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ÖZET 

Bu ­alēĸmanēn amacē, gebelik dºneminde ¿riner inkontinans (¦Ķ) farkēndalēĵēnē 

deĵerlendirmek, iliĸkili risk faktºrlerini ortaya koymak ve elde edilen bulgular doĵrultusunda 

uluslararasē literat¿re katkē saĵlayarak gelecekte yapēlacak araĸtērmalar i­in bilimsel bir temel 

oluĸturmaktēr. Bu ­alēĸma, gebelikte ¿riner inkontinansēn yaygēnlēĵē, risk faktºrleri ve 

yºnetimine iliĸkin literat¿r¿n incelenmesine dayanan tanēmlayēcē bir deĵerlendirme olarak 

planlanmēĸtēr. Ķlgili ­alēĸmalar; gebelik s¿recinde ¦Ķ gºr¿lme sēklēĵē, etkileyen faktºrler ve 

ºnleme yaklaĸēmlarēnē i­erecek ĸekilde sistematik olarak gºzden ge­irilmiĸtir. Ķncelenen 

­alēĸmalar, gebelik dºneminde ¦Ķônin yaygēn ancak ­oĵunlukla gºz ardē edilen ºnemli bir 

saĵlēk sorunu olduĵunu ortaya koymaktadēr. ¦Ķônin, kadēnlarēn yaĸam kalitesini fiziksel, 

psikolojik ve sosyal boyutlarda olumsuz etkilediĵi belirlenmiĸtir. Maternal risk faktºrleri 

deĵerlendirildiĵinde; ileri anne yaĸē, y¿ksek pregestasyonel v¿cut kitle indeksi (VKĶ), gebelik 

s¿recinde aĸērē kilo alēmē ve ­ocukluk ­aĵē en¿rezisi ºyk¿s¿n¿n ¦Ķ geliĸimi ile anlamlē d¿zeyde 

iliĸkili olduĵu saptanmēĸtēr. Gebelikte ¦Ķônin ºnlenmesi ve yºnetiminde pelvik taban kas 

egzersizleri birinci basamak ve en etkili koruyucu yaklaĸēm olarak ºne ­ēkmaktadēr. D¿zenli ve 

denetimli egzersiz programlarēnēn yanē sēra kilo kontrol¿, kabēzlēĵēn ºnlenmesi, kafein 

t¿ketiminin sēnērlandērēlmasē ve sigaranēn bērakēlmasē gibi yaĸam tarzē deĵiĸiklikleri 

semptomlarēn azaltēlmasēnda ºnemli rol oynamaktadēr. Ayrēca, ºzellikle ebeler ve hemĸireler 

tarafēndan saĵlanan erken dºnem eĵitim ve pelvik taban deĵerlendirmesi, ¦Ķônin 

kronikleĸmesini ºnlemede kritik ºneme sahiptir. 

 

Anahtar Kelimeler :  Gebelik; üriner inkontinans; pelvik taban kas egzersizleri 
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AWARENESS, RISK FACTORS, AND PREVENTIVE APPROACHES TO URINARY 

INCONTINENCE DURING PREGNANCY: A DESCRIPTIVE REVIEW  

 

 

ABSTRACT 

This study aims to evaluate awareness of urinary incontinence (UI) during pregnancy, identify 

associated risk factors, and contribute to the international literature by providing a scientific 

basis for future research. This study was designed as a descriptive review based on the 

examination of the existing literature on the prevalence, risk factors, and management of urinary 

incontinence during pregnancy. Relevant studies were systematically reviewed in terms of the 

frequency of UI, contributing factors, and preventive strategies during the gestational period. 

The findings indicate that urinary incontinence during pregnancy is a common yet frequently 

overlooked health problem. UI has been shown to significantly impair womenôs quality of life 

in physical, psychological, and social dimensions. Analysis of maternal risk factors revealed 

that advanced maternal age, high pregestational body mass index (BMI), excessive gestational 

weight gain, and a history of childhood enuresis are significantly associated with the 

development of UI. Pelvic floor muscle exercises are considered the first-line and most effective 

preventive approach for the management of UI during pregnancy. In addition to structured and 

supervised exercise programs, lifestyle modifications such as weight control, prevention of 

constipation, reduction of caffeine intake, and smoking cessation play a crucial role in reducing 

symptom severity. Furthermore, early education and pelvic floor assessment provided by 

healthcare professionals, particularly midwives and nurses, are essential in preventing the 

chronicity of UI. 

 

Keywords: Pregnancy; urinary incontinence; pelvic floor muscle exercises 

 

 

1. GĶRĶķ  

Gebelik dºneminde idrar ka­ērma [¿riner inkontinans (¦Ķ)], kadēnlar arasēnda yaygēn olarak 

gºr¿len ancak sēklēkla gºz ardē edilen ºnemli bir saĵlēk sorunudur (Parlas & Bilgic, 2024). 

Literat¿rde, gebelikte ¦Ķ prevalansēnēn %14 ile %75 arasēnda deĵiĸtiĵi ve bu oranēn gestasyonel 

yaĸ ilerledik­e, ºzellikle ¿­¿nc¿ trimesterde belirgin ĸekilde arttēĵē bildirilmektedir (L. Chen, 

Zhang, vd., 2023; Moossdorff-Steinhauser vd., 2021; Parlas & Bilgic, 2024; Zhu vd., 2025).  

Gebelikte en sēk karĸēlaĸēlan ¦Ķ tipi stres ¿riner inkontinans (S¦Ķ) olup, g¿lme, ºks¿rme, 

hapĸērma veya fiziksel aktivite gibi intraabdominal basēncēn arttēĵē durumlarda istemsiz idrar 

ka­ērma ile karakterizedir (MacArthur vd., 2025; Moossdorff-Steinhauser vd., 2021; Rajavuori 

vd., 2022; Sun vd., 2025). Yapēlan ­alēĸmalarda, gebelerin yaklaĸēk %41ôinde ¦Ķ gºr¿ld¿ĵ¿ ve 

S¦Ķônin t¿m vakalarēn %75ôinden fazlasēnē oluĸturduĵu rapor edilmiĸtir (L. Chen, Zhang, vd., 

2023; Jung vd., 2024; Wang vd., 2022). 
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Üriner inkontinans, yalnēzca fizyolojik bir sorun olmanēn ºtesinde, kadēnlarēn yaĸam kalitesini 

­ok boyutlu olarak etkileyen bir durumdur. ¦Ķ yaĸayan gebelerde fiziksel, psikolojik ve sosyal 

iyilik halinin anlamlē d¿zeyde olumsuz etkilendiĵi bildirilmektedir (L. Chen, Zhang, vd., 2023; 

Parlas & Bilgic, 2024; Wang vd., 2022; Zhu vd., 2025). Bu durum, sosyal etkileĸimlerde 

kēsētlanma, utan­ duygusu, ºzg¿ven kaybē ve anksiyete gibi psikososyal sorunlarla 

iliĸkilendirilmektedir (Moossdorff-Steinhauser vd., 2021; Parlas & Bilgic, 2024; Xu vd., 2023; 

Zhu vd., 2025). Bunun yanē sēra ¦Ķônin, nokt¿riye baĵlē olarak uyku d¿zenini bozabildiĵi ve 

cinsel saĵlēk ¿zerinde olumsuz etkiler yaratarak disparoni ve cinsel isteksizlik gibi sorunlara 

yol a­abildiĵi belirtilmektedir (Parlas & Bilgic, 2024; Wang vd., 2022). 

1.1. Etiyoloji: Gebelikte ¿riner inkontinans (¦Ķ) geliĸimi multifaktºriyel bir s¿rece dayanmakta 

olup, baĸlēca anatomik ve hormonal deĵiĸikliklerle iliĸkilendirilmektedir (H.-J. Chen vd., 2022; 

Parlas & Bilgic, 2024). Gebeliĵin ilerlemesiyle birlikte b¿y¿yen uterusun mesane ¿zerine 

doĵrudan basē uygulamasē, mesane kapasitesinin azalmasēna yol a­maktadēr (Jung vd., 2024; 

Rajavuori vd., 2022; Ryhtä vd., 2023; Zhang vd., 2025). Azalan mesane kapasitesi ve artan 

intraabdominal basēn­, pelvik taban yapēlarē ¿zerinde ek y¿k oluĸturarak kontinans 

mekanizmalarēnēn zayēflamasēna ve kontinans eĸiĵinin d¿ĸmesine neden olmaktadēr (Jung vd., 

2024; Parlas & Bilgic, 2024). 

Hormonal deĵiĸiklikler de ¦Ķ geliĸiminde ºnemli bir rol oynamaktadēr. Gebelik s¿resince artan 

relaksin ve progesteron hormonlarē, pelvik taban baĵ dokularē ile ¿retral sfinkter ¿zerinde 

gevĸetici etki gºstererek destek mekanizmalarēnēn zayēflamasēna yol a­maktadēr (Buran & Erim 

Avcē, 2024; Jung vd., 2024; Yang vd., 2023; Zhang vd., 2025). Özellikle relaksin hormonu, 

doĵuma hazērlēk s¿recinde baĵ dokularēnē esnek hale getirirken, pelvik taban kaslarēnēn 

stabilitesini azaltarak stres ¿riner inkontinans (S¦Ķ) riskini artērmaktadēr (Buran & Erim Avcē, 

2024; Zhang vd., 2025). 

Bunun yanē sēra, artan uterus aĵērlēĵē ve hormonal etkilerin birlikte oluĸturduĵu y¿k, pelvik 

taban kaslarēnēn (ºzellikle levator ani kas grubunun) fonksiyonel kapasitesini olumsuz yºnde 

etkilemektedir. Pelvik taban kaslarēnda zayēflama veya fonksiyonel yetersizlik geliĸmesi, bu 

yapēlarēn artan y¿k¿ tolere edememesine ve kas kuvvetinde azalmaya neden olmaktadēr (Buran 

& Erim Avcē, 2024; Parlas & Bilgic, 2024; Ryhtª vd., 2023). Bu yapēsal ve fonksiyonel 

deĵiĸiklikler, ileri gºr¿nt¿leme yºntemleriyle de desteklenmekte olup, üç boyutlu 

ultrasonografik deĵerlendirmelerde gebelik ilerledik­e levator hiatal alanēn geniĸlediĵi 

gºsterilmiĸtir (Parlas & Bilgic, 2024; Sun vd., 2025). 

1.2. Tanē ve Deĵerlendirme 

Gebelikte ¿riner inkontinansēn (¦Ķ) tanēlanmasē, ayrēntēlē ve sistematik bir klinik deĵerlendirme 

s¿recini gerektirmektedir. Bu kapsamda ºncelikle hastanēn ºyk¿s¿ ayrēntēlē olarak alēnmalē; 

idrar ka­ērmanēn zamanē, sēklēĵē ve tetikleyici durumlarē (ºks¿rme, hapĸērma, fiziksel aktivite 

gibi) dikkatle sorgulanmalēdēr (Bassin vd., 2025; MacArthur vd., 2025; Soliman vd., 2023; Xu 

vd., 2023). Bu deĵerlendirme, ¦Ķ tipinin belirlenmesi ve uygun yºnetim stratejisinin 

planlanmasē a­ēsēndan kritik ºneme sahiptir. 

Semptomlarēn objektif olarak deĵerlendirilmesi amacēyla sēvē alēm ve ­ēkarēmēnēn izlenmesi 

ºnerilmektedir. Bu doĵrultuda, kadēnlarēn g¿nl¿k sēvē t¿ketimini, idrara ­ēkma sēklēĵēnē ve 

inkontinans epizodlarēnē kaydettikleri mesane g¿nl¿kleri, semptom ĸiddetinin 

nesnelleĸtirilmesinde yaygēn olarak kullanēlan etkili ara­lardēr (MacArthur vd., 2025; Soliman 

vd., 2023; Woodley vd., 2020). 

Yaĸam kalitesinin deĵerlendirilmesi de tanē s¿recinin ºnemli bir bileĸenidir. Bu ama­la, 

uluslararasē ge­erliliĵi ve g¿venilirliĵi kanētlanmēĸ ºl­¿m ara­larē kullanēlmaktadēr. ¥zellikle 
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International Consultation on Incontinence QuestionnaireïUrinary Incontinence Short Form 

(ICIQ-UI-SF), semptom ĸiddetini ve ¦Ķônin bireyin yaĸam kalitesi ¿zerindeki etkisini 

deĵerlendirmede altēn standart ºl­¿m ara­larēndan biri olarak kabul edilmektedir (Jaffar vd., 

2022; MacArthur vd., 2025; Wang vd., 2022; Zhu vd., 2025). 

Gºr¿nt¿leme yºntemleri de tanē ve deĵerlendirme s¿recine katkē saĵlamaktadēr. ¥zellikle ¿­ 

boyutlu (3D) transperineal ultrasonografi, pelvik taban anatomisindeki yapēsal deĵiĸikliklerin 

ve pelvik organ prolapsusunun deĵerlendirilmesinde kullanēlmakta olup, gebelikte ¦Ķônin altta 

yatan mekanizmalarēnēn anlaĸēlmasēna yardēmcē olmaktadēr (Sun vd., 2025). 

1.3. Risk Faktörleri 

Literat¿rde, gebelikte ¿riner inkontinans (¦Ķ) geliĸimine katkēda bulunan ­ok sayēda obstetrik, 

maternal ve yaĸam tarzēna baĵlē risk faktºr¿ tanēmlanmēĸtēr. Bu faktºrlerin kapsamlē bir ĸekilde 

deĵerlendirilmesi, risk altēndaki gebelerin erken dºnemde belirlenmesi a­ēsēndan ºnem 

taĸēmaktadēr. 

Obstetrik ºyk¿, ¦Ķ geliĸiminde belirleyici faktºrlerden biridir. ¥zellikle gebelik ºncesi veya 

ºnceki gebeliklerde idrar ka­ērma ºyk¿s¿ bulunmasē, gebelik s¿resince ve postpartum dºnemde 

¦Ķ geliĸimi i­in en g¿­l¿ prediktºrlerden biri olarak kabul edilmektedir (MacArthur vd., 2025; 

Parlas & Bilgic, 2024; Rajavuori vd., 2022; Wang vd., 2022; Zhu vd., 2025). Parite arttēk­a 

pelvik taban yapēlarē ¿zerindeki k¿m¿latif y¿k ve potansiyel hasar artmakta, buna baĵlē olarak 

¦Ķ riski de y¿kselmektedir (Bassin vd., 2025; Buran & Erim Avcē, 2024; L. Chen, Liu, vd., 

2023; Elbiss vd., 2023; MacArthur vd., 2025). Doĵum ĸekli de ºnemli bir faktºr olup, vajinal 

doĵumun pelvik taban kaslarē ¿zerindeki travmatik etkileri nedeniyle ¦Ķ riskini artērdēĵē; buna 

karĸēlēk planlē sezaryen doĵumun kēsmen koruyucu bir etkisinin olabileceĵi bildirilmektedir 

(Buran & Erim Avcē, 2024; Jung vd., 2024; Rajavuori vd., 2022; Wang vd., 2022). Ayrēca 

vakum veya forseps gibi m¿dahaleli doĵumlar, pelvik taban dokularē ve sinir yapēlarēnda hasara 

yol a­arak ¦Ķ riskini artērmaktadēr (Jung vd., 2024; Rajavuori vd., 2022; Wang vd., 2022). 

Gestasyonel yaĸ ilerledik­e, ºzellikle ¿­¿nc¿ trimesterde uterusun b¿y¿mesine baĵlē olarak 

pelvik tabana binen y¿k artmakta ve ¦Ķ prevalansē en y¿ksek d¿zeye ulaĸmaktadēr (Jung vd., 

2024; Mao vd., 2024; Parlas & Bilgic, 2024; Rajavuori vd., 2022; Sun vd., 2025; Yang vd., 

2023; Zhu vd., 2025). 

Maternal ºzellikler de ¦Ķ geliĸiminde ºnemli rol oynamaktadēr. Y¿ksek v¿cut kitle indeksi 

(VKĶ), ºzellikle pregestasyonel dºnemde obezite veya gebelik s¿resince aĸērē kilo alēmē, 

intraabdominal basēncē artērarak pelvik taban kaslarēnēn zayēflamasēna neden olmakta ve ¦Ķ 

riskini artērmaktadēr (Bassin vd., 2025; Buran & Erim Avcē, 2024; Jung vd., 2024; Rajavuori 

vd., 2022; Sun vd., 2025). Ķleri anne yaĸē, doku elastikiyetinde azalma ile iliĸkili olarak ¦Ķ 

geliĸimi a­ēsēndan ºnemli bir risk faktºr¿ olarak tanēmlanmaktadēr (Buran & Erim Avcē, 2024; 

Jung vd., 2024; Rajavuori vd., 2022; Soliman vd., 2023; Sun vd., 2025). Ayrēca ­ocukluk ­aĵē 

enürezisi öyküsü bulunan kadēnlarda gebelikte ¦Ķ gºr¿lme olasēlēĵēnēn daha y¿ksek olduĵu 

bildirilmektedir (Rajavuori vd., 2022; Wang vd., 2022). 

Yaĸam tarzē ve eĸlik eden klinik durumlar da ¦Ķ riskini etkileyen diĵer ºnemli faktºrlerdir. 

Kronik kabēzlēk ve kronik ºks¿r¿k (ºrneĵin sigara kullanēmēna baĵlē), pelvik taban kaslarē 

¿zerinde s¿rekli basēn­ oluĸturarak bu yapēlarēn zayēflamasēna neden olmakta ve ¦Ķ riskini 

yaklaĸēk iki kat artērmaktadēr (Bassin vd., 2025; Elbiss vd., 2023; Jung vd., 2024; Poudel vd., 

2021). Kafein i­eren i­eceklerin (kahve ve ­ay gibi) aĸērē t¿ketimi, mesane irritasyonuna ve 

detrusor kasēnda erken kasēlmalara yol a­arak semptomlarēn ortaya ­ēkmasēnē 

kolaylaĸtērabilmektedir (Wang vd., 2022). Ayrēca, tekrarlayan idrar yolu enfeksiyonlarē (ĶYE) 

öyküsü olan gebelerde ¦Ķ semptomlarēnēn daha sēk gºr¿ld¿ĵ¿ bildirilmektedir (Elbiss vd., 

2023; Jung vd., 2024; Wang vd., 2022). 
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Bununla birlikte, sedanter yaĸam tarzē ¦Ķ i­in bir risk faktºr¿ olarak kabul edilirken, d¿zenli 

fiziksel aktivite ve ºzellikle yapēlandērēlmēĸ pelvik taban kas egzersizleri (Kegel egzersizleri) 

koruyucu etki gºstermektedir (Bassin vd., 2025; Buran & Erim Avcē, 2024; Ryhtª vd., 2023; 

Zhang vd., 2025). 

¢izelge 1. Gebelikte ¦riner Ķnkontinans Ķ­in Risk Faktºrlerinin Sēnēflandērēlmasē 

Sēnēf R sk Faktºr¿ Sonu­larē Kaynaklar 

Obstetr k 

Faktºrler 

¥ncek  ¦Ķ ºyk¿s¿ Gebel k ºnces  veya ºncek  

gebel klerde ¦Ķ varlēĵē en 

g¿­l¿ pred ktºrd¿r 

MacArthur vd., 2025; 

Parlas & B lg c, 2024; 

Rajavuor  vd., 2022; 

Wang vd., 2022; Zhu 

vd., 2025 
 

Par te (doĵum 

sayēsē) 

Artan doĵum sayēsē pelv k 

taban hasarēnē artērēr 

Bass n vd., 2025; Buran 

& Er m Avcē, 2024; L. 

Chen, L u, vd., 2023; 

Elb ss vd., 2023; 

MacArthur vd., 2025 
 

Doĵum ĸekl Vaj nal doĵum r sk  artērēr, 

sezaryen kēsmen koruyucu 

olab l r 

Buran & Er m Avcē, 

2024; Jung vd., 2024; 

Rajavuor  vd., 2022; 

Wang vd., 2022 
 

M¿dahalel  doĵum 

(vakum/forseps) 

Pelv k taban ve s n r hasarē 

oluĸturur 

Jung vd., 2024; 

Rajavuor  vd., 2022; 

Wang vd., 2022 
 

Gestasyonel yaĸ ¦­¿nc¿ tr mesterde r sk artar Jung vd., 2024; Mao 

vd., 2024; Parlas & 

B lg c, 2024; Rajavuor  

vd., 2022; Sun vd., 

2025; Yang vd., 2023; 

Zhu vd., 2025 

Maternal 

Faktºrler 

Y¿ksek VKĶ Ķntraabdom nal basēncē 

artērarak pelv k tabanē 

zayēflatēr 

Bass n vd., 2025; Buran 

& Er m Avcē, 2024; 

Jung vd., 2024; 

Rajavuor  vd., 2022; 

Sun vd., 2025 
 

Ķler  anne yaĸē Doku elast k yet nde azalma 

le l ĸk l d r 

Buran & Er m Avcē, 

2024; Jung vd., 2024; 

Rajavuor  vd., 2022; 
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Sol man vd., 2023; Sun 

vd., 2025 
 

¢ocukluk ­aĵē 

en¿rez s 

¦Ķ gel ĸ m  ­ n pred spozan 

faktºrd¿r 

Rajavuor  vd., 2022; 

Wang vd., 2022 

Yaĸam 

Tarzē ve 

Kl n k 

Faktºrler 

Kron k kabēzlēk Pelv k tabana s¿rekl  basēn­ 

oluĸturur 

Bass n vd., 2025; Elb ss 

vd., 2023; Jung vd., 

2024; Poudel vd., 2021 

 
Kron k ºks¿r¿k / 

s gara 

Pelv k taban kaslarēnē 

zayēflatēr 

Bass n vd., 2025; Elb ss 

vd., 2023; Jung vd., 

2024; Poudel vd., 2021 
 

Kafe n t¿ket m Mesane rr tasyonu ve 

detrusor akt v tes  artēĸē 

Wang vd., 2022 

 
Tekrarlayan ĶYE ¦Ķ semptomlarēnē artērēr Elb ss vd., 2023; Jung 

vd., 2024; Wang vd., 

2022 
 

Sedanter yaĸam Pelv k taban zayēflēĵēna 

katkēda bulunur 

Bass n vd., 2025; Buran 

& Er m Avcē, 2024; 

Ryhtª vd., 2023; Zhang 

vd., 2025 
 

F z ksel akt v te 

(koruyucu) 

Pelv k taban kas egzers zler  

r sk  azaltēr 

Bass n vd., 2025; Buran 

& Er m Avcē, 2024; 

Ryhtª vd., 2023; Zhang 

vd., 2025 

1.4. Önlenmesi ve Yönetimi 

Gebelikte ¿riner inkontinansēn (¦Ķ) ºnlenmesi ve yºnetimi, kanēta dayalē yaklaĸēmlar 

doĵrultusunda ­ok boyutlu m¿dahaleleri i­ermektedir. Bu kapsamda pelvik taban kas 

egzersizleri, fiziksel aktivite, yaĸam tarzē deĵiĸiklikleri ve teknoloji destekli ºz-bakēm 

uygulamalarē temel bileĸenler olarak ºne ­ēkmaktadēr (Xu vd., 2023).  

1.4.1. Pelvik Taban Kas Egzersizleri (PTKE/ Kegel Egzersizleri) 

Pelvik taban kas egzersizleri (PTKE), gebelikte ¦Ķônin ºnlenmesinde birinci basamak ve 

en etkili koruyucu yöntem olarak kabul edilmektedir (L. Chen, Zhang, vd., 2023; Jung 

vd., 2024; Xu vd., 2023). Erken gebelik dºneminde baĸlanan yapēlandērēlmēĸ PTKE 

programlarēnēn, gebeliĵin ilerleyen dºnemlerinde ve postpartum s¿re­te ¦Ķ riskini %29ï

62 oranēnda azalttēĵē bildirilmektedir (Ryhtä vd., 2023). Bu egzersizler, üretra, vajina ve 

an¿s¿ ­evreleyen pelvik taban kaslarēnēn istemli olarak kasēlmasē ve gevĸetilmesine 

dayanmaktadēr (L. Chen, Liu, vd., 2023). G¿nl¿k uygulamada genellikle g¿nde 3 set, her 

sette 8ï12 tekrar ve her kasēlmanēn 6ï10 saniye sürdürülmesi önerilmektedir (L. Chen, 
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Liu, vd., 2023). Egzersiz sērasēnda nefes tutulmamalē ve intraabdominal basēncē artēran 

manevralardan (ºrneĵin ēkēnma) ka­ēnēlmalēdēr (Zhu vd., 2025). 

 
Görsel 1. Kegel Egzersizleri 

Kaynak: https://www.sezaileventoglu.com/blog-ic/pelvik-taban-egzersizleri-kegel-

egzersizleri-saglikli-bir-yasam-icin-guclu-bir-adim  

 

1.4.2. Fiziksel Aktivite ve Gebelik Pilatesi 

D¿zenli ve denetimli fiziksel aktivite, ¦Ķ semptomlarēnēn azaltēlmasēnda ºnemli rol 

oynamaktadēr. Gebelikte haftada en az 150 dakika orta ĸiddette fiziksel aktivite (y¿r¿y¿ĸ, 

aerobik, direnç ve denge egzersizleri) önerilmektedir (Zhang vd., 2024, 2025). Özellikle gebelik 

pilatesi, pelvik taban kaslarēnēn g¿­lendirilmesine katkē saĵlayan etkili bir yºntemdir. Gebeliĵin 

28. haftasēndan itibaren uygulanan ve yaklaĸēk 8 hafta s¿ren pilates temelli programlarēn hem 

gebelikte hem de postpartum dºnemde ¦Ķ ĸiddetini anlamlē d¿zeyde azalttēĵē gºsterilmiĸtir 

(Buran & Erim Avcē, 2024). Ayrēca bu t¿r egzersizler, aĸērē kilo alēmēnē sēnērlayarak pelvik 

taban üzerindeki mekanik y¿k¿ azaltmaktadēr (Buran & Erim Avcē, 2024). 

 
Görsel 2. Gebelikte Pilates 

https://www.sezaileventoglu.com/blog-ic/pelvik-taban-egzersizleri-kegel-egzersizleri-saglikli-bir-yasam-icin-guclu-bir-adim
https://www.sezaileventoglu.com/blog-ic/pelvik-taban-egzersizleri-kegel-egzersizleri-saglikli-bir-yasam-icin-guclu-bir-adim
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1.4.3. Yaĸam Tarzē Deĵiĸiklikleri 

Deĵiĸtirilebilir risk faktºrlerine yºnelik m¿dahaleler, ¦Ķ geliĸim riskini ºnemli ºl­¿de 

azaltabilmektedir (Bassin vd., 2025). Bu kapsamda kilo kontrol¿, kabēzlēĵēn ºnlenmesi, kafein 

t¿ketiminin azaltēlmasē ve sigaranēn bērakēlmasē temel yaklaĸēmlar arasēnda yer almaktadēr. 

¥zellikle y¿ksek pregestasyonel v¿cut kitle indeksi (VKĶ) ve gebelikte aĸērē kilo alēmē, ¦Ķ i­in 

önemli risk faktörleri olup, saĵlēklē kilo aralēĵēnēn korunmasē pelvik taban saĵlēĵē a­ēsēndan 

kritik öneme sahiptir (Bassin vd., 2025; Wang vd., 2022). 

Kronik kabēzlēk ve buna baĵlē ēkēnma, pelvik taban kaslarē ¿zerinde s¿rekli stres oluĸturarak bu 

yapēlarēn zayēflamasēna neden olmaktadēr (Elbiss vd., 2023; Poudel vd., 2021; Yang vd., 2023). 

Liften zengin beslenme ve yeterli sēvē alēmē ile kabēzlēĵēn ºnlenmesi m¿mk¿nd¿r (Mao vd., 

2024). Kafein i­eren i­eceklerin (kahve ve ­ay gibi) aĸērē t¿ketimi mesane irritasyonuna yol 

açabileceĵinden sēnērlandērēlmasē ºnerilmektedir (Mao vd., 2024; Wang vd., 2022; Xu vd., 

2023). Sigara kullanēmē ise kronik ºks¿r¿ĵe baĵlē olarak intraabdominal basēncē artērmakta ve 

pelvik taban yapēlarē ¿zerinde olumsuz etki oluĸturmaktadēr; bu nedenle sigaranēn bērakēlmasē 

ºnemli bir koruyucu yaklaĸēmdēr (Elbiss vd., 2023; Xu vd., 2023). 

Mesane eĵitimi de davranēĸsal tedavi yºntemleri arasēnda yer almakta olup, planlē tuvalete 

­ēkma, idrarē uzun s¿re tutmama ve doĵru mesane boĸaltēm tekniklerinin ºĵretilmesini 

i­ermektedir (Mao vd., 2024; Soliman vd., 2023). Bu yaklaĸēm, bireylerin ºz-kontrol 

becerilerini geliĸtirerek semptom yºnetiminde etkili olmaktadēr (Soliman vd., 2023). 

1.4.4. Teknoloji ve Öz-Bakēm Programlarē 

Son yēllarda geliĸtirilen teknoloji destekli yaklaĸēmlar, ¦Ķ yºnetiminde tamamlayēcē bir rol 

¿stlenmektedir. ¥zellikle gebelere yºnelik geliĸtirilen mobil uygulamalar (ºrneĵin ñUIWò ve 

ñKEPTò), pelvik taban egzersizlerine uyumu artērmada etkili ara­lar olarak ºne ­ēkmaktadēr. 

Bu uygulamalar, doĵru egzersiz tekniklerinin ºĵretilmesi, hatērlatēcē bildirimler aracēlēĵēyla 

d¿zenli uygulamanēn teĸvik edilmesi ve semptom takibinin yapēlmasēna olanak saĵlamaktadēr 

(L. Chen, Zhang, vd., 2023; Zhu vd., 2025). 

Uygulama destekli öz-bakēm programlarēnēn, ¦Ķ semptom ĸiddetini azalttēĵē ve yaĸam kalitesini 

iyileĸtirdiĵi gºsterilmiĸtir (L. Chen, Zhang, vd., 2023). Bunun yanē sēra mesane eĵitimi, planlē 

iĸeme ve idrarē ertelememe gibi davranēĸsal stratejiler de teknoloji destekli programlarla entegre 

edilerek semptom yºnetiminde etkinliĵi artērmaktadēr (L. Chen, Zhang, vd., 2023; Soliman vd., 

2023). 

 

2. EBELĶK BAKIMI 

 

Gebelikte ¿riner inkontinansēn (¦Ķ) ºnlenmesi ve yºnetiminde en kritik bileĸenlerden biri, 

ebeler ve hemĸireler tarafēndan saĵlanan erken dºnem eĵitim ve danēĸmanlēktēr (Parlas & 

Bilgic, 2024; Soliman vd., 2023). ¦Ķ semptomlarēnēn gebelik s¿recinin ñnormalò bir par­asē 

olarak algēlanmasē, kadēnlarēn saĵlēk hizmetine baĸvurma davranēĸēnē olumsuz etkileyerek 

sorunun gºz ardē edilmesine neden olabilmektedir (L. Chen, Zhang, vd., 2023; Parlas & Bilgic, 

2024). Bu nedenle, saĵlēk profesyonellerinin farkēndalēk artērēcē yaklaĸēmlarē b¿y¿k ºnem 

taĸēmaktadēr. 

Ebeler, prenatal bakēm s¿recinde ¦Ķ semptomlarēnē rutin olarak deĵerlendirmeli, ayrēntēlē ºyk¿ 

alēmē ile semptomlarēn varlēĵēnē, sēklēĵēnē ve ĸiddetini sorgulamalēdēr. Aynē zamanda, kadēnlarēn 

bu durumu normalleĸtirerek ihmal etmelerinin ºn¿ne ge­mek amacēyla bilgilendirme yapēlmalē 

ve kanēta dayalē m¿dahaleler bakēm s¿recine entegre edilmelidir (Mao vd., 2024; Parlas & 

Bilgic, 2024). Bu kapsamda, pelvik taban kas egzersizlerinin doĵru teknikle ºĵretilmesi, 

uygulanmasēnēn izlenmesi ve bireyselleĸtirilmiĸ egzersiz programlarēnēn oluĸturulmasē ebelik 

bakēmēnēn temel unsurlarē arasēnda yer almaktadēr. 
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Erken dºnemde saĵlanan eĵitim ve pelvik taban deĵerlendirmesi, ¦Ķônin kronikleĸmesini 

ºnlemede hayati ºneme sahiptir (Parlas & Bilgic, 2024). ¥zellikle ­ocukluk ­aĵē en¿rezisi 

ºyk¿s¿ bulunan, y¿ksek pariteye sahip olan veya ºnceki doĵumlarēnē vajinal yolla 

gerçekleĸtirmiĸ kadēnlar y¿ksek risk grubunda yer almakta olup, bu gruplara yºnelik koruyucu 

ve hedefe yönelik müdahalelere öncelik verilmelidir (Wang vd., 2022). 

Ayrēca, teknoloji destekli yaklaĸēmlar ebelik bakēmēnē g¿­lendiren tamamlayēcē ara­lar olarak 

deĵerlendirilmektedir. Mobil uygulamalar ve dijital izlem sistemleri, gebelerin pelvik taban kas 

egzersizlerine uyumunu artērmakta, d¿zenli hatērlatmalar ve geri bildirim mekanizmalarē ile 

davranēĸ deĵiĸikliĵini desteklemektedir (L. Chen, Zhang, vd., 2023; Jaffar vd., 2022; Zhu vd., 

2025). Bu t¿r yenilik­i yaklaĸēmlarēn ebelik bakēmēna entegrasyonu, ¦Ķ yºnetiminde 

s¿rd¿r¿lebilir ve etkili sonu­lar elde edilmesine katkē saĵlamaktadēr. 

3. SONU¢LAR VE DEĴERLENDĶRME 

Gebelikte ¿riner inkontinans (¦Ķ), y¿ksek prevalansēna raĵmen sēklēkla gºz ardē edilen, ancak 

kadēnlarēn yaĸam kalitesini ­ok boyutlu olarak etkileyen ºnemli bir saĵlēk sorunudur. Mevcut 

literat¿r, ¦Ķônin gebelik s¿recinde artan fizyolojik, anatomik ve hormonal deĵiĸikliklerle iliĸkili 

olarak geliĸtiĵini ve ºzellikle ¿­¿nc¿ trimesterde belirgin ĸekilde arttēĵēnē ortaya koymaktadēr. 

Bu derlemede elde edilen bulgular, ¦Ķ geliĸiminde obstetrik ºyk¿, parite, doĵum ĸekli, maternal 

yaĸ, v¿cut kitle indeksi ve yaĸam tarzē faktºrlerinin belirleyici rol oynadēĵēnē gºstermektedir. 

¥zellikle gebelik ºncesi veya ºnceki gebeliklerde ¦Ķ ºyk¿s¿n¿n varlēĵē, en g¿­l¿ risk 

faktºrlerinden biri olarak ºne ­ēkmaktadēr. 

¦Ķônin ºnlenmesi ve yºnetiminde pelvik taban kas egzersizleri, kanēta dayalē olarak en etkili 

birinci basamak yaklaĸēm olarak kabul edilmektedir. Bunun yanē sēra d¿zenli fiziksel aktivite, 

saĵlēklē kilo yºnetimi, kabēzlēĵēn ºnlenmesi, kafein t¿ketiminin sēnērlandērēlmasē ve sigaranēn 

bērakēlmasē gibi yaĸam tarzē deĵiĸiklikleri semptomlarēn azaltēlmasēnda ºnemli katkē 

saĵlamaktadēr. Teknoloji destekli ºz-bakēm uygulamalarē ve mobil saĵlēk ara­larē ise tedaviye 

uyumu artēran yenilik­i yaklaĸēmlar olarak dikkat ­ekmektedir. 

Ebelik bakēmēnēn bu s¿re­te merkezi bir rol¿ bulunmaktadēr. Ebeler ve hemĸireler tarafēndan 

saĵlanan erken dºnem eĵitim, rutin tarama ve bireyselleĸtirilmiĸ danēĸmanlēk hizmetleri, ¦Ķônin 

erken tanēlanmasē ve kronikleĸmesinin ºnlenmesinde kritik ºneme sahiptir. 

Sonu­ olarak, gebelikte ¦Ķônin ihmal edilmemesi gereken bir halk saĵlēĵē sorunu olduĵu, erken 

tanē ve b¿t¿nc¿l bakēm yaklaĸēmlarē ile ºnlenebilir ve yºnetilebilir olduĵu gºr¿lmektedir. Bu 

doĵrultuda, klinik uygulamalarda farkēndalēĵēn artērēlmasē ve kanēta dayalē m¿dahalelerin 

yaygēnlaĸtērēlmasē b¿y¿k ºnem taĸēmaktadēr. Ayrēca, gelecekte yapēlacak prospektif ve ­ok 

merkezli ­alēĸmalarēn, ¦Ķônin yºnetimine yºnelik daha g¿­l¿ kanētlar sunacaĵē 

d¿ĸ¿n¿lmektedir. 
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¥ZET 

Bu ­alēĸmanēn amacē, doĵum s¿rec nde saĵlanan s¿rekl  ebe desteĵ n n maternal ve neonatal 

sonu­lar ¿zer ndek  etk ler n  deĵerlend rmek ve bu bakēm yaklaĸēmēnēn doĵum deney m  

¿zer ndek  katkēlarēnē ortaya koymaktēr. Bu ­alēĸma, l terat¿rde yer alan g¿ncel araĸtērmalarēn 

ve s stemat k derlemeler n ncelenmes ne dayanan tanēmlayēcē b r deĵerlend rme olarak 

planlanmēĸtēr. Ķlg l  ­alēĸmalar; doĵumda s¿rekl  profesyonel destek alan kadēnlar le rut n 

bakēm alan kadēnlarēn karĸēlaĸtērēldēĵē araĸtērmalardan se­ lm ĸt r. Deĵerlend rme kapsamēnda 

doĵum s¿res , doĵum ĸekl, obstetr k m¿dahale oranlarē, analjez  kullanēmē, yen doĵan 

sonu­larē ve maternal memnun yet d¿zeyler  ele alēnmēĸtēr. Ķncelenen ­alēĸmalar, doĵum 

s¿res nce saĵlanan s¿rekl  ebe desteĵ n n maternal ve neonatal sonu­lar ¿zer nde anlamlē 

d¿zeyde olumlu etkler saĵladēĵēnē gºstermekted r. S¿rekl  destek alan kadēnlarda doĵum 

s¿res n n kēsaldēĵē, spontan vaj nal doĵum oranlarēnēn arttēĵē ve sezaryen le d ĵer obstetr k 

m¿dahale oranlarēnēn azaldēĵē bel rlenm ĸt r. Ayrēca analjez  gereks n m n n azaldēĵē ve doĵum 

deney m ne l ĸk n memnun yet d¿zey n n arttēĵē saptanmēĸtēr. Neonatal sonu­lar a­ēsēndan 

deĵerlend r ld ĵ nde se yen doĵanlarēn APGAR skoru deĵerler n n daha y¿ksek olduĵu, yoĵun 

bakēm ¿n tes ne yatēĸ oranlarēnēn azaldēĵē ve neonatal adaptasyonun daha y  olduĵu 

gºr¿lm¿ĸt¿r. Doĵumda s¿rekl  ebe desteĵ  hem maternal hem de neonatal saĵlēk sonu­larēnē 

y leĸt ren, g¿venl  ve etk l  b r bakēm yaklaĸēmēdēr. Bu doĵrultuda, World Health Organ zat on 

baĸta olmak ¿zere uluslararasē rehberler, doĵum s¿rec nde s¿rekl  profesyonel desteĵ n 

yaygēnlaĸtērēlmasēnē ºnermekted r. Saĵlēk s stemler nde bu yaklaĸēmēn ben msenmes , anne ve 

yen doĵan saĵlēĵēnēn gel ĸt r lmes ne ºneml  katkēlar saĵlayacaktēr. 

Anahtar Kel meler : Doĵum eylem , s¿rekl  ebe desteĵ , maternal sonu­lar, neonatal sonu­lar, 

kanēta dayalē bakēm 
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THE EFFECT OF CONTĶNUOUS MĶDWĶFERY SUPPORT DURĶNG LABOR ON 

MATERNAL AND NEONATAL OUTCOMES: A STRUCTURED REVĶEW 

 

ABSTRACT 

Th s study a ms to evaluate the effects of cont nuous m dw fery support dur ng labor on 

maternal and neonatal outcomes and to explore the contr but on of th s care approach to the 

ch ldb rth exper ence. Th s study was des gned as a descr pt ve rev ew based on the exam nat on 

of current research and systemat c rev ews n the l terature. The ncluded stud es compared 

women rece v ng cont nuous profess onal support dur ng labor w th those rece v ng rout ne 

care. The evaluat on focused on labor durat on, mode of del very, rates of obstetr c 

ntervent ons, analges a use, neonatal outcomes, and maternal sat sfact on levels. The rev ewed 

stud es nd cate that cont nuous m dw fery support dur ng labor has s gn f cant pos t ve effects 

on both maternal and neonatal outcomes. Women rece v ng cont nuous support had shorter 

labor durat on, h gher rates of spontaneous vag nal b rth, and lower rates of cesarean sect on 

and other obstetr c ntervent ons. Add t onally, a reduct on n the need for analges a and an 

ncrease n maternal sat sfact on w th the ch ldb rth exper ence were observed. In terms of 

neonatal outcomes, h gher APGAR score values, lower rates of neonatal ntens ve care un t 

adm ss ons, and mproved neonatal adaptat on were reported. Cont nuous m dw fery support 

dur ng labor s a safe and effect ve care approach that mproves both maternal and neonatal 

health outcomes. Accord ngly, World Health Organ zat on and other nternat onal gu del nes 

recommend the w despread mplementat on of cont nuous profess onal support dur ng 

ch ldb rth. The ntegrat on of th s approach nto healthcare systems may contr bute s gn f cantly 

to mprov ng maternal and neonatal health. 

Keywords: Labor, cont nuous m dw fery support, maternal outcomes, neonatal outcomes, 

ev dence-based care 

 

1. GĶRĶķ 

D¿nya Saĵlēk ¥rg¿t¿ (DS¥), doĵumu kadēnlarēn ve yen doĵanlarēn b¿y¿k ­oĵunluĵunda 

kompl kasyonsuz olarak ger­ekleĸeb len f zyoloj k b r s¿re­ olarak tanēmlamaktadēr. DS¥ôye 

gºre poz t f doĵum deney m ; kadēnēn f z ksel ve ps koloj k a­ēdan kend n  g¿vende h ssett ĵ , 

saygēlē ve b reyselleĸt r lm ĸ bakēmēn sunulduĵu, yetk n saĵlēk profesyoneller  ve refakat­ ler n 

eĸl k ett ĵ , kadēnēn beklent  ve nan­larēnēn karĸēlandēĵē ve saĵlēklē b r bebeĵ n doĵumuyla 

sonu­lanan b¿t¿nc¿l b r s¿re­t r (DS¥, 2018). Bu yaklaĸēm, doĵumun yalnēzca b yoloj k b r 

olay deĵ l, aynē zamanda ps kososyal b r deney m olduĵunu vurgulamaktadēr. Her ne kadar 

doĵum ­oĵunlukla olumlu b r yaĸam deney m  olarak kabul ed lse de s¿re­; bel rs zl k, aĵrē, 

kontrol kaybē h ss  ve yalnēzlēk korkusu g b  etmenler neden yle kadēnlar ­ n stresl  ve zaman 

zaman travmat k b r deney me dºn¿ĸeb lmekted r. ¥zell kle doĵum aĵrēsēyla baĸ etmede g¿­l¿k 

yaĸanmasē, doĵum s¿rec ne l ĸk n b lg  eks kl ĵ  ve yeters z destek algēsē, bu deney m n 

olumsuz algēlanmasēna yol a­ab lmekted r. Ayrēca olasē kompl kasyonlara l ĸk n kaygēlar da 

doĵum s¿rec nde kadēnlarēn ps koloj k y¿k¿n¿ artērmaktadēr. Bu baĵlamda, doĵum s¿rec nde 
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sunulan profesyonel destek, kadēnēn doĵum deney m n  ĸek llend ren temel unsurlardan b r  

olarak ºne ­ēkmaktadēr (Cºmert vd., 2025).  

Tar hsel s¿re­te kadēnlar doĵum sērasēnda ­oĵunlukla d ĵer kadēnlar tarafēndan desteklenm ĸ, 

bu destek doĵumun doĵal b r par­asē olarak kabul ed lm ĸt r. ñS¿rekl  destekò olarak tanēmlanan 

bu yaklaĸēm, doĵum yapan kadēnēn f z ksel, duygusal ve b lg lend r c  gereks n mler n n 

kes nt sz olarak karĸēlanmasēnē fade etmekted r. Ancak modern tēbbēn gel ĸ m  ve doĵumlarēn 

hastane ortamēna taĸēnmasēyla b rl kte, doĵum sērasēnda s¿rekl  destek uygulamalarē g derek 

azalmēĸ ve b r­ok saĵlēk s stem nde st sna  b r durum hal ne gelm ĸt r (Bohren vd., 2017). 

G¿n¿m¿zde se d¿nyanēn pek ­ok ¿lkes nde doĵum bakēmēnēn temel saĵlayēcēlarē ebeler olup, 

ebe l derl ĵ nde y¿r¿t¿len bakēm modeller  yen den ºnem kazanmaktadēr (Sandall vd., 2024). 

Kanēt temell  ­alēĸmalar, doĵumda s¿rekl  ebe desteĵ n n y¿ksek kal te kanēta dayandēĵēnē ve 

g¿­l¿ b r ºner  d¿zey ne sah p olduĵunu ortaya koymaktadēr. S¿rekl  ebe desteĵ n n; analjez  

kullanēmēnēn azalmasē, doĵum s¿res n n kēsalmasē, spontan vaj nal doĵum oranlarēnēn artmasē, 

obstetr k m¿dahaleler n azalmasē, yen doĵanlarēn APGAR skorlarēnēn artmasē, postpartum 

depresyon ns dansēnēn azalmasē ve maternal doĵum memnun yet n n y¿kselmes  g b  ­ok 

yºnl¿ olumlu etk ler saĵladēĵē b ld r lmekted r (Bohren vd., 2017). N tek m DS¥ôn¿n 2018 

yēlēnda yayēmladēĵē ñolumlu b r doĵum deney m  ­ n ntrapartum bakēmò rehber nde, doĵum 

s¿rec nde her kadēna en az b r ebe tarafēndan s¿rekl  destek saĵlanmasē ºner lmekted r (DS¥, 

2018).  

 

2. S¦REKLĶ EBE DESTEĴĶ NEDĶR? 

Ķnsanlēk tar h  boyunca kadēnlar gebel k, doĵum ve doĵum sonrasē dºnemlerde yalnēz 

bērakēlmamēĸ; bu s¿re­lerde deney ml  kadēnlar ve ºzell kle ebeler tarafēndan desteklenm ĸt r. 

Bu destek, doĵumun doĵal b r par­asē olarak kabul ed lm ĸ ve kadēnlarēn doĵum deney mn  

daha g¿venl  ve yºnet leb l r hale get rm ĸt r. Doĵum sērasēnda saĵlanan s¿rekl  ebel k bakēmē, 

gebe odaklē b r yaklaĸēmē temel almakta olup, kadēnēn gereks n mler ne duyarlē, kes nt s z ve 

b reyselleĸt r lm ĸ b r bakēm sunmayē ama­lamaktadēr. Bu s¿re­te ebe, gebey  s¿rekl  

b lg lend rerek hem doĵum s¿rec ne akt f katēlēmēnē desteklemekte hem de olasē 

kompl kasyonlar ve r sk faktºrler n n erken dºnemde bel rlenmes ne katkē saĵlamaktadēr 

(Y¿cel, Taĸ ve Ekĸ oĵlu, 2022). 

Y rm nc  y¿zyēlēn ortalarēndan t baren b r­ok ¿lkede doĵumlarēn ev ortamēndan hastane 

ortamēna taĸēnmasēyla b rl kte, doĵum sērasēnda s¿rekl  destek uygulamalarē g derek azalmēĸ ve 

st sna  b r uygulama hal ne gelm ĸt r. Ancak bu dºn¿ĸ¿m, kadēnlarēn doĵum deney mler n n 

daha olumsuz hale gelmes ne l ĸk n kaygēlarē da beraber nde get rm ĸt r. Bu doĵrultuda, doĵum 

s¿rec nde yen den s¿rekl  ve b re b r desteĵ n saĵlanmasēna yºnel k ­aĵrēlar artmēĸtēr (Bohren 

vd., 2017). N tek m yapēlan ­alēĸmalar, kadēnlarēn doĵum sērasēnda ps koloj k, f z ksel, 

duygusal, b lg lend r c  ve prat k gereks n mler n  karĸēlamak amacēyla b r destek saĵlayēcēya 

ht ya­ duyduklarēnē ve bu desteĵ  olduk­a deĵerl  bulduklarēnē ortaya koymaktadēr (Kabak an

Khashol an, El Nemer ve Bashour, 2015). 

Doĵum desteĵ ; gebel k, doĵum ve doĵum sonrasē dºnemde kadēnlara saĵlēk profesyoneller , 

a le ¿yeler , eĸ veya kadēnēn terc h ett ĵ  b r k ĸ  tarafēndan sunulan destekley c  bakēm olarak 

tanēmlanmaktadēr (Gºk­ek ve Yazēcē, 2022). Bu desteĵ n temel hedefler ; kadēna doĵum 

s¿rec nde akt f yardēm saĵlamak, duygusal ve f z ksel gereks n mler n  karĸēlamak, konforunu 
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artērmak, doĵum memnun yet n  y¿kseltmek, vaj nal doĵum oranlarēnē artērmak, doĵum 

sonu­larēnē y leĸt rmek, annel k rol¿ne uyumu kolaylaĸtērmak, yen doĵanēn ekstrauter n 

yaĸama adaptasyonunu desteklemek ve kadēnēn ºzsaygēsēnē g¿­lend rmekt r (Gºk­ek ve Yazēcē, 

2022). Ayrēca, s¿rekl  ebe desteĵ n n doĵum deney m n  daha olumlu hale get rd ĵ , kadēnēn 

g¿venl k algēsēnē ve kontrol h ss n  artērdēĵē da b ld r lmekted r (Dencker vd., 2020). 

Doĵumda saĵlanan destekley c  bakēm dºrt temel baĸlēk altēnda ele alēnmaktadēr: duygusal 

destek, f z ksel destek, b lg  desteĵ  ve savunuculuk desteĵ  (Gºk­ek ve Yazēcē, 2022). 

Duygusal destek; gebeyle empat k, saygēlē ve g¿ven ver c  b r let ĸ m kurarak kadēnēn kend n  

g¿vende ve rahat h ssetmes n  saĵlamayē ­ermekted r. Bu kapsamda etk n d nleme, empat  

kurma, a­ēk ve destekley c  let ĸ m, kaygēyē azaltma, mahrem yet  koruma, g¿ven oluĸturma 

ve kadēnēn manev  deĵerler ne saygē gºsterme gb  unsurlar yer almaktadēr. Aynē zamanda 

duygusal destek, doĵum aĵrēsēnēn algēlanmasēnē azaltmada da ºneml  b r rol oynamaktadēr 

(Hodnett, 2013). 

F z ksel destek; doĵrudan gebeye yºnel k uygulamalarē kapsamaktadēr. Bu baĵlamda, doĵum 

aĵrēsēnē azaltmaya yºnel k non-farmakoloj k yºntemler n kullanēmē, doĵumun evreler ne uygun 

poz syonlarēn ver lmes , doĵum ortamēnēn uygun hale get r lmes , mahrem yet n korunmasē, 

kadēnēn d nlenme ve beslenme gereks n mler n n karĸēlanmasē g b  uygulamalar f z ksel 

desteĵ n temel b leĸenler ndend r (Rathf sch, 2012; Levett, 2016). 

B lg  desteĵ ; kadēnēn doĵum s¿rec n  anlayab lmes  ve bu s¿re­le baĸ edeb lmes  ­ n gerekl  

b lg lend rme ve eĵ t m n saĵlanmasēnē ­ermekted r. Ebeler, gebeler  doĵum s¿rec , doĵum 

aĵrēsē ve aĵrē yºnet m  yºntemler  hakkēnda b lg lend rerek, yapēlacak uygulamalara akt f 

katēlēmlarēnē teĸv k etmekted r. Bu durum, kadēnlarēn doĵumu daha b l n­l  b r ĸek lde 

deney mlemeler ne ve s¿rece uyum saĵlamalarēna katkē sunmaktadēr (Uludaĵ ve Mete, 2015). 

Savunuculuk desteĵ  se kadēnēn haklarēnēn korunmasē, bakēm s¿rec ne akt f katēlēmēnēn 

desteklenmes  ve kend  saĵlēĵēyla lg l  kararlar alab lmes  ­ n g¿­lend r lmes n  

kapsamaktadēr. Ebeler bu s¿re­te a­ēk, anlaĸēlēr ve ĸeffaf b r let ĸ m kurmalē; kadēnēn 

ht ya­larēnē d kkate almalē ve b reyselleĸt r lm ĸ bakēm sunmalēdēr. Aynē zamanda kadēnlarēn 

gºr¿ĸler n  fade etmeler  teĸv k ed lmel  ve bakēm s¿rec  rut n uygulamalardan z yade b reye 

ºzg¿ ĸek lde planlanmalēdēr (Gºk­ek ve Yazēcē, 2022). 

 

3. MATERNAL SONU¢LARA ETKĶSĶ 

Doĵum s¿rec nde saĵlanan s¿rekl  ebe desteĵ n n maternal sonu­lar ¿zer nde bel rg n ve ­ok 

boyutlu etk ler  olduĵu l terat¿rde kapsamlē b ­ mde ortaya konmuĸtur. S¿rekl  destek; kadēna 

doĵum boyunca kes nt s z olarak sunulan duygusal, f z ksel ve b lg lend r c  bakēmē ­ermekte 

olup, bu yaklaĸēm doĵum s¿rec n n f zyoloj k seyr n  destekleyerek gereks z obstetr k 

m¿dahaleler n azaltēlmasēna katkē saĵlamaktadēr. N tek m l terat¿rdek  en kapsamlē meta-

anal zlerden b r  olan Bohren ve arkadaĸlarēnēn (2017) ­alēĸmasēnda, s¿rekl  ebe desteĵ n n 

maternal saĵlēk ­ēktēlarē ¿zer nde anlamlē d¿zeyde olumlu etk ler yarattēĵē b l msel olarak 

gºster lm ĸt r (Bohren vd., 2017). Aynē ­alēĸmada, s¿rekl  destek alan kadēnlarda spontan 

vaj nal doĵum oranlarēnēn anlamlē ĸek lde arttēĵē; buna karĸēn sezaryen doĵum le forseps ve 

vakum g b  m¿dahalel  doĵum oranlarēnēn azaldēĵē b ld r lm ĸt r (Bohren vd., 2017). 

S¿rekl  ebe desteĵ n n doĵum s¿res  ¿zer ndek  etk s  de d kkat ­ek c d r. Eben n varlēĵē ve akt f 

desteĵ, travay s¿res n n kēsalmasēna katkēda bulunmaktadēr. D¿nya Saĵlēk ¥rg¿t¿ (DS¥) 
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ver ler , doĵum sērasēnda saĵlanan s¿rekl  desteĵ n doĵum s¿res n  anlamlē d¿zeyde azalttēĵēnē 

ortaya koymaktadēr (DS¥, 2018). Bununla b rl kte, s¿rekl  destek alan kadēnlarēn doĵum 

aĵrēsēnē daha d¿ĸ¿k d¿zeyde algēladēklarē ve buna baĵlē olarak farmakoloj k analjez ye daha az 

ht ya­ duyduklarē b ld r lmekted r (Bohren vd., 2017). 

Bu bulgular, random ze kontroll¿ ­alēĸmalarla da desteklenmekted r. Ķsve­ôte y¿r¿t¿len b r 

­alēĸmada, ebe veya hemĸ re tarafēndan s¿rekl  destek saĵlanan pr m par kadēnlarēn akt f doĵum 

s¿reler n n daha kēsa olduĵu ve spontan vaj nal doĵum oranlarēnēn daha y¿ksek olduĵu 

saptanmēĸtēr. Aynē ­alēĸmada, s¿rekl  destek alan kadēnlarēn kort zol d¿zeyler n n doĵumun t¿m 

evreler nde daha d¿ĸ¿k olduĵu ve bunun daha d¿ĸ¿k stres d¿zey n  yansēttēĵē bel rlenm ĸt r. 

D¿ĸ¿k maternal kort zol d¿zeyler n n se daha kēsa akt f doĵum s¿res  le l ĸk l  olduĵu 

b ld r lm ĸt r (Stjernholm vd., 2021). 

Maternal ruh saĵlēĵē ¿zer ndek  etk ler a­ēsēndan deĵerlend r ld ĵ nde, l terat¿rde bazē 

farklēlēklar d kkat ­ekmekted r. DS¥ ver ler ne gºre, d¿ĸ¿k g¿ven rl kte kanētlar, doĵum 

sērasēnda destek saĵlayēcēnēn saĵlēk profesyonel  olmadēĵē ve kadēn tarafēndan se­ ld ĵ  

durumlarda postpartum depresyon r sk n n azalab leceĵ n  gºstermekted r. Ancak orta d¿zeyde 

kanētlar, destek saĵlayēcēnēn saĵlēk profesyonel  olduĵu durumlarda postpartum depresyon 

¿zer nde sēnērlē ya da anlamlē olmayan b r etk  olduĵunu ortaya koymaktadēr. ¢alēĸmalar 

arasēndak  heterojenl k neden yle postpartum depresyon sonu­larēna l ĸk n bulgularēn sēnērlē 

olduĵu fade ed lmekted r (DS¥, 2018). 

Bununla b rl kte, daha g¿ncel random ze kontroll¿ ­alēĸmalar, s¿rekl  ntrapartum desteĵ n 

maternal ps koloj k sonu­lar ¿zer nde olumlu etk ler saĵladēĵēnē gºstermekted r. Kahraman ve 

Ķsb r (2023) tarafēndan y¿r¿t¿len ­alēĸmada, s¿rekl  doĵum ­  destekley c  bakēmēn doĵum 

korkusunu ve doĵum travmasē algēsēnē anlamlē d¿zeyde azalttēĵē bel rlenm ĸt r. Ayrēca bu bakēm 

model n n, kadēnlarēn ntrapartum dºnemde algēladēklarē kontrol ve destek d¿zeyler n  artērdēĵē 

ve doĵum sonrasē anne-bebek baĵlanmasēnē olumlu yºnde etk led ĵ  saptanmēĸtēr. Bu bulgular, 

s¿rekl  ebe desteĵ n n yalnēzca f z ksel doĵum sonu­larēnē deĵ l, aynē zamanda maternal ruh 

saĵlēĵēnē koruyucu ve gel ĸt r c  b r rol ¿stlend ĵ n  gºstermekted r (Kahraman ve Ķsb r, 2023). 

 

4. NEONATAL SONU¢LARA ETKĶSĶ 

Doĵum s¿rec nde saĵlanan s¿rekl  ebe desteĵ n n yalnēzca maternal sonu­larē deĵ l, aynē 

zamanda neonatal sonu­larē da olumlu yºnde etk led ĵ  l terat¿rde a­ēk­a ortaya konmaktadēr. 

S¿rekl  ebe desteĵ , doĵumun f zyoloj k s¿re­ler doĵrultusunda lerlemes n  destekleyerek 

gereks z obstetr k m¿dahaleler n azaltēlmasēna katkē saĵlamaktadēr. Bu durum, yen doĵanēn 

doĵum sonrasē adaptasyon s¿rec n  doĵrudan olumlu yºnde etk lemekted r. N tek m Bohren ve 

arkadaĸlarēnēn (2017) ger­ekleĸt rd ĵ  meta-anal zde, s¿rekl  destek saĵlanan doĵumlarda 

yen doĵan yoĵun bakēm ¿n tes ne kabul oranlarēnēn daha d¿ĸ¿k olduĵu ve d¿ĸ¿k APGAR skoru 

gºr¿lme sēklēĵēnēn anlamlē d¿zeyde azaldēĵē b ld r lm ĸt r (Bohren vd., 2017). 

S¿rekl  ebe desteĵ n n doĵum s¿res n  kēsaltmasē ve operat f doĵum oranlarēnē azaltmasē, 

yen doĵan saĵlēĵē a­ēsēndan ºneml  avantajlar saĵlamaktadēr. Daha kēsa ve f zyoloj k seyreden 

doĵum s¿rec , yen doĵanēn doĵum stres ne daha y  adapte olmasēna olanak tanēmaktadēr. 

Bunun yanē sēra, s¿rekl  destek ver len doĵumlarda doĵum sonrasē erken dºnemde anne le 

bebek arasēnda ten tene temasēn daha erken kurulduĵu ve erken emz rmen n daha y¿ksek 

oranlarda ger­ekleĸt ĵ  b ld r lmekted r. Bu durum, yen doĵanēn termoreg¿lasyonunun 
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saĵlanmasē, kard yoresp ratuvar stab l ten n korunmasē ve baĵēĸēklēk s stem n n desteklenmes  

a­ēsēndan kr t k ºneme sah pt r (DS¥, 2018). 

Sonu­ olarak, s¿rekl ebe desteĵ  le saĵlanan f zyoloj k doĵum s¿rec , yen doĵanēn ekstrauter n 

yaĸama ge­ ĸ n  kolaylaĸtērmakta ve kēsa dºnem neonatal sonu­larēn y leĸt r lmes ne katkēda 

bulunmaktadēr. 

 

5. KANIT D¦ZEYĶ 

Doĵum sērasēnda saĵlanan s¿rekl  ebe desteĵ n n maternal ve neonatal sonu­lar ¿zer ndek  

olumlu etk ler , uluslararasē l terat¿rde g¿­l¿ kanētlarla desteklenmekted r. Bu nedenle, s¿rekl  

ebe desteĵ , g¿ncel kl n k rehberlerde kanēt temell  b r uygulama olarak yer almaktadēr. Doĵum 

s¿res nce kadēnēn yanēnda s¿rekl  destek saĵlayan b r eben n bulunmasē, doĵumun daha g¿venl  

lerlemes ne, m¿dahale oranlarēnēn azalmasēna ve olumlu doĵum deney m n n desteklenmes ne 

katkē saĵlamaktadēr. D¿nya Saĵlēk ¥rg¿t¿ (DS¥), doĵum eylem  boyunca kadēna s¿rekl  

profesyonel destek saĵlanmasēnē, olumlu doĵum deney m n  destekleyen temel uygulamalardan 

b r  olarak ºnermekted r (DS¥, 2018). 

Benzer ĸek lde, Uluslararasē Ebeler Konfederasyonu (ICM), s¿rekl  ebe desteĵ n  ebel k 

mesleĵ n n temel b leĸenler nden b r  olarak tanēmlamaktadēr. ICMôye gºre ebel k bakēmē 

b¿t¿nc¿l, s¿rekl  ve kadēn merkezl  b r yaklaĸēmē ­ermekte olup, bu s¿re­te ebe le kadēn 

arasēnda kurulan g¿ven l ĸk s  bakēmēn etk nl ĵ n  artērmaktadēr. S¿rekl l k arz eden bakēm 

model , kadēnlarēn ebeler  g¿ven l r b r rehber ve temel karar destekley c  olarak gºrmeler n  

saĵlamaktadēr (ICM, 2025). 

 

6. SONU¢ VE ¥NERĶLER 

Doĵum s¿rec nde saĵlanan s¿rekl  ebe desteĵ n n hem maternal hem de neonatal sonu­lar 

¿zer nde anlamlē ve ­ok boyutlu olumlu etk ler oluĸturduĵu l terat¿rde g¿­l¿ kanētlarla ortaya 

konmuĸtur. S¿rekl  ebe desteĵ ; doĵumun f zyoloj k seyr n  destekleyerek sezaryen ve d ĵer 

m¿dahalel  doĵum oranlarēnē azaltmakta, doĵum s¿res n  kēsaltmakta ve kadēnlarēn doĵum 

deney m n  daha olumlu hale get rmekted r. Bu bakēm model  sayes nde kadēnlarēn doĵum 

s¿rec nde kend ler n  daha g¿vende h ssett kler , kontrol algēlarēnēn arttēĵē ve doĵumdan 

duyduklarē memnun yet n y¿kseld ĵ  b ld r lmekted r. Aynē zamanda s¿rekl  destek, doĵum 

aĵrēsēnēn daha y  yºnet lmes ne katkē saĵlayarak farmakoloj k analjez  gereks n m n  

azaltmaktadēr. Neonatal a­ēdan deĵerlend r ld ĵ nde se, s¿rekl  ebe desteĵ n n yen doĵanēn 

doĵum sonrasē adaptasyonunu destekled ĵ , d¿ĸ¿k APGAR skorlarēnēn gºr¿lme sēklēĵēnē 

azalttēĵē ve yen doĵan yoĵun bakēm ¿n tes ne yatēĸ oranlarēnē d¿ĸ¿rd¿ĵ¿ bel rt lmekted r. T¿m 

bu bulgular, doĵumda s¿rekl  ebe desteĵ n n kanēta dayalē, etk l  ve g¿venl  b r bakēm yaklaĸēmē 

olduĵunu gºstermekted r (Bohren vd., 2017). 

D¿nya Saĵlēk ¥rg¿t¿ (DS¥) baĸta olmak ¿zere uluslararasē otor teler, doĵum s¿rec nde 

kadēnlara s¿rekl  profesyonel destek saĵlanmasēnē g¿­l¿ b r ĸek lde ºnermekte ve ebe 

l derl ĵ nde y¿r¿t¿len bakēm modeller n n anne ve bebek saĵlēĵē ¿zer ndek  olumlu etk ler n  

vurgulamaktadēr (DS¥, 2018). Bu doĵrultuda, saĵlēk s stemler nde kadēn merkezl  ve b¿t¿nc¿l 

bakēm anlayēĸēnēn ben msenmes , doĵum h zmetler n n kal tes n n artērēlmasē a­ēsēndan kr t k 

ºneme sah pt r. 



TRAKYA 1ST INTERNATIONAL CONFERENCE ON APPLIED SCIENCES 

July 10 ï 12, 2026 ï EDIRNE 

ISBN NR. : 978-625-8795-30-1 

 

18 
 

¦lkem z ºzel nde deĵerlend r ld ĵ nde, doĵum h zmetler nde kanēta dayalē uygulamalarēn 

yaygēnlaĸtērēlmasē ve s¿rekl  ebe desteĵ n n standart bakēmēn b r par­asē hal ne get r lmes  

gerekmekted r. Bu kapsamda, doĵumhanelerde ebe sayēsēnēn artērēlmasē, ĸ y¿k¿n¿n 

dengelenmes  ve her kadēna b re b r s¿rekl  destek sunulab lecek organ zasyonel 

d¿zenlemelern yapēlmasē ºnem arz etmekted r. Ayrēca ebeler n meslek  yetk nl kler n n 

g¿­lend r lmes  amacēyla h zmet ­  eĵ t mler n artērēlmasē, doĵumda destekley c  bakēm 

uygulamalarēna yºnel k farkēndalēĵēn gel ĸt r lmes  ve kl n k protokoller n bu doĵrultuda 

g¿ncellenmes  ºner lmekted r. 

Bunun yanē sēra, doĵumda s¿rekl  ebe desteĵ n n yaygēnlaĸtērēlmasēna yºnel k saĵlēk 

pol t kalarēnēn gel ĸt r lmes , ebe merkezl  bakēm modeller n n teĸv k ed lmes  ve 

mult d s pl ner ek p yaklaĸēmēnēn g¿­lend r lmes  gerekmektedr. Akadem k d¿zeyde se, bu 

alanda yapēlacak ler  d¿zey araĸtērmalarla mevcut kanētlarēn desteklenmes  ve farklē bakēm 

modeller n n etk nl ĵ n n karĸēlaĸtērēlmasē ºnem taĸēmaktadēr. Sonu­ olarak, s¿rekl  ebe 

desteĵ n n doĵum bakēm h zmetler ne entegrasyonu, anne ve yen doĵan saĵlēĵēnēn 

y leĸt r lmes  ve olumlu doĵum deney mler n n yaygēnlaĸtērēlmasē a­ēsēndan vazge­ lmez b r 

gerekl l k olarak deĵerlend r lmekted r. 
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ABSTRACT  

Hepatitis C virus (HCV) infection affects approximately 50 million people worldwide and may 

lead to fatal complications such as liver fibrosis, cirrhosis and hepatocellular carcinoma. This 

study aimed to develop a leakage-free and explainable (XAI) machine learning model that 

distinguishes HCV-related liver diseases from healthy individuals using routinely measured 

biochemical blood parameters. The publicly available UCI HCV dataset (n=615) was used. 

After excluding ambiguous ñsuspect blood donorò records (n=7), a binary classification task 

was defined (healthy blood donor versus hepatitis/fibrosis/cirrhosis; n=608). Imputation, 

scaling and SMOTE balancing were applied only within training folds to prevent data leakage. 

Seven machine learning algorithms were compared using 5-fold × 10-repeat stratified cross-

validation. The best modelôs performance was reported on leakage-free (out-of-fold) cross-

validated predictions, with 95% confidence intervals (CI) obtained from 2000 bootstrap 

resamples, and its decisions were explained using SHAP (SHapley Additive exPlanations). 

Random Forest achieved the best performance, with an AUROC of 0.989 (95% CI 0.972ï

0.999), balanced accuracy of 0.955, sensitivity of 0.920 and specificity of 0.991, producing 

only 6 false negatives and 5 false positives among 608 patients. SHAP analysis identified AST, 

GGT, bilirubin, ALP and ALT as the most influential markers, in full agreement with 

established clinical biomarkers of liver injury. These findings show that an explainable 

machine learning model based on routine biochemical tests can detect HCV-related liver 

diseases with high accuracy and clinical interpretability, with decisions resting on clinician-

verifiable liver pathophysiology. 

Keywords: Hepatitis C, machine learning, explainable artificial intelligence, SHAP, random 

forest, liver disease. 

  

mailto:seyma.yasar@inonu.edu.tr
mailto:hilal.yagin@gmail.com


TRAKYA 1ST INTERNATIONAL CONFERENCE ON APPLIED SCIENCES 

July 10 ï 12, 2026 ï EDIRNE 

ISBN NR. : 978-625-8795-30-1 

 

21 

1. INTRODUCTION  

Hepatitis C virus (HCV) infection is one of the leading bloodborne agents that cause chronic 

inflammation of the liver. According to the World Health Organization (WHO), an estimated 

50 million people were living with chronic HCV infection in 2022, with approximately 1 

million new infections occurring annually. In the same year, around 242,000 people died from 

HCV-related causes, predominantly liver cirrhosis and hepatocellular carcinoma. Although 

direct-acting antiviral agents (DAAs) can cure more than 95% of infected individuals, it is 

estimated that only about 36% of those infected have been diagnosed [1]. This gap underscores 

the critical importance of detecting the disease at an early stage. 

HCV infection is frequently diagnosed late because symptoms often appear in the advanced 

stages of the disease [2]. Although liver biopsy is considered the gold standard for fibrosis 

staging, it is invasive, carries sampling error and complication risks, and is therefore unsuitable 

for routine screening. In contrast, routine biochemical tests such as aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), gamma-glutamyl transferase (GGT), alkaline 

phosphatase (ALP) and bilirubin are low-cost, non-invasive and widely accessible. Combining 

these parameters with machine learning methods enables the development of cost-effective, 

non-invasive screening tools [2,3]. 

In recent years, machine learning methods have produced successful classification results on 

HCV datasets. Hoffmann et al. used decision-tree-based methods to generate diagnostic 

pathways from laboratory data [2], while Chicco and Jurman improved the classification of 

patients with hepatitis and cirrhosis using ensemble learning approaches [3]. However, many 

studies in this field face two important methodological limitations. First, applying balancing 

techniques such as the Synthetic Minority Over-sampling Technique (SMOTE) to the entire 

dataset rather than within cross-validation folds can cause data leakage and overly optimistic 

performance estimates [4]. Second, most high-performing models are ñblack boxesò and fail 

to provide the transparency and trust required in clinical decision-making [5]. 

Explainable artificial intelligence (XAI) is a research field that addresses this ñblack boxò 

problem. The SHAP (SHapley Additive exPlanations) method, proposed by Lundberg and Lee, 

consistently quantifies the contribution of each feature to the model output based on Shapley 

values from game theory [6]. SHAP provides both global (population-level feature importance) 

and local (individual-patient-level) explanations, thereby enhancing clinical interpretability. 
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The aim of this study is to develop an explainable machine learning framework that (i) 

distinguishes HCV-related liver diseases from healthy individuals using routine biochemical 

parameters, (ii) prevents data leakage by embedding all preprocessing and balancing steps 

within cross-validation folds, and (iii) renders model decisions clinically interpretable through 

SHAP. 

2. MATERIALS AND METHODS  

2.1. Dataset 

The publicly available HCV dataset, created by Lichtinghagen, Klawonn and Hoffmann and 

donated to the UCI Machine Learning Repository, was used [2,7]. The dataset contains 

demographic information (age, sex) and 10 routine biochemical laboratory parameters (ALB, 

ALP, ALT, AST, BIL, CHE, CHOL, CREA, GGT, PROT) for 615 individuals. The target 

variable consists of five categories: blood donor (n=533), suspect blood donor (n=7), hepatitis 

(n=24), fibrosis (n=21) and cirrhosis (n=30). 

The clinically ambiguous ñsuspect blood donorò (0s) category (n=7) was excluded from the 

analysis because it belongs to neither a clearly healthy nor a clearly diseased group. A binary 

classification problem was defined on the remaining records: healthy (blood donor; n=533) 

and disease (hepatitis + fibrosis + cirrhosis; n=75). Consequently, the analysis was conducted 

on 608 individuals with an imbalanced dataset of approximately 7.1:1. 

2.2. Preprocessing 

The sex variable was binary-encoded (male=1, female=0). Missing values (at most 18 in ALP) 

were imputed using the median. All numerical features were standardized (z-score). As a 

critical methodological point, all parameters defining imputation, scaling and balancing were 

learned only from the training portion of each cross-validation fold and then applied to the 

validation portion. This approach prevents data leakage and the resulting optimistic 

performance bias [4]. 

2.3. Handling Class Imbalance 

The Synthetic Minority Over-sampling Technique (SMOTE) was used to address class 

imbalance [8]. SMOTE generates synthetic samples by linear interpolation between minority-

class instances, thereby widening the decision boundary. To prevent leakage, SMOTE was 

applied only to training folds; the validation data never came into contact with synthetic 

samples at any stage. 
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2.4. Machine Learning Models 

Seven supervised learning algorithms were compared: Logistic Regression, Random Forest 

[9], Extra Trees, Gradient Boosting, Radial Basis Function Support Vector Machine (SVM-

RBF), k-Nearest Neighbors (k-NN) and Gaussian Naive Bayes. All models were implemented 

using the scikit-learn library in Python [10]. For reproducibility, all sources of randomness 

were fixed to a constant seed (seed=42). 

2.5. Model Evaluation 

Models were evaluated using 5-fold × 10-repeat stratified cross-validation (50 folds in total). 

Within each fold, an integrated pipeline comprising preprocessing Ÿ scaling Ÿ SMOTE Ÿ 

model was constructed. The performance metrics included the area under the ROC curve 

(AUROC), balanced accuracy, F1-score, sensitivity and specificity. For the best-performing 

model, 95% confidence intervals were computed on leakage-free (out-of-fold) cross-validated 

predictions using 2000 bootstrap resamples. 

2.6. Explainable Artificial Intelligence (SHAP) 

The decisions of the best model were explained using SHAP [6]. Using the TreeExplainer 

algorithm optimized for tree-based models, the contribution of each feature to the prediction 

for each patient was computed. Global feature importance was ranked by mean absolute SHAP 

values, while the direction and magnitude of feature effects were visualized using a SHAP 

beeswarm plot. 

3. RESULTS 

3.1. Model Comparison 

The 5-fold × 10-repeat stratified cross-validation results of the seven algorithms are presented 

in Table 1. Random Forest and Extra Trees achieved the highest AUROC values (0.990 and 

0.990, respectively). In terms of the overall performance balance (joint consideration of 

AUROC, sensitivity and specificity), Random Forest was selected as the best model. 

Model AUROC Bal. Acc. F1 Sensitivity Specificity 
Random Forest 0.990 ± 0.014 0.950 0.915 0.912 0.989 
Extra Trees 0.990 ± 0.013 0.922 0.891 0.852 0.992 
SVM-RBF 0.987 ± 0.011 0.948 0.895 0.915 0.982 
Gradient Boosting 0.986 ± 0.018 0.946 0.890 0.912 0.981 
Logistic Regression 0.966 ± 0.030 0.919 0.821 0.873 0.964 
Gaussian Naive Bayes 0.945 ± 0.031 0.852 0.718 0.751 0.953 
k-Nearest Neighbors 0.931 ± 0.046 0.887 0.796 0.803 0.971 

Table 1. Performance of seven machine learning algorithms under 5-fold × 10-repeat stratified cross-validation 

(mean ± standard deviation). 
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Figure 1. Comparison of the models by AUROC (mean ± standard deviation). 

3.2. Performance of the Best Model 

The detailed performance of the Random Forest model on leakage-free cross-validated 

predictions and the 95% bootstrap confidence intervals are given in Table 2. The model showed 

near-perfect discrimination with an AUROC of 0.989 (95% CI 0.972ï0.999). According to the 

confusion matrix (Figure 3), 528 of 533 healthy individuals and 69 of 75 diseased individuals 

were correctly classified; only 6 false negatives and 5 false positives were observed. The 

negative predictive value (NPV) was 0.989 and the positive predictive value (PPV) was 0.932. 

Metric  Value 95% Confidence Interval 
AUROC 0.989 0.972 ï 0.999 
Balanced Accuracy 0.955 0.922 ï 0.983 
F1-score 0.926 0.878 ï 0.966 
Sensitivity 0.920 0.852 ï 0.973 
Specificity 0.991 0.982 ï 0.998 
Positive Predictive Value 0.932 0.871 ï 0.985 
Table 2. Leakage-free cross-validated performance of the Random Forest model and 95% confidence intervals 

from 2000 bootstrap resamples. 
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Figure 2. ROC curve of the Random Forest model based on out-of-fold (leakage-free) predictions. 

 
Figure 3. Confusion matrix (out-of-fold predictions). 

3.3. Explainability (SHAP) Analysis 

The global feature importance ranking from the SHAP analysis is presented in Table 3 and 

Figure 4. The most influential marker was AST (aspartate aminotransferase), with a mean 

absolute SHAP value of 0.220, followed by GGT (0.099), bilirubin (0.075), ALP (0.049) and 

ALT (0.042). These five parameters explain the majority of the modelôs decisions, and all are 

well-established clinical biomarkers of hepatocellular injury and hepatobiliary dysfunction. 

Feature Mean |SHAP| 
AST (Aspartate aminotransferase) 0.2196 
GGT (Gamma-glutamyl transferase) 0.0989 
BIL (Bilirubin)  0.0747 
ALP (Alkaline phosphatase) 0.0490 



TRAKYA 1ST INTERNATIONAL CONFERENCE ON APPLIED SCIENCES 

July 10 ï 12, 2026 ï EDIRNE 

ISBN NR. : 978-625-8795-30-1 

 

26 

ALT (Alanine aminotransferase) 0.0421 
CHOL (Cholesterol) 0.0274 
CHE (Cholinesterase) 0.0148 
CREA (Creatinine) 0.0124 

Table 3. Global importance ranking of the top eight features by mean absolute SHAP value. 

 
Figure 4. SHAP beeswarm plot. Each point represents a patient; positive SHAP values (to the right) indicate a 

contribution toward disease probability, and color indicates the magnitude of the feature value (red=high, 

blue=low). 

The beeswarm plot (Figure 4) shows that high values of AST, GGT, bilirubin and ALP 

consistently produce positive SHAP values, pushing the model toward the ñdiseaseò direction. 

This directional relationship coincides exactly with the known elevation of these enzymesô 

serum levels in liver injury and confirms that the model makes biologically plausible decisions. 

4. DISCUSSION 

In this study, an explainable machine learning model based on routine biochemical blood tests 

detected HCV-related liver diseases with high accuracy (AUROC = 0.989). The performance 

obtained is comparable to or better than similar studies in the literature [3,11]. However, the 

main contribution of this study lies not only in high performance but also in its methodological 

rigor and explainability. 

First, by embedding all preprocessing and SMOTE balancing steps within cross-validation 

folds, data leakage was prevented. The commonly encountered error of applying SMOTE to 

the entire dataset leads to overly optimistic performance estimates [4]. Because the 
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performance estimate in this study is based on leakage-free (out-of-fold) predictions, it 

provides a more reliable estimate of real-world generalization. 

Second, the SHAP analysis resolved the modelôs ñblack boxò nature. The identification of 

AST, GGT, bilirubin, ALP and ALT as the most influential markers shows that the model 

makes decisions consistent with liver pathophysiology. AST and ALT are established 

indicators of hepatocellular injury, GGT and ALP of hepatobiliary dysfunction, and bilirubin 

of the liverôs synthetic and excretory capacity. This consistency confers clinical trust in the 

model and demonstrates the value of the XAI approach in medical decision-support systems 

[5,6]. 

Clinically, the modelôs high negative predictive value (0.989) and specificity (0.991) point to 

its potential as a screening tool that can safely rule out low-risk individuals. Nevertheless, 

although a sensitivity of 92% is high, it indicates that a small fraction of diseased individuals 

(6/75) may be missed; therefore, the model should be positioned as a tool that supports rather 

than replaces clinician judgment. 

The study has some limitations. First, the dataset was obtained from a single center (Germany) 

and offers limited diversity in terms of population and laboratory methods; external validity 

should be tested with independent, multicenter datasets. Second, the sample size of the disease 

group is relatively small (n=75), which is reflected in the width of the confidence intervals. 

Third, the study focused on binary classification; the multiclass discrimination of fibrosis 

stages (hepatitis/fibrosis/cirrhosis) may be the subject of future work. Finally, the exclusion of 

ambiguous ñsuspect blood donorò records has been transparently reported, and the effect of 

this decision on the results may be examined in the future under alternative grouping scenarios. 

5. CONCLUSION 

This study demonstrated that a leakage-free and explainable machine learning model based on 

routine, low-cost biochemical tests can detect HCV-related liver diseases with high accuracy 

(AUROC = 0.989; specificity = 0.991). The SHAP analysis revealed that the modelôs decisions 

rest on clinically verifiable liver biomarkers such as AST, GGT, bilirubin, ALP and ALT, 

conferring transparency and clinical trust. The results suggest that explainable AI-supported 

approaches may be promising, non-invasive decision-support tools for HCV screening in 

resource-limited settings. Future work will focus on external validation of the model on 

independent, multicenter datasets and its extension to multiclass fibrosis staging. 
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Abstract 

The rapid digitalization of healthcare has generated large volumes of clinical, imaging, 

laboratory, and omics data, accelerating the adoption of machine learning (ML) for clinical 

prediction modeling. Unlike traditional statistical approaches, ML algorithms can capture 

complex and non-linear relationships among predictors and potentially improve diagnostic and 

prognostic accuracy. However, many published ML-based prediction models exhibit 

methodological shortcomings that limit reproducibility, generalizability, and clinical 

applicability. This narrative review synthesizes the methodological principles underlying ML-

based clinical prediction models by integrating evidence from methodological studies, reporting 

guidelines, and representative healthcare applications. Key stages of model development, 

including data preprocessing, management of missing data, feature engineering and selection, 

prevention of data leakage, model training, performance evaluation, validation, and 

explainability, are critically discussed. Current evidence indicates that robust prediction models 

require systematic data preparation, adequate sample sizes, rigorous validation strategies, and 

transparent reporting. Internal validation approaches, particularly nested cross-validation and 

bootstrapping, reduce optimism bias and provide more reliable estimates of predictive 

performance, whereas external validation remains essential for evaluating transportability 

across different populations and healthcare settings. Furthermore, explainable artificial 

intelligence methods improve the interpretability of model predictions and facilitate clinical 

implementation. Although machine learning has substantial potential to enhance diagnosis, 

prognosis, and individualized treatment planning, predictive performance alone is insufficient 

for clinical adoption. Methodological rigor, reproducibility, explainability, and comprehensive 

validation constitute essential prerequisites for developing reliable and clinically meaningful 

prediction models. 

Keywords: Machine learning; artificial intelligence; clinical prediction models; biostatistics; model 

validation; explainable artificial intelligence. 
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1. Introduction  

Clinical prediction models constitute an essential component of evidence-based medicine. By 

combining multiple predictors, these models estimate the probability that a condition is already 

present (diagnostic models) or that an event will occur in the future (prognostic models), 

thereby supporting diagnostic decision-making, risk stratification, and individualized treatment 

planning [1,2]. Traditionally, prediction modelling has relied on conventional statistical 

techniques, particularly logistic regression and survival models. Although these methods 

remain valuable because of their interpretability and modest data requirements, they may 

underperform when relationships among predictors are highly complex and non-linear [1,2]. 

The emergence of electronic health records, high-throughput laboratory technologies, medical 

imaging, and multi-omics platforms has dramatically increased the dimensionality and 

complexity of healthcare data [3,4]. Consequently, machine learning approaches have attracted 

considerable attention because of their ability to process large datasets and identify intricate 

patterns that may escape conventional statistical methods [3,5]. This evolution has been 

described as a shift from hypothesis-driven modelling toward data-driven discovery, in which 

the algorithm learns the predictive structure directly from observed examples rather than from 

a pre-specified functional form [6]. 

Numerous studies have reported promising applications of machine learning in predicting 

disease onset, hospital mortality, treatment response, disease progression, and adverse clinical 

events [4,5,6]. Nevertheless, enthusiasm has often outpaced methodological rigor. Systematic 

reviews indicate that, for structured tabular data, machine learning does not consistently 

outperform well-developed logistic regression, and that many comparative studies are affected 

by methodological and reporting limitations [7,8]. A substantial proportion of published models 

suffer from inadequate handling of missing data, insufficient sample size, inappropriate variable 

selection, data leakage, and limited validation, which collectively produce overly optimistic 

performance estimates and reduce generalizability [7,9]. 

Accordingly, there is a growing need to integrate machine learning techniques with 

fundamental biostatistical principles [1,2]. The aim of this review is to provide a structured 

overview of the methodological stages involved in developing machine learning-based clinical 

prediction models-from data preparation to model validation-and to discuss the principal 

challenges that must be addressed before implementation in routine clinical practice. 

2. Data Preparation and Preprocessing 

Data preparation represents the cornerstone of predictive modelling; algorithms cannot 

compensate for poor data quality, and preprocessing frequently consumes the largest share of 

analytical effort [1]. 

Clinical datasets commonly contain missing values arising from incomplete documentation, 

laboratory failures, patient dropout, and inconsistent data collection. Complete-case analyses 

may substantially reduce statistical power and introduce bias, particularly when data are not 

missing completely at random [1,2]. The assumed missingness mechanism should therefore be 
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stated explicitly, and principled approaches such as multiple imputation by chained equations 

are generally preferred to single-value substitution [10]. 

Outlier detection is another important step. Because extreme observations may represent either 

measurement errors or clinically meaningful variations, outlier management should combine 

statistical criteria with clinical reasoning; the indiscriminate removal of extreme values can 

discard genuinely informative phenotypes [1]. Data normalization and standardization are often 

required, as several algorithms-such as support vector machines and neural networksðare 

sensitive to differences in variable scale, whereas categorical variables must be transformed 

using appropriate encoding schemes [5]. 

Class imbalance is a further recurrent challenge. Adverse outcomes such as mortality, 

recurrence, and rare complications often constitute minority classes, and conventional 

algorithms tend to favor the majority class, yielding misleading accuracy [5]. Resampling 

strategies-most notably the synthetic minority over-sampling technique-together with cost-

sensitive learning and balanced ensembles can partially mitigate this problem [11]. Crucially, 

resampling must be confined to the training partition to avoid contaminating the evaluation set. 

Sample size is frequently overlooked. An insufficient number of events per candidate predictor 

promotes overfitting and unstable estimates; formal sample-size calculation tailored to 

prediction models is therefore recommended at the design stage [9]. Finally, every 

preprocessing step-imputation, scaling, and resampling-should be fitted exclusively within the 

training data. When such operations are applied to the full dataset before partitioning, 

information from the test set leaks into the model and inflates apparent performance [1,7]. 

3. Feature Engineering and Variable Selection 

Healthcare datasets increasingly exhibit high dimensionality, with hundreds or thousands of 

candidate predictors derived from laboratory measurements, imaging features, genomic 

information, and electronic health records [3,4]. 

Feature engineering transforms raw variables into informative predictors that improve 

performance and facilitate clinical interpretation, for example through composite indices, 

interaction terms, transformation of skewed variables, and extraction of meaningful 

representations from complex data [2]. Variable selection is equally important, because an 

excessive number of predictors increases computational burden and elevates the risk of 

overfitting, particularly when the number of predictors approaches the number of events [1,9]. 

The principal families of feature selection methods are summarized in Table 1. 

Table 1. Main categories of feature selection methods used in clinical prediction modelling. 

Category Representative methods Key characteristic 

Filter  
Correlation analysis, mutual information, 

univariate statistical tests 

Evaluate variables independently of 

the algorithm; fast but ignore feature 

interactions. 

Wrapper  
Recursive feature elimination, sequential 

selection 

Repeatedly train the model on 

different subsets; accurate but 

computationally expensive. 
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Embedded 
LASSO regression, tree-based variable 

importance 

Perform selection during model 

training; balance performance and 

computational cost. 

Regularization approaches such as the least absolute shrinkage and selection operator (LASSO) 

shrink coefficients toward zero and perform selection during fitting, which is particularly useful 

in high-dimensional settings [12]. Regardless of the family chosen, feature selection must be 

nested within the validation procedure; performing selection on the full dataset before 

partitioning introduces information leakage and produces optimistic estimates [1,7]. 

4. Machine Learning Algorithms in Clinical Prediction 

Several machine learning algorithms have been applied successfully in healthcare, each with 

distinct strengths and limitations [5,6]; their principal properties are compared in Table 2. 

Logistic regression remains an important benchmark because it produces interpretable 

coefficients and odds ratios at modest computational cost, although its additive and linear 

assumptions may inadequately represent complex biology [1,2]. 

Random forests construct numerous decision trees and aggregate their predictions, capturing 

non-linear associations and interactions while remaining robust to overfitting [13]. Support 

vector machines identify optimal separating hyperplanes and perform well in high-dimensional 

settings such as imaging and omics [5]. Gradient boosting algorithms-including XGBoost, 

LightGBM, and CatBoost-sequentially build models that minimize the residual errors of 

previous iterations and consistently achieve state-of-the-art accuracy on tabular biomedical data 

[14]. Artificial neural networks and deep learning architectures are increasingly influential, 

particularly for image and signal analysis, but their complexity limits interpretability and 

demands larger samples [15,4]. 

Table 2. Overview of commonly used machine learning algorithms in clinical prediction. 

Algorithm  Strengths Limitations  Typical use 

Logistic 

regression 
Interpretable; odds ratios; low 

computational cost 

Assumes linearity/additivity; 

limited for complex 

interactions 

Benchmark; risk 

scores 

Random forest 
Captures non-linearity and 

interactions; robust to overfitting 
Lower interpretability; can be 

memory intensive 
Tabular clinical 

data 

Support vector 

machine 
Effective in high-dimensional 

spaces 

Sensitive to scaling; 

kernel/parameter tuning 

needed 
Imaging; omics 

Gradient 

boosting 

(XGBoost, 

LightGBM, 

CatBoost) 

State-of-the-art accuracy on 

tabular data 
Many hyperparameters; 

tuning required 
Most structured 

prediction tasks 

Neural networks / 

deep learning 
Learns complex representations 

from raw data 
Needs large samples; limited 

interpretability 
Medical imaging; 

signals 

No single algorithm universally outperforms all others; for structured tabular data in particular, 

careful regression modelling often matches more complex learners [7]. Model selection should 

therefore be guided by study objectives, sample characteristics, data structure, and 

interpretability requirements [5]. 

5. Model Performance Evaluation 
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Evaluation should extend well beyond simple discrimination metrics [1,16]. The area under the 

receiver operating characteristic curve (AUROC) is the most frequently reported indicator, yet 

high discrimination alone does not guarantee clinical usefulness [16]. 

Sensitivity and specificity quantify diagnostic performance at a chosen threshold, whereas 

precision and the F1-score are especially informative for imbalanced data. The Matthews 

correlation coefficient provides a balanced single-number summary because it incorporates all 

four cells of the confusion matrix. Calibration-the agreement between predicted and observed 

risk-is an equally critical and frequently neglected dimension: a poorly calibrated model can be 

misleading and even harmful despite excellent discrimination [16]. Decision curve analysis 

complements these measures by quantifying the net clinical benefit of a model across a range 

of decision thresholds [17]. The principal metrics are summarized in Table 3. 

Table 3. Key performance metrics for evaluating clinical prediction models. 

Metric  What it captures Particularly useful when 

AUROC 
Ability to rank cases above non-cases 

(discrimination) 
Comparing overall 

discriminative ability 
Sensitivity / 

Specificity 
Correct identification of positives / negatives 

A clinical decision threshold is 

fixed 

Precision / F1-score 
Positive predictive value and its balance with 

recall 
Outcome classes are imbalanced 

Matthews correlation 

coefficient 
Balanced summary of the full confusion matrix 

A single robust score is needed 

for imbalance 
Calibration (Brier 

score, ECE) 
Agreement between predicted and observed 

risk 
Predicted probabilities guide 

decisions 
Decision curve 

analysis 
Net clinical benefit across thresholds 

Assessing real-world clinical 

utility  

6. Model Validation 

Validation is among the most important methodological stages and the principal safeguard 

against over-optimistic reporting [1,7]. Internal validation evaluates reproducibility within the 

development dataset and commonly employs hold-out validation, k-fold cross-validation, 

repeated cross-validation, bootstrapping, and nested cross-validation [1,2]. 

Nested cross-validation deserves particular emphasis because it performs hyperparameter 

tuning and feature selection in an inner loop while estimating generalization performance in an 

outer loop, thereby preventing information leakage and reducing optimism bias [1]. External 

validation remains the gold standard for assessing transportability and clinical applicability, 

ideally in populations that differ geographically, temporally, or institutionally from the 

development data [18,19]. Unfortunately, external validation remains substantially 

underutilized, and many reported models have never been tested beyond their development 

sample [8,7]. The main strategies are contrasted in Table 4. 

Table 4. Internal and external validation strategies. 

Strategy Description Principal advantage / caveat 

Hold-out Single train/test split 
Simple but high variance with 

small samples 

k-fold cross-validation 
Data split into k folds, each used once for 

testing 
Efficient use of data; choice of 

k matters 
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Repeated CV k-fold CV repeated with different partitions 
More stable estimates; higher 

computational cost 

Bootstrapping 
Resampling with replacement to estimate 

optimism 
Good for small datasets; 

corrects optimism 

Nested CV Inner loop for tuning, outer loop for evaluation 
Leakage-free performance 

estimate; computationally 

expensive 

External validation Evaluation on an independent population 
Gold standard for 

transportability; often missing 

7. Discussion 

Machine learning has transformed clinical prediction modelling by enabling the analysis of 

increasingly complex healthcare datasets [3,4]. Nevertheless, methodological rigor remains 

essential for translating models into practice. Recurrent problems identified in the literature 

include inadequate handling of missing data, insufficient sample size, feature selection 

performed outside validation frameworks, neglect of calibration, scarce external validation, and 

incomplete reporting [7,8,19]. These pitfalls and corresponding safeguards are summarized in 

Table 5. 

Table 5. Common methodological pitfalls in machine learning-based prediction studies and recommended 

safeguards. 

Pitfall  Consequence Recommended safeguard 
Imputation/scaling before 

data splitting 
Information leakage; optimistic 

estimates 
Fit all preprocessing inside training 

folds 
Feature selection on the 

full dataset 
Inflated discrimination Nest selection within cross-validation 

Too few events per 

predictor  
Overfitting; unstable models A priori sample-size calculation 

Reporting only AUROC Hidden miscalibration 
Report calibration and decision curve 

analysis 

No external validation Unknown transportability 
Independent, temporal, or geographic 

validation 

Incomplete reporting Non-reproducibility 
Follow TRIPOD+AI and assess bias 

with PROBAST 

The development of explainable artificial intelligence offers promising opportunities to 

improve transparency and clinician acceptance. Model-agnostic methods such as SHapley 

Additive exPlanations (SHAP) [20] and Local Interpretable Model-agnostic Explanations 

(LIME) [21] illuminate prediction mechanisms at both the global and individual-patient level 

and may strengthen trust in artificial intelligence systems; such interpretability is increasingly 

regarded as a prerequisite rather than an optional addition to clinical deployment [4]. 

Future work should prioritize reproducibility, multicenter collaboration, prospective external 

validation, and adherence to contemporary reporting and appraisal standards. The TRIPOD+AI 

reporting guideline and the PROBAST risk-of-bias tool extend established frameworks to the 

specific risks of machine learning and provide practical checklists for authors, reviewers, and 

editors [22,19]. 

8. Conclusions 

Machine learning-based clinical prediction models have enormous potential to improve disease 

diagnosis, prognosis, and personalized treatment planning [5,6,4]. However, successful clinical 
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implementation requires far more than high predictive performance. Robust data preprocessing, 

adequate sample size, appropriate feature engineering, prevention of information leakage, 

rigorous validation, calibration assessment, transparent reporting, and explainable artificial 

intelligence collectively determine model reliability and clinical utility [1,16,7]. 

The integration of biostatistical principles with machine learning techniques will be 

fundamental for ensuring that artificial intelligence systems become trustworthy, reproducible, 

and clinically meaningful tools capable of supporting evidence-based healthcare [2,22]. 
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Abstract 

Data leakage- the inadvertent use of information that would not legitimately be available at the 

moment of prediction- is one of the most common and consequential methodological flaws in 

health-based machine learning (ML). Leaked information produces over-optimistic 

performance during development that collapses on independent data, undermining 

reproducibility and clinical trust. This paper reviews the statistical principles underlying data 

leakage, presents a taxonomy of the leakage mechanisms most relevant to clinical and 

biomedical ML, and provides practical, stage-by-stage recommendations for prevention, 

detection, and transparent reporting. A narrative synthesis of methodological literature, 

reporting guidelines, and influential applied studies was conducted, integrating perspectives 

from biostatistics and clinical artificial intelligence. Leakage in health ML arises chiefly from 

target or label leakage, preprocessing and feature-selection performed before data partitioning, 

resampling applied to the whole dataset, model-selection and duplicate-record contamination, 

non-independent observations such as record-wise rather than subject-wise splitting, and 

temporal look-ahead. Key safeguards include anchoring the prediction task to the information 

available at decision time, splitting before any data-dependent step, patient-level grouped 

partitioning, fitting the entire pipeline inside cross-validation folds, nested cross-validation for 

tuning and selection, de-duplication, and external or temporal validation. Most leakage is 

preventable through disciplined data handling and transparent reporting. Treating leakage 

prevention as a core design requirement, rather than a post hoc check, is essential for reliable 

and clinically meaningful health ML. 

Keywords: Data leakage; machine learning; clinical prediction models; cross-validation; 

reproducibility; model validation. 
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1. Introduction 

Machine learning (ML) has been adopted rapidly across clinical and biomedical research, 

driven by the growth of electronic health records, imaging, and high-throughput laboratory data 

[1,2]. Yet a recurring observation is that impressive performance reported during model 

development frequently fails to reproduce when the model is applied to genuinely independent 

data. A leading cause of this gap is data leakageðthe introduction of information about the 

prediction target that would not legitimately be available at the time a prediction must be made 

[3]. 

Leakage is not a niche concern. A cross-disciplinary survey identified leakage as a pervasive 

failure mode, documenting at least 294 affected papers across seventeen scientific fields and, 

in several cases, dramatically over-optimistic conclusions [4]. In medicine specifically, 

systematic reviews of imaging-based models for COVID-19 found that none of the examined 

models were of demonstrable clinical use, with leakage-related design flaws among the most 

common problems [5,6]. Furthermore, when leakage is properly controlled, the apparent 

advantage of complex ML over well-developed regression for structured clinical data often 

disappears, indicating that some reported gains reflect methodology rather than genuine 

predictive signal [7]. 

Because clinical decisions may ultimately rest on these models, leakage is not merely a 

statistical inconvenience but a patient-safety and reproducibility issue. The aim of this paper is 

to articulate the statistical principles that define leakage, to provide a taxonomy of the leakage 

mechanisms most relevant to health ML, and to offer concrete, stage-by-stage 

recommendations for prevention, detection, and reporting. 

2. What Is Data Leakage? A Statistical Perspective 

Formally, leakage is the unintentional introduction of predictive information about the target 

through the data collection, aggregation, or preparation process-information that should not be 

available to a deployed model [3]. The trivial case is using the outcome itself, or a direct proxy 

of it, as a predictor; in practice leakage is usually subtle and indirect, which is precisely what 

makes it dangerous [3]. 

The statistical principle violated is the independence between the development process and the 

data used to estimate generalization performance. A trustworthy estimate requires a strict 

separation between what the model learns from and what it is evaluated on- a ñlearn-predictò 

separation in which every quantity estimated from data (imputation parameters, scaling 

constants, selected features, tuned hyperparameters, decision thresholds) is derived only from 

the training portion [3,8]. When this separation is breached, the test set no longer represents 

unseen data, and the resulting performance estimate is biased upward- an inflation closely 

related to the broader phenomenon of optimism in model development [8,9]. 

3. A Taxonomy of Data Leakage in Health Machine Learning 

Leakage manifests through several distinct mechanisms. Table 1 summarizes the principal 

types encountered in clinical and biomedical studies, together with representative examples and 

the corresponding primary safeguard. 

Table 1. Principal types of data leakage in health-based machine learning. 
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Type Mechanism Example in health ML Primary safeguard 

Target (label) 

leakage 

A predictor encodes the 

outcome or a post-outcome 

event 

Using a treatment ordered after 

diagnosis, or a post-event 

laboratory value, to predict 

that diagnosis 

Anchor features to the 

decision time point 

Preprocessing 

leakage 
Imputation/scaling fitted on 

the full dataset 

Mean/variance or imputation 

model learned from train+test 

together 

Fit all preprocessing 

inside training folds 

Feature-selection 

leakage 
Variables chosen using the 

whole dataset 

Ranking features by 

association with the outcome 

before splitting 

Nest selection within 

cross-validation 

Resampling 

leakage 
Class balancing applied 

before splitting 
SMOTE/oversampling 

performed on the entire dataset 
Resample only within 

the training fold 

Model-selection 

leakage 
Tuning or model choice 

informed by the test set 

Reporting the best of many 

configurations evaluated on 

the test set 

Use nested cross-

validation 

Duplicate / 

contamination 
Same or near-identical 

records in train and test 

Multiple images of one 

patient, or dataset overlap 

across public sources 

De-duplicate; verify 

data provenance 

Group / non-

independence 
Record-wise instead of 

subject-wise splitting 

Several measurements per 

patient split across train and 

test 

Patient-level 

(grouped) partitioning 

Temporal leakage 
Future information used to 

predict the past 

Including data recorded after 

the prediction time, or 

outcome-dependent timing 

Respect chronological 

order; temporal split 

 

Several of these deserve emphasis in the health context. Preprocessing leakage is common 

because imputation and scaling feel like innocuous ñdata cleaningò; however, learning an 

imputation model such as multiple imputation by chained equations on the combined data lets 

test information influence training [10]. Resampling leakage is similarly frequent: applying the 

synthetic minority over-sampling technique before partitioning creates synthetic points that 

bridge train and test [11]. Group leakage is especially insidious in imaging and signal data, 

where multiple records per patient allow a model to recognize the individual rather than the 

disease; subject-wise (leave-one-subject-out) cross-validation rather than record-wise splitting 

is required to approximate the real clinical use-case [12,6]. Finally, duplicate and contamination 

problems- identical images or patients appearing in both partitions, or overlap between 

assembled public datasets- were among the dominant flaws in pandemic-era imaging models 

[5,4]. 

4. Statistical Consequences of Leakage 

The hallmark consequence of leakage is optimism bias: development performance that 

overstates true generalization [3]. The magnitude can be large and is amplified in the small, 

high-dimensional datasets typical of biomarker and pilot studies, where even ordinary k-fold 

cross-validation yields strongly biased estimates while nested cross-validation remains 

approximately unbiased [13]. 

Beyond inflated discrimination, leakage distorts the entire evaluation. Reported calibration may 

appear excellent on contaminated data yet fail on real cases, and decision thresholds tuned under 

leakage do not transfer- so a model may seem clinically useful while offering no genuine net 

benefit [14]. The diagnostic signature is a marked drop in performance from internal to external 
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validation, a pattern repeatedly observed when leakage-affected models are tested on 

independent populations [15,5]. 

5. Detecting and Diagnosing Leakage 

Leakage often announces itself through warning signs that should prompt scrutiny rather than 

celebration. Table 2 lists common signals and their likely causes [3]. 

Table 2. Warning signs suggestive of data leakage and their likely causes. 

Warning sign Likely underlying cause 
Implausibly high performance (e.g., near-

perfect AUROC) on a difficult task 
Target leakage or trainïtest contamination 

A large drop in performance from internal to 

external validation 
Leakage during development; non-representative split 

An identifier -like or administrative variable 

among the top features 
A proxy that encodes site, batch, or outcome 

Performance that worsens when switching to 

subject-wise splitting 
Group/non-independence leakage 

Performance that falls after isolating 

preprocessing inside folds 
Preprocessing or resampling leakage 

Accuracy that increases as sample size 

decreases across studies 
Optimistic validation in small samples 

 

Practical diagnostic steps include inspecting the most influential predictors for outcome proxies 

or site/batch identifiers, comparing record-wise with subject-wise validation, re-running the 

analysis with the full pipeline confined to training folds, and, whenever feasible, evaluating on 

a temporally or geographically distinct dataset [12,5]. 

6. Practical Recommendations for Prevention 

Most leakage is preventable by disciplined data handling. The single most important principle 

is to split first and let nothing data-dependent precede the split. Figure 1 depicts the 

recommended leakage-free workflow; Table 3 then provides a stage-by-stage checklist, and 

Table 4 contrasts leaky and leakage-free placement of common preprocessing steps. 
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Figure 1. Recommended leakage-free workflow for health-based machine learning, from task 

definition through patient-level splitting and a fully nested pipeline to external validation and 

transparent reporting. 

Table 3. Stage-by-stage checklist for preventing data leakage. 

Stage Recommended practice 

Task definition 
Specify the prediction time point and include only information available then; 

exclude post-outcome variables. 

Data partitioning  
Split before any data-dependent operation; use patient-level (grouped) splitting 

when multiple records per patient exist. 

Preprocessing 
Encapsulate imputation, scaling, and encoding in a pipeline fitted only on the 

training fold. 

Class balancing 
Apply resampling (e.g., SMOTE) inside the training fold only, never before 

splitting. 
Feature selection & 

tuning 
Nest selection and hyperparameter tuning within cross-validation; reserve a held-

out set for a single final evaluation. 

De-duplication 
Remove duplicate/near-duplicate records and verify provenance and overlap of 

combined datasets. 
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Validation  
Estimate generalization with nested cross-validation; confirm with external or 

temporal validation. 

Reporting 
Report per TRIPOD+AI and appraise risk of bias with PROBAST; share code to 

enable reproduction. 
 

Adequate sample size should be planned a priori, since small samples both inflate optimism 

and make leakage harder to detect [16,13]. Where data are grouped, subject-wise partitioning 

is essential to mirror the clinical use-case [12]. The entire analytical pipeline- imputation, 

scaling, balancing, selection, and tuning- should be fitted exclusively within training folds and 

only then applied to held-out data, with nested cross-validation providing a leakage-free 

estimate of performance [8,13]. 

Table 4. Leaky versus leakage-free placement of common preprocessing steps relative to the 

train/test split. 

Step Leaky (incorrect) Leakage-free (correct) 

Imputation  
Impute using statistics from the whole 

dataset 
Fit the imputation model on training 

data; apply to test 

Scaling / normalization Compute mean/SD over train + test 
Compute on training data; transform 

test with the same parameters 
Feature selection Select features on the full dataset Select within each training fold 
Resampling (SMOTE) Balance classes before splitting Balance only the training fold 

Threshold selection 
Choose the operating threshold on the 

test set 
Choose on training/validation; evaluate 

once on test 

 

External validation in an independent, ideally temporally or geographically distinct, population 

remains the strongest defense and the gold standard for assessing transportability [17,18]. 

Transparent reporting completes the safeguard: structured guidance such as TRIPOD+AI, 

together with risk-of-bias appraisal using PROBAST, makes leakage easier for authors, 

reviewers, and readers to detect [19,18]. 

7. Discussion 

The evidence indicates that leakage is systemic rather than incidental, recurring across 

disciplines and persisting partly because incentives reward headline performance over 

methodological caution [4,5]. In medical imaging in particular, repeated reviews have traced 

over-optimistic results to a small set of avoidable design errors, several of which are leakage 

variants [6]. A constructive implication is that controlling leakage often matters more than the 

choice of algorithm: once leakage is removed, careful regression frequently matches more 

complex learners on structured clinical data [7]. 

Mitigation is therefore as much cultural as technical. Pre-specifying the prediction task, sharing 

code and data dictionaries, and adopting contemporary reporting and appraisal standards 

collectively reduce both the occurrence and the undetected persistence of leakage [4,19,18]. 

Treating leakage prevention as a design requirement- embedded from task definition through 

validation- rather than a final audit is the most reliable safeguard. 

8. Conclusions 

Data leakage is among the most common and damaging methodological failures in health-based 

machine learning, producing over-optimistic estimates that do not survive contact with 
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independent data [3,8]. The good news is that most leakage is preventable: anchoring features 

to the decision time, splitting before any data-dependent step, partitioning at the patient level, 

confining the whole pipeline to training folds, validating with nested cross-validation and on 

external data, and reporting transparently together neutralize the principal mechanisms. 

When these principles are observed, machine learning can fulfil its considerable promise for 

diagnosis, prognosis, and individualized care [1,2,20]. The integration of sound biostatistical 

practice with modern ML- and adherence to standards such as TRIPOD+AIðwill be decisive 

in producing prediction models that are trustworthy, reproducible, and clinically meaningful 

[9,19]. 
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ABSTRACT 

Differentiated thyroid cancer (DTC) generally has a favorable prognosis but carries a variable 

risk of recurrence that is progressively refined by information acquired at different points along 

the patient's clinical course. This study aimed to layer recurrence prediction along this clinical 

timeline and to quantify the incremental value of each information layer using explainable 

machine learning. The publicly available Differentiated Thyroid Cancer Recurrence dataset (n 

= 383; recurrence rate 28.2%) was used, and predictors were grouped into three layers along 

the clinical timeline: Layer 1 (preoperative/demographic), Layer 2 (+pathological features and 

TNM/ATA staging), and Layer 3 (+ATA response to therapy). For each layer, logistic 

regression, LASSO, random forest, XGBoost, and a radial-basis support vector machine were 

trained with repeated (5×5) stratified cross-validation, and performance was assessed by AUC, 

sensitivity, specificity, F1-score, balanced accuracy, and Brier score, while variable 

contributions were interpreted with SHAP. Predictive performance increased consistently 

across layers: the best AUC was 0.871 (LASSO) in Layer 1, 0.935 (XGBoost) in Layer 2, and 

0.990 (XGBoost) in Layer 3, with the Layer 3 model achieving 91.6% sensitivity, 97.1% 

specificity, an F1 of 0.920, a balanced accuracy of 0.944, and good calibration (Brier = 0.032). 

ATA response to therapy was by far the most influential predictor, followed by age, ATA risk 

group, nodal status, and physical examination findings. Overall, DTC recurrence can be 

predicted with clinically useful accuracy even from preoperative information, approaching 

near-perfect discrimination as pathological staging and especially treatment response are added; 

however, because treatment response is a proximal indicator measured during follow-up 

(structural incomplete response is almost definitionally close to recurrence), the highest 

performance should be interpreted as a data-driven validation of ATA dynamic risk 

stratification, while the genuine clinical value lies in the earlier layers. 

Keywords: Differentiated thyroid cancer; recurrence; machine learning; explainable artificial 

intelligence; SHAP; dynamic risk stratification. 
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1. INTRODUCTION  

Thyroid cancer is the most common endocrine malignancy, and its incidence has increased 

markedly in recent years, largely owing to the widespread use of imaging [1]. The majority of 

cases are differentiated thyroid cancer (DTC; papillary and follicular subtypes), which arises 

from follicular epithelial cells. Although DTC generally has an excellent prognosis with low 

disease-specific mortality, recurrence after initial treatment occurs in a clinically important 

subset of patients and constitutes one of the central problems of management [2]. Accurate 

stratification of recurrence risk is essential for individualizing decisions such as the degree of 

thyrotropin suppression, the need for radioactive iodine therapy, and the intensity of follow-up 

[2]. 

The 2015 American Thyroid Association (ATA) guidelines recommend that recurrence risk be 

regarded not as a static, one-time estimate but as a dynamic, iterative process that begins in the 

peri-diagnostic period and continues through final follow-up [2]. In this framework, patients 

are first stratified by clinicopathological features and TNM staging, and are then reclassified 

according to their response to initial therapy (excellent, indeterminate, biochemical incomplete, 

or structural incomplete response) [3]. This response-based reassessment has been shown to 

predict final disease status better than baseline staging alone [3]. 

Machine learning methods are increasingly applied to predict DTC recurrence. A substantial 

portion of these studies rely on the Differentiated Thyroid Cancer Recurrence dataset compiled 

and publicly released by Borzooei and Tarokhian [4]. The original study that introduced this 

dataset compared different combinations of the ATA risk score and clinicopathological features 

and reported that their joint use achieved the best performance [5]. Nevertheless, many studies 

in the literature combine all variables (including treatment response) in a single model and 

report high accuracy, without sufficiently disentangling that these variables are obtained at 

different points along the clinical timeline- and therefore contribute differently to prediction. 

The aim of this study is to layer DTC recurrence prediction along the clinical timeline and to 

transparently quantify the value added by each information layer: (i) preoperative/demographic 

information only, (ii) the addition of pathological features and staging, and (iii) the addition of 

ATA response to therapy. Five algorithms were compared with repeated stratified cross-

validation, and the models were rendered interpretable with SHAP. This design answers the 

question ñat which decision point, and with what accuracy, can recurrence be predicted?ò and 

critically evaluates the nature of the high performance driven by treatment response. 

2. MATERIALS AND METHODS  

2.1. Dataset 

We used the publicly available Differentiated Thyroid Cancer Recurrence dataset from the UCI 

Machine Learning Repository [4]. The dataset comprises 16 predictor variables capturing 

demographic, clinicopathological, and treatment-response information for 383 DTC patients, 

together with a binary recurrence outcome (Recurred: yes/no). Because the data are fully 

anonymized and publicly available, no additional ethics approval was required [4]. The dataset 

contains no missing values. 

2.2. Layering of Variables Along the Clinical Timeline 
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The distinctive design of this study is the grouping of predictors into three layers according to 

when they become available in the patient's clinical course (the layer of each variable is 

indicated in Table 1): 

Layer 1: Preoperative/demographic: age, gender, smoking, smoking history, history of 

radiotherapy, thyroid function, physical examination, and adenopathy (8 variables). 

Layer 2: Pathology and staging: Layer 1 variables plus pathology subtype, focality, ATA risk 

group, and the TNM staging components (T, N, M) together with overall stage (15 variables). 

Layer 3: Treatment response: Layer 2 variables plus ATA response to therapy (excellent / 

indeterminate / biochemical incomplete / structural incomplete) (16 variables). This variable is 

a dynamic indicator obtained during follow-up [3]. 

2.3. Preprocessing and Encoding 

Ordinal variables (ATA risk: Low < Intermediate < High; T, N, M; overall stage; treatment 

response) were ordinally encoded according to their natural clinical order. Nominal variables 

(gender, smoking, history of radiotherapy, thyroid function, physical examination, adenopathy, 

pathology, focality) were one-hot encoded, and the single continuous variable (age) was 

standardized. To prevent data leakage, all encoding and scaling parameters were learned 

exclusively from the training data within each cross-validation fold. 

2.4. Machine Learning Models and Cross-Validation 

Five classification algorithms were trained for each layer: logistic regression, L1-penalized 

LASSO logistic regression [7], random forest (RF) [6], XGBoost [9], and a radial-basis support 

vector machine (SVM) [8]. To account for class imbalance (28.2% recurrence), balanced class 

weights were used for RF and SVM, and a scale_pos_weight equal to the negative/positive ratio 

was used for XGBoost [11]. Because the sample is relatively small (n = 383), instead of a single 

trainïtest split we applied repeated stratified cross-validation (5 folds × 5 repeats), and 

performance metrics are reported as the mean ± standard deviation across the 25 folds. The 

classification threshold was fixed at 0.50 for all models. Analyses were performed in Python 

(scikit-learn, xgboost, shap). 

2.5. Model Evaluation and Explainability 

Models were evaluated for discrimination using the area under the ROC curve (AUC); for 

threshold-based performance using sensitivity, specificity, precision, F1-score, and balanced 

accuracy; and for probability calibration using the Brier score [12]. Because missing a positive 

case is costly in a recurrence-screening context, sensitivity and balanced accuracy were treated 

as priority metrics. For interpretability, SHAP (Shapley Additive exPlanations) values were 

computed on the best model of the highest layer (Layer 3) to quantify the mean contribution of 

each variable to the recurrence prediction [10]. 

2.6. Statistical Analysis 

Age, the only continuous variable, was summarized as median [interquartile range] and 

compared between recurrence groups with the MannïWhitney U test. Categorical variables 

were summarized by frequency and recurrence rate, and their associations with recurrence were 

assessed with the chi-square or Fisher exact test. The Benjamini-Hochberg procedure was used 
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to control the false discovery rate across multiple comparisons. Statistical significance was set 

at p < 0.05. 

3. RESULTS 

3.1. Descriptive Characteristics and Comparison of Recurrence Groups 

Of the 383 patients in the study sample, 108 (28.2%) developed recurrence and 275 (71.8%) 

did not. The mean age was 40.9 ± 15.1 years (median 37 [29ï51]; range 15ï82), and patients 

who recurred were significantly older (median 44 vs. 36; p < 0.001). Among categorical 

variables, ATA response to therapy, ATA risk group, nodal status (N), adenopathy, tumor (T), 

and overall stage showed the strongest associations with recurrence (all p < 0.001). The ATA 

response to therapy was particularly striking: the recurrence rate was only 0.5% for an excellent 

response but reached 97.8% for a structural incomplete response. Similarly, the recurrence rate 

by ATA risk group was 4.8% for Low, 62.7% for Intermediate, and 100% for High. The group 

comparison for selected variables is presented in Table 1. 

Table 1. Sample characteristics and comparison of selected variables by recurrence group (n = 

383) 

Variable (layer) Overall 
No 

recurrence 
(n=275) 

Recurrence (n=108) p 

Age, median [IQR] (L1) 37 [29-51] 36 [28-46] 44 [32-62] <0.001 

Male gender, recurrence rate (L1) ð ð 59.2% (M) / 21.2% (F) <0.001 

Smoking (+), recurrence rate (L1) ð ð 67.3% vs 22.5% <0.001 

History of radiotherapy (+) (L1) ð ð 85.7% vs 27.1% 0.002 

Adenopathy (L1) ð ð 
None 10.8% / positive 62-

100% 
<0.001 

ATA risk: Low/Intermediate/High 
(L2) 

ð ð 4.8% / 62.7% / 100% <0.001 

Nodal status N0/N1a/N1b (L2) ð ð 10.1% / 45.5% / 76.3% <0.001 

Distant metastasis M1 (L2) ð ð 100% vs 24.7% (M0) <0.001 

Focality: Multifocal (L2) ð ð 51.5% vs 15.4% (uni) <0.001 

ATA response to therapy (L3) ð ð 
Excellent 0.5% Ÿ 

Structural incomplete 
97.8% 

<0.001 

L1/L2/L3: the layer to which the variable belongs. Rates indicate the percentage of recurrence within the 

corresponding level. p values are from the MannïWhitney U test (age) or chi-square/Fisher exact test (categorical), 

after BenjaminiïHochberg correction. 

3.2. Layered Model Performance 

Predictive performance increased consistently and substantially as clinical information layers 

were added. Even Layer 1, using preoperative variables only, achieved clinically useful 

discrimination (best AUC = 0.871; LASSO). With the addition of pathological features and 

staging, the best AUC in Layer 2 rose to 0.935 (XGBoost), and with the addition of treatment 

response, the best AUC in Layer 3 reached 0.990 (XGBoost). The best Layer 3 model achieved 

91.6% sensitivity, 97.1% specificity, an F1 of 0.920, and a balanced accuracy of 0.944, together 

with a low Brier score (0.032), indicating both strong discrimination and good calibration. The 

performance of all layers and models is given in Table 2, the AUC comparison in Figure 1, and 

the ROC curves by layer in Figure 2. Pooled out-of-fold (OOF) AUC values from 5-fold cross-

validation were 0.865 for Layer 1, 0.927 for Layer 2, and 0.991 for Layer 3. The best Layer 3 

model correctly identified 100 of the 108 recurrence cases and produced only 8 false positives. 
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Table 2. Test performance (repeated 5×5 cross-validation) for the three layers and five models. 

Layer Model AUC (±SD) Sens. Spec. F1 Bal. acc. Brier  

Layer 1 LASSO 0.871 (0.049) 0.686 0.913 0.717 0.800 0.114 

(preop) XGBoost 0.865 (0.041) 0.722 0.843 0.680 0.782 0.139 

 Logistic Reg. 0.863 (0.051) 0.674 0.911 0.707 0.792 0.118 

 Random Forest 0.861 (0.029) 0.629 0.889 0.656 0.759 0.134 

 SVM (RBF) 0.856 (0.044) 0.675 0.911 0.707 0.793 0.127 

Layer 2 XGBoost 0.935 (0.024) 0.820 0.898 0.789 0.859 0.093 

(+pathology/ LASSO 0.935 (0.026) 0.788 0.922 0.793 0.855 0.085 

staging) Logistic Reg. 0.931 (0.024) 0.779 0.927 0.792 0.853 0.086 

 Random Forest 0.931 (0.024) 0.740 0.927 0.767 0.833 0.090 

 SVM (RBF) 0.918 (0.025) 0.746 0.923 0.768 0.834 0.100 

Layer 3 XGBoost 0.990 (0.010) 0.916 0.971 0.920 0.944 0.032 

(+response) Random Forest 0.987 (0.012) 0.894 0.984 0.924 0.939 0.037 

 LASSO 0.985 (0.010) 0.911 0.979 0.927 0.945 0.035 

 SVM (RBF) 0.981 (0.013) 0.902 0.967 0.908 0.934 0.043 

 Logistic Reg. 0.980 (0.014) 0.911 0.973 0.920 0.942 0.037 

Values are means across the 25 folds (±standard deviation for AUC). The highest AUC within each layer is in 

bold. Sens.: sensitivity; Spec.: specificity; Bal. acc.: balanced accuracy. Threshold = 0.50. 

 

Figure 1. AUC values by layer and model (mean of repeated 5×5 cross-validation). 
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Figure 2. ROC curves for the best model of each layer (5-fold out-of-fold predictions) 

3.3. SHAP Feature Importance and Interpretability 

The SHAP values computed on the best Layer 3 model (XGBoost) clarify the source of its high 

performance (Figure 3). ATA response to therapy is by far the most dominant predictor, well 

beyond all other variables. It is followed, in order, by age, ATA risk group, nodal status (N), 

and physical examination findings (multinodular goiter). Gender, tumor (T) stage, overall stage, 

and pathology subtype (Hürthle cell) also contribute meaningfully to the model. This pattern is 

consistent both with the clinical logic of ATA dynamic risk stratification and with established 

prognostic factors such as age, nodal spread, and risk group [2]. 
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Figure 3. SHAP-based feature importance for the Layer 3 (XGBoost) model (mean |SHAP 

value|) 

4. DISCUSSION 

In this study, DTC recurrence prediction was layered along the clinical timeline, and the value 

added by each information layer was quantified with explainable machine learning. The most 

striking finding is that predictive performance follows a consistent gradient across layers: AUC 

å 0.87 with preoperative information, å 0.94 with the addition of pathology and staging, and å 

0.99 with the addition of treatment response. This gradient quantitatively reflects the nature of 

the clinical decision-making process. 

The most clinically valuable result lies in the often-overlooked Layer 1. The fact that recurrence 

can be predicted with an AUC of å 0.87 using only preoperative and demographic information 

shows that high-risk patients can be reasonably identified even before surgery and treatment-

response data are available. This is a practical opportunity to personalize preoperative 

counseling, surgical planning, and follow-up intensity at an early stage. Adding pathology and 

staging (Layer 2) substantially strengthens this prediction and provides a more precise 

postoperative risk estimate. 

In contrast, the near-perfect performance of Layer 3 should be interpreted with caution. ATA 

response to therapy is not, like the other variables, a baseline risk factor; it is a proximal and 

dynamic indicator determined during follow-up according to the response to initial therapy [3]. 

Indeed, in our descriptive analysis, 97.8% of patients with a structural incomplete response 

experienced recurrence- an almost definitional proximity. The AUC of å 0.99 in Layer 3 should 

therefore be read not as ñearly recurrence predictionò but essentially as a data-driven validation 

of the concept of ATA dynamic risk stratification [2] [3]. The dominance of treatment response 

in the SHAP analysis directly supports this interpretation. Accordingly, the genuine added value 

of the model should be sought in the earlier layers, before treatment response is available. 

Our findings are consistent with, yet methodologically distinct from, the original study that 

introduced this dataset. Whereas Borzooei et al. [5] organized their feature sets around the ATA 

risk score (without risk, risk only, all features), we layered the variables along the clinical 

timeline. This design directly answers the question ñat which decision point, and with what 

accuracy, is prediction possible?ò and isolates the artificially high performance produced by 

treatment response. The factors highlighted by SHAP- age, ATA risk group, nodal spread, and 

staging- overlap with well-known prognostic markers in DTC [2], supporting the clinical 

validity of the model. 

Strengths of the study include the novel layered design based on the clinical timeline, the use 

of repeated stratified cross-validation appropriate for a small sample, the reporting of 

calibration (Brier score), the handling of class imbalance through weighting, and transparent 

interpretability with SHAP. Limitations should also be considered: the dataset is single-center 

and relatively small (n = 383); no independent external validation set was used; the 

classification threshold was fixed at 0.50 and should be tuned to the desired sensitivityï

specificity trade-off in clinical use. Moreover, because the dataset does not include time-to-

recurrence, time-dependent (survival) modeling was not possible. Future work should pursue 

external validation across centers, threshold optimization, survival analyses accounting for time 
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to recurrence, and translation into a clinical decision-support tool with individual-level SHAP 

explanations. 

5. CONCLUSION 

In differentiated thyroid cancer, recurrence can be predicted with clinically useful accuracy 

(AUC å 0.87) even from preoperative information, approaching near-perfect discrimination as 

pathological staging (å 0.94) and especially treatment response (å 0.99) are added. However, 

because treatment response- the variable yielding the highest performance- is a proximal 

indicator measured during follow-up, this result should be interpreted as a validation of ATA 

dynamic risk stratification. The genuine clinical opportunity lies in the strong prediction 

obtained in the earlier layers, before treatment response is available. Supported by explainable 

machine learning, this layered approach provides a transparent framework that can help 

personalize recurrence-risk assessment according to the relevant clinical decision points. 
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ABSTRACT 

Functionally graded materials (FGM) are innovative engineering materials that stand out with 

their properties that change throughout their structures. Gradual transitions in composition 

reduce thermal and mechanical stresses caused by sudden interfaces, increasing the durability 

and life of the material. Such materials can exhibit superior performance against different 

environmental conditions while maintaining their structural integrity. Thanks to these 

properties, interest in FGMs is increasing in applications requiring long-term structural strength 

and functional stability. FGMs offer reliable solutions in high-tech fields such as aerospace, 

defense, automotive and biomedical. They attract attention with their ability to maintain 

structural integrity in environments where high temperatures, wear and mechanical stress are 

seen. 

This study examines how shape memory alloys (SMA) can be designed with a functional 

grading approach. Graded SMA structures (FG-SMA) can exhibit different transformation 

temperatures, mechanical responses and energy behaviors in different regions. This makes them 

suitable for multifunctional systems. This diversity enables the material to respond differently 

to service conditions in different regions. In the study, the composition and microstructure 

changes depending on the position, especially in NiTi-based alloys, were discussed. It was 

evaluated how the transformation temperatures, hysteresis width and energy parameters were 

affected. It was emphasized how the desired transformation characteristics in FG-SMA systems 

can be directed through material design. 

In line with the studies in the literature, general trends related to transformation temperatures, 

microstructural properties and functional performance were evaluated. In addition, current 

research trends for more precise control of transformation behaviors were also mentioned. The 

evaluations made reveal the potential of FG-SMA systems in engineering applications. Thus, 

the basic variables that should be considered in material design for multifunctional structures 

were emphasized. In this respect, the study aims to contribute to the understanding of 

functionally graded shape memory alloys and their evaluation in advanced engineering 

applications. The information presented can also form the basis for future experimental and 

computational studies. 

Keywords: Functional grading, Shape memory alloys (SMA), Material design, NiTi alloys. 
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ÖZET 

Fonksiyonel olarak derecelendirilmiĸ malzemeler (FGM), yapēlarē boyunca deĵiĸen 

ºzellikleriyle ºne ­ēkan yenilik­i m¿hendislik malzemeleridir. Kompozisyondaki kademeli 

ge­iĸler, ani aray¿zlerin neden olduĵu termal ve mekanik gerilimleri azaltarak malzemenin 

dayanēklēlēĵēnē ve ºmr¿n¿ artērmaktadēr. Bu t¿r malzemeler, yapēsal b¿t¿nl¿klerini koruyarak 

farklē ­evresel koĸullara karĸē ¿st¿n performans sergileyebilir. Bu ºzellikler sayesinde, uzun 

s¿reli yapēsal dayanēm ve fonksiyonel kararlēlēk gerektiren uygulamalarda FGMôlere yºnelik 

ilgi giderek artmaktadēr. FGM'ler; uzay, savunma, otomotiv ve biyomedikal gibi y¿ksek 

teknoloji gerektiren alanlarda g¿venilir ­ºz¿mler sunar. Y¿ksek sēcaklēk, aĸēnma ve mekanik 

zorlanmanēn gºr¿ld¿ĵ¿ ortamlarda yapēsal b¿t¿nl¿ĵ¿ koruma yetenekleri ile dikkat çekerler. 

Bu ­alēĸma, ĸekil hafēzalē alaĸēmlarēn (SMA) fonksiyonel derecelendirme yaklaĸēmēyla nasēl 

tasarlanabileceĵini ele alēnmaktadēr. Derecelendirilmiĸ SMA yapēlarē (FG-SMA), farklē 

bºlgelerde farklē dºn¿ĸ¿m sēcaklēklarē, mekanik yanētlar ve enerji davranēĸlarē 

gºsterebilmektedir. Bu da onlarē ­ok iĸlevli sistemler i­in uygun hale getirmektedir.  Bu 

­eĸitlilik, malzemenin farklē bºlgelerde hizmet koĸullarēna gºre farklē tepkiler verebilmesini 

m¿mk¿n kēlmaktadēr. ¢alēĸmada, ºzellikle NiTi tabanlē alaĸēmlarda bileĸim ve mikroyapēnēn 

konuma baĵlē deĵiĸimi ele alēnmēĸtēr. Dºn¿ĸ¿m sēcaklēklarēnēn, histerezis geniĸliĵi ve enerji 

parametrelerinin nasēl etkilendiĵi deĵerlendirilmiĸtir. FG-SMA sistemlerinde istenen dºn¿ĸ¿m 

karakteristiĵinin malzeme tasarēmē yoluyla nasēl yºnlendirilebileceĵi ¿zerine durulmuĸtur. 

Literat¿rde yer alan ­alēĸmalar doĵrultusunda, dºn¿ĸ¿m sēcaklēklarē, mikroyapēsal ºzellikler ve 

iĸlevsel performansla iliĸkili genel eĵilimler deĵerlendirilmiĸtir. Ayrēca, dºn¿ĸ¿m 

davranēĸlarēnēn daha hassas ĸekilde kontrol¿ne yºnelik g¿ncel araĸtērma yºnelimlerine de 

deĵinilmiĸtir. Yapēlan deĵerlendirmeler, FG-SMA sistemlerinin mühendislik 

uygulamalarēndaki potansiyelini ortaya koymaktadēr. Bºylece, ­ok iĸlevli yapēlar i­in malzeme 

tasarēmēnda dikkate alēnmasē gereken temel deĵiĸkenler vurgulanmēĸtēr. Sunulan bilgiler, ileride 

yapēlacak deneysel ve hesaplamalē ­alēĸmalara da temel oluĸturabilecek niteliktedir. 

Anahtar Kelimeler :  Fonksiyonel derecelendirme, ķekil hafēzalē alaĸēmlar (SMA), Malzeme 

tasarēmē, NiTi alaĸēmlar. 
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ABSTRACT 

Systematic material selection is regarded as an alternative to the use of reinforcement in 

composite materials, due to the multidimensional trade-offs involved among conflicting 

mechanical and physical performance criteria. This study proposed an integrated multi-criteria 

decision-making (MCDM) approach to evaluate and rank six natural animal fibresðnamely, 

wool, silk, alpaca, camel hair, cashmere, and yak woolðbased on four essential design criteria: 

The following parameters are to be measured: density, tensile strength, elastic modulus and 

elongation at failure. In order to establish a data-driven evaluation process, the Gini coefficient-

based weighting method (Gini weights) was deployed in order to calculate the relative 

importance of each criterion. The execution of three MCDM techniques operating under distinct 

mathematical structures was subsequently undertaken. The aforementioned techniques 

comprised Complex Proportional Assessment (COPRAS), Multi-Objective Optimization on 

the basis of Ratio Analysis (MOORA), and Measurement of Alternatives and Ranking 

according to Compromise Solution (MARCOS). The execution of these techniques was 

undertaken in a Python environment, with the objective of determining alternative preference 

scores and final rankings. A Spearman rank correlation analysis was also conducted to 

statistically measure the consistency and directional alignment among the applied ranking 

models. The MCDM ranking results demonstrated that Silk attained the highest rank across all 

three methods due to its high tensile strength and stiffness. Concurrently, the correlation 

analysis confirmed a high degree of consensus among the deployed MCDM frameworks. This 

study indicates that combining Gini-based weights with compromise ranking methods can 

provide a stable and mathematically viable decision-support framework for high-performance 

bio-material design and selection. 

 

Keywords: Material Selection, Natural Fibers, MCDM, Gini Weights, COPRAS, MOORA, 

MARCOS. 
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ÖZET 

Sistematik malzeme se­imi, ­eliĸkili mekanik ve fiziksel performans kriterleri arasēndaki ­ok 

boyutlu ºd¿nleĸmeler nedeniyle kompozit malzemelerde takviye kullanēmēna bir alternatif 

olarak kabul edilmektedir. Bu ­alēĸma, altē doĵal hayvan lifini (y¿n, ipek, alpaka, deve t¿y¿, 

kaĸmir ve yak y¿n¿) dºrt temel tasarēm kriterine gºre deĵerlendirmek ve sēralamak i­in entegre 

bir ­ok kriterli karar verme (MCDM) yaklaĸēmē ºnermiĸtir: ¥l­¿lecek parametreler ĸunlardēr: 

yoĵunluk, ­ekme dayanēmē, elastik mod¿l ve kopma uzamasē. Veriye dayalē bir deĵerlendirme 

s¿reci oluĸturmak i­in, her bir kriterin gºreceli ºnemini hesaplamak amacēyla Gini katsayēsēna 

dayalē aĵērlēklandērma yºntemi (Gini aĵērlēklarē) kullanēlmēĸtēr. Daha sonra, farklē matematiksel 

yapēlar altēnda ­alēĸan ¿­ MCDM tekniĵinin uygulanmasē ger­ekleĸtirilmiĸtir. Söz konusu 

teknikler; Karmaĸēk Orantēlē Deĵerlendirme (COPRAS), Oran Analizi Temelinde ¢ok Ama­lē 

Optimizasyon (MOORA) ve Uzlaĸma ¢ºz¿m¿ne Gºre Alternatiflerin ¥l­¿lmesi ve 

Sēralanmasē (MARCOS) tekniklerini i­ermektedir. Bu tekniklerin uygulanmasē, alternatif tercih 

puanlarēnē ve nihai sēralamalarē belirlemek amacēyla Python ortamēnda ger­ekleĸtirilmiĸtir. 

Uygulanan sēralama modelleri arasēndaki tutarlēlēĵē ve yºnsel uyumu istatistiksel olarak ºl­mek 

i­in Spearman sēra korelasyon analizi de yapēlmēĸtēr. ¢ok Kriterli Karar Verme (MCDM) 

sēralama sonu­larē, ipeĵin y¿ksek ­ekme dayanēmē ve sertliĵi nedeniyle ¿­ yºntemin 

tamamēnda en y¿ksek sēralamayē elde ettiĵini gºstermiĸtir. Eĸ zamanlē olarak, korelasyon 

analizi, kullanēlan MCDM ­er­eveleri arasēnda y¿ksek derecede bir fikir birliĵi olduĵunu 

doĵrulamēĸtēr. Bu ­alēĸma, Gini tabanlē aĵērlēklarēn uzlaĸma sēralama yºntemleriyle 

birleĸtirilmesinin, y¿ksek performanslē biyomalzeme tasarēmē ve se­imi i­in istikrarlē ve 

matematiksel olarak uygulanabilir bir karar destek ­er­evesi saĵlayabileceĵini gºstermektedir. 

 

Anahtar Kelimeler:  Malzeme Se­imi, Doĵal Lifler, ¢KKV, Gini Aĵērlēklarē, COPRAS, 

MOORA, MARCOS. 
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ABSTRACT 

The paradigm of sustainable engineering necessitates a meticulous assessment of bio-

composites, where identifying the optimal organic reinforcement involves balancing competing 

geometric and mechanical attributes. The present research proposes a comprehensive Multi-

Criteria Decision-Making (MCDM) framework designed to assess and rank five significant 

natural plant fibresðspecifically banana, nettle, ramie, bamboo, and kenafðutilising four 

critical design parameters: The following parameters are to be measured: density, tensile 

strength, elastic modulus and elongation at break. In order to guarantee a data-driven and 

impartial evaluation, the relative importance weights of each design criterion are calculated 

objectively by means of the CRITIC (Criteria Importance Through Intercriteria Correlation) 

technique. In this study, three distinct MCDM methodologies are utilised, each characterised 

by a unique mathematical framework. These methodologies, namely Technique for Order of 

Preference by Similarity to Ideal Solution (TOPSIS), VIKOR (ViseKriterijumska Optimizacija 

I Kompromisno Resenje), and Preference Ranking Organization Method for Enrichment 

Evaluations II (PROMETHEE II), are implemented within a Python programming environment 

to facilitate the calculation of alternative preference ratings and the subsequent establishment 

of final rankings. In addition, a Spearman rank correlation coefficient analysis is conducted to 

statistically evaluate the alignment and structural consistency across the implemented decision 

models. The resulting study serves as a decision-support tool, enabling engineers to 

systematically select the most appropriate natural bio-materials while eliminating personal 

subjectivity. 

 

Keywords: : Material Selection, Plant Fibers, MCDM, CRITIC Method, TOPSIS, VIKOR, 

PROMETHEE II.  
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ÖZET 

S¿rd¿r¿lebilir m¿hendislik paradigmasē, biyo-kompozitlerin titiz bir ĸekilde 

deĵerlendirilmesini gerektirir; bu s¿re­te en uygun organik takviye malzemesinin belirlenmesi, 

birbiriyle ­eliĸen geometrik ve mekanik ºzelliklerin dengelenmesini i­erir. Bu ­alēĸma; muz, 

ēsērgan otu, rami, bambu ve kenaf olmak ¿zere beĸ ºnemli doĵal bitki lifini, yoĵunluk, ­ekme 

dayanēmē, elastisite mod¿l¿ ve kopma uzamasē gibi dºrt kritik tasarēm parametresini kullanarak 

deĵerlendiren ve sēralayan kapsamlē bir ¢ok Kriterli Karar Verme (¢KKV) ­er­evesi 

sunmaktadēr. Veriye dayalē ve tarafsēz bir deĵerlendirme saĵlamak amacēyla, her bir tasarēm 

kriterinin gºreceli ºnem aĵērlēklarē, CRITIC (Kriterler Arasē Korelasyon Yoluyla Kriter ¥nemi) 

tekniĵi kullanēlarak nesnel bir ĸekilde hesaplanmēĸtēr. ¢alēĸmada, her biri kendine ºzg¿ 

matematiksel bir yapēya sahip ¿­ farklē ¢KKV yºntemi kullanēlmēĸtēr. Ķdeal ¢ºz¿me 

Benzerliĵe Gºre Tercih Sēralamasē Tekniĵi (TOPSIS), VIKOR (ViseKriterijumska 

Optimizacija I Kompromisno Resenje) ve Zenginleĸtirilmiĸ Deĵerlendirmeler i­in Tercih 

Sēralama Organizasyon Yºntemi II (PROMETHEE II) olarak adlandērēlan bu yºntemler, 

alternatif tercih puanlarēnēn hesaplanmasēnē ve nihai sēralamalarēn oluĸturulmasēnē 

kolaylaĸtērmak amacēyla Python programlama ortamēnda uygulanmēĸtēr. Ayrēca, uygulanan 

karar modelleri arasēndaki uyumu ve yapēsal tutarlēlēĵē istatistiksel olarak deĵerlendirmek i­in 

Spearman sēra korelasyon katsayēsē analizi ger­ekleĸtirilmiĸtir. Ortaya ­ēkan bu ­alēĸma, kiĸisel 

ºznelliĵi ortadan kaldērērken m¿hendislerin en uygun doĵal biyo-malzemeleri sistematik bir 

ĸekilde se­melerine olanak tanēyan bir karar destek aracē iĸlevi gºrmektedir. 

 

Anahtar Kelimeler:  Malzeme Seçimi, Bitkisel Lifler, ÇKKV, CRITIC Yöntemi, TOPSIS, 

VIKOR, PROMETHEE II. 
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ABSTRACT 

In recent years, phase change materials (PCMs) have been widely integrated into solar air 

heaters to upgrade thermal energy storage and raise the operating period of the system. The goal 

of this study is to enhance the thermal performance of a solar air heater equipped with a PCM 

unit. Accordingly, the flow channel of a single-flow solar air heater equipped with a PCM unit 

was modified to improve its overall performance. To enhance the thermal performance of the 

system, obstacles were added to the absorber plate of the solar air heater. Moreover, porous 

baffles were integrated into the PCM section to promote faster melting of the phase change 

material. The numerical simulations of the obstacle-enhanced PCM-integrated solar air heater 

were performed using ANSYS Fluent. In addition to the modified solar air heater with 

obstacles, a solar heater without obstacles in the air channel was also analyzed and compared 

with the modified system. According to the results, the integration of obstacles into the 

absorbing surface increased the air residence time within the flow channel and upgraded the 

thermal performance of the solar air heater. The proposed solar air heater exhibited superior 

thermal performance compared with the conventional configuration in terms of outlet 

temperature and useful energy gain. 

Keywords: Solar air heater; PCM unit; Obstacles; Numerical simulation 
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1. INTRODUCTION  

The increasing demand for sustainable energy technologies has accelerated the development of 

thermal energy storage (TES) systems integrated with renewable energy applications [1]. 

Among renewable resources, solar energy is one of the most promising alternatives; however, 

its intermittent nature restricts continuous energy utilization. Integrating TES systems into solar 

thermal applications offers an effective solution by storing surplus thermal energy during time 

of high solar irradiance and releasing it when solar radiation decreases or becomes unavailable 

[2]. Depending on the storage mechanism, TES technologies are generally classified into 

sensible, latent, thermochemical, and hybrid storage systems [3]. 

Latent heat storage based on PCMs has attracted considerable attention due of its high energy 

storage density and nearly constant temperature during the charging and discharging processes 

[4]. In comparison to sensible thermal storage, PCM-based systems can store larger amounts of 

thermal energy within a smaller space, making them particularly attractive for compact thermal 

systems. In addition, PCMs are capable of repeatedly absorbing and releasing latent thermal 

energy during melting and solidification without significant degradation in thermal 

performance [5-6]. Owing to these advantages, PCM-based TES technologies have been 

extensively employed in building energy management, heat recovery, hot water systems, and 

air-conditioning systems [7]. 

Numerous researches have demonstrated the effectiveness of PCM-based thermal storage in 

various engineering applications. Ruļevskis et al. [8] optimized an active PCM storage section 

for space cooling applications and reported a reduction of up to 9.5 °C in indoor temperature. 

Wang et al. [9] performed a techno-economic assessment of a solar-assisted electric heating 

system and concluded that the selected PCM exhibited excellent thermal stability together with 

high heat storage capability. Nie et al. [10] reported that integrating PCM into air-conditioning 

systems significantly stabilized the outflow air temperature in the charging and discharging 

procedure, thereby improving thermal comfort. Liang et al. [11] examined the impact of 

geometric parameters on the efficiency of a PCM-based cold thermal storage section and 

reported higher energy usage efficiency with reduced energy consumption. Similarly, 

Wonorahardjo et al. [12] experimentally demonstrated that PCM-assisted passive cooling 

systems effectively improved indoor temperature regulation under tropical climatic conditions. 

Recently, the integration of PCMs into solar air heaters (SAHs) has emerged as an effective 

approach to overcome the intermittent nature of solar energy and to prolong the useful operating 

period of the collectors. El Khadraoui et al. [13] empirically investigated a flat-plate SAH 

incorporating PCM and concluded that thermal energy storage significantly enhanced drying 

performance, particularly during periods of low solar radiation. Vengadesan et al. [14] 

introduced multifunctional PCM tubes into a SAH system and reported higher useful heat gain 

despite the accompanying increase in pressure drop. Luo et al. [15] designed a double-flow 

solar collector with PCM-filled evacuated tubes and demonstrated a remarkable improvement 

in thermal yield. Salih et al. [16] experimentally analyzed a PCM-assisted double-pass collector 

and showed that increasing the airflow rate delayed PCM melting while reducing the melting 

temperature. Alqaed [17] evaluated the behavior of a PCM-assisted SAH under the climatic 

conditions of Riyadh and reported increased outlet air temperatures during the late operating 

hours. Brahma et al. [18] compared different PCM materials and identified paraffin wax as the 

most suitable option in terms of thermal efficiency. Bo et al. [19] enhanced the performance of 

a PCM-assisted collector by integrating a fan, resulting in higher airflow and an average outlet 

temperature increase of approximately 4 °C. More recently, Balakrishnan et al. [20] 
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incorporated PCM into rectangular fins, while GaneshKumar et al. [21] combined PCM-filled 

tubes with nanoparticles and a V-corrugated absorber, achieving considerable improvements in 

both PCM melting characteristics and overall collector performance. 

Although numerous researches have focused on increasing the thermal efficiency of PCM-

integrated SAHs through absorber modifications, fin geometries, or PCM enhancement 

techniques, limited attention has been given to improving the airflow characteristics by 

employing guiding obstacles while simultaneously enhancing heat transfer inside the PCM 

storage unit. Therefore, the combined influence of guiding obstacles in the air channel and 

porous fins within the PCM container has not yet been comprehensively investigated. 

Accordingly, the present study numerically investigates the thermal effectiveness of a single-

pass SAH equipped with a PCM storage unit by incorporating guiding obstacles over the 

absorbing surface and perforated fins inside the PCM unit. A conventional PCM-assisted 

collector without obstacles is also analyzed under identical operating conditions for 

comparison. The effects of the proposed modification on airflow characteristics, temperature 

distribution, PCM melting behavior, outlet air temperature, and useful heat gain are 

comprehensively evaluated using transient CFD simulations. 

 

2. CFD ANALYSIS  

Computational fluid dynamics (CFD) has become an effective approach for analyzing airflow, 

heat transfer, and thermal energy storage in SAHs, enabling detailed investigation of the impact 

of solar irradiation and PCM integration on system performance. The geometric models of the 

two investigated SAHs were developed using the Design-Modeler module of ANSYS. Figure 

1 shows geometry of the analyzed SAH equipped with a pcm unit. Figure 2 illustrates placement 

of the guiding obstacles in the flow channel and porous fins in the PCM unit. It should be stated 

that two identical SAHs were analyzed in the current work and the only difference between two 

SAHs is guiding obstacles in the flow channel of the collector. The main goal of adding PCM 

unit is improving usage time period of the SAH. Perforated fins were incorporated into the PCM 

section beneath the absorber surface to enhance heat exchange during the charging and 

discharging procedure. In addition, integrating guiding obstacles can importantly moderate 

fluid flow in the system and consequently raise the overall performance of the SAH. The 

geometry of the designed SAHs consists of an air domain, an aluminum absorbing surface, 

obstacles in the air channel, porous fins beneath the absorbing surface, a transparent glass cover, 

and a PCM-filled unit for heat energy storage. 

Following the development of the computational models, the mesh structures were created 

using the ANSYS Meshing module. Since the mesh directly affects the accuracy, convergence, 

and computational efficiency of CFD simulations, an appropriate mesh configuration was 

established for all analyzed cases. The mesh structure of the SAH with obstacles is presented 

in Figure 3. Figure 3 (a) illustrates the mesh distribution within the air channel and PCM unit, 

while Figure 3 (b) shows the absorbing surface with the guiding obstacles in the flow channel 

and the porous fins integrated into the PCM unit. To accurately capture the heat transfer among 

the absorbing surface, guiding obstacles, and the flowing fluid, local grid refinement was 

applied at the corresponding interfaces. Moreover, local mesh refinement was preferred to the 

absorber plate, guiding obstacles, and porous fins to accurately resolve the heat transfer 

phenomena and ensure reliable numerical results. The computational domains of the PCM-

equipped SAHs with and without obstacles consisted of 17,963,160 and 12,639,593 mesh 

elements, respectively. 
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Figure 1. Geometry of the SAH equipped with a pcm unit 

 

Figure 2. Placement of guiding obstacles in the flow channel and porous fins in the PCM unit 

 

Figure 3. Mesh view of the SAH with obstacles in the flow channel; a) A view of air channel and 

PCM unit, b) Absorber plate with guiding obstacles in flow channel and porous fins inside PCM unit 

 

 

(a) 
(b) 
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The numerical model was established by defining the ambient heat loss through the collector 

surfaces, the inlet air conditions (temperature and flow rate), and the time-dependent solar 

irradiance as the principal boundary conditions. Transient numerical simulations were 

performed for two PCM-equipped SAHs, with and without obstacles, at a constant flow rate of 

0.011 kg/s. A single flow rate was selected because transient thermal analyses require 

considerable computational time and resources. To simulate the effect of solar irradiation, a 

predefined sun vector was imposed on the transparent glass cover of the SAH. The transient 

solar irradiance was defined using experimentally measured data recorded at 30-minute 

intervals, as reported in the previous study [22]. The convective heat transfer coefficient at the 

collector walls was specified based on the methodology presented by Tuncer et al. [22]. The 

transparent glass cover located on the upper surface of the SAHs was modeled with a 

transmissivity of 0.92, while the absorbing surface was assigned an absorptivity of 0.95, 

representing the optical properties of commercially available collector materials. To provide 

heat energy storage, a section filled with paraffin wax was incorporated into the single-pass 

SAH, and its performance was evaluated for different design configurations. 

Paraffin wax was selected as the PCM material because of its favorable thermophysical 

properties. As an organic PCM, it offers stable latent heat storage, negligible phase separation, 

and good thermal reliability, making it a suitable candidate for repeated thermal cycling [23-

25]. In addition, its relatively low melting temperature makes paraffin particularly suitable for 

low-temperature TES purposes, including SAHs. The selected PCM was RUBITHERM RT42, 

which has a melting temperature range of 38-43 °C and a latent heat storage capacity of 165 

kJ.kg-1. The PCM has densities of 0.88 kg·Lϖ¹ in the solid phase and 0.76 kg·Lϖ¹ in the liquid 

phase, a specific heat capacity of 2 kJ.kg-1.K-1, and a conductivity of 0.2 W.m-1.K-1 in both 

phases. 

Once the computational mesh had been established, the numerical investigations were done in 

ANSYS Fluent, where the governing equations, physical models, material properties, and 

boundary conditions were incorporated into the computational model. The CFD modeling was 

performed by preferring a transient pressure-based solver to accurately predict the flow and 

heat transfer behavior within the PCM-equipped SAHs. 

The standard Ὧɀ‐ model was preferred to resolve the turbulent airflow inside the solar air 

collector, following the approach adopted in previous investigations of comparable systems 

[26]. Air was considered as the working fluid, and its thermophysical properties were assumed 

to remain constant during the simulations. The incident solar radiation was applied by 

specifying the sun vector according to the orientation of the analyzed SAHs. Convergence 

criteria of 10-3 were specified for the continuity, momentum, Ὧ, and ‐ equations, while the 

energy equation was converged to 10-6. During the solution process, the pressure and velocity 

fields were iteratively determined by solving the coupled continuity and momentum equations. 

The conservation of mass is governed by the following continuity balance [27]: 

Ȣɳ”ὺᴆ Ὓ           (1) 

Together with the continuity equation, the momentum conservation balance was solved to 

determine the flow field and are expressed as follows [27]: 

”ὺᴆ Ȣɳ”ὺᴆὺᴆ ὴɳ Ȣɳ†֞ ”Ὣᴆ Ὂᴆ      (2) 

here, ”Ὣᴆ represents the gravitational body force, Ὂᴆ denotes any additional body forces, ὴ is 

pressure, and †֞  is the viscous stress tensor. 
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The turbulent kinetic energy (Ὧ) is governed by the following transport equation [27]: 

”όǲόǲ ”‐ ‘       (3) 

In the standard Ὧɀ‐ turbulence model, the transport formula for the turbulent dissipation rate 

(‐) is expressed by [27]: 

ὅ ὖ ὅ ” ‘       (4) 

The turbulence length scale (ὒ) was calculated using the following expression: 

‐
Ⱦ

            (5) 

The turbulent viscosity (‘) is expressed by the following relationship: 

‘ ”ὅὒЍὯ ”ὅ           (6) 

The energy conservation equation employed to determine the temperature distribution within 

the fluid domain is given below [22]: 

”ὧ ό ὺ ύ ᴆɳȢὯ ὠᴆ Ὕ  •        (7) 

where • is the volumetric energy source (or sink) term and ὧ is the specific heat capacity of 

the material. 

To accurately reproduce the transient operating conditions, time-dependent boundary 

conditions were implemented in the numerical model. The incident solar irradiance and inlet 

air temperature were specified as functions of time using experimentally measured data, 

enabling the simulations to capture the daily variations in environmental conditions. The time-

dependent profiles of solar radiation and surrounding temperature used as transient boundary 

conditions in the numerical model are presented in Figure 4, based on the experimental 

measurements reported by Tuncer et al. [22]. To accurately predict radiative heat exchange 

among the collector faces, the Surface-to-Surface (S2S) radiation model was adopted in the 

numerical modeling. 

 

Figure 4. Temporal variations of radiation and ambient temperature 



TRAKYA 1ST INTERNATIONAL CONFERENCE ON APPLIED SCIENCES 

July 10 ï 12, 2026 ï EDIRNE 

ISBN NR. : 978-625-8795-30-1 

 

66 

 

3. FINDINGS AND DISCUSSION 

Figure 5 presents the liquid phase distribution within the PCM unit for the SAHs with and 

without guiding obstacles at the same operating time. The obstacle-assisted collector exhibits a 

higher liquid fraction, indicating a faster melting process. This improvement is attributed to the 

upgraded convective heat transfer resulting from the disturbance of the airflow and the 

increased air residence time within the SAH. Consequently, more heat energy is transferred 

from the absorbing plate to the PCM, leading to accelerated melting and more effective 

utilization of the thermal storage section. Figure 6 compares the air temperature distribution 

inside the SAHs with and without guiding obstacles. In the conventional collector, the 

temperature field exhibits a relatively smooth distribution along the air channel, whereas the 

introduction of guiding obstacles significantly alters the thermal field. The obstacles redirect 

the airflow and promote stronger mixing, leading to repeated disruption of the thermal boundary 

layer over the absorber surface. Consequently, the air absorbs more thermal energy while 

flowing through the collector, resulting in enhanced convective heat transfer and improved 

thermal performance. The local temperature variations observed around the obstacles further 

indicate intensified heat exchange among the absorbing face and the flowing air. 

Figure 7 compares the temperature distribution over the absorbing surface for both collector 

configurations. The absorber plate with guiding obstacles exhibits more pronounced local 

temperature variations than the conventional design. This behavior is attributed to the repeated 

interaction between the airflow and the obstacles, which enhances local convection by 

disrupting the thermal boundary layer. As a result, heat is extracted more effectively from the 

absorbing surface and transferred to the flowing fluid, leading to improved thermal 

performance. Furthermore, the non-uniform temperature contour confirms the intensified heat 

exchange occurring around the obstacle locations. 

Figure 8 compares the outflow air temperature of the SAHs with and without guiding obstacles 

throughout the day. The obstacle-assisted collector consistently delivers a higher outflow air 

temperature than the conventional configuration. The temperature difference becomes more 

pronounced during periods of high solar irradiance, indicating that the enhanced heat transfer 

provided by the guiding obstacles is more effective under increased thermal loading. This 

improvement can be attributed to the intensified air mixing and the prolonged residence time 

within the flow channel, which increase the amount of heat transferred from the absorbing 

surface to the flowing air. As the solar irradiance decreases during the late afternoon, the 

temperature difference between the two configurations gradually diminishes. Figure 9 presents 

the change in the useful heat gain for the SAHs with and without guiding obstacles. The 

obstacle-assisted collector achieves higher useful heat gain throughout most of the operating 

period, with the greatest improvement observed around midday when the solar irradiance 

reaches its maximum. The enhanced performance results from the increased convective heat 

transfer among the absorbing surface and the airflow due to the disturbance of the thermal 

boundary layer and the prolonged air residence duration within the SAH. As the available solar 

energy decreases during the late afternoon, the useful heat gain of both configurations gradually 

declines, reducing the difference between the two systems. 
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Figure 5. Liquid phase distribution in the thermal storage unit; a) Without guiding obstacles, b) With 

guiding obstacles 

 

Figure 6. Temperature contour in the air channel of the SAH; a) Without guiding obstacles, b) With 

guiding obstacles 

(a) 

(a) 

(b) 

(a) 

(b) 
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Figure 7. Temperature contour on the absorber of the SAH; a) Without guiding obstacles, b) With 

guiding obstacles 

 

(a) 

(b) 
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Figure 8. Outflow temperature in the SAHs with and without obstacles 

 

Figure 9. Thermal energy gained in the SAHs with and without obstacles 

 

 

4. CONCLUSIONS 

In the current work, the thermal performance of a single-flow SAH integrated with a PCM 

storage unit was numerically investigated. To increase the heat transfer characteristics of the 

collector, guiding obstacles were installed over the absorber plate, while porous fins were 

incorporated into the PCM container to enhance thermal energy storage. The performance of 

the designed configuration was compared with that of a traditional PCM-assisted solar air heater 

under identical transient working conditions. The numerical results demonstrated that the 

addition of guiding obstacles significantly modified the airflow characteristics inside the 

collector by raising the air residence time and promoting stronger convective heat transfer 

among the absorber plate and the working fluid. Consequently, a larger amount of thermal 

energy was transferred to both the airflow and the PCM storage unit. The liquid fraction 

distributions revealed that the proposed configuration accelerated the melting procedure of the 

PCM compared with the conventional collector, indicating more effective utilization of the 

latent heat storage unit. Furthermore, the temperature contours showed that the airflow 

disturbances generated by the guiding obstacles enhanced heat exchange throughout the 

collector, resulting in improved thermal energy distribution. The proposed collector 

consistently achieved higher outlet air temperatures and greater useful heat gain throughout the 

operating period. The improvement became more pronounced during periods of high solar 

irradiance, confirming that the modified airflow path enhanced the thermal utilization of the 

available solar energy. Overall, the combination of guiding obstacles and porous fins offers a 

practical and effective approach for improving the thermal performance of PCM-assisted solar 

air heaters. Future studies may focus on optimizing the geometry, dimensions, spacing, and 

arrangement of the guiding obstacles and porous fins, as well as experimentally validating the 

proposed design under different climatic and operating conditions. 
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ÖZET 

Bu ­alēĸmada yedi ­eĸit atēk kaĵēdēn farklē s¿relerde toprak altēnda kalarak gºsterdiĵi fiziksel 

ve mekanik deĵiĸimlerin gºrselleĸtirilmesi ama­lanmēĸtēr. Ķĸlevini tamamlamēĸ atēk kaĵētlarēn 

geri dºn¿ĸ¿m s¿re­lerine uĵramadan doĵada ne kadar s¿rede ­ºz¿nebileceĵini ve toprak altēnda 

­ºz¿nme aĸamalarēnē periyodik olarak gºrselleĸtirmiĸtir. ¢alēĸma iki ana bºl¿mden 

oluĸmaktadēr. ¢alēĸmanēn ilk bºl¿m¿nde gazete kaĵētlarē,  baskēlē yazē kaĵētlarē (baskēlē ve 

baskēsēz), kuĸe kaĵētlarē ve ambalaj kaĵētlarē (Kraft k©ĵēt), tuvalet kaĵētlarē, karton ve mukavva 

kaĵētlarēndan oluĸan bir grup farklē kullanēm alanēna sahip kaĵētlar, A6 boyutlarēnda kesilerek 

kampüs içerisinde bitki deneme ­alēĸmalarē i­in ayrēlan alanda bulunan kahverengi orman 

topraĵēnda yaklaĸēk 10 cm derinliĵinde a­ēlan ­ukurlara gºm¿lm¿ĸt¿r. ¢alēĸmanēn ikinci 

bºl¿m¿nde gazete kaĵēdē, kuĸe dergi kaĵēdē, ambalaj kaĵēdē, baskēlē ofis kaĵēdē, tuvalet kaĵēdē, 

mukavva ve kartonda oluĸan yedi farklē t¿rdeki kaĵētlar aynē boyda ve ºzelliklere sahip yaklaĸēk 

yedi litre ºl­¿lerinde ĸeffaf saksēlara bir kat kaĵēt bir kat toprak (kaĵēdē kapatacak kadar) ĸekilde 

yedi adet kaĵēt ºrneĵi ile kapatēlmēĸtēr. Saksēda bulunan ºrnekler yaklaĸēk bir haftalēk 

periyotlarda ºzenli olarak topraktan ­ēkarēlēp temizlenmiĸ ve analizler yapēlmēĸtēr. Kaĵētlarēn 

aĵērlēk deĵiĸimleri, kalēnlēk deĵiĸimleri ve patlama diren­leri kaĵēt ºrneklerinin verdiĵi 

imkanlar dahilinde deĵerlendirilmiĸtir. ¢alēĸma literat¿re kahverengi orman topraĵē altēnda 

kalan kaĵētlarēn deĵiĸimlerinin zaman i­erinde fiziksel ve mekanik deĵiĸimlerini eklemeyi 

planlamēĸtēr. Atēk kaĵētlar toprak altēnda kaldēĵē taktirde bile kēsa s¿rede ­ºz¿nerek kalēcē 

toprak kirliliĵine neden olmamaktadēr. 

Anahtar Kelimeler: Atēk Kaĵēt, Toprakta ¢ºz¿nme, S¿re, Kaĵēt Direnci 

Investigation of the Degradation Processes of Different Paper Types under Soil Burial 

ABSTRACT 

This study aimed to visualize the physical and mechanical changes exhibited by seven different 

types of waste paper after being buried in soil for varying periods. It periodically documented 

the decomposition stages of end-of-life paper materials under natural soil conditions in order to 

determine how long these waste papers require to degrade without undergoing recycling 

processes. The study consisted of two main sections. In the first section, newspapers, printed 

and unprinted office papers, coated papers, packaging papers (kraft paper), toilet paper, 
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cardboard, and corrugated board, representing papers with different applications, were cut into 

A6-sized samples and buried at a depth of approximately 10 cm in brown forest soil located 

within the campus area designated for plant experimental studies. In the second section, seven 

different paper types, namely newspaper, coated magazine paper, packaging paper, printed 

office paper, toilet paper, corrugated board, and cardboard, were placed in transparent pots with 

a capacity of approximately seven liters and identical dimensions. The samples were arranged 

in alternating layers consisting of one layer of paper and one layer of soil, with sufficient soil 

to completely cover each paper sample. Each pot contained seven paper samples prepared using 

this layering method. The buried samples were carefully removed from the soil at 

approximately one-week intervals, cleaned, and subjected to analysis. Within the limitations 

imposed by the condition of the recovered paper samples, changes in weight, thickness, and 

bursting strength were evaluated. The study aimed to contribute to the existing literature by 

providing data on the temporal physical and mechanical changes of paper materials buried in 

Brown forest soil conditions. The findings indicate that, even when buried in soil, waste paper 

decomposes within a relatively short period and therefore does not cause persistent soil 

pollution.. 

Keywords: Waste Paper; Soil Burial; Degradation Time; Paper Strength 

 

GĶRĶķ 

Toprak, atmosfer ile taĸ k¿reyi, tatlē su ile tuzlu su alanlarēnē birbirinden ayēran bir ara 

katmandēr. Bir­ok bitki ve hayvan i­in yaĸam alanē sunan biyosferin bir par­asē olmakla 

birlikte; gezegenimizin yaĸayan, nefes alan derisidir. (1).  

Araĸtērma konusunun ºneminin b¿y¿k ­oĵunluĵu ise topraĵēn kirlenmesiyle iliĸkilidir. Toprak 

kirliliĵi, katē, sēvē ve radyoaktif artēk ve kirleticiler tarafēndan topraĵēn fiziksel ve kimyasal 

ºzelliklerinin bozulmasēdēr. Toprakta meydana gelen deĵiĸimler insan ve diĵer canlēlarēn 

yaĸamēnē doĵrudan etkiler. ¢evreye rastgele atēlan evsel atēklar da topraĵē kirleten unsurlar 

arasēndadēr (2). Araĸtērmanēn konusu; hava ve dēĸ etkenlere de baĵlē olarak k©ĵēt ­eĸitlerinin 

toprak altēnda yok olma s¿recini gºzlemleyip, toprak numunesini inceleyerek k©ĵēdēn toprak 

kirliliĵindeki rol¿n¿ deĵerlendirmektir. Bu araĸtērma diĵerlerinden farklē olarak ­oklu 

incelemeyle yapēlmēĸtēr. Birden fazla ºrnek gºzlemlenip hepsinden ayrē ayrē numune alēnarak 

aĸamalarēn sonu­larē sēklēkla kaydedilmiĸ, araĸtērma sonunda bu verilere baĵlē olarak 

deĵerlendirme yapēlmēĸtēr.   

Yapēlan literat¿r araĸtērmasēnda kaynaĵēn g¿venilirliĵi tam saĵlanmamakla birlikte k©ĵēdēn 

toprakta yok olma s¿resinin 2 ile 2,5 ay arasēnda olduĵundan bahsedilmektedir (4). Literatürde 

bu konuda yeterli bilgiye ulaĸēlamamasē, araĸtērmayē yapmaya sevk etmiĸtir. ¢alēĸma 

sonucunda farklē k©ĵēt t¿rlerinin toprak altēnda ­ºz¿nme s¿releri aylēk olarak deĵerlendirilmeye 

baĸlanmēĸ sonu­ alēnamadēĵē (kaĵētlar bulunamadēĵē) i­in kaĵēt ºrnekleri B plan kapsamēnda 

aynē boy ve ºzelliklere sahip farklē 7 saksēda farklē 7 ºrnekle devam edilmiĸtir. ¢alēĸmaya 

saksēda devam edildiĵi i­in saksē i­erisinden kaĵētlar alēndēktan sonra topraktaki toplam azot ve 

topraktaki fosfor deĵerleri analiz edilmiĸtir.  

¢alēĸmada gazete kaĵētlarē, yazē kaĵētlarē (baskēlē ve baskēsēz), kuĸe kaĵētlarē ve ambalaj 

kaĵētlarē (fluting ve Kraft k©ĵēt) A6 boyutlarēnda kesilerek Bursa Teknik ¦niversitesi 

Mimarsinan Yerleĸkesi i­erisinde bulunan Ormancēlēk Araĸtērma Merkezi içerisinde bulunan 

kērmēzē renkli Akdeniz topraklarēna (Terra- Rossa) sahip alanda yaklaĸēk 10 cm derine 

gºm¿lm¿ĸt¿r. Topraĵa gºm¿lmeyen kontrol ºrneklerinin fiziksel testleri yapēlacak ve her ay 

topraĵēn altēndan ­ēkartēlan kaĵētlarēn test sonu­larē ile kēyaslanacak diye planlanan 
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­alēĸmamēzda bir ay sonunda hi­bir kaĵēt ºrneĵine ulaĸēlamayēnca ºrnekler yaklaĸēk 7 lt lik 

saksēlarda yaklaĸēk aynē ºl­¿lerde ve ĸekilde (bir kaĵēt ºrneĵi ¿zerini ºrtecek kadar toprak bir 

kaĵēt ºrneĵi ¿zerini ºrtecek kadar toprak olacak ĸekilde) ºrnekler a­ēk havada kalacak ĸekilde 

hazērlanmēĸtēr. Kaĵētlar hava koĸullarēnēn da el verdiĵi ºl­¿de yaklaĸēk bir haftalēk aralēklarla 

saksēlardan nazik­e ­ēkarēlmēĸ, hava kurusu-fērēn kurusu aĵērlēklarē alēnmēĸ ve mukavemet 

deĵerleri i­in de Bursa Teknik ¦niversitesi Orman Fak¿ltesi Orman End¿strisi M¿hendisliĵi 

Bölümünde yer alan laboratuvarlarda patlama testleri TAPPI T 403 om-91 standardēna uygun 

olarak test edilmiĸtir.  

 

Materyal ve Metod  

 

2.1. Materyal 

 

 Kullanēlacak olan k©ĵēt t¿rleri ­alēĸma ºncesinde belirlendi. Laboratuvar ortamēnda 

kesilip A6 boyutuna getirildi. Her tür için 10 adet örnek kesildi. Kesilen örneklerin hassas terazi 

ile aĵērlēklarē alēndē. Her t¿re ºzel kodlarla numaralandērma yapēldē. ķekil 1ôden ķekil 11ôe 

kadar kesilen kaĵēt ºrnekleri gºr¿nmektedir. 

 

 
 
              ķekil 1                                  ķekil 2                               ķekil 3         

       

  
                   ķekil 4                                ķekil 5                              ķekil 6              
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                    ķekil 7                            ķekil 8                              ķekil 9           

  

 

  
 
                     ķekil 10                                               ķekil 11                  

  

 

Gºrsellerde sērasēyla karton, mukavva, baskēlē A4 kaĵēdē, A4 kaĵēdē, sarē kaĵēt, gazete kaĵēdē, 

ambalaj kaĵēdē, tuvalet kaĵēdē, dergi kaĵēdē ve kaĵētlarēn tamamē gºsterilmiĸtir. ķekil 2ôde 

belirtilen gºrsel kartonun ters y¿zeyidir. ķekillerde bulunan kaĵētlarēn kodlarē aĸaĵēda 

a­ēklanmēĸtēr.  

A1ôden A10ôa kadar A4 kaĵēdē i­in belirlenen kod  

BA1ôden BA10ôa kadar Baskēlē A4 kaĵēdē i­in belirlenen kod 

DK1ôden DK10ôa kadar Dergi kaĵēdē i­in belirlenen kod 

TK1ôden TK10ôa kadar Tuvalet kaĵēdē i­in belirlenen kod 

SK1ôden SK10ôa kadar Sarē kaĵēt i­in belirlenen kod 

K1ôden K10ôa kadar Karton i­in belirlenen kod 

GK1ôden GK10ôa kadar Gazete kaĵēdē i­in belirlenen kod 

M1ôden M10ôa kadar Mukavva kaĵēdē i­in belirlenen kod 

AK1ôden AK10ôa kadar Ambalaj kaĵēdē i­in belirlenen kod 

Tuvalet k©ĵēdē i­in ºrnek alēnērken kesikli ­izgilerden faydalanēp 10 adet kopartēldē. Proje i­in 

yapēlan ­alēĸmalar aĸaĵēda kronolojik olarak resmedilmiĸ ve a­ēklanmēĸtēr.  

2.2. Metod  
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¢alēĸmanēn ilk basamaĵē olarak Bursa Teknik ¦niversitesi Mimarsinan Yerleĸkesi i­erisinde 

bulunan Ormancēlēk Araĸtērma Merkeziônde proje i­in ayrēlan bºl¿m yabani otlardan 

arēndērēlarak temizlendi. ¢alēĸmaya 9 farklē kaĵēt t¿r¿ olarak baĸlanmēĸtēr.  

Hazērlanan ºrnekler laboratuvardan alēnēp gºm¿n¿n yapēlacaĵē alana gºt¿r¿ld¿. 9 t¿r i­in 

konumlar belirlendi. Her t¿rden 5 adet ºrnek(her ay bir tane alēnacak ĸekilde) tek sēra halinde 

art arda gºm¿ld¿. Derinlikleri yaklaĸēk 10 cm olarak ayarlandē. Kaĵētlarēn gºm¿ld¿ĵ¿ yerler 

iĸaret ­ubuklarē ile iĸaretlenmiĸtir. Toplamda 45 adet ­ukur kazēldē. ¢ukurlarēn ve i­erilerine 

konulan kaĵētlarēn gºrselleri ķekil 12ôde gºr¿lmektedir. 

            

  

     
 

ķekil 12. Farklē Gruptaki Kaĵētlarēn Topraĵa Gºm¿ĸleri 

 

SONU¢LAR VE DEĴERLENDĶRME 

 

Daha ºnce iĸaret ­ubuklarē ile belirlenen topraktaki ilk ­ukurlar a­ēldē fakat hi­bir ºrneĵe 

rastlanmadē. Ķĸaretli olan t¿m alanlar da a­ēldē ancak herhangi bir kaĵēt kalēntēsēna ulaĸēlamadē. 

Literatürde belirtilen yaklaĸēk 2-2,5 ay s¿resine ­alēĸmamēzda ulaĸamadē, yaklaĸēk bir ay 

i­erisinde kēĸ ĸartlarēnēn da etkisiyle toprakta ­ºz¿nd¿kleri ile karĸēlaĸēldē. ķekil 13ô de bir grup 

kaĵēt i­in a­ēlan t¿m kaĵēt ­ukurlarēnēn da boĸ olduĵu gºr¿lmektedir.   

 

  
 

ķekil 13. Kaĵētlarēn Toprak Altēnda ¢ºz¿nmeleri 
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Topraĵa gºm¿len ºrneklerin bulunamamasēnēn ardēndan saksē temini yapēldē. Saksēya 

gºm¿lecek ºrnekler hazērlandē. A6 boyutunda her grup için 10 adet örnek kesildi.  

ķekil 14ôde bulunan aynē ºzellikteki 7 adet saksēya(ºrnek sayēlarēnda azaltmaya giderek) sadece 

farklē t¿rdeki kaĵētlar,  saksēlara toprak konularak aĸaĵēdaki gibi olacak ĸekilde ºrnekler bir 

toprak bir kaĵēt ºrneĵi olacak durumda sērayla kapatēlarak son haline gelmiĸtir.  
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ķekil 14. Kaĵēt ¥rneklerinin Saksēlara Gºm¿lme Ķĸ Akēĸē 

 

 

K©ĵēt ºrnekleri 7 katlē ve ¿st ¿ste olacak bi­imde sērayla gºm¿ld¿. Her saksēda kendi t¿r¿ne ait 

7 adet ºrnek bulunmaktaydē. Y¿zeyden ilk ºrnekler ­ēkartēlmaya baĸlandē ve zaman ge­tik­e 

derine doĵru inilerek ºrnekler incelenmiĸtir. Yapēlan her iĸ paketine i­in numaralandērmalar 

yapēlmēĸtēr.  

 

¢alēĸmanēn Beĸinci Adēmē (23.03.2026) 

 

Ķlk katēn topraktan ­ēkartēlma iĸlemi yapēldē. Topraktan ­ēkan t¿m ºrneklerin yaĸ haldeki 

aĵērlēklarē tartēldē, 103 ÁCôde 4 saat kaldēktan sonra kuru haldeki aĵērlēklarē da tartēlarak not 

edilmiĸtir. Sonu­lar tam kuru aĵērlēklara gºre deĵerlendirilmiĸtir. Ķlk grubun yaĸ aĵērlēk 

deĵerleri aĸaĵēdaki gibidir. Ķlk grup kaĵētlarēn toprakta ­ēkarēlma ve topraktan ­ēktēktan sonraki 

durumlarē ķekil 28ôden ķekil 35ô e kadar gösterilmektedir. 
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ķekil 15 

                 

¢alēĸmanēn Altēncē Adēmē(31.03.2026) 

 

Ķkinci grup k©ĵēt ºrneklerinin saksē i­erisinden alēmē yapēldē. Topraktan ­ēkan t¿m ºrneklerin 

yaĸ haldeki aĵērlēklarē tartēldē, 103 ÁCôde 4 saat kaldēktan sonra kuru haldeki aĵērlēklarē da 

tartēlarak not edilmiĸtir. Sonu­lar tam kuru aĵērlēklara gºre deĵerlendirilmiĸtir. Ķkinci grup 

kaĵētlarēn toprakta ­ēkarēlma ve topraktan ­ēktēktan sonraki durumlarē ķekil 36ôdan ķekil 43ô e 

kadar gösterilmektedir. 
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                 ķekil 36                             ķekil 37                                ķekil 38 

 

 
ķekil 39                         ķekil 40                        ķekil 41 

      

 

 
ķekil 42                                                    ķekil 43 
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ķekil 44 

   

     ¢alēĸmanēn Yedinci Adēmē (07.04.2026) 

 

¦­¿nc¿ grup k©ĵēt ºrneklerinin saksē i­erisinden alēmē yapēldē. Topraktan ­ēkan t¿m ºrneklerin 

yaĸ haldeki aĵērlēklarē tartēldē, 103 ÁCôde 4 saat kaldēktan sonra kuru haldeki aĵērlēklarē da 

tartēlarak not edilmiĸtir. Sonu­lar tam kuru aĵērlēklara gºre deĵerlendirilmiĸtir. ¦­¿nc¿ grup 

kaĵētlarēn toprakta ­ēkarēlma ve topraktan ­ēktēktan sonraki durumlarē ķekil 45ôden ķekil 53ô e 

kadar gösterilmektedir. 

 

 
ķekil 45                                 ķekil 46                           ķekil 47 
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ķekil 48                               ķekil 49                        ķekil 50 

 
ķekil 51                                                     ķekil 52 

     

 
                        ķekil 53 

 

¢alēĸmanēn Sekizinci Adēmē (13.04.2026) 

 

Dºrd¿nc¿ grup k©ĵēt ºrneklerinin saksē i­erisinden alēmē yapēldē. Topraktan ­ēkan t¿m 

ºrneklerin yaĸ haldeki aĵērlēklarē tartēldē, 103 ÁCôde 4 saat kaldēktan sonra kuru haldeki 

aĵērlēklarē da tartēlarak not edilmiĸtir. Sonu­lar tam kuru aĵērlēklara gºre deĵerlendirilmiĸtir. 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































