasarimlarla yiiriitiildiiglinii ve KDU’ ’nun uygulamaya yansitilmasindan ¢ok bireysel
ve kurumsal diizeyde algi, tutum ve engellerin belirlenmesine odaklandigini gostermektedir (Dogan ve
ark., 2021; Uner & Baykal, 2024).

Hemgsirelerin KDU’ya yonelik tutumlariin genel olarak orta diizeyde oldugu, egitim alma, bilimsel
yayinlari takip etme ve mesleki derneklere iiye olma gibi degiskenlerin tutumu olumlu yonde etkiledigi
bildirilmektedir (Aygiin & Yildirim, 2021; Dogan ve ark., 2021; Menekli & Korkmaz, 2021). Bu bulgu,
lisansiistli tezlerde siklikla ele alinan “bireysel yeterlilik” temasiin literatlirle uyumlu oldugunu
gostermektedir. Ancak tutumlarin olumlu ya da orta diizeyde olmasina karsin, klinik uygulamada KDU
kullanim oranlarmin diisiik oldugu ve hemsirelerin 6nemli bir kisminin kanit kaynaklarina nasil
ulasacagini bilmedigi dikkat ¢cekmektedir (Menekli & Korkmaz, 2021). Bu durum, bilgi—uygulama
arasindaki boslugun tezlerde yeterince derinlemesine ele alinmadigini diisindiirmektedir.

Yonetici hemsireler iizerine yapilan c¢aligmalar ve bu kapsamdaki tezler incelendiginde, KDU’nun
uygulanmasinda kurumsal destek eksikligi, zaman yetersizligi, arastirmaya ilgi azhig1 ve orgiitsel
engellerin 6n plana ¢iktig1 goriilmektedir (Ongiin ve ark., 2022).
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Bu bulgular, kanita dayali hemsirelik yonetiminin Tiirkiye’de heniiz yeterince kurumsallasmadigini ve
lisansiistli tezlerin ¢ogunlukla bireysel diizeyde sinirli kaldigimi gostermektedir. Oysa kanita dayali
uygulamalarin siirdiiriilebilirligi i¢in yalnizca hemsirelerin bilgi ve tutumlarmin degil, ayn1 zamanda
yonetsel karar siireglerinin de kanita dayandirilmasi gerekmektedir (Uner & Baykal, 2024).

Incelenen tezlerin dnemli bir kisminda KDU kavramiin tanimi ve kanit diizeyleri ayrintili bigimde ele
alinmakla birlikte, bu bilgilerin klinik ve yonetsel uygulamalara nasil doniistiiriilecegine iligkin
miidahale temelli ya da deneysel ¢alismalarm sinirli oldugu goriilmektedir (Kahveci Ceylan & Mete,
2023). Bu durum, Tiirkiye’de hemsirelik alaninda KDU’ya yonelik lisansiistii tezlerin daha ¢ok “durum
saptama” agamasinda kaldigini, uygulamaya yonelik model, program veya strateji gelistirme boyutunun
ise gorece zayif oldugunu ortaya koymaktadir.

Sonug olarak, bu kapsam incelemesi Tiirkiye’de hemsirelik alaninda kanita dayali uygulamalara yonelik
lisansiistli tezlerin sayisal olarak artmakla birlikte, igerik agisindan biiyiik dl¢iide tanimlayici nitelikte
oldugunu gostermektedir. Gelecek tez ¢aligmalarinda; deneysel tasarimlarin artirilmasi, klinik ve
yonetsel diizeyde uygulanabilir KDU modellerinin gelistirilmesi ve akademi—klinik is birligini
giiclendiren arastirmalara odaklanilmasi, kanita dayali hemsireligin uygulamaya aktarilmasina 6nemli
katk1 saglayacaktir (Ongiin ve ark., 2022; Uner & Baykal, 2024).
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EFFECT OF SEAWEED ENRICHED HUMIC ACID ON GROWTH AND YIELD OF BT.
BRINJAL (SOLANUM MELONGENA L.)

Md. Nazmul Hasan ARFIN
Sylhet Agricultural University, Faculty of Agriculture, Department of Agricultural Chemistry, Sylhet,
Bangladesh

ABSTRACT

Bt. brinjal (Solanum melongena L.), a member of the Solanaceae family, is an economically important
vegetable crop cultivated worldwide across tropical, subtropical, and warm temperate regions. It has
been genetically developed to resist lepidopteran pests, particularly the Brinjal Fruit and Shoot Borer
(Leucinodes orbonalis), through the expression of Bacillus thuringiensis (Bt) toxin that forms pores in
the insect’s digestive system. In Bangladesh, where brinjal is locally known as “Begoon,” it ranks second
only to potato in acreage and production. The present study evaluated the effect of seaweed-enriched
humic acid on the growth and yield of Bt. brinjal using a Randomized Complete Block Design (RCBD)
with three replications. Four treatments were applied: To (control), T: (recommended fertilizer), T2 (10
kg seaweed-enriched humic acid ha™), and T3 (20 kg seaweed-enriched humic acid ha™'). Humic acid
enhances nutrient availability, stimulates seed germination and viability, and primarily promotes root
growth. Growth parameters—plant height, leaf number, branch number, and flower number—were
recorded at 30, 50, and 80 days after sowing (DAS). The highest values were observed at DAS 80, with
plant height (119 cm), leaf number (130.33), branch number (26.67), and flower number (63.35). Yield
performance revealed maximum production in T2 (21.15 ton ha™), followed by T3 (16 ton ha™), T:1 (12
ton ha™'), and minimum in To (12 ton ha™'). The findings indicate that seaweed-enriched humic acid
significantly enhances growth and yield attributes of Bt. brinjal. Therefore, its application can be
regarded as an effective, eco-friendly, and sustainable supplement to improve productivity and promote
sustainable agricultural systems in Bangladesh.

Keywords : Bt brinjal, Fruit and Shoot Borer, Sea weed, Humic acid, Recommended fertilizer.
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ABSTRACT

Rapid urbanization alters land surface characteristics and significantly influences urban thermal
environments, resulting in the formation of Urban Heat Islands (UHI). In tropical coastal regions such
as Kerala, the surface UHI effect can be particularly pronounced due to high background temperatures
and dense urban development. This study assesses the surface urban heat island effect in Kochi, Kerala,
using Landsat 8—derived Land Surface Temperature (LST) processed within the Google Earth Engine
(GEE) platform. Landsat 8 Collection 2 Level-2 data for the pre-monsoon season (March—May 2023)
were used to derive LST at a spatial resolution of 30 m. Urban and non-urban areas were delineated
using the Normalized Difference Built-up Index (NDBI), while water bodies were excluded using the
Normalized Difference Water Index (NDWI) to minimize temperature bias. Mean LST values were
calculated separately for urban and non-urban areas, and surface UHI intensity was quantified as the
difference between these mean temperatures. The results reveal a strong surface urban heat island effect
in Kochi. The mean LST of urban areas was estimated at 42.22 °C, while non-urban areas exhibited a
lower mean LST of 32.33 °C, resulting in a surface UHI intensity of 9.89 °C. The Spatial patterns
indicate that higher surface temperatures are concentrated within densely built-up urban cores and major
transportation corridors, whereas vegetated and peri-urban regions exhibit comparatively lower
temperatures. The study demonstrates the effectiveness of GEE for rapid and reproducible surface UHI
assessment at the city scale. The findings highlight the significant influence of urbanization on surface
thermal conditions in Kochi and emphasize the need for climate-responsive urban planning strategies to
mitigate urban heat stress in rapidly growing tropical cities.

Keywords: Urban Heat Island, Land Surface Temperature, Google Earth Engine, Landsat, Urbanization

1. INTRODUCTION

Urbanization is one of the most significant forms of land transformation occurring globally, particularly
in rapidly developing regions. The conversion of natural landscapes into built-up environments alters
surface properties such as albedo, moisture availability, and thermal conductivity. As vegetation and
permeable surfaces are replaced by impervious materials like concrete, asphalt, and rooftops, urban areas
tend to absorb and retain more heat. This process often results in higher temperatures in cities compared
to their surrounding rural or less-developed areas, a phenomenon commonly referred to as the Urban
Heat Island (UHI) effect (Shi et al., 2023).

The UHI effect has important environmental and socio-economic implications, including increased
energy consumption, thermal discomfort, deterioration of air quality, and potential public health risks,
especially in tropical and subtropical regions (Kajjoba et al., 2025). In coastal and humid regions such
as Kerala, the combined influence of high background temperatures, rapid urban expansion, and dense
population can intensify surface heating and increase climate-related issues. Understanding the spatial
and thermal characteristics of urban areas is therefore essential for sustainable urban planning and
climate adaptation strategies.

Remote sensing provides an effective means of analyzing urban thermal environments due to its ability
to capture spatially continuous surface temperature data over large areas.
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Land Surface Temperature (LST) derived from thermal infrared satellite sensors has been widely used
as a proxy for assessing surface urban heat islands (Maroni et al., 2021). Recent studies have continued
to employ satellite-based LST to map UHI dynamics in diverse urban settings, including heat-wave
impacts and local climate zone differences (Wei et al., 2024). Unlike point-based air temperature
measurements, satellite-derived LST allows detailed spatial comparison between urban and non-urban
surfaces.

The cloud-based geospatial platforms such as Google Earth Engine (GEE) have significantly enhanced
the efficiency and reproducibility of remote sensing—based urban studies. GEE provides access to long-
term satellite archives, including Landsat data, along with powerful computational capabilities that
enable rapid processing and analysis (Gorelick et al., 2017; Stamou, 2025). This makes it particularly
suitable for urban climate studies at city and regional scales, as demonstrated in multiple recent
applications of GEE for UHI mapping.

2. Study Area

Kochi, located in Ernakulam district of Kerala, South India, one of the fastest-growing urban
agglomerations in Kerala (Figure 1), presents a suitable case for examining surface UHI dynamics. The
city has experienced substantial growth in built-up areas over recent decades, accompanied by changes
in land cover and surface, extensive transportation networks, coastal environments, and inland water
bodies. The presence of both highly urbanized zones and surrounding vegetated areas makes Kochi
particularly suitable for surface Urban Heat Island (UHI) assessment.

In this context, the present study aims to quantify the surface urban heat island effect in Kochi, Kerala,
using Landsat-derived land surface temperature data processed in Google Earth Engine. Urban and non-
urban areas are delineated using spectral indices, and water bodies are excluded to improve result
reliability. The study provides a simple and reproducible framework for assessing surface UHI at the
city scale, contributing to urban climate research and supporting sustainable urban development
initiatives.

= ooy

Fig. 1: Study Area — Kochi, located in Ernakulam district of Kerala

h»- “

3. DATA AND METHODS
3. Data and Methodology
3.1 Satellite Data
e Landsat 8 Collection 2, Level-2
e Study period: March—May 2023 (pre-monsoon season)
e Spatial resolution: 30 m
e Data accessed and processed in Google Earth Engine
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3.2 Land Surface Temperature (LST) Extraction

Land Surface Temperature was derived from the Landsat thermal band (ST_B10) using standard scaling
factors provided in the Level-2 product. The temperature values were converted from Kelvin to degrees
Celsius for interpretation (Parvar and Salmanmahiny 2024).

3.3 Urban and Non-Urban Classification

Urban areas were delineated using the Normalized Difference Built-up Index (NDBI):
NDBI — SWIR — NIR

SWIR + NIR
Pixels with NDBI > 0.1 were classified as urban, while remaining pixels were considered non-urban.
3.4 Water Body Masking
To avoid overestimation of UHI due to low-temperature water surfaces, water bodies were removed
using the Normalized Difference Water Index (NDWI). Pixels with NDWI > 0.2 were masked out from
both urban and non-urban classes.
3.5 Urban Heat Island Intensity CalculationMean LST values were computed separately for urban and
non-urban areas after masking water bodies. Surface UHI intensity was calculated as:

UHI = Mean LSTpan — Mean LSTyon—wrban
All computations were carried out directly in Google Earth Engine, ensuring spatial consistency and
reproducibility. The methodological work flow is given in Figure 2.

Study Area: Kochi, Kerala (Ernakulam District)

) * Urban—Coastal City with Mixed Land Cover

Satallite Data: Landsat 8 Collection 2 (Level-2)

+ March—May 2023 (Pre-Monsoon)
+ Google Earth Engine

Image Pre-processing

« Cloud Filtering & Clipping

Land Surface Temperature (LST)
1 LST (°C) = (DN x Scale + Offset) - 273.15

Urban—-Non-Urban CIassiﬁgation

. NDBI = (SWIR - NIR)/(SWIR + NIR)
« NDBI > 0.1: Urban - NDBI < 0.1: Non-Urban

6 Water Body Masking
&=®) NDWI = (Green - NIR)/(Green + NIR)
» NDWI > 0.2: Water Pixels Removed

2

Mean LST Calculation
+ Mean LST (Urban)

» Mean LST (Non-Urban)

Surface UHI Estimation

UHI = Mean LST ., -- Mean LST v urban

2

Outputs
+ LST Map & UHI Intensity Map

« Statistical Results (CSV)

Fig. 2: Methodology Framework
4. Results
The land surface temperature (LST) analysis revealed a clear thermal contrast between urban and non-
urban areas of Kochi during the pre-monsoon period of 2023. The spatial distribution of LST (Figure 3)
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shows elevated surface temperatures across densely built-up regions, while comparatively lower
temperatures are observed in vegetated and peri-urban areas. This spatial pattern highlights the strong

influence of land cover on surface thermal behaviour.
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Fig. 3: Spatial distribution of land surface temperature (LST) in Kochi during the pre-monsoon season
(March—May 2023)

Overall, the results confirm the presence of a strong surface urban heat island effect in Kochi during the
pre-monsoon period. The magnitude and spatial distribution of the observed UHI underscore the role of

urbanization and land cover transformation in shaping the city’s thermal environment.
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Fig. 4: Urban areas in Kochi delineated using the Normalized Difference Built-up Index (NDBI), with
water bodies excluded using NDWI

Urban areas delineated using the Normalized Difference Built-up Index (NDBI), with water bodies

excluded using the Normalized Difference Water Index (NDWI), are shown in Figure 4. The extracted
urban extent corresponds well with the compact urban core and major transportation corridors of Kochi,
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whereas non-urban regions are dominated by vegetation and open land. This clear separation of urban
and non-urban surfaces enabled a reliable comparison of their respective thermal characteristics.

Table 1: Mean Land Surface Temperature and Surface UHI Intensity in Kochi

Area Type Mean LST (°C)
Urban 42.22
Non-Urban 32.33

Surface UHI Intensity 9.89

The mean land surface temperature of urban areas was estimated to be 42.22 °C, while non-urban areas
exhibited a lower mean temperature of 32.33 °C (Table 1). Based on these values, the surface Urban
Heat Island (UHI) intensity was calculated to be 9.89 °C, indicating that urban surfaces in Kochi are
substantially warmer than their surrounding non-urban counterparts during the pre-monsoon season.
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Fig. 5: Surface urban heat island intensity in Kochi, showing higher temperatures in urban areas
relative to non-urban surroundings.

The spatial pattern of surface UHI intensity is illustrated in Figure 4, which highlights pronounced heat
accumulation within the urban core and other densely built-up zones. In contrast, areas characterized by
higher vegetation cover exhibit lower surface temperatures, emphasizing the cooling effect of green
spaces. The exclusion of water bodies ensured that the estimated UHI intensity was not biased by low-
temperature aquatic surfaces.

5. Discussion

The results of this study indicate a pronounced surface Urban Heat Island (UHI) effect in Kochi during
the pre-monsoon season, with urban areas exhibiting a mean land surface temperature approximately
9.89 °C higher than surrounding non-urban regions. Such a magnitude is relatively high but remains
physically plausible for surface temperature-based UHI assessments, particularly in tropical coastal
cities where intense solar radiation and dense built-up structures dominate the urban landscape.

The elevated surface temperatures observed in urban areas can be attributed to the extensive presence
of impervious materials such as concrete, asphalt, and rooftops, which possess high heat absorption and
storage capacities. These surfaces reduce evaporative cooling and increase sensible heat flux, leading to
substantial surface warming. In contrast, non-urban areas characterized by vegetation and open land
exhibited significantly lower LST values, highlighting the cooling role of natural surfaces through
shading and evapotranspiration.

The pre-monsoon period selected for this analysis further amplifies the surface UHI effect. During this
season, high incoming solar radiation combined with limited cloud cover and reduced soil moisture
enhances surface heating.
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The exclusion of water bodies using NDWI minimized the influence of low-temperature aquatic
surfaces, ensuring that the estimated UHI intensity reflects true land-based thermal contrasts.

The spatial patterns of UHI intensity correspond closely with densely built-up zones and major
transportation corridors, as shown in the UHI intensity map (Figure 5). These areas typically experience
limited vegetation cover and high anthropogenic activity, reinforcing localized heat accumulation. Peri-
urban regions and areas with higher vegetation density exhibited lower surface temperatures,
emphasizing the potential of green spaces in mitigating surface heating.

It is important to note that the UHI values reported in this study represent land surface temperature
differences, not near-surface air temperature. Surface UHI intensities are generally higher than air
temperature—based UHIs and should be interpreted accordingly. Nevertheless, surface UHI remains a
critical indicator of urban thermal stress and provides valuable insights into the spatial distribution of
heat within cities.

Overall, the findings underscore the influence of rapid urbanization on the thermal environment of Kochi
and highlight the need for climate-responsive urban planning strategies. Incorporating green
infrastructure, preserving vegetated areas, and promoting reflective and permeable materials could play
a significant role in reducing surface heat accumulation in rapidly urbanizing tropical cities.

6. Conclusion

This study successfully demonstrated the use of Google Earth Engine and Landsat data to assess surface
urban heat island intensity in Kochi, Kerala. The results confirm the presence of a significant surface
UHI effect, with urban areas exhibiting higher land surface temperatures compared to surrounding non-
urban regions. The methodology is efficient, reproducible, and suitable for rapid urban climate
assessments at city scale.
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ABSTRACT

Functions of several variables and vector calculus form the mathematical foundation for analyzing and
modeling real-world phenomena involving multiple changing quantities. Unlike single-variable
functions, functions of several variables describe systems where outcomes depend on two or more
independent variables. These concepts are widely used in engineering, physics, economics, and
computer science to understand complex interactions in multidimensional systems.

In everyday applications, functions of several variables are used to model temperature distribution over
a surface, pressure variation in fluids, electric potential in space, and cost or profit depending on multiple
factors. For example, the temperature at any point on a metal plate depends on both its x and y
coordinates, making it a function of two variables. Partial derivatives help measure how the function
changes with respect to one variable while keeping others constant. This is particularly useful in
optimization problems, such as minimizing production cost or maximizing efficiency in engineering
systems.

Vector calculus extends these ideas to vector fields, where each point in space has both magnitude and
direction. Important operations in vector calculus include gradient, divergence, and curl. The gradient
of a scalar function indicates the direction of maximum increase and is commonly applied in heat flow
and electric field analysis. Divergence measures the rate at which a vector field spreads out from a point
and is useful in fluid dynamics to study sources and sinks. Curl represents rotational behavior in a vector
field and is applied in understanding electromagnetic fields and fluid rotation.

Line integrals and surface integrals provide methods to compute work done by a force field, fluid flow
across a surface, and circulation around a curve. These tools are essential in physics and engineering.
For example, calculating the work done by a varying force along a curved path requires evaluating a
line integral. Similarly, Gauss’s Divergence Theorem and Stokes’ Theorem connect surface integrals
and line integrals, simplifying complex calculations in three-dimensional space.

In electrical and electronic engineering, vector calculus is used in analyzing electromagnetic waves,
electric and magnetic fields, and circuit behavior. In mechanical engineering, it helps describe motion,
velocity, and acceleration in three dimensions. In economics, multivariable functions model demand
and supply influenced by multiple parameters. In environmental science, these mathematical tools are
used to model heat transfer, pollution spread, and fluid flow in oceans and the atmosphere.

Thus, functions of several variables and vector calculus are powerful mathematical tools that bridge
theoretical concepts and practical applications.
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They provide systematic techniques to model, analyze, and solve multidimensional problems
encountered in science and engineering. Understanding these concepts enhances analytical thinking and
enables the development of efficient solutions to complex real-world challenges.

Keywords: Functions of Several Variables, Partial Derivatives, Gradient, Divergence, Curl, Vector
Fields, Line Integrals
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ABSTRACT

Pancratium maritimum L. (sea daffodil) is a characteristic psammophytic geophyte of coastal dune
ecosystems in the Mediterranean and Black Sea basins, whose populations are highly vulnerable to
anthropogenic pressure associated with tourism, urbanization, and dune degradation. The present study
aims to analyze the applied conservation practices for the protection of the species in the coastal dune
zone of Lara Beach (Antalya, Turkey) and to assess their effectiveness under conditions of intensive
recreational pressure. The study was conducted during the period December 2025 — January 2026 on a
representative dune area of about 12 ha and includes field observations and direct counting of individuals
in unprotected natural sites, fenced natural sites, and areas of targeted cultivation. The results show clear
differences in population density, with the lowest values recorded in unprotected sites and the highest
in cultivated zones. The obtained data confirm the positive effect of physical protection and active
management on the condition of the populations. The presence of invasive ornamental species,
especially Carpobrotus edulis, was identified as a significant long-term risk to dune ecosystems. The
study highlights the need for an integrated approach to the conservation of P. maritimum, combining
territorial protection, control of invasive alien species, and sustainable management of coastal tourist
areas.

Keywords: Pancratium maritimum; coastal dunes; conservation measures; tourist pressure; invasive
species; Turkey

Introduction

Pancratium maritimum L. (sea daffodil) is a coastal psammophytic geophyte characteristic of sandy
beaches and dune systems in the Mediterranean and Black Sea basins, where it forms scattered
populations in mobile and fixed dunes. The biology and reproductive strategy of the species are closely
adapted to dynamic sandy habitats, which makes the condition of its populations directly dependent on
the conservation status and functioning of dune ecosystems (Medrano et al., 1999; Medrano et al., 2000;
Apostolova, 2015).

Despite its relatively wide geographical distribution, numerous studies indicate that local populations of
P. maritimum are highly vulnerable to anthropogenic pressure, including coastal urbanization,
development of tourist infrastructure, recreational trampling, and mechanical destruction of dunes.
These factors lead to a reduction in population size, reproductive success, and spatial integrity, with
negative effects being particularly pronounced in intensively used beach areas (Demir et al., 2010;
Pouris & Rhizopoulou, 2018).

Therefore, the scientific literature increasingly supports the understanding that effective conservation of
Pancratium maritimum in practice represents conservation of coastal dune habitats through the
combination of measures aimed at limiting direct damage to plants and spatial management of human
activities on dunes.

Bulgaria: legal framework and field-based measures

Pancratium maritimum L. is included both in the Red List of Bulgarian vascular plants with the category
Endangered (EN) (Petrova, Vladimirov, 2009) and in the Red Data Book of Bulgaria (Apostolova,
2015), reflecting its high vulnerability and the need for targeted measures for the conservation of its

259



12" International Aegean Congress on Natural & Medical Sciences
February 25-26, 2026, [zmir
(THE PROCEEDINGS BOOK)

https://www.aegeanconference.com/

coastal habitats. At the national level, the species is protected under the Biological Diversity Act, which
establishes a regime including prohibition of destruction and damage to individuals and obligations for
habitat protection (Biological Diversity Act, 2002). The Act emphasizes the implementation of plans
and measures for threatened species, including monitoring, population support, and control of alien and
invasive species. Part of the species’ localities fall within protected areas and sites of the Natura 2000
ecological network, which links its conservation to territorial management and restrictions on
permissible activities. One of the clearest examples of targeted territorial protection is the maintained
reserve “Pyasachnata liliya” near Sozopol, designated with the main objective of conserving the largest
locality of the species in Bulgaria.
The practical implementation of measures in Bulgaria focuses on limiting trampling, prohibiting the
passage of motor vehicles, physical fencing and directing visitor flow, as well as banning the collection
of plants (Apostolova et al., 2015).

Europe: a habitat-oriented conservation model

Pancratium maritimum L. is assessed as Least Concern (LC) within the [UCN Red List of Threatened
Species (Vicedo, 2018), with the assessment reflecting the wide distribution of the species in the
Mediterranean Basin. Nevertheless, the document emphasizes that conservation of the species is closely
linked to the preservation and sustainable management of coastal sandy dune habitats, recommending
the application of local measures to limit anthropogenic pressure and to monitor populations, especially
in tourist-intensive coastal areas.

The main instrument for the conservation of these ecosystems in the EU is the Habitats Directive
92/43/EEC, which requires the introduction of necessary conservation measures in protected sites
(European Commission, 1992). According to Article 6 of the Directive, Member States are obliged to
prevent the deterioration of natural habitats and the habitats of species within Natura 2000 sites. Typical
dune habitats in which Pancratium maritimum occurs are included in Annex I of the Directive as priority
or significant habitats. In the EUNIS database, the species is indicated as not being directly included in
EU legal texts, confirming the indirect nature of its protection through habitats (EEA, 2026). In addition,
Regulation (EU) No 1143/2014 on invasive alien species establishes a framework for limiting pressure
on dune ecosystems, although Pancratium maritimum is not directly subject to this regulation (European
Parliament & Council, 2014).

Turkey: a species-oriented and restrictive approach

In Turkey, the scientific basis for the conservation of Pancratium maritimum L. is laid down in the Red
Data Book of Turkish Plants, where the species is classified as endangered (EN) at the national level
(Ekim et al., 2000). This conservation status underpins the application of strict regulatory measures
primarily aimed at preventing removal from the wild and trade in bulbs. A key regulatory instrument is
the Regulation on the Collection from Nature, Production and Export of Natural Flower Bulbs, published
in the Resmi Gazete (Republic of Tiirkiye, 2017), which introduces permit regimes, quotas, and
complete bans for a number of bulbous plants. In a managerial and policy context, this restrictive
approach is clearly formulated in the review report by Kizmaz (2000), where Pancratium maritimum is
listed among natural bulbous species for which collection and export from the wild are explicitly
prohibited in order to prevent overexploitation and the risk of local extinction. Scientific publications
on Pancratium maritimum in Turkey consider the species an indicator of the condition of coastal dune
habitats, emphasizing that its effective conservation depends on control of tourism activities,
recreational pressure, and secondary development, which justifies the introduction of a complete ban on
collection and trade of the species from the wild (Demir et al., 2010). At the same time, Turkish
institutions apply significant administrative sanctions for damaging or picking plants, which has a
clearly deterrent effect (Anadolu Ajansi, 2023). In parallel, studies are conducted and methods related
to the restoration of sea daffodil populations are applied. The study by Tatli and Caliskan (2005), carried
out on Mediterranean ecotypes of Pancratium maritimum from the Adana and Hatay regions,
experimentally demonstrates that the application of controlled nitrogen doses (0—9 kg/da N) allows
successful ex situ cultivation as an effective strategy for conserving natural populations along the
Mediterranean coast of Turkey, without additional pressure on dune ecosystems.
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The aim of the present study is to examine the applied conservation practices for the protection of
Pancratium maritimum in the coastal dune zone of Lara Beach (Antalya, Turkey) and, on this basis, to
outline opportunities for complementing measures for the conservation of coastal dune habitats.

Materials and Methods

Study area

The study was conducted in the coastal dune zone of Lara Beach (Antalya, Turkey), located along the
eastern coast of the Mediterranean Sea. The study area is defined as a coastal dune section of Lara Beach
(Antalya, Turkey), centered around a geographical reference point with coordinates 36°51'12.5" N,
30°53'04.8" E, with the investigation covering a linear segment approximately 2 km in length,
symmetrically distributed in both directions (1 km east and 1 km west) from the central point (Fig. 1).
With an average width of the dune belt of about 60 m, the total area of the representative study site
amounts to approximately 12 ha.

TURKEY

Fig.1. Study area

The area falls within a Mediterranean climate zone, characterized by hot, dry summers and mild, wet
winters. The mean annual temperature in the Antalya region is about 18—19°C. During the winter period
(December—January), average temperatures typically range between 8 and 15°C, with negative values
being rare and short-lived. The mean annual precipitation ranges between 900 and 1100 mm, with the
majority of rainfall concentrated in late autumn and winter. The summer period is distinctly dry. These
climatic conditions favor the development of xerophytic and psammophytic vegetation characteristic of
Mediterranean coastal dune ecosystems. Positive winter temperatures allow prolonged or continuous
vegetation activity in a number of Mediterranean geophytes, including Pancratium maritimum. The
habitats of P. maritimum are restricted to sandy dunes and transitional zones between the beach and the
back-dune vegetation. The soil substrate consists of well-drained, nutrient-poor sands subject to
salinization, wind erosion, and mechanical disturbance (trampling, beach cleaning).

The coastal zone of Lara Beach represents a representative example of a heavily tourist-loaded
Mediterranean beach, where intensive recreational use, construction, and decorative landscaping exert
prolonged and combined pressure on dune ecosystems and populations of Pancratium maritimum.
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Methods
Field observations were carried out during the period December 2025 — January 2026. The study has an
observational and descriptive character, without experimental interventions and without damage to
plants or habitats.
Depending on the applied conservation measures and management regime, three types of sites were
distinguished:
1. Natural sites without fencing — dune areas with free access and no physical protection;
2. Natural sites with fencing — dune areas with restricted access through fences and information
boards;
3. Cultivation zones — areas within the tourist infrastructure where P. maritimum is deliberately
planted and maintained.
The main quantitative indicator was population density, determined by direct counting of individuals
and expressed as number of individuals per square meter (ind./m?). In addition, phenological status,
spatial distribution, the presence of conservation measures, and the presence of introduced ornamental
plant species were recorded.

Results

Within the studied dune area, three main types of applied conservation measures were identified: (1)
targeted cultivation of Pancratium maritimum within the tourist infrastructure; (2) physical protection
of natural sites through fencing; and (3) installation of information boards aimed at restricting
unauthorized access and increasing public awareness (Fig. 2). These measures create different
management regimes that directly affect the spatial distribution and population density of the species.

maritimum (photo P. Glogov)

Within the study area, populations of Pancratium maritimum are confined to small, fragmented dune
patches occupying less than 1% of the total investigated area (12 ha). Clear differences in population
density were recorded among the different types of sites (Fig. 3):
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* Natural sites without fencing — on  average about 1  individual/m?
* Natural sites with fencing - on  average about 2-3  individuals/m?;
* Cultivation zones — the highest values, ranging between 4—6 individuals/m?.

AN ! ~ ,"—.’ﬁ\ i

Fig.3. A— Cultivation zones of Pancratium maritimum; B — Natural sites with fencing; ([;}T(;to P.
Glogov)

Positive winter temperatures allow prolonged or continuous vegetation in a number of Mediterranean
geophytes, including Pancratium maritimum. During the study period, a seed dispersal phase was
recorded, combined with the presence of green vegetative leaves, indicating active winter vegetation of
the species.

The most significant potential threat to P. maritimum is Carpobrotus edulis (Fig. 4), which forms
monodominant communities in places with dense projective cover (100%) and is cultivated for
ornamental purposes in close proximity to dune habitats. To a lesser extent, the presence of Ruellia
simplex (Acanthaceae) was recorded (in cultivated zones and at the periphery of natural sites).

Glogov)
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Discussion

The results clearly show that the applied conservation measures—fencing, installation of information
boards, and cultivation of Pancratium maritimum—have a positive effect on population density. The
gradual increase in density from unprotected to protected and cultivated sites highlights the importance
of active management under conditions of strong tourist pressure.

The observations of the present study are consistent with the results of an empirical study conducted
along the western Black Sea coast of Turkey (Demir et al., 2010), which demonstrated that spatial
protection of dune areas through fencing has a clearly positive effect on the condition of Pancratium
maritimum populations. In that study, protected sites were characterized by better population and
reproductive indicators compared to freely accessible areas, with the role of anthropogenic disturbance
clearly emphasized as a major limiting factor. A similar trend is observed in the Lara Beach area, where
higher population density and more stable spatial distribution of the species are found in fenced and
managed dune sites compared to unprotected zones. This similarity in results, regardless of differences
in geographical location and degree of tourist pressure, confirms the importance of physical protection
and spatial management as universal elements in the conservation of coastal dune habitats.

At the same time, invasive alien species, especially Carpobrotus edulis, represent a serious long-term
risk to dune ecosystems, as they suppress native vegetation and alter habitat structure. Although Ruellia
simplex is less widespread, its proven invasive potential in other regions necessitates increased attention.
In the context of coastal dune ecosystems, the results of the present study should be interpreted against
the background of increasing pressure from invasive alien plant species, whose spread is closely linked
to ornamental landscaping, infrastructure development, and tourist urbanization. A typical example is
Carpobrotus edulis—a South African succulent with nearly global distribution, including the
Mediterranean region and Turkey—which forms dense, long-lasting mats, suppresses native
psammophytic vegetation, alters soil properties, and leads to a significant reduction in biodiversity in
coastal habitats (O’Rourke & Lysaght, 2014).

Data for Turkey indicate that the country is particularly vulnerable to biological invasions due to its
geographical position, intensive maritime traffic, and high diversity of climatic and floristic regions. To
date, between several dozen and more than 80 invasive alien plant species have been documented in
individual areas, including Carpobrotus edulis (Atasoy & Corbaci, 2018).

The absence of an obligation to apply Regulation (EU) No 1143/2014 in Turkey creates preconditions
for uncontrolled use of ornamental introduced species, which may compromise the effectiveness of local
conservation measures. The country lacks a comprehensive national regulatory framework, a specialized
database, and mandatory monitoring of invasive alien species, making their control fragmented and
largely reactive. In this context, experience from other regions shows that effective management of
invasive ornamental species cannot rely solely on mechanical or chemical removal but requires
integrated, ecosystem-oriented approaches.

A representative example is Ruellia simplex—a widely used ornamental species that forms dense
invasions in floodplain forests in the southeastern United States—where experimental studies
demonstrate that targeted reintroduction of fast-establishing native species can significantly reduce the
abundance and biomass of the invasive taxon through early competitive suppression (Smith et al., 2015).
A similar approach, based on replacing invasive ornamental plants with suitable native psammophytic
and dune species, could be of key importance for Turkish coastal zones as well, where the lack of
regulatory restrictions on the introduction of ornamental species increases the risk of long-term
degradation of Pancratium maritimum habitats. Therefore, in the absence of regulatory control over
invasive alien species in Turkey, successful conservation of the species requires not only physical
protection of dune areas but also active management measures aimed at prevention, early containment,
and ecological restoration of affected habitats.

Conclusion

The study shows that local conservation measures for the protection of Pancratium maritimum in the
coastal dune zone of Lara Beach are effective and lead to higher population densities in protected and
cultivated sites. Nevertheless, the cultivation of invasive alien species, particularly Carpobrotus edulis,
represents a significant risk to the long-term conservation of the species.
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Effective conservation of the sea daffodil under conditions of intensive tourism requires an integrated
approach combining physical protection of sites, public awareness, and restriction of the use of
potentially invasive ornamental plants in coastal landscaping.
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ABSTRACT

Pearl millet (Pennisetum americanum L.) is a tall, warm-season and an annual grass belongs to the
family Poaceae. It is locally known as Bajra. It can grow up to height of 6 to 10 feet as conditions of
high temperature and favorable moisture. This study focused on the collection of different varieties of
Pearl millet germplasm from Sorghum Sub Station Dera Ghazi Khan, Punjab, to investigate
morphological, anatomical and physiological modifications. Morphological traits were analyzed at the
time of survey. The collected samples were preserved in a 70% alcohol solution, and freehand sectioning
and double staining methods were employed to analyze anatomical adaptations. Microscopic
examination using a digital ocular camera facilitated the analysis of various anatomical structures in the
roots, stems, and leaves. Fresh leaves were preserved for physiological analysis. Results indicated that
the maximum plant population was observed in AS-313 germplasm, which suggests its better
germination, early seedling and stress tolerance. The maximum epidermal thickness was observed in
Shahjahan germplasm, as the thick epidermis can improve resistance to stress that roots face in soil like
drought stress and salt stress by providing efficient water uptake and protective barrier. The maximum
phloem area was observed in AS-890 germplasm, while the minimum was recorded in AS-313
germplasm. The maximum midrib thickness in the leaf was observed in Shahjahan germplasm, while
the minimum was recorded in HM-17218 germplasm. The maximum total phenolic contents were
observed in Tara-05 germplasm, while the minimum was recorded in AS-890 germplasm. In conclusion,
Pearl Millet showed specific modifications in morpho-anatomical and physiological traits that expose
its ecological success.

Keyword: Pearl millet germplasm, Morpho-anatomical modification, Physiological modification.
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SLIDING WINDOW STATISTICAL CONVERGENCE OF FRACTIONAL DIFFERENCE
SEQUENCES IN INTUITIONISTIC FUZZY NORMED SPACES
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ABSTRACT

Today in the field of mathematics Fuzzy theory has become an extensive area of research. In 1965, L.
A Zadeh introduced the concept of fuzzy sets as a generalization of crisp sets. Later in 1986, Atanassov
introduced the concept of a more generalized sets which he named as Intuitionistic fuzzy sets. The basic
idea was to introduce a dual notion of the membership function of fuzzy set namely non—membership
function, thereby providing a more flexible framework for handling uncertainty..

In this paper, we introduce and study the concept of sliding window statistical convergence of

generalized fractional difference sequences in the setting of intuitionistic fuzzy normed spaces. For

this purpose, we define the notion of A%’Zlgf} (w) —convergence , which extends several existing

convergence concepts for fractional difference sequences to intuitionistic fuzzy environments. This
framework bridges classical convergence methods and their statistical counterparts. We investigate
fundamental properties of the proposed convergence, including its behavior under scalar multiplication
and sequence addition, and examine the uniqueness of limits. Furthermore, we establish relationships
between sliding window statistical convergence, lacunary statistical convergence, and other related
convergence notions under suitable conditions.

Keywords: Intuitionistic fuzzy normed space, Sliding window method; Statistical convergence,
Lacunary statistical convergence, generalized fractional difference operator, c—finite measure.
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THE EFFECT OF CARRAGEENAN, KONJAC, AND TRIPOTASSIUM CITRATE RATIOS
ON THE PHYSICOCHEMICAL CHARACTERISTICS AND ACCEPTANCE LEVEL OF
INSTANT PUDDING
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College of Vocational Studies, IPB University, Bogor, West Java 16128, Indonesia
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ABSTRACT

Pudding is a popular food due to its soft texture and sweet taste, but it needs a thickening agent in its
formulation. This study aimed to determine the effect of the carrageenan-konjac ratio and tripotassium
citrate concentration on the physicochemical and sensory attributes of instant pudding, and to determine
the best treatment based on the effectiveness index method. Pudding was made using combinations of
carrageenan-konjac ratios (60:40, 70:30, and 80:20) and tripotassium citrate concentrations (3%, 4%,
and 5%). The parameters tested included pH, total dissolved solids, hardness, water holding capacity,
syneresis, and hedonic evaluation. The best treatment was determined using a weighted analysis using
the effectiveness index method. The results showed that variations in carrageenan-konjac ratio and
tripotassium citrate concentration significantly affected pH, total dissolved solids, hardness, water
holding capacity, and syneresis. Increasing the proportion of carrageenan and tripotassium citrate
concentration correlated with increasing pH, while total dissolved solids decreased with increasing
proportion of carrageenan and tripotassium citrate concentration. The concentration of tripotassium
citrate significantly affected hardness. Meanwhile, the carrageenan-konjac ratio had no significant effect
on pudding hardness, based on statistical results. Increasing the proportion of carrageenan decreased
water holding capacity, while the concentration of tripotassium citrate had no significant effect on water
holding capacity. The ratio of carrageenan to konjac and tripotassium citrate concentration significantly
affected syneresis. The hedonic test showed that significant differences were only observed in
appearance and aroma. The best treatment was the combination of 70:30 carrageenan-konjac and 4%
tripotassium citrate, with a total score of 0.70, using the effectiveness index method.

Keywords: Carrageenan, konjac, pudding, tripotassium citrate

I. INTRODUCTION

Pudding and other gel-based foods are becoming increasingly popular for their smooth texture and
ability to meet dietary requirements. Pudding and other gel products stored at low temperatures need to
exhibit low syneresis and good gel strength. Because it affects the final texture, gel strength can affect
consumers' acceptability. Pudding that is too soft or too hard and stiff can reduce consumer acceptance.
Meanwhile, syneresis is the release of water from the gel during storage, causing the gel to shrink and
solidify (Agustina, 2018). Pudding may dry out and shrink during storage due to syneresis, affecting its
organoleptic and physical qualities. Additionally, a gel's pH and water-holding ability affect synthesis.
A product's ability to retain water and maintain the proper pH balance may reduce syneresis.
Characteristics of the final product, such as gel strength, syneresis, water-holding capacity, pH, and total
dissolved solids, are greatly influenced by the kind and concentration of gelling agents used throughout
the pudding-making process. The food sector frequently uses gelling agents such as konjac and
carrageenan. Carrageenan is a hydrocolloid obtained from red seaweed, particularly from the genera
Eucheuma and Gigartina. Carrageenan is known for its ability to form thermoreversible gels, thus
making it widely used as a gelling agent, thickener, and stabilizer (Kaya et al., 2015). Konjac, on the
other hand, is a polysaccharide that is taken from the Amorphophallus plant's tubers. A more elastic gel
can be produced by reducing surface tension with konjac's glucomannan. The combination of kappa
carrageenan with konjac can produce a synergistic effect, increasing gel strength and elasticity while
reducing syneresis (Kaya et al., 2015).
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Tripotassium citrate is a salt that can serve as an acid regulator, emulsifier, and stabilizer in food
products. Tripotassium citrate can help improve gelation ability and strengthen gel structures. According
to Myneedu (2015) and Yu et al. (2017), potassium (K) ions can promote the formation of a strong
helical structure in carrageenan gels, as well as increase water-holding capacity and gel strength. Given
these properties, the use of tripotassium citrate is expected to help produce puddings with a more stable
texture, better resistance to syneresis, and optimal organoleptic qualities. So, this study aimed to
determine the effect of the carrageenan-konjac ratio and tripotassium citrate concentration on the
physicochemical and sensory attributes of instant pudding.

MATERIALS AND METHODS

Pudding sample preparation begins with weighing the ingredients according to the specified treatment,
followed by dry mixing for 2-5 minutes. The premix is then dissolved in 500 mL of room-temperature
water and cooked over medium-low heat, stirring until the solution appears to be simmering. The
solution is removed and poured into plastic cups, cooled to room temperature, and allowed to solidify.
The pudding samples are then tested for pH, total dissolved solids, hardness, syneresis, water holding
capacity (WHC), and organoleptic (hedonic) properties. To find the optimal therapy, the test data are
then subjected to ANOVA, Duncan's test, and a weighted test utilizing the effectiveness index technique.
The analyses were pH, total dissolved solids, hardness, syneresis, water holding capacity (WHC), and
sensory analysis (hedonic). The experimental research is seen in Table 1.

Table 1. Carrageenan, Konjac, And Tripotassium Citrate Ratios

Ratio of Consentration of Tripotassium Sitrat (B)
Carragenan
and Konjac (A) 3% (B1) 4% (B2) 5% (B3)
60 : 40 (Al) AlBl Al1B2 Al1B3
70 : 30 (A2) A2BlI A2B2 A2B3
80 : 20 (A3) A3Bl A3B2 A3B3
RESULTS AND DISCUSSION

The Effect of Variations in Carrageenan-Konjac Ratio and Tripotassium Citrate Concentration
on pH

It is evident from Figure 1 that an increase in carrageenan content is closely correlated with an increase
in pH. Carrageenan is typically basic because it is a by product of extracting red seaweed at high
temperatures using an alkaline solution (Kaya et al., 2015). Due to its basic nature, carrageenan can
raise the pH of the pudding as its concentration rises.

122
79
T.18 Concentration
o 116 Tripotassium
= Citric
2714
T i 3%
Q7 I 2
2z e 4%
7.1 5%
08
06
60:40 70:30 80:20

Carrageenan: Konjac

Figure 1. Graph of the effect of the ratio of carrageenan and konjac on pH
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Figure 2. Graph of the effect of tripotassium citrate concentration on pH

Figure 2 above shows that the pH at 4% TPC was higher than at 3% TPC, but lower at 5% TPC.
Tripotassium citrate is a type of potassium salt. When dissolved in water, it decomposes, releasing K+
and HCO3+ ions, thereby raising the solution's pH. It aligns with Xie et al. 2023 study, which found
that potassium salts can slightly raise the pH of silver carp batter emulsions. According to research by
Vrienlick et al. (2022), tripotassium citrate dissolves and primarily dissociates into potassium and
bicarbonate ions, both of which are basic, indicating that it possesses alkalinizing capabilities.
Nevertheless, the pH dropped again at a 5% TPC concentration. The greater concentration of
tripotassium citrate probably upset the balance, causing the pH to drop.

The Effect of Variations in Carrageenan-Konjac Ratio and Tripotassium Citrate Concentration
on Total Dissolved Solids (TDS)

Concentration

215 Tripotassium
Sitrat (TPC)
21
——3%
205 -1

Total Dissolved Solids (%Brix)

5%
20 5%

19.5

60:40 70:30 80:20
Carrageenan: Konjac

Figure 3. Graph of the effect of tripotassium citrate concentration on total dissolved solids

Figure 3 above shows that a higher proportion of konjac results in a higher total soluble solids value,
while a higher proportion of carrageenan results in a lower TDS value. It is likely due to konjac's superior
water-binding capacity compared to carrageenan. The more water is bound, the more sucrose dissolved
in the water is bound, increasing the total soluble solids value. This finding is supported by the research
of Pratiwi et al. 2024 on the effect of agar and carrageenan combinations on the total soluble solids of
jelly drinks, which found that the higher the carrageenan combination, the lower the total soluble solids.

The Effect of Variations in Carrageenan-Konjac Ratio and Tripotassium Citrate Concentration
on Hardness

Figure 4 shows that hardness increases with increasing carrageenan proportion, as evidenced by the
highest hardness at the 80:20 carrageenan-konjac ratio. Increasing the amount of carrageenan leads to
greater double-helix formation, tighter cross-linking between double helices, and smaller intermolecular
spaces. This forces free water out of the gel, making it harder and increasing the hardness value (Kaya,
2015). Conversely, a higher proportion of konjac increases the amount of free water in the gel structure,
resulting in a softer gel texture.
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Figure 4 Graph of the effect of the ratio of carrageenan and konjac on hardness

The Effect of Variations in Carrageenan-Konjac Ratio and Tripotassium Citrate Concentration
on Water Holding Capacity (WHC)
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Figure 5 Graph of the effect of the comparison of carrageenan and konjac on water holding capacity
(WHC)

The higher carrageenan proportion results in a lower WHC value. This revealed that combining a gelling
agent with a higher carrageenan proportion and a lower konjac content decreased WHC. Konjac tends
to have a better ability to bind water during gel formation due to the elastic properties of the
glucomannan compound in konjac, allowing it to absorb and retain water up to tens of times its weight.
Conversely, carrageenan contains sulfate groups, which make its structure more rigid and reduce the
space between molecules, resulting in a lower WHC value.

The Effect of Variations in Carrageenan-Konjac Ratio and Tripotassium Citrate Concentration
on Syneresis

The graph above shows the highest to lowest syneresis values were produced by tripotassium citrate
concentrations of 3%, 4%, and 5%, respectively. It indicates a correlation between tripotassium citrate
concentration and syneresis. The higher the concentration of tripotassium citrate added, the less water
is separated from the gel. Tripotassium citrate itself plays a role in pH regulation and helps form a more
stable gel structure, preventing the release of water from the molecules.
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Figure 6. Graph of the effect of tripotassium citrate concentration on syneresis

Instant Pudding Sensory Analysis and Determining the Best Treatment

In the sensory analysis, significant differences between treatments were only seen in appearance and
aroma parameters, but did not affect overall panelist acceptance. On the other hand, the treatment with
the highest total yield was the combination of a 70:30 carrageenan-konjac ratio and 4% tripotassium
citrate, with a total yield of 0.70. Based on these results, the 70:30 carrageenan-konjac ratio and 4%
tripotassium citrate were the best treatments for physical, chemical, and sensory characteristics.

CONCLUSION

Variations in the carrageenan-konjac ratio and tripotassium citrate concentration significantly affected
the pH, hardness, total dissolved solids, water holding capacity, and syneresis of the pudding. However,
they did not significantly affect the pudding's acceptance level for taste, texture, aftertaste, or overall
acceptability. The concentration of tripotassium citrate significantly affected the hardness value, with
the highest value at 4%. The water-holding capacity decreased with increasing carrageenan proportions.
Meanwhile, syneresis decreased with increasing proportions of konjac and tripotassium citrate
concentration.
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12. Uluslararas1 Ege Fen ve Saglik Bilimleri Kongresi 25-26 Subat 2026 tarihleri arasinda Izmir/
Tiirkiye’de 16 farkli iilkenin (Tiirkiye-24, Diger Ulkelerden-33) akademisyen/arastirmacilarinim
katilimiyla gergeklesmistir. Kongre 16 Ocak 2020 Akademik Tesvik Odenegi Yonetmeligine
getirilen “Tebliglerin sunuldugu yurt icinde veya yurt disindaki etkinligin uluslararasi olarak
nitelendirilebilmesi i¢in Tiirkiye disinda en az bes farkli lilkeden sozlii teblig sunan konusmacinin
katilim saglamasi ve tebliglerin yaridan fazlasinin Tiirkiye disindan katilimcilar tarafindan
sunulmasi esastir.” degisikligine uygun diizenlenmistir.

Bilgilerinize arz edilir,

Saygilarimla

W

Assoc. Prof. Dr. Mehmet Emin KALGI
Head of Organizing Committee

ar LT
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ARDAHAN UNIVERSITESI REKTORLUGU m
[lahiyat Fakiiltesi
Say1 : E-56430641-900-2600005844 10.02.2026
Konu : Akademik Temsilci Hk.
ILGILI MAKAMA

ligi  : Dog. Dr. Mehmet Emin KALGI'nin 08.02.2026 tarihli dilekgesi.

Ilgide kayitli yaziya istinaden, Fakiiltemiz Felsefe ve Din Bilimleri Béliimii Din Psikolojisi Ana
Bilim Dali'nda gérev yapmakta olan Dog. Dr. Mehmet Emin KALGI'nin 25-26 Subat 2026 tarihleri
arasinda Izmir’de diizenlenecek olan "12. ULUSLARARASI EGE KONGRELERI’nin (Sosyal ve
Beseri Bilimler Kongresi, Saglik ve Fen Bilimleri Kongresi, Inovasyon ve Miihendislik Bilimleri
Kongresi) diizenleme komitesinde akademisyen temsilci olarak gorev almasini olurlariniza arz ederim.
Isbu belge ilgilinin istegi iizerine olusturulmustur.

Bilgilerinizi ve geregini arz/rica ederim.

Dog. Dr. Taha YILMAZ
Dekan Yardimcisi

OLUR
Prof. Dr. Mustafa YILDIZ
[lahiyat Fakiiltesi Dekani

Ek: Dog. Dr. Mehmet Emin KALGI'nin Dilekgesi

Bu belge, giivenli elektronik imza ile imzalanmistir.

Belge Dogrulama Kodu: MAEEFHA Belge Takip Adresi: https://www.turkiye.gov.tr/ardahan-universitesi-ebys
Adres: Ardahan Universitesi Kampiisii, Camligatak Mevkii, 75002, Merkez/ ARDAHAN Bilgi igin : Mesut Akgay
ilahiyat Fakiiltesi Sef
Telefon No: (0 478) 2117563 Faks No: (0 478) 2117565 Telefon No: (0478) 2117563
e-Posta: if@ardahan.edu.tr internet Adresi: www.ardahan.edu.tr Direkt Hat:

Kep Adresi: ardahanuni@hs01.kep.tr
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