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¥ZET 

Uter n nvers yon, uter n fundusun b r kēsmēnēn ya da tamamēnēn uter n kav teden ­ēkmasēna 

ver len kl n k b r tanēdēr. Uter n nvers yon, eks k, tam ve prolabe olmak ¿zere ¿­ evrede 

sēnēflandērēlmaktadēr. Hēzlē doĵum, plesentanēn elle ­ēkarēlmasē, fetal makrozom , plesenta 

prev a g b  durumlar r sk faktºrler  olarak b l nmekted r. Genell kle doĵum sonrasē oluĸmasēna 

raĵmen doĵum dēĸē nedenlerle de gºr¿leb l r. F z k muayene sērasēnda uteral fundusun palpe 

ed lemed ĵ  durumlarda ĸ¿phelen lmel d r. Klas k bulgular arasēnda vaj nal kanama, alt karēn 

aĵrēsē, ele gelen k tle sayēlab l r. Teĸh s ve tedav de ge­ kalēnmasē durumunda maternal 

morb d te ve mortal te r sk  ­ok y¿ksekt r. ¥zell kle postpartum kanama gel ĸen hastalarda 

h povolem  y  yºnet lmel  ve kan transf¿zyon ht yacē gºzden ka­ērēlmamalēdēr. ķok gel ĸen 

hastalarda hemod nam y  stab l hale get rmek hedeflenmel d r. Uter n nvers yon gel ĸmes  

durumunda lk yapēlmasē gereken, uter n fundusun manuel olarak esas yer ne yerleĸt r lmeye 

­alēĸēlmasēdēr. Manuel muayene le nvers yonun d¿zelt lemed ĵ  veya hemod nam k stab l te 

saĵlanamayan hastalarda laparatom  yapēlmalēdēr. K tle nedenl  gel ĸen uter n nvers yonlarda 

k tlen n patoloj k ºzell kler ne gºre etk lenen organlarēn cerrah  olarak ­ēkarēlmasē gerekeb l r. 

Bu ­alēĸmada uter n nvers yonunun sēnēflandērmasē, r sk faktºrler , tanē ve tedav  yºntemler  

l terat¿r doĵrultusunda ele alēnacaktēr. 

Anahtar kel meler: Uter n nvers yon, vaj nal kanama, ĸok. 

 

UTERINE INVERSION AND MANAGEMENT 

 

ABSTRACT 

Uter ne nvers on s a cl n cal d agnos s g ven to the protrus on of part or all of the uter ne 

fundus from the uter ne cav ty. Uter ne nvers on s class f ed nto three stages: ncomplete, 

complete and prolapsed. Cond t ons such as rap d del very, manual removal of the placenta, 

fetal macrosom a and placenta prev a are known as r sk factors. Although t usually occurs after 

b rth, t can also be seen for non-natal reasons. It should be suspected when the uter ne fundus 
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cannot be palpated dur ng phys cal exam nat on. Klas k bulgular arasēnda vaj nal kanama, alt 

karēn aĵrēsē, ele gelen k tle sayēlab l r. Teĸh s ve tedav de ge­ kalēnmasē durumunda maternal 

morb d te ve mortal te r sk  ­ok y¿ksekt r. Hypovolem a should be managed well, espec ally n 

pat ents wth postpartum hemorrhage, and the need for blood transfus on should not be 

overlooked. In pat ents who develop shock, the a m should be to stab l ze hemodynam cs. In 

case of uter ne nvers on, the f rst th ng to do s to manually try to place the uter ne fundus n 

ts or g nal place. Laparotomy should be performed n pat ents n whom nvers on cannot be 

corrected by manual exam nat on or hemodynam c stab l ty cannot be ach eved. In uter ne 

nvers ons caused by a mass, surg cal removal of the affected organs may be necessary 

depend ng on the patholog cal features of the mass. In th s study, the class f cat on of uter ne 

nvers on, r sk factors, d agnos s and treatment methods w ll be d scussed n l ne w th the 

l terature. 

Key words: Uter ne nvers on, vag nal bleed ng, shock. 

1. GĶRĶķ  

Uter n nvers yon, fundusun uterus ­ boĸluĵunda aĸaĵēya doĵru nvers yonu sonucu oluĸur. 

Nad ren gºr¿l¿r ancak potans yel olarak yaĸamē tehd t eden b r problemd r. Genell kle vaj nal 

doĵum sonrasē akut gel ĸen b r kompl kasyondur. Daha nad r olarak da endometr yal veya 

m yometr yal b r k tlen n vajen ­ ne hatta ler  vakalarda v¿cut dēĸēna doĵru gel ĸmes  sonucu 

da gºr¿leb l r. Hastalarēn genell kle ortak ĸ kayetler  vaj nal kanama ve pelv k aĵrēdēr (Zak-

Met as vd. 2023). 

Gelĸme ht mal  a­ēsēndan ­ok nad r b r olay olan uter n nvers yonun gºr¿lme oranē %0.004-

0.05 arasēnda deĵ ĸmekted r. Ķlk akla gelen n aks ne, uter n nvers yon gel ĸen vakalarēn ­oĵu 

d¿ĸ¿k r skl  doĵumlarda gºr¿l¿r. H nd stanôda gºr¿lme sēklēĵē ABDôden yaklaĸēk 3 kat fazladēr. 

Doĵumun ¿­¿nc¿ aĸamasēnda akt f yºnet m n gel ĸt r lmes nden sonra uterus nvers yon 

gºr¿lme sēklēĵē dºrt kat azalmēĸtēr (Thakur vd. 2022). 

Doĵum dēĸē sebeplerle gel ĸen uter n nvers yonun baĸlangēcē ve evr m  genell kle kademel  

olarak kend n  gºster r. Bu hastalarēn yaklaĸēk %8.6ôsē akut baĸlangē­la ortaya ­ēkar. Kron k 

vakalarda se tanē zordur. Uter n myomlar genell kle cerrah  ºnces  kl n k olarak teĸh s 

ed leb l r. Bazē vakalarda k tle vajene doĵru ­ēkar ve uter n fundus b manuel muayenede elle 

palpe ed lemez. Hastalarēn vaj nal muayeneler  sērasēnda ĸ¿phelen lmel d r ancak vakalarēn 

­oĵu laparatom  sērasēnda ­ b¿key b r fundus gºr¿lmes  le teĸh s ed l r (Hu vd. 2011). 

2. UTERĶN ĶNVERSĶYONDA SINIFLANDIRMA 

Uter n nvers yon, uterusun nd ĵ  sev yeye sēnēflandērēlab l r. Bu doĵrultuda 3 ana baĸlēkta 

sēnēflandērma yapēlab l r (Kesrouan  vd. 2021): 

¶ Eks k nvers yon: Uter n fundus, serv ks  ge­meyecek ĸek lde uter n boĸlukta 

nvers yona uĵramēĸtēr. 

¶ Tam nvers yon: Ķnvers yon olan fundus vajene doĵru uzanmēĸtēr. 

¶ Prolabe nvers yon: Fundus tamamen prolabe olarak ntro tusun dēĸēna doĵru ­ēkēntē 

yapmēĸtēr.  
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Uter n nvers yonda ºzell kle doĵum sonrasē oluĸum zamanē a­ēsēndan da b r sēnēflandērma 

yapēlab l r. Oluĸma hēzēna gºre (Wendel vd., 2018): 

¶ Akut evre: Doĵum sonrasē lk 24 saat ­ nde ortaya ­ēkan uter n nvers yondur. 

¶ Subakut evre: Doĵumdan sonrak  24 saat le 4 hafta arasēnda ortaya ­ēkan uter n 

nvers yondur. 

¶ Kron k evre: Doĵumdan 1 ay sonra ortaya ­ēkan uter n nvers yondur.  

Doĵum sonrasē an  baĸlayan hēzlē vaj nal kanama hemod nam k stab l tey  bozar. Ger­ekleĸen 

kan kaybē haf fe alēnērsa annelerde ĸok tablosu gel ĸeb l r. Bu nedenle kan transf¿zyon ht yacē 

d kkatl  b r ĸek lde deĵerlend r lmel d r. Hastalarda gel ĸen d ĵer semptomlar genell kle ĸ ddetl  

b r alt kadran aĵrēsē ve g¿­l¿ b r baskē h ss d r. Bu ĸ kayetler plasenta dekolmanēndan ºnce veya 

sonra ortaya ­ēkab lmekted r (Thakur vd. 2022). 

3. RĶSK FAKT¥RLERĶ 

Doĵum sonrasē meydana gelen uter n nvers yon ­ n rsk faktºrler n  doĵum yºntem , 

plasentanēn durumu, anne kaynaklē ve bebek kaynaklē olarak baĸlēklandērab l r z (Thakur vd., 

2022):  

¶ Hēzlē doĵum, 

¶ Ķnvaz v plasentasyon, 

¶ Plasentanēn elle ­ēkarēlmasē, 

¶ Kēsa gºbek kordonu, 

¶ Uterus gevĸet c  la­ kullanēmē, 

¶ Fetal makrozom , 

¶ Null par te, 

¶ Plasenta prev a, 

¶ Baĵ dokusu bozukluklarē (Marfan sendromu, Ehlers-Danlos sendromu), 

¶ ¥ncek  gebel kte uterus nvers yonu ºyk¿s¿.  

4. TANI VE AYIRICI TANI 

Uter n nvers yonun en sēk gºr¿len t p  olan akut uter n nvers yon kend n  an baĸlangē­lē 

vaj nal kanama le gºster r. Eĵer nvers yon serv ks sev yes n  ge­m ĸse f z ksel muayenede 

fundus palpe ed lemez. Kan kaybēna baĵlē h povolem  gel ĸmes  de tanē koymada yardēmcē olur 

(Macones, 2018). 

Ķnvers yon tanēsē kl n k b r tanē olmasēna raĵmen ĸ¿phe durumunda gºr¿nt¿leme yapēlmalēdēr. 

Manyet k rezonans gºr¿nt¿lemes nde (MR) nvers yon gel ĸm ĸ b r uterus, fundal konturun 

kaybē neden yle U ĸekl nde gºr¿l¿r. Ķnvers yon gel ĸ m  doĵuma baĵlē olmayan durumlarda MR 

gºr¿nt¿lemes  sayes nde submukozal le om yomlar, le om yosarkomlar ve endometr yal 

mal gn teler n de tanēsē konulab l r (Zak-Met as vd., 2023). 

Uter n nvers yon le karēĸan b r­ok kl n k durum vardēr. Tedav y  doĵru yapab lmek adēna 

ayērēcē tanēda nelerle karĸēlaĸēlab leceĵ  d kkatle ncelenmel d r. Uter n nvers yonla karēĸan 

bazē durumlar (Thakur vd., 2022): 

¶ Uterusun ĸ ddetl  aton s , 

¶ Uterovaj nal prolapsus, 
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¶ F bro d pol p, 

¶ Prolabe olmuĸ m yom, 

¶ Nºrojen k kollaps, 

¶ Postpartum kollaps, 

¶ Koag¿lopat , 

¶ Ķnvers yon olmadan tutulan plasenta.  

5. UTERĶN ĶNVERSĶYONA YAKLAķIM 

Uterus nvers yonu gel ĸen hastada m¿dahale h ­ gec kmeden yapēlmalēdēr. Tanē koymada veya 

tanē sonrasē tedav de gec kme yaĸanmasē maternal morb d te ve mortal tey  c dd  oranda 

arttērmaktadēr. Yapēlmasē gereken lk m¿dahale vaj nal yoldan el le uterusa poz syon vermeye 

­alēĸmaktēr. Eĵer el le yapēlan man p¿lasyon yeters z kalērsa ac l cerrah  m¿dahale gerekeb l r 

(¢oban ve G¿ney, 2022). 

6. UTERĶN ĶNVERSĶYON GELĶķEN ¥RNEK VAKALARDA Y¥NETĶM 

Pr m grav d olan 22 yaĸēndak  L  s ml  kadēn hastada doĵum sonrasē uter n nvers yon 

gel ĸm ĸt r. Hastanēn h kayes  ncelend ĵ nde, patoloj k ge­m ĸ  olmayan ve r sks z, spontan b r 

gebel k ge­ rd ĵ  gºr¿lm¿ĸt¿r. Genel ve obstetr k muayene ­ n 39. haftada hastaneye baĸvuran 

Bayan L ôn n uygun uterus d nam ĵ ne raĵmen 5 cm d latasyon sonrasēnda durgunluk gel ĸm ĸ 

ve yatēĸtan 9 saat sonrasēna kadar lerleme olmamēĸtēr. Bu nedenle hastaya sezaryen 

end kasyonu konularak doĵumu ger­ekleĸt r lm ĸt r. Genel anestez  le yapēlan operasyonda 

APGAR 10 olan 3600 gram aĵērlēĵēndak  kēz bebeĵ n kafasēnēn ­ēkartēlmasēyla total uterus 

nvers yonu gel ĸm ĸt r. Doĵum sorasēnda kanama ve h povolem k ĸok gel ĸm ĸt r. Uterus 

masajē ve uteroton k nf¿zyon sonrasēnda uterus toparlanmēĸtēr. Uterusun nvers yonu ve 

m¿dahale sonrasē red¿ks yonu yaklaĸēk 20 dak ka s¿rm¿ĸt¿r. Amel yat s¿res nce hastaya 2 

¿n te er tros t s¿spans yonu ver lm ĸ ve hastanēn amel yatē hemod nam k stab l ĸek lde 

sonlandērēlmēĸtēr (Eddaoud  vd., 2018). 

Vardar ve arkadaĸlarē, 57 yaĸēnda menopoz sonrasē kron k vaj nal kanamasē olan b r hastayē 

akut dºnem nde ncelem ĸlerd r. F z k muayene esnasēnda serv ksten ntro tusa kadar  uzanan 

vaj nal k tle tesp t etm ĸlerd r. MR gºr¿nt¿leme sonrasēnda endometr yal k tleye sekonder 

uter n nvers yon gºr¿lm¿ĸt¿r. Hastanēn yaĸē ve kl n k durumu gºz ºn¿ne alēndēĵēnda hastaya  

laparoskop k rad kal h sterektom +b lateral salp ngo-ooferektom  ve b lateral lenf nodu 

d seks yonu yapēlmēĸtēr. Alēnan patoloj  ºrnekler  de MR sonu­larēnē doĵrulamēĸtēr. Hasta uter n 

adenokars nom tanēsē almēĸtēr (Vardar vd., 2024). 

Null par, 27 yaĸēnda b r kadēn hasta akut baĸlangē­lē vaj nal kanama, drar retans yonu, karēn 

aĵrēsē ve b¿y¿k nekrot k gºr¿n¿ml¿ vaj nal k tle le hastaneye baĸvurmuĸtur. L  ve arkadaĸlarē 

(2022) bu hastanēn lk b yops ler nde nekrot k doku ­eren nflamatuar eks¿datlar tesp t 

etm ĸlerd r. Vaj nal kanamanēn kºt¿leĸmes  sonrasē daha der n b yops  ve olasē uter n nvers yon 

onarēmē ­ n hasta genel anestez de ĸleme alēnmēĸtēr. ¦st vaj nada serv ksten dēĸarē ­ēkēntē 

yapan, b¿y¿k, ufalanab l r ve nekrot k gºr¿n¿ml¿ b r k tle tesp t ed lm ĸt r. Laparoskop  

end kasyonu konan hastanēn amel yatēnda fundusun serv kse doĵru ters dºnd¿ĵ¿, saĵlēklē 

gºr¿nen fallop t¿pler  le overler  ­ekt ĵ gºr¿lm¿ĸt¿r. Uterusun nvers yonu laparoskop k 

olarak saĵlanamamasē ¿zer ne hastadan daha b¿y¿k m ktarda ºrnekler alēnmēĸtēr. B yops  
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sonucu embr yonal rabdom yosarkom tesp t ed lmes  ¿zer ne hastaya tanēsal laparatom den 

yaklaĸēk b r ay sonra b lateral salp ngo-ooferektom  ve total h sterektom  amel yatē yapēlmēĸtēr. 

Alēnan son patoloj k ºrneklerde rez d¿el hastalēk gºr¿lmem ĸt r. Operasyondan 1 ay sonra 

kemoterap ye baĸlayan hastanēn kontroller nde herhang  b r n¿ks bel rt s ne rastlanmamēĸtēr (L  

vd., 2022). 

Leconte ve arkadaĸlarē (2016), 56 yaĸēndak  postmenopozal b r kadēnēn 10 g¿nd¿r artan aĵrēsēz 

kanamasēnē araĸtērmēĸlardēr. Hastanēn laboratuar testler nde hemoglob n deĵer  9g/dl olarak 

tesp t ed lm ĸt r. Son 6 yēlda herhang  b r j nekolog tarafēndan muayene ed lmeyen hastanēn 

yapēlan pelv k muayenes nde yaklaĸēk 8 cm ­apēnda s yah-kahvereng-beyaz renkl  vaj nal k tle 

le az m ktarda kērmēzē-kahvereng  vaj nal kanama gºr¿lm¿ĸt¿r. Kºt¿ huylu b r k tleden 

ĸ¿phelen lerek MR gºr¿nt¿lemes  yapēlmēĸtēr. T2 aĵērlēklē koronal gºr¿nt¿lerde 10 cm ­apēnda 

ntravaj nal k tle ve k tle ¿zer nde U ĸekl nde uterus gºvdes  gºr¿nt¿lenm ĸt r. Uterustak  bu 

k tle, endoserv kal l¿menden aĸaĵēya serv ks boyunca nm ĸ, uterus gºvdes n  beraber nde 

­ekm ĸ ve vajende ters dºnm¿ĸ olarak tesp t ed lm ĸt r. Hasta ­ n h sterektom  yapēlmasē kararē 

alēnmēĸ ve patoloj  sonu­larē fundusta ler  nekroz durumunda b r le om yom olduĵunu 

gºsterm ĸt r (Leconte vd., 2016). 

Vaj nada aĵrēsēz b r k tle ĸ kayet  le hastaneye baĸvuran 54 yaĸēnda kadēn hastanēn, 

ĸ kayetler n n 3 yēl ºnce baĸladēĵē ve zamanla g derek b¿y¿yen b r k tle olduĵu tesp t ed lm ĸt r 

Yapēlan f z k muayenede k tlen n en ºnde gelen noktasēnēn uter n fundus olduĵu ve h menal 

halkanēn 7 cm altēna doĵru nd ĵ  gºr¿lm¿ĸt¿r. Hastaya kron k uter n nvers yon tanēsē konarak 

abdom nal h sterektom  planlanmēĸtēr. Yapēlan cerrah  sonucu hasta y leĸm ĸ ve taburcu 

ed lm ĸt r (Asefa vd., 2023). 
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¥ZET 

Hormonlu rahim i­i ara­lar (RĶA), son yēllarda hem kontraseptif hem de jinekolojik 

patolojilerin tedavisinde ºnemli bir tedavi aracē haline gelmiĸtir. Levonorgestrel salēnēmlē 

RĶAôlar, d¿ĸ¿k dozda progestin salarak endometriyal atrofi oluĸturur, ovulasyonu 

baskēlamadan etkili kontrasepsiyon saĵlar ve bu mekanizma sayesindeendometrium 

ortamēnaolumlu etki eder. Hormonlu RĶAôlar, menstrual kan kaybēnē azaltma, dismenoreyi 

hafifletme ve endometrial hiperplazi gibi hastalēklarē tedavi etme konusunda b¿y¿k bir baĸarēya 

sahiptir. Ayrēca, ºzellikle kompleks atipili hiperplazi ve erken evre endometrial kanserin 

tedavisinde cerrahiye alternatif bir se­enek olarak ºne ­ēkmaktadēr. Hormonlu RĶAôlar, tedavi 

s¿resince s¿rekli etki gºstererek hasta uyumunu artērmakta, tedaviye baĵlē komplikasyon 

riskini azaltmaktadēr. Uzun s¿re kullanēlmasē, hem hastalar hem de saĵlēk sistemleri i­in 

maliyet avantajē saĵlamaktadēr ­¿nk¿ diĵer tedavi yºntemlerine kēyasla daha az m¿dahale 

gerektirir ve d¿zenli kontrol ihtiyacēnē en aza indirir. Bu ara­larēn klinik etkinlikleri, hastalar 

¿zerindeki olumlu etkileri ve tedavi s¿re­lerindeki rol¿, g¿ncel bilimsel ­alēĸmalarla giderek 

daha fazla desteklenmektedir. Bu ­alēĸmada, hormonlu RĶAôlarēn biyolojik etkileri, 

kontraseptif etkileri, jinekolojik hastalēklar ¿zerindeki tedavi edici rolleri ve uygulama alanlarē, 

mevcut literat¿r ēĸēĵēnda incelenmiĸtir. Ayrēca, hormonlu RĶAôlarēn klinik kullanēmē ve ­eĸitli 

jinekolojik patolojilerdeki potansiyel faydalarē tartēĸēlmēĸtēr. 

Anahtar kelimeler: Hormonlu rahim i­i ara­, endometrial hiperplazi,jinekolojik tedavi, 

kontrasepsiyon. 
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HORMONAL INTRAUTERINE DEVICES AND THEIR USE IN GYNECOLOGICAL 

PATHOLOGIES  

ABSTRACT 

Hormonal intrauterine devices (IUDs) have become an important treatment tool in recent years, 

both as a contraceptive and in the treatment of gynecological pathologies. Levonorgestrel-

releasing IUDs create endometrial atrophy by releasing low doses of progestin, provide 

effective contraception without suppressing ovulation, and have a positive effect on the 

endometrium environment thanks to this mechanism. Hormonal IUDs have great success in 

reducing menstrual blood loss, alleviating dysmenorrhea, and treating diseases such as 

endometrial hyperplasia. They also stand out as an alternative option to surgery, especially in 

the treatment of complex atypic hyperplasia and early-stage endometrial cancer. Hormonal 

IUDs increase patient compliance by providing a continuous effect throughout the treatment 

period and reduce the risk of treatment-related complications. Long-term use provides a cost 

advantage for both patients and healthcare systems because it requires less intervention 

compared to other treatment methods and minimizes the need for regular check-ups. The 

clinical effectiveness of these devices, their positive effects on patients and their role in 

treatment processes are increasingly supported by current scientific studies. In this study, the 

biological effects, contraceptive effects, therapeutic roles on gynecological diseases and 

application areas of hormonal IUDs were examined in the light of the current literature. In 

addition, the clinical use of hormonal IUDs and their potential benefits in various gynecological 

pathologies were discussed. 

Keywords: Hormonal intrauterine device, endometrial hyperplasia, gynecological treatment, 

contraception. 

 

1. GĶRĶķ  

Hormonlu rahim i­i ara­lar (RIA), modern doĵum kontrol yºntemleri arasēnda yer alan, 

progesteron t¿revi hormonlar salarak etkin koruma saĵlayan bir ara­tēr. Levonorgestrel 

salēnēmē yapan bu ara­lar, hormonal kontraseptiflerin avantajlarēnē fiziksel bir bariyerle 

birleĸtirir (ACOG, 2020). Genellikle T ĸeklinde olan bu cihazlar, uterus i­ine yerleĸtirilir ve 

lokal hormon salēnēmē sayesinde gebelik ºnlenir. Hormonlu RĶAôlar, hormon i­ermeyen bakērlē 

RĶAôlara kēyasla daha az menstr¿el kanama ve kramplarla iliĸkilendirilmiĸtir (Grimes vd., 

2016). 

Hormonlu RĶAôlarēn klinik kullanēm alanlarēnda en sēk baĸvurulanlar arasēnda menoraji (aĵēr 

adet kanamalarē), endometrial hiperplazi, adenomyozis ve endometriozis yer almaktadēr 

(Speroff ve Fritz, 2022). Menoraji, kadēnlarēn yaĸam kalitesini ciddi ĸekilde etkileyebilecek, 

yaygēn bir jinekolojik sorundur. Geleneksel tedavi se­enekleri, cerrahi m¿dahaleleri 

gerektirebilirken, hormonlu RĶAôlar, bu hastalarēn tedavisinde daha az invaziv ve etkin bir 

­ºz¿m sunmaktadēr. Endometrial hiperplazi ve endometrial kanserin ºnlenmesi amacēyla 

hormonlu RĶA kullanēmēnēn etkinliĵi de dikkat ­ekicidir. Ayrēca, adenomyozis ve 
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endometriozis gibi hastalēklarēn tedavisinde, aĵrē ve kanama semptomlarēnē azaltarak, 

hastalarēn tedaviye uyumunu artērmaktadēr (Jensen vd., 2018). 

Bununla birlikte, hormonlu RĶAôlarēn etkili olduĵu bu patolojilerin her birinde, klinik sonu­lar 

genellikle hastanēn ºzel durumu ve tedaviye yanētēna gºre deĵiĸiklik gºsterebilir (Mandelbaum 

vd., 2020).Bu makale, hormonlu RĶAôlarēn jinekolojik patolojilerdeki kullanēmēnē, 

etkinliklerini ve bu tedavi se­eneĵinin avantajlarēnē incelemeyi ama­lamaktadēr. 

2. HORMONLU RĶA 

Hormonlu RĶAônēn etki mekanizmasē, uterusta mukus salgēsēnē koyulaĸtērarak spermin ge­iĸini 

zorlaĸtērmak ve endometriyal dokunun implantasyon i­in uygun hale gelmesini engellemek 

¿zerine kuruludur (Nelson ve Massoudi, 2021). Ayrēca bu ara­lar ov¿lasyonu tamamen 

baskēlamasa da azaltabilir. Bºylece, kullanēcēya hem y¿ksek etkinlik hem de kolaylēk 

saĵlar(Trussell, 2018). 

Hormonlu RĶAônēn etkinlik s¿resi, kullanēlan modele baĵlē olarak 3 ila 8 yēl arasēnda deĵiĸiklik 

gºstermektedir. Bununla birlikte, bu cihazlarēn uzun vadeli kullanēmē, hasta memnuniyeti ve 

maliyet etkinliĵi a­ēsēndan avantajlēdēr. Diĵer kontraseptif yºntemlere gºre d¿ĸ¿k bakēm 

gerektiren yapēsē, ºzellikle uzun s¿reli doĵum kontrol¿ isteyen kadēnlar i­in cazip bir se­enek 

oluĸturur(Black vd., 2019). 

Hormonlu RĶAônēn kontraseptif avantajlarēnēn yanē sēra dezavantajlarē da vardēr. Bazē 

kullanēcēlarda hormonlara baĵlē olarak akne, baĸ aĵrēsē, memelerde hassasiyet ve duygusal 

dalgalanmalar gibi yan etkiler gºr¿lebilir (Nelson ve Massoudi, 2021). Ayrēca, RĶA 

yerleĸtirilirken enfeksiyon riski veya perforasyon gibi komplikasyonlar nadir de olsa rapor 

edilmiĸtir (Grimes vd., 2016). 

Hormonlu RĶAôlar, levonorgestrel salēnēmē yapan intrauterin sistemler olarak, doĵum kontrol 

yºntemlerinin yanē sēra jinekolojik patolojilerin tedavisinde de ºnemli bir tedavi se­eneĵi 

olarak kullanēlmaktadēr. Bu cihazlar, uterusun i­ tabakasēna yerel olarak etki ederek 

endometriumu inceltir, inflamasyonu azaltēr ve menstr¿el kanama miktarēnē d¿zenler (ACOG, 

2021). Hormonlu RĶAôlar, ­ok iĸlevli bir tedavi aracē gibi ­alēĸarak, hem kontraseptif hem de 

terapºtik etkiler sunmaktadēr. Bu ºzellikleri, onlarē genellikle cerrahi m¿dahalelere alternatif 

olarak tercih edilen bir se­enek haline getirmektedir (Sivasankaran ve Jonnalagadda, 2021). 

3. HORMONLU RAHĶM Ķ¢Ķ ARA¢LARIN KULLANIM ALANLARI VE ETKĶLERĶ 

Hormonlu RĶAôlar, levonorgestrel salēnēmē yapan intrauterin sistemlerdir ve yalnēzca 

kontraseptif bir se­enek olarak deĵil, aynē zamanda ­eĸitli jinekolojik patolojilerin tedavisinde 

de ºnemli bir ara­ olarak kullanēlmaktadēr. HormonluRĶA, ºzellikleendometrialdokulara yerel 

etki yaparak endometriumu inceltir, inflamasyonu azaltēr ve kanama miktarēnē d¿zenler (Jensen 

vd.,2018; Wildemeersch vd., 2016). Bu mekanizmalar, hormonlu RĶAôlarēn endometrial 

hiperplazi, menoraji, adenomyozis ve endometriozis gibi hastalēklarēn tedavisindeki etkinliĵini 

artērmaktadēr (Speroff ve Fritz, 2022). Ayrēca, hormonlu RĶAôlarēn uzun s¿reli ve d¿ĸ¿k dozda 

hormon salēnēmē, cerrahi tedaviye alternatif olarak pek ­ok hasta i­in daha g¿venli vedaha az 

invaziv bir se­enek sunmaktadēr (WHO, 2020). 
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3.1. MENORAJĶ (AĴIR ADET KANAMALARI) 

Menoraji, kadēnlarda aĸērē adet kanamasē olarak tanēmlanēr ve bu durum, yaĸam kalitesini 

ºnemli ºl­¿de etkileyebilir. Menoraji tedavisinde, hormonlu RĶAôlar, rahim i­i dokuyu 

incelterek ve prostaglandin salēnēmēnē azaltarak kanama miktarēnē %80-90 oranēnda azaltabilir 

(ACOG, 2021). Hormonlu RĶA kullanēmēnēn, hastalarēn cerrahi m¿dahalelere olan ihtiyacēnē 

azaltarak, non-invaziv bir tedavi se­eneĵi sunduĵu belirtilmektedir (Jensenvd.,2018). 

Hormonlu RĶAôlarēn etkinliĵi, ºzellikle levonorgestrel salēnēmēnēn menstr¿el dºng¿deki 

kanama ¿zerine d¿zenleyici etkisiyle a­ēklanmaktadēr (Speroff ve Fritz, 2022). Hormonlu 

RĶAôlarēn, menoraji tedavisinde diĵer ila­lara kēyasla daha az yan etki ile daha kalēcē sonu­lar 

saĵladēĵē gºzlemlenmiĸtir (Wildemeersch vd.,2016). 

3.2. ENDOMETRĶAL HĶPERPLAZĶ 

Endometrial hiperplazi,endometrium dokusunun aĸērē b¿y¿mesi ile karakterizedir ve bu durum, 

endometrial kanser riskini artērabilir. Hormonlu RĶA, ºzellikle atipik olmayan basit 

endometrial hiperplazide etkin bir tedavi se­eneĵi sunmaktadēr. Levonorgestrel salēnēmē, 

endometriyumda hiperplazinin geliĸmesini engelleyerek, bu hastalarda kanserleĸme riskini 

ºnemli ºl­¿de azaltēr (Jensen vd.,2018; Speroff ve Fritz, 2022). Bunun yanē sēra, hormonlu 

RĶA kullanēmē, cerrahi m¿dahaleyi gerektirmeyen ve daha az invaziv olan bir tedavi se­eneĵi 

sunduĵu i­in tercih edilmektedir. Hormonlu RĶAônēn, basit endometrial hiperplazi hastalarēnda 

endometriyal doku ¿zerindeki etkisini gºstererek tedavi s¿recinde etkili sonu­lar sunduĵu 

belirtilmektedir (Speroff ve Fritz, 2022). Endometrial hiperplazi tedavisinde cerrahi olmayan 

bu yaklaĸēm, ºzellikle erken evre hastalarda daha y¿ksek baĸarē oranlarē saĵlamaktadēr 

(Wildemeersch vd.,2016). 

3.3. ADENOMYOZĶS VE ENDOMETRĶOZĶS 

Adenomyozis ve endometriozis, kadēnlarda pelvik aĵrē ve anormal kanama ile sēk gºr¿len 

hastalēklardēr. Adenomyozis, uterus kas tabakasēnēn i­inde endometrial dokunun bulunmasē, 

endometriozis ise uterusdēĸēnda yerleĸen endometrial dokularēn varlēĵē ile tanēmlanēr. Her iki 

hastalēk da aĵrē, menstr¿el d¿zensizlikler ve infertiliteye neden olabilir. Hormonlu RĶA, bu 

hastalēklarēn semptomlarēnē azaltmada etkili bir tedavi se­eneĵi olarak ºne ­ēkmaktadēr. 

Levonorgestrel salēnēmē, endometriyal doku ¿zerindeki etkisiyle aĵrēyē azaltabilir ve kanama 

miktarēnē d¿zenleyebilir. ¢alēĸmalar, hormonlu RĶAônēn adenomyozis ve endometriozisli 

hastalarda inflamasyonu baskēlayarak aĵrē ve kanamayē ºnemli ºl­¿de hafiflettiĵini 

gºstermektedir (Speroff ve Fritz, 2022; Jensen vd.,2018). Ayrēca, endometriozisli hastalarda, 

hormonlu RĶAôlar, pelvik aĵrēyē kontrol altēna alarak hastalarēn yaĸam kalitesini 

artērabilmektedir (ACOG Practice Bulletin, 2021). Endometriozisli hastalarda, hormonlu RĶA 

kullanēmēnēn cerrahi m¿dahaleye olan ihtiyacē azalttēĵē ve tedavi s¿recinde hastalarēn daha iyi 

sonu­lar aldēĵē bildirilmiĸtir (Wildemeersch vd.,2016). 

 

 

4. SONU¢ 
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Hormonlu rahim i­i ara­lar, yalnēzca kontraseptif etkileriyle deĵil, aynē zamanda ­eĸitli 

jinekolojik patolojilerin tedavisinde de ºnemli bir rol oynamaktadēr. Menoraji, endometrial 

hiperplazi, adenomyozis ve endometriozis gibi hastalēklarēn tedavisinde hormonlu RĶAôlar, 

cerrahi m¿dahalelere alternatif olarak etkin bir se­enek sunmaktadēr. Hormonlu RĶA kullanēmē, 

hastalarēn tedaviye uyumunu artērērken, cerrahi riskleri azaltēr ve yaĸam kalitesini iyileĸtirir. 

Bununla birlikte, her hastanēn bireysel durumu gºz ºn¿nde bulundurularak, hormonlu RĶA 

tedavisi se­ilmelidir. Literat¿rde, hormonlu RĶAôlarēn uzun dºnem etkileri ve farklē hasta 

gruplarēndaki sonu­larē ¿zerine daha fazla ­alēĸmaya ihtiya­ duyulmaktadēr (WHO, 2020; 

Speroff ve Fritz, 2022). 
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¥ZET 

Yoĵun bakēma gereksinim duyulan hastalarda en sēk gºr¿len problem solunum yetmezliĵidir. 

Hastalarēn b¿y¿k bir kēsmē gaz deĵiĸimini kolaylaĸtērmak, solunumu ve solunum kaslarēnē 

rahatlatmak i­in mekanik ventilatºre baĵlanēr. Mekanik ventilatºrle takip edilen hastalar 

ventilatºre ya invaziv ya da noninvaziv yolla baĵlanmaktadēr. Mekanik ventilatºr hastanēn 

solunumunun tamamēnē ya da bir kēsmēnē destekler ve hastanēn iyileĸme s¿recine ºnemli katkē 

saĵlar. Yoĵun bakēmlarda mekanik ventilatºrdeki hastanēn bakēmē hemĸireler tarafēndan 

saĵlanēr. Hemĸireler yoĵun bakēmdaki hastalarēn bakēm ve takiplerini yapar ve   bu s¿re­te hem 

kullanēlan teknolojik cihaz kaynaklē oluĸabilecek komplikasyonlarēn ºnlemesini hem de 

sorunlarēn erken dºnemde fark edilmesini saĵlarlar. Bu nedenle hemĸirelerin yoĵun bakēmlarda 

kullanēlan ve hayati ºneme sahip olan ventilatºr¿n ­alēĸma prensibini ve iĸlevlerini bilmesi 

uygun olur.  Bunun yanēnda ventilatºrden kaynaklanabilecek olasē komplikasyonlarē ­ok iyi 

bilmeli, hemĸirelik gºrev alanē i­inde olan gerekli ºnlemleri almalēdēr. Bir yoĵun bakēm 

hemĸiresinin hastasēnēn baĵlē bulunduĵu/baĵlanacaĵē ventilatºr¿n ­alēĸēp ­alēĸmadēĵēnē, 

alarmlarēnē ve o alarmlarēn anlamēnē, ventilatºrde ayarlanan temel parametrelerin neler 

olduĵunu ve bu parametrelerin anlamēnē bilmesi gerekir. Mekanik ventilatºre baĵlē hastada 

hemĸire ventilatºr¿ tanēmanēn yanēnda hastasēna rutin hemĸirelik bakēmēnē da sunar.  Sºz 

konusu bakēmlar; aĵēz bakēmē, hava yolu bakēmē, kateter bakēmlarē, cilt bakēmē, perine bakēmē, 

pozisyonun korunmasē, yatak i­i hareketliliĵin saĵlanmasē vbôdir. Bir yoĵun bakēm 

hemĸiresinin ventilatºre baĵlē olan hastasēnēn takibini yaparken hem bakēmē hem de 

ventilatºr¿n ve diĵer baĵlē bulunduĵu cihazlarēn takibini de yapabilmelidir. Bu derlemenin 

yoĵun bakēm hemĸirelerine katkē sunacaĵē d¿ĸ¿n¿lmektedir.   

Anahtar Kelimeler: Mekanik ventilasyon, Yoĵun bakēm, Hemĸirelik, Bakēm 
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ABSTRACT 

Respiratory failure is the most common problem in patients requiring intensive care. Most of 

the patients are connected to a mechanical ventilator to facilitate gas exchange and to relieve 

breathing and respiratory muscles. Mechanically ventilated patients are connected to the 

ventilator either invasively or noninvasively. The mechanical ventilator supports all or part of 

the patient's respiration and contributes significantly to the patient's recovery process. In 

intensive care units, the care of the patient on mechanical ventilator is provided by nurses. 

Nurses provide care and follow-up of patients in intensive care and in this process, they both 

prevent complications that may arise from the technological device used and ensure that 

problems are recognized at an early stage. For this reason, it is appropriate for nurses to know 

the working principle and functions of the ventilator, which is used in intensive care and has 

vital importance.  In addition, they should know the possible complications that may arise from 

the ventilator very well and take the necessary precautions within the field of nursing duty. An 

intensive care nurse should know whether the ventilator to which the patient is/will be 

connected is working, the alarms and the meaning of those alarms, the basic parameters set on 

the ventilator and the meaning of these parameters. In the patient connected to a mechanical 

ventilator, the nurse provides routine nursing care to the patient as well as recognizing the 

ventilator.  Such care includes oral care, airway care, catheter care, skin care, perineum care, 

maintaining position, ensuring in-bed mobility, etc. An intensive care nurse should be able to 

follow up the patient who is connected to a ventilator while providing both care and monitoring 

of the ventilator and other connected devices. This review is thought to contribute to intensive 

care nurses.   

Keywords: Mechanical ventilation, Intensive care, Nursing, Care 

  1. MEKANĶK VENTĶLALASYON 

 

Mekan k vent latºr dokunun oks jenlenmes n artēran, gaz deĵ ĸ m ndek  atēk ¿r¿n olan 

karbond oks t  v¿cuttan uzaklaĸtērmak ­ n solunumu destekleyen c hazdēr. Mekan k 

vent latºr¿n kullanēldēĵē solunum desteĵ  se ñmekan k vent lasyonò olarak fade ed l r. 

Mekan k vent lasyon b r travma, cerrah  ĸlem, solunum yolu enfeks yonlarē, akc ĵer 

yetmezl ĵ, kalp yetmezl ĵ , solunum yetmezl ĵ vs g b  b r­ok sorun sebeb yle hastalarēn 

tedav s n  desteklemek ve hayat  fonks yonlarēnē s¿rd¿rmek ­ n kullanēlab l r. Mekan k 

vent lasyon nvaz v ve non nvaz v olarak k ye ayrēlēr (Pru tt, 2023). 
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1.1.Non nvaz v Mekan k Vent lasyon 

 

Non nvaz v vent lasyonda oral/nazal maskeler kullanēlēr. Bu maskeler hastanēn y¿z¿ne ºzel 

aparatlarla tesp t ed lerek vent lasyon saĵlanēr.  Bu yºntemde sadece maskeler vent latºr¿n 

kullanēlmasēna aracēlēk eder, ayrēca b r endotrakeal kan¿l vs kullanēlmaz. Non nvaz v yºntem 

genell kle kēsa s¿rel ĵ ne mekan k vent lasyon ht yacē duyan hastalarda kullanēlēr (Pru tt, 

2023). Bu yºntem solunum yetmezl ĵ  bulunan hastalar ­ n ent¿basyondan ºncek  tedav  ĸekl  

g b  de d¿ĸ¿n¿leb l r. Solunum desteĵ  ht yacē olan her hastada ºnce non nvaz v vent lasyon 

denenmes  daha sonra gerek rse nvaz v vent lasyona ge­ lmes  ºner l r. Ama bu kes n b r kural 

deĵ ld r.  

 

Non nvaz v vent lasyon CPAP (Cont nuous Pos t ve A rway Pressure) ve BĶPAP (Two-Level 

Pos t ve A rway Pressure) modlarēyla uygulanab l r (Jackson ve Ca rns, 2021).   CPAP, 

solunum dºng¿s¿ boyunca poz t f basēncēn nsp ryum sērasēnda hastayē destekleyecek ĸek lde 

ver lmes n  saĵlayan vent latºr modunun kēsaltēlmēĸ s md r. Vent latºrde CPAP modu terc h 

ed ld ĵ nde hastanēn hava yollarēna s¿rekl  olarak poz t f basēn­ ver lerek nefes almasē 

desteklen r. BĶPAPôta se poz t f hava yolu basēncē k  ayrē sev yede yan  hem nsp ryum hem 

de exp ryumu destekleyecek ĸek lde sunulur (Jackson ve Ca rns, 2021). Bu sayede solunum ĸ 

y¿k¿nde azalma saĵlanab l r.  Non nvaz v mekan k vent latºr uygulamasēnēn g r ĸ msel ĸlem 

olmamasē sebeb yle enfeks yon r sk n n daha az olmasē, hastanēn hareket kēsētlēlēĵēna sebep 

olmamasē, konforunu artērmasē, kēsa s¿rede baĸlanēp sonlandērēlab lmes , oral beslenmen n 

s¿rd¿r¿leb lmes , hasta le sºzel let ĸ m n devam edeblmes  vb g b  b r­ok avantajē vardēr 

(Cr ner ve ark., 2024).  

 

1.2.Ķnvaz v mekan k vent lasyon 

Ķnvaz v mekan k vent lasyonda se hasta b r endotrakeal t¿p ya da trakeostom  kan¿l¿ le 

vent latºre baĵlanēr. Burada da ama­ non nvaz v vent lasyondak  g b  benzer saĵlēk sorunlarēna 

baĵlē solunumun rahatlatēlmasēdēr (Pru tt, 2023). C haz farklē mod se­enekler  le hastanēn 

solunumunu destekler. Modlar hastanēn durumuna gºre doktor tarafēndan bel rlen r (Jackson 

ve Ca rns, 2021). Kullanēlan modlar ayrē b r baĸlēkta sunulmuĸtur. 

Ķnvaz v mekan k vent lasyonun; uzun hastane yatēĸ s¿reler , y¿ksek ºl¿m oranlarē, vent latºrle 

l ĸk l  pnºmon , akc ĵer yaralanmalarē (volutrauma, barotrauma, atelectrauma), ps k yatr k 

kompl kasyonlar ve nºroloj k hastalarda zorlu ekst¿basyon g b  dezavantajlarē mevcuttur 

(Fernando et al., 2021; Paudel et al., 2021; Toussa nt et al., 2024). Sºz konusu dezavantajlarēn 

ºnlenmes  ­ n doĵru ve eks ks z b r hemĸ rel k bakēmē b¿y¿k ºnem taĸēr (Amor m ve ark., 

2020; Delgado Mej²a, 2023; Fan ve ark., 2021).  

 1.3. Mekan k Vent latºr¿n ¢alēĸma Prens b   

G¿n¿m¿zde en sēk kullanēlan vent latºrler poz t f basēn­lē olanlardēr (Ward ve Noel, 2022). 

Spontan nsp rasyon sērasēnda nsp ratuar kaslar tarafēndan oluĸturulan negat f plevral 

basēn­tan ºt¿r¿ akc ĵerler gen ĸler.   Buna karĸēlēk, kontroll¿ mekan k vent lasyon, gazē 

akc ĵerlere yºnlend rmek ­ n poz t f hava yolu basēncēnē kullanēr ve poz t f basēn­lē b r ortam 

yaratēr. Poz t f basēn­lē vent latºrler stenen oks jen konsantrasyonunu, stenen akēĸ hēzē le, 

stenen basēn­ta, stenen hac mde ve stenen rez d¿el vol¿m saĵlanarak hastaya nsp ryumda 

oluĸturulan basēn­ le vereb lr ( Pru tt, 2023). 

1.4. Mekan k Vent lasyonda En Yaygēn Kullanēlan Modlar 
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¦ret c  f rmaya gºre m n mal deĵ ĸ kl kler gºr¿lmes ne raĵmen modlar ortak b r d l oluĸturmak 

amacēyla genell kle benzerd r. Bu modlar nvaz v ve non nvaz v olarak kullanēlab l r. Modlar 

aĸaĵēda ver lm ĸt r (Pru tt ve Hodges, 2024): 

¶ PC-CMV (Pressure Controlled Cont nuous mandatory vent lat on): Basēn­ kontroll¿ 

s¿rekl  zorunlu havalandērma 

¶ VC-CMV (Volum Controlled Cont nuous mandatory vent lat on): Hac m kontroll¿ 

s¿rekl  zorunlu vent lasyon 

¶ IMV (Interm ttent mandatory vent lat on): Aralēklē zorunlu havalandērma 

¶ PC-IMV (Pressure Controlled Interm ttent mandatory vent lat on): Basēn­ kontroll¿ 

aralēklē zorunlu vent lasyon 

¶ VC-IMV (Volum Controlled Interm ttent mandatory vent lat on): Hac m kontroll¿ 

aralēklē zorunlu vent lasyon 

¶ CPAP (Cont nuous Pos t ve A rway Pressure) : S¿rekl  poz t f hava yolu basēncē 

¶ PRVC (Pressure Regulated Volume Control ): Basēn­ d¿zenlemel  hac m kontroll¿ 

vent lasyon modu 

¶ MMV (Mandatory M nute Volume): Zorunlu dak ka havalandērmasē 

¶ AVAPS (Average Volume-assured Pressure Support): Ortalama hac m garant l  basēn­ 

desteĵ 

¶ ASV (Adapt ve Support Vent lat on): Uyarlanab l r destek vent lasyonu 

¶ APRV (A rway Pressure Release Vent lat on): Hava yolu basēncēnē serbest bērakan 

vent lasyonu 

 

Hastanēn solunumu kullanēlan moda baĵlē olarak; solunumu tamamen c haz devralab l r, c haz 

hasta le entegre ­alēĸēp hastanēn var olan solunumuna z n ver rken hastanēn eks ĵ n  c haz 

tamamlayab l r. Ya da hasta solunumuna devam ederken sorun olduĵu durumda c hazēn desteĵe 

baĸlayab ld ĵ  farklē modlarē terc h etmek m¿mk¿nd¿r (Jackson ve Ca rns, 2021).   

1.5. Mekan k Vent latºrde Ayarlanmasē Gereken Parametreler 

Mekan k vent latºrde ayarlanmasē gereken pek ­ok parametre yer alēr. Hemĸ reler, hastayē 

b reb r tak p eden k ĸ ler olmasē sebeb yle modlara hak m olmasē ºneml d r. Yapēlan ­alēĸmalar 

hemĸ reler n vent latºr modlarēna hak m olmadēklarēnē ama b lmeler  gerekt ĵ n  

vurgulamaktadēr (Chopade ve Chopade, 2022; H gg nson ve ark., 2021). Hemĸ rel k 

yºnetmel ĵ ne gºre hemĸ ren n hem nvaz v hem de non nvaz v mekan k vent lasyondak  

hastanēn tak b  ve bakēmē hemĸ ren n sorumluluklarē arasēnda yer almaktadēr (Hemĸ rel k 

yºnetmel ĵ , 2011). Hemĸ rel k bakēmē bu hastalar ­ n ­ok ºneml d r. ¢¿nk¿ hemĸ rel k 

bakēmē le mekan k vent latºrdek  hastanēn kompl kasyonlarē ve enfeks yonlar azaltēlab l r, 

hasta bakēmē y leĸt r leb l r, hemod nam k durumun daha y  olmasē saĵlanab l r (Me tner ve 

ark., 2023). Hemĸ reler n bu kapsamda b lmes  ve tak p etmes  gereken bazē parametreler 

aĸaĵēda ver lm ĸt r.  (Yēlmaz ve Yēldēz, 2018). 

¶ F O2 (Fract on of nsp red oxygen): Hastaya nsp rasyon sērasēnda ver lecek oks jen 

konsantrasyonunu fade eder. Hastanēn deĵerlend r lmes ne ve kan gazē bulgularēna 

gºre FĶOô deĵer  %21-100ôe kadar ayarlanab l r.   

¶ F (Frequency): Hastanēn dak kada almasē gereken solunum sayēsēnē fade eder. 

Yet ĸk nlerde 12-16 arasēnda olmalēdēr. Bazē modlarda d ĵer parametrelerden 

etk len p deĵ ĸeb l r. 

¶ TV (T dal vol¿m): Hastanēn akc ĵerler ne ver lecek olan havanēn hacm n  fade eder. 

Hastanēn deal boy ve k lo aĵērlēĵēna gºre ayarlanēr. Ver lmes  uygun olan hava hacm  

6-8ml/kgôdēr. Vent latºr kaynaklē oluĸab lecek kompl kasyonlarē engellemek ­ n 



AVRASYA 12th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES February 14 - 16, 2025 - Tebriz 

ISBN : 978-625-5962-26-3 

 

17 | P a g e 
www.akademikongre.org 

hastaya gºre ayarlanmalēdēr. T dal vol¿m gereĵ nden az se h povent lasyon, 

atelaktaz , gereĵ nden fazla se; barotravma gel ĸeb l r.  

¶ Ķ/E oranē (Ķnsp ratory-exp ratory rat o): nspuryum ve eksp ryum s¿reler n n oranēnē 

fade eder. Normal hastalarda Ķ/E oranē b r san ye nsp ryum 2 san ye eksp ryum 

olarak ayarlanēr. Ķ/E oranē frekans, akēm hēzē ve nsp ryum zamanēnē etk lemekted r. 

¶ PEEP (Pos t ve end exp ratory pressure): Nefes vermen n sonunda akc ĵerlerde kalan 

havanēn uyguladēĵē basēn­tēr. PEEP ­ºken akc ĵer alveoller n n tekrar ĸlevsel hale 

gelmes n  saĵlar. PEEP deĵer  5 cmH2O ve ¿zer nde olmasē sten r. Dokularēn 

oks jenlenmes n artēran b r etk ye sah pt r. ¥zel durumlarda (Kot frakt¿r¿ vb) PEEP 

daha fazla ayarlanab l r. 

¶ Ppeak/PIP (P k nsp rasyon basēncē): Hastaya vent latºr tarafēndan nsp ryum fazēnda 

ver len havanēn hava yolundak  oluĸturduĵu maks mum basēn­tēr. Ppeek basēncē 40 

cmH2Oô un altēnda olmasē sten r. 

¶ Pplato (Ķnsp ratuvar plato basēncē): Plato basēncē, mekan k vent latºr tarafēndan k¿­¿k 

hava yollarēna ve alveollere uygulanan basēn­tēr. Plato basēncē, mekan k vent latºrde 

0,5 la 1 san yel k b r nsp rasyon tutma manevrasēyla son nsp rasyonda ºl­¿l¿r. 

¶ Tet kleme duyarlēlēĵē (Tr gger sens t v ty): Hastanēn nefes alēp vermes n n baĸlamasē 

­ n hastanēn hava yolunda bell  b r akēm ve basēncēn oluĸturulmasē. Buna tet kleme 

ya da tr gger den r. Vent latºrde ayarlanērken basēn­ veya akēm tet kl  ayarlanab l r. 

Ayarlanan moda gºre hastanēn solunum steĵ  bell  b r sev yede ken tet kleme 

ger­ekleĸ r. Basēn­ tet klemes nde vent latºrdek  ayar -2 le +2 cmH2O arasēnda, 

akēm tet klemede se 1-4 cmH2O arasēnda olab l r. 

 

1.6. Mekan k Vent latºrde Alarmlar 

Mekan k vent latºr alarmlarē hemĸ re ve doktorlarē s stemde b r sorun varsa uyarēr. ķu anda 

alarm s stemler nde standart b r protokol yoktur. Bu sebeple her marka mekan k vent latºrde 

farklē alarm sev yes ve sesler  bulunur. Ancak mekan k vent latºrle bazē alarmlar ­ok 

ºneml d r. Bunlar d¿ĸ¿k/y¿ksek t dal vol¿m, d¿ĸ¿k/y¿ksek basēn­, d¿ĸ¿k/y¿ksek frekans, apne 

ve c haz arēzasēdēr. Hastanēn mevcut durumunda deĵ ĸ kl k olduĵunda alarmlar devreye g rerek 

saĵlēk personel n  uyarēr (Pru tt, 2023) 

¶ T dal vol¿m alarmē: D¿ĸ¿k t dal vol¿m alarmē, hastanēn akc ĵerler ne ver len havanēn 

vol¿m¿nde yeters zl ĵ , y¿ksek tdal vol¿m se vol¿m¿n fazlalēĵēnē fade eder.  

Hastanēn aĵērlēĵēna gºre ayarlanmasē ºneml d r (Cov d en, 2011). 

¶ Basēn­ alarmē: Y¿ksek basēn­ alarmē, hava yollarēnda farklē sebeplerle (Sekresyon, 

hatlarda kēvrēlma vs) oluĸan basēn­ artēĸēnē a­ēklar. D¿ĸ¿k basēn­ se hava yollarēnda 

b r ka­ak olduĵunu d¿ĸ¿nd¿r¿r. Her k s  de stend k b r durum deĵ ld r. Basēn­ 

y¿kselm ĸse hava akēĸēna engel olan etken n ortamdan uzaklaĸtērēlmasē esastēr. Sorun 

sekresyon kaynaklē se etk n b r asp rasyon yapēlmasē, gerek yorsa nemlend rmen n 

saĵlanmasē ºneml d r. Setle lg l  b r kēvrēlma/kērēlma sorunu varsa set n gºzden 

ge­ r lmes  ve d¿zelt lmes  gerek r (Cov d en, 2011). 

¶ Frekans alarmē: D¿ĸ¿k frekans b z m ayarladēĵēmēz solunum sayēsēndan daha az b r 

solunum sayēsēnēn varlēĵēnē, y¿ksek frekans se ayarlanandan daha fazla olan solunum 

sayēsēnē fade eder. Her k s  de ºneml d r. ¢¿nk¿ hastanēn ne tak pne k ne de 

brad pne k solumasē stend k b r durum deĵ ld r. Sorun ne se bel rlenmel  ve 

­ºz¿lmel d r (Cov d en, 2011). 

¶ Apne alarmē: Solunumun olmadēĵēnē gºsteren alarmdēr. Spontan solunumu olan ama 

c hazēn desteĵ  gereken ve c hazēn gerekt ĵ nde destekleyeceĵ  modun terc h ed ld ĵ  
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hastalarda hastanēn apneye g rd ĵ  hakkēnda saĵlēk personel n  uyarēr ve ge­ kalmadan 

­ºz¿m ¿ret lmes  ­ n haber ver r (Flynn ve ark., 2022).  

¶ C haz arēzalarē: C haz arēzalarēnē b ld ren farklē alarmlar vardēr. Bunlar; elektr k 

kes nt s, g¿­ kaynaĵē sorunu, hata alarmē ĸekl nde gºr¿l¿r. Bunlar da ­ºz¿m 

¿ret lmes  gereken durumlardēr. Alarmēn n tel ĵ ne gºre sorun bel rlenmel  ve ­ºz¿m 

¿ret lmeld r. Genel olarak bakēldēĵēnda alarm, saĵlēk personel n  sorunun varlēĵē ve 

n tel ĵ  hakkēnda b lg lend rd ĵ  ­ n d kkat ed lmes  gereken ºneml  baĸlēklardan 

b r d r (W ll ams & Sharma, 2023). Hemĸ reler n alarmlarē hasta ­ n ºneml  olan 

parametrelere gºre refarans aralēĵē bel rleyerek ayarlamasē ve ver len alarmlarē 

deĵerlend rmes  ºner lmekted r. Alarm l m tler n n uygun ayarlanmamasē hemĸ reler n 

alarma duyarsēzlaĸmasēna ve hem hasta hem de hemĸ re ­ n alarmēn ses nden 

kaynaklē rahatsēzlēklara sebep olab lmekted r (Ceylan et al., 2021) .         

2. MEKANĶK VENTĶLAT¥RDEKĶ HASTANIN BAKIMI  

Mekan k vent latºrdek  hastaya uygulanmasē gereken rut n bakēmlar; hava yolu bakēmē, aĵēz 

bakēmē, kateter bakēmlarē, c lt bakēmē, per ne bakēmē, poz syonun korunmasē, yatak ­  

hareketl l ĵ n saĵlanmasēdēr (Gºk ve Yurtseven 2022). Hemĸ ren n bu bakēmlarē yaparken 

kullandēĵē c hazē tanēmasē ­ok ºneml d r. ¢¿nk¿ c hazē tanēmamasē durumunda 

aksaklēklarē/sorunlarē fark etme ĸansē ortadan kalkar. Bu da sorunlarēn gºzden ka­masēna sebep 

olur (Pazos ve ark 2019). Bu nedenle hemĸ ren n yukarēda a­ēklanmēĸ olan vent latºr b lg s ne 

sah p olmasē beklen r (Gºk ve Yurtseven, 2022). Bunun yanēnda hastalarēn tamamlanmasē 

gereken bakēmlarēnēn hemĸ reler tarafēndan ­ok y  b l nmes  ve uygulanmasē gerek r. Bu 

bakēmlar; kan¿l/t¿p bakēmlarē (ent¿basyon t¿p¿ ve trakeostom  kan¿l¿) ve asp rasyon, aĵēz 

bakēmē, c lt bakēmē, doĵru poz syonlama, yatak ­  hareketl l ĵ n saĵlanmasēdēr (Sevda ve 

Nuray, 2021).  

2.1. Endotrakeal T¿p ve Trakeostom  Kan¿l¿ Bakēmē 

Endotrakeal t¿p (ETT) hastanēn nvaz v yoldan mekan k vent latºre baĵlanmasēnē saĵlayan 

aracē b r yoldur. ETTôn n sev yes n n korunmasē, kontrols¿z ­ēkmasēna engel olunmasē, hava 

yolu a­ēklēĵēnēn saĵlanmasē gerek r. ETT sev yes n n kontrol¿ ­ n t¿p¿n dēĸarēdan bakēldēĵēnda 

gºr¿nen d ĸe gºre ayarlanan sev yes kadēnlarda ortalama 20-21 cm, erkeklerde se ortalama 

22-23 cm olarak tesp t ed lmel  ve her bakēmda kontrol ed lerek aynē yerde bulunduĵundan 

em n olunmalēdēr. Tespt ed l rken ºncel kle ETTôn n kafē ĸ ĸ r lmel ve tesp t materyal  le c lde 

tesp t  saĵlanmalēdēr. Kaf, ETT t¿p¿n¿n ucunda yer alan ve hava le ĸ ĸ r lerek t¿p¿n dēĸarē 

kaymasēna engel olan b r baloncuktur. T¿p, hastada basē yarasē oluĸmayacak ĸek lde uygun 

materyalle tesp t ed lmel d r. ETT tesp t ed lmed ĵ nde ya da kafē ĸ ĸ r lmed ĵ nde t¿p¿n ­er  

ya da dēĸarē kaymasē sºz konusu olur. T¿p¿n dēĸarēdan gºr¿nen sev yes n n olmasē gerekenden 

daha dēĸarēda bulunmasē durumunda t¿p trakeada bulunmasē gereken yerden yukarēda olacaĵē 

­ n havalanmayē olumsuz etk ler. T¿p sev yes  ler de olduĵunda se bronĸlara kadar 

lerleyerek tek b r akc ĵer n havalanmasēna, d ĵer akc ĵer n se sºnmes ne neden olab l r 

(Santos ve ark., 2020). Kaf basēncē 20-30 cmh2O olmalē ve g¿nde en az ¿­ kez kontrol 

ed lmel d r. ETT tesp t  de en az g¿nde 3 kez kontrol ed lmel d r. T¿p¿n tesp t  yapēlērken c lde 

t¿p¿n tam oturtulmadan c ltle arasēnda b r parmak kadar boĸluk kaldēĵēndan em n olunmalēdēr. 

Ayrēca t¿p¿n dudak kenarēnda tesp t ed len bºlges  g¿nl¿k olarak deĵ ĸt r lmel , tesp t 

malzemeler  k rlend k­e yen lenmel d r.  Aks  takd rce tēbb  c haza baĵlē basēn­ yarasēna sebep 

olacaktēr (Sevda ve Nuray, 2021) 

2.2. Asp rasyon 

Mekan k vent latºre baĵlē olan hastalarda solunum yollarēnēn a­ēk kalab lmes  ­ n sekresyonu 

hava yolundan uzaklaĸtērmak gerek r. Bu asp rasyonun yapēlmasē le m¿mk¿n olur. Vent latºre 
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baĵlē hastalarda hem endotrakeal hem de aĵēz ­  asp rasyon ­ok ºnem kazanēr. Endotrakeal 

asp rasyon ent¿basyon t¿p¿n¿n ­ nden b r sonda yardēmē le t¿p ­ nde b r ken sekresyonlarēn 

ster l olarak oradan uzaklaĸtērēlmasēdēr (S nha ve ark., 2023). Asp rasyon ĸlem  kapalē ve a­ēk 

s tem asp rasyon olarak uygulanab l r. Kapalē devre asp rasyon s stem  a­ēk s steme gºre daha 

asept k b r uygulamaya z n ver r. A­ēk s stem asp rasyonda ster l eld ven g y lerek asp rasyon 

sondasē le hastanēn endotrakeal t¿p¿ le vent latºr hattē b rb r nden ayrēlarak asept k olarak 

asp rasyon uygulanēr. Kapalē s stemde se vent latºr set ne entegre ed len kapalē s stem, 

s stem n kapalē durumu bozulmadan, ster l eld ven g y lmes ne gerek kalmaksēzēn asept k 

olarak asp rasyonun yapēlmasēna mkan sunar. Her k  asp rasyon t¿r¿n¿n de b rb r ne 

¿st¿nl¿kler  sºz konusudur. Kapalē s stemde aseps  daha rahat korunurken a­ēk asp rasyonda 

daha yoĵun kēvamlē sekresyonlar daha rahat asp re ed leblmekted r (¢ēkrēk ve ark., 2023).  

Trakeostom  kan¿l¿ le tak p ed len hastalarda da asp rasyon ETT t¿p¿nden farklē deĵ ld r.  

Ama asp rasyonun der n ya da y¿zeysel yapēlmasē kullanēlan kan¿le gºre deĵ ĸ kl k gºster r. 

¢¿nk¿ trakeostom  kan¿l¿nde kan¿l boyu daha kēsa olduĵu ­ n asp rasyonda ulaĸēlmasē 

hedeflenen mesafe de daha yakēndēr (Blakeman ve ark., 2022). Y¿zeysel asp rasyonda 

ent¿basyon t¿p¿ boyunca sonda lerlet l r ve t¿p sonu ge­ lmeyecek ĸek lde asp rasyon ĸlem  

yapēlēr. Der n asp rasyonda se t¿p sonu sev yes  ge­ l r ve trakeada herhang  b r d ren­le 

karĸēlaĸēncaya kadar lerlet lerek asp re ed l r (¢ēkrēk ve ark., 2023).  

Asp rasyona baĸlamadan ºnce hastanēn %100 oks jenlend r lmes  gerek r. ¢¿nk¿ hasta ĸlem 

sērasēnda b r m ktar h poks  yaĸayacaĵē ­ n ºnden oks jen zasyonun artērēlmasē hasta ­ n 

hayat  ºnem taĸēr (Busanello ve ark., 2021). Oks jenlend r len hastanēn asp rasyon ĸlem ne 

baĸlanēr, asp rasyon ĸlem n n b r hamles  15-20 san yey  ge­memel d r. S¿ren n uzamasē 

hastada brad kard y  baĸlatacaktēr. Bu nedenle ĸlem sērasēnda hastanēn kalp hēzē ve r tm  tak p 

ed lmel d r. Yapēlan ĸlem n yeterl  olduĵuna karar vermek ­ n sekresyon varlēĵēnēn olmamasē, 

hava g r ĸ ve ­ēkēĸlarēnēn y  olmasē gerekr (¢ēkrēk ve ark., 2023). Eĵer bu ĸartlar 

saĵlanab l yorsa asp rasyona tamamlanmēĸtēr. Ama saĵlanamadēysa asp rasyonun s¿rd¿r¿lmes  

gerekr. Ancak yen  asp rasyon hamles  ºnces nde hasta y ne %100 oks jenlend r l r, kalp 

hēzēnēn ve r tm n n normal sēnērlarda olmasē beklen r (Busanello ve ark., 2021).  

Asp rasyon ĸlem  sonrasēnda hastanēn ETT t¿p¿n¿n basēn­ yarasēna sebep olmamasē ­ n kafē 

nd r l p b rka­ sn beklend kten sonra kaf yen den ĸ ĸ r lmel d r (Baran et al., 2019). Ancak bu 

ĸlem hastanēn yanēndan ayrēlmadan, ETT t¿p¿ elden bērakēlmadan tamamlanmalēdēr. Aks  

takd rde stems z ext¿basyon sºz konusu olab l r. Ama bu d nlend rme ºnces  ­ok etk n b r aĵēz 

bakēmēnēn yapēlmēĸ olmasē ĸarttēr. Aks  takd rde vent latºr l ĸk l  pnºmon  (VĶP) gel ĸmes ne 

zem n hazērlanmēĸ olur (Klompas et al., 2022). VĶPôye engel olmak ­ n ster l asp rasyonun 

uygulanmasē ve etk n aĵēz bakēmē ­ok ºneml d r (Erdem, 2023; Howroyd ve ark., 2024; Semet, 

2023). 

 2.3. Aĵēz Bakēmē 

Aĵēz bakēmē aĵēz ­ ndek  d l, d ĸ, yanaklarēn tem zlenmes d r. Ama­ aĵēz ­  floranēn tem z 

kalmasē ve aĵēz ­ nde dokularda b¿t¿nl¿ĵ¿n korunmasēdēr.  Aĵēz ­ n n g¿nl¿k kontrol 

ed lmes  ºner l r. ¢¿nk¿ aĵēz ­  mukozasēnda oluĸab lecek problemler aĵēz ­nde yen  

bakter ler n oluĸmasēna ve VĶP gel ĸmes ne sebep olab l r. G¿nde en az 3 kez aĵēz bakēmē 

yapēlmalēdēr (Gºk ve Yurtseven, 2022; S mmons ve ark., 2024). Yoĵun bakēm ¿n teler nde aĵēz 

bakēmē ­ n l terat¿rde ºner len sol¿syonlar arasēnda klorheks d n, sodyum b karbonat, h drojen 

peroks t, sodyum klor¿r, pov don yot, t mol, l mon ve gl ser n yer almaktadēr. (A. A. dos 

Santos ve ark., 2024). Klorheks d n glukonat, bakter yostat k ve bakter s dal ºzell kler  

sayes nde aĵēz boĸluĵundak  canlē m krop sayēsēnē azaltan, ETT ve d ĸ etler nde b yof lm 

oluĸumunu ºnleyen ºzell ĵ  sebeb yle b r adēm ºne ­ēkmaktadēr (Gºk ve Yurtseven, 2022; 
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S mmons ve ark., 2024). Ent¿be hastalarda ETTôn n varlēĵē, kullanēlan la­lar, oral alēmēn 

olmamasē, aĵēz ­  sekresyonlarēn azalmasē,  aĵēz ­  ve dudaklarda oluĸan kuruluk/ 

nemlenmede azalma aĵēz bakēmēna ºzen gºster lmes n  zorunlu kēlar  (A. A. dos Santos ve ark., 

2024). Bunun yanēnda orofarenks ve m de ¿zer nden gelen sekresyon ve ­er kler, endotrakel 

t¿p¿n balonunun ger s nde b r keb l r. Balon trakeayē tamamen kapatamayab l r ve bu 

sekresyonlar akc ĵere ka­ab l r. Bu durumda zararlē m kro organ zmalar akc ĵere doĵru lerler 

ve VIPôye sebep olur. Buna engel olmak ­ n hem aĵēz bakēmē ­ok etk n yapēlmalē hem de 

subglot k  bºlgedek  sekresyonlar mutlaka asp re ed lmel d r (Coppadoro ve ark., 2019). 

2.4. Mekan k Vent latºrdek  Hastada C lt Bakēmē 

C lt b¿t¿nl¿ĵ¿n¿n korunmasē, yoĵun bakēm hastalarēnda hemĸ rel k bakēmēnēn temel 

unsurlarēndandēr. Basēn­ yaralarē hem f z ksel hem de ps koloj k a­ēdan hastayē olumsuz 

etk leyeb l r (Ata ve ark., 2021). B rey n c ld  tem z ve kuru tutulmalēdēr. Der  tem zl ĵ  ­ n 

kullanēlan malzemeler n pH deĵer  4,0-7,0 arasēnda olmalē ve ­ok sēcak/­ok soĵuk su le c lt 

tem zl ĵ  yapēlmamalēdēr. Der  bakēm sēklēĵē ve ¿r¿n se­ m  b rey n ht ya­larēna gºre bel rlen r. 

Tem zl k sonrasē c lt y ce kurulanmalē, ºzell kle kēvrēmlar neml  bērakēlmamalēdēr. Ķnkont nans 

neden yle dermat t r sk  taĸēyan hastalarda bar yer koruyucu kremler terc h ed lmel d r 

(Top­uoĵlu ve ark., 2020). Yatak ­arĸaflarē her zaman tem z, kuru, kērēĸēksēz, d¿zenl  ve gerg n 

olmalēdēr. Hastanēn yataĵēnda tedav  malzemeler  veya kablo g b  malzemeler basēn­ yarasē 

r sk n  artēracaĵē ­ n bulundurulmamalēdēr. Maske veya nazal kan¿lle oks jen alan hastalarēn 

y¿z bºlges ETT t¿p¿ bulunanlarēn t¿p tesp t bºlges basēn­ yarasē a­ēsēndan kontrol ed lmel d r 

(Sē→vrē→kaya ve Sar kaya, 2020) 

 

2.5. Mekan k Vent latºrdek  Hastada Doĵru Poz syonlama 

Vent latºre baĵlē olan hastalar harekets z ve yataĵa baĵēmlēdēr. Bu nedenle bu hastalarda 

yumuĸak doku zedelenmes n, eklem kontrakt¿r¿n¿, per fer k s n r sēkēĸmasēnē ve basēn­ 

yaralarēnē ºnlemek ­ n uygun poz syon ver lmel d r. Hastanēn baĸē gºvdes nden 30 derece 

kadar yukarēda olduĵu b r poz syon terc h ed l r. ¢¿nk¿ bu durumda hastanēn v¿cudunun 

yataĵa yaptēĵē basēn­ eĸ t daĵēlērken akc ĵerler n daha y  havalanmasē desteklenmekted r. 

Ancak bu poz syonun kard yopulmoner s steme olumsuz etk lern ºnlemek ­ n d kkatl  

olunmalēdēr. Hastanēn k  saate b r poz syonu deĵ ĸt r lmel  ve basē bºlgeler  desteklenmel d r. 

Bu uygulama, hastane kaynaklē pnºmon  ve atelektaz  g b  pulmoner kompl kasyonlarēn 

sēklēĵēnēn azalmasēna ve basēn­ yaralarēnēn engellenmes ne katkē sunar. Ķk  saatte b r yapēlan 

poz syonlama hastanēn aynē zamanda yatak ­ nde aralēklē olarak hareket ett r lmes n  de 

saĵlamēĸ olur (Jang ve ark., 2019). 

2.6. Mekan k vent latºrdek  hastada yatak ­  hareketl l ĵ n d¿zenlenmes 

Vent latºrde tak p ed len hastalar sedat ze olmalarē ve harekets z bulunmasē neden yle der n 

ven trombozu a­ēsēndan r sk altēndadēr. Bu hastalara der n ven trombozu prof laks s  

uygulanmasē ºner l r. Bu prof laks  hasta ­ n b r olumsuzluk ­erm yorsa uygulanēr. (Kurt ve 

Yazēcē, 2021).  Bu protokolde nonfarmakoloj k stratej ler ve/veya ant koag¿lan la­lar yer alēr 

(Ger dºnmez ve ark., 2023) Bunun yanēnda hastalara pas f ROM egzers zler n n yaptērēlmasē 

le hem hareketl l k desteklenmekte hem de kas g¿­s¿zl¿ĵ¿ ve kontrakt¿r r sk  

azaltēlab lmekted r. Bu nedenle g¿nde en az k  kez ROM egzers zler n n yaptērēlmasē ºner l r  

(Jang ve ark., 2019). 

3. SONU¢ 

Hemĸirelik yºnetmeliĵi hemĸirelere ventilatºre baĵlē hastanēn bakēmē ve takibi sorumluluĵunu 

y¿klemektedir. Bu nedenle hemĸirelerin hastasēnēn baĵlē olduĵu mekanik ventilatºr¿ iyi 
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tanēmasē, modlarēnē bilmesi, ve mekanik ventilatºre baĵlē hasta takibini ve bakēmēnē eksiksiz 

uygulamasē gerekir. Ventilatºr¿n ayarlanmasē ve modlarēn tercih edilmesi her ne kadar hekimin 

sorumluluĵunda olsa da hemĸirenin komplikasyonlarē engellemesi, alarmlarē anlayēp alarma 

sebep olan duruma ­ºz¿m ¿retmesi, hastanēn yaĸam bulgularēnēn ventilasyonla iliĸkisini 

deĵerlendirmek i­in ventilatºr¿ tanēmasē gerekir. Bu nedenle hastanēn 24 saat yanēnda bulunan 

ve takip eden hemĸirelerin ventilatºr¿ tanēmlarē ­ok ºnemlidir. Hemĸirelerin bu konuda 

farkēndalēĵēnēn artmasē ve bilgilerini g¿ncellemesi ile hemĸirelik giriĸimlerinin daha doĵru 

tercih edilmesi, bu giriĸimlerin daha doĵru uygulanmasēna katkē sunacaktēr. Doĵru hemĸirelik 

bakēmēnēn ventilatºrdeki hastanēn iyileĸmesine, komplikasyonlarēn azalmasēna, maliyete 

getirisi olmasē ka­ēnēlmazdēr. Hemĸirelerin zaten kullanēyor olduklarē ventilatºr¿ tanēyarak 

hastanēn takibini daha bilin­li yapmasē m¿mk¿n olacaktēr. 
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¥ZET 

Bu ­alēĸma, terapatik rekreasyonun bireylerin saĵlēĵēna etkilerini incelemeyi hedeflemektedir. 

¢alēĸmada, son 10 yēllēk ­alēĸmalar incelenerek bazēlarē esas alēnmēĸtēr. Bu ­alēĸmalarēn bazēlarē 

incelendiĵi zaman, terapatik rekreasyonun fiziksel, zihinsel ve sosyal saĵlēk ¿zerinde kapsamlē 

iyileĸtirmeler saĵladēĵēnē ortaya koymaktadēr. ¥zellikle ruhsal saĵlēk sorunlarē olan bireylerde 

doĵa temelli aktivitelerin stresi azalttēĵē ve motivasyonu artērdēĵē, nºrolojik hastalēklarda 

fiziksel aktivitelerin semptom yºnetimini desteklediĵi gºzlemlenmiĸtir. Kronik hastalēklē 

­ocuklar ve ailelerinde d¿zenlenen terapatik rekreasyonun kamplarēn sosyal uyumu 

g¿­lendirdiĵi, yaĸlēlarda ise programlarēn s¿re ve yoĵunluĵunun etkiyi doĵrudan artērdēĵē 

belirlenmiĸtir. Otizmli bireylerde egzersiz temelli uygulamalarēn iletiĸim becerilerini 

geliĸtirdiĵi, genel olarak rekreasyon aktivitelerinin yaĸam kalitesi ve refah d¿zeyini y¿kselttiĵi 

gºr¿lmektedir.  

 

Anahtar Kelimeler:  Terapatik, Rekreasyon, Saĵlēk 
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EFFECT OF THERAPEUTIC RECREATION ON INDIVIDUAL HEALTH  

 

ABSTRACT 

 

This study aims to examine the effects of therapeutic recreation on the health of individuals. In 

the study, studies from the last 10 years were examined and some of them were taken as basis. 

When some of these studies were examined, it was revealed that therapeutic recreation 

provided comprehensive improvements on physical, mental and social health. It was observed 

that nature-based activities reduced stress and increased motivation, especially in individuals 

with mental health problems, and physical activities supported symptom management in 

neurological diseases. It was determined that therapeutic recreation camps organized for 

children with chronic diseases and their families strengthened social harmony, and the duration 

and intensity of the programs directly increased the effect in the elderly. It was observed that 

exercise-based applications improved communication skills in individuals with autism, and 

recreation activities generally increased the quality of life and well-being. 

 

Keywords: Therapeutic, Recreation, Health 

 

1. GĶRĶķ 

Boĸ zaman, bireylerin g¿nl¿k zorunluluklardan (iĸ, eĵitim vb.) baĵēmsēz olduĵu ve ºzg¿rce 

tercih yapabildiĵi zaman dilimlerini ifade eder (Metin vd., 2013). Bu zaman dilimlerinde 

ger­ekleĸtirilen, kiĸinin fiziksel, zihinsel ve sosyal yenilenmesini saĵlayan aktiviteler ise 

"rekreasyon" olarak tanēmlanmaktadēr (Hazar, 2014). ¥zellikle iĸ yaĸamēnēn yarattēĵē stresle 

baĸa ­ēkmak i­in bireyler, boĸ zamanlarēnē dinlendirici, rahatlatēcē ve yeniden enerji kazandērēcē 

faaliyetlere (doĵa y¿r¿y¿ĸleri, sanat etkinlikleri vb.) katēlēm yoluyla deĵerlendirmektedir (Tel 

ve Kºksalan, 2008).  

Rekreasyon, bireyin kiĸisel ilgi ve yeteneklerine uygun, keyif aldēĵē sosyal, k¿lt¿rel veya 

sportif etkinliklere katēlēm yoluyla g¿nl¿k rutinin monotonluĵundan uzaklaĸmasēnē saĵlayan 

bir s¿re­tir. Bu s¿re­, bireyin toplumsal etkileĸimle kimlik geliĸtirmesine olanak tanērken, 

ºz¿nde i­sel motivasyonla ger­ekleĸen ve maddi kazan­tan baĵēmsēz olarak tasarlanan 

toplumsal uyumla ­eliĸmeyen faaliyetleri kapsar (Bucher, 1974).   
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Kºkeni Latince "recratio" (yenilenme, tazelenme) kelimesine dayanan rekreasyon, modern 

anlamda bireylerin serbest zamanlarēnda ºzg¿r iradeyle se­tikleri, fiziksel ve zihinsel 

yenilenmeyi hedefleyen t¿m aktiviteleri ifade eder (Kaba, 2009). 

Karak¿­¿k (2008), rekreasyonu ­eĸitli a­ēlardan altē ana grup sēnēflandērmēĸtēr. Bunlar: 

kurallarēna gºre (dinlenme, k¿lt¿rel, toplumsal, sportif, turizm, sanatsal), ­eĸitli se­eneklere 

gºre (yaĸ, faaliyete katēlan kiĸi sayēsē, zaman, kullanēlan mekan), hastalēklarēn i­eriĵine gºre 

(ticari, sosyal, uluslararasē, estetik, fiziksel) ve orman rekreasyonu olarak belirlenmiĸtir 

(Karak¿­¿k, 2008: 77-79).  

Terapatik rekreasyon ise, fiziksel, zihinsel veya duygusal ºzel gereksinimleri olan bireylerin 

saĵlēk parametrelerini iyileĸtirmek, yaĸam kalitelerini artērmak ve baĵēmsēzlēk d¿zeylerini 

y¿kseltmek amacēyla planlē aktiviteler (sanat terapisi, fiziksel egzersizler, sosyal etkileĸim 

programlarē vb.) kullanan, disiplinler arasē bir profesyonel uygulama alanēdēr (Carter vd., 

2003). Bu kapsamda, terapatik rekreasyon bireylerin yaĸamēnda anlam ve ama­ farkēndalēĵē 

geliĸtirerek, iyi oluĸlarēnē olumlu yºnde etkilemektedir (Dustin, 2000).  

Rekreasyonun b¿nyesinde kendine ait hizmet bºl¿m¿ bulunan terapatik rekreasyon alanē i­inde 

aynē ifadeyi kullanabiliriz. Rekreasyon, eski Mēsērlēlar ve Yunanlēlardan beri terapi ama­larla 

kullanēlērken (Frye ve Peters, 1972), terapatik rekreasyon mesleĵi Ķkinci D¿nya Savaĸēôndan 

sonra geliĸmeye baĸlamēĸtēr. Bir meslek olarak terapatik rekreasyonun baĸlangēcē, 1940'lar ve 

1950'lerde Ķkinci D¿nya Savaĸē'nēn ardēndan ger­ekleĸmiĸtir. O zamanlar hastane rekreasyonu 

olarak bilinen hizmet, Ķkinci D¿nya Savaĸē sērasēnda askeri hastanelerde hastaneye kaldērēlan 

askerler i­in programlar sunan Kēzēl Ha­ rekreasyon ­alēĸanlarē tarafēndan saĵlanmēĸtēr. 

Savaĸēn ardēndan, kēsa s¿re sonra Gaziler Ķdaresi Hastane sistemi i­inde benzer hizmetler 

geliĸtirilmiĸtir. Zihinsel engelliler i­in devlet psikiyatri hastanelerinde ve yatēlē devlet 

okullarēnda rekreasyon terapisi programlarēnēn oluĸturulmasēyla bu eĵilim hēzlanmēĸ (Austin, 

2004), ºzel gereksinimli bir­ok birey veya grubun fizyolojik, psikolojik ve sosyal ihtiya­larēnēn 

karmaĸēklēĵē ve birbirine baĵēmlēlēĵē fark edildikten sonra terapatik rekreasyon uzmanlaĸmēĸ, 

profesyonel bir alana dºn¿ĸm¿ĸt¿r (REBAH,2022). 

Ulusal Terapatik Rekreasyon Topluluĵu, terapatik rekreasyonu; engelli bireylerin ve ileri yaĸ 

grubundaki kiĸilerin yaĸam kalitesini y¿kseltmek, fiziksel ve zihinsel iĸlevselliĵi geliĸtirmek, 

baĵēmsēz yaĸam becerilerini desteklemek amacēyla tasarlanmēĸ destekleyici tedavi, eĵitim 

programlarē ve eĵlence temelli aktivitelerin sistematik bir ĸekilde uygulanmasē olarak 

tanēmlamaktadēr (NTRS 1990). Ayrēca, Karak¿­¿k 2008 yēlēnda yapmēĸ olduĵu bir ­alēĸmada, 
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terapatik rekreasyonun sadece engelliler i­in deĵildir; aynē zamanda gen­ ve yetiĸkin 

su­lularēn, mahkumlarēn, cezaevinden ­ēkmēĸ tutuklularēn topluma entegrasyonu, madde 

baĵēmlēlarēnēn rehabilitasyonu ve su­ iĸlemeye eĵilimli kiĸilerin topluma entegrasyonu i­in de 

kullanēldēĵēnē vurgulamēĸtēr (Karak¿­¿k, 2008). 

Terapatik rekreasyon teknikleri arasēnda hobi bah­eciliĵi ya da bah­e terapisi, T¿rkiyeôde ve 

d¿nyada ºnemli bir unsur olarak ºne ­ēkmaktadēr. Bu terapi tekniĵi ile yeni emekli bireyler 

yeniden ¿retim yapabilmenin ve baĸarē duygusunun hazzēnē yaĸamaktadērlar. Bu bireyler hobi 

bah­elerinde ­alēĸarak fiziksel olarak zinde kalmakta, kalp, damar saĵlēĵēnē ve kas, iskelet 

sistemini korumaktadērlar. Bah­e komĸularē ile sosyalleĸmekte, onlara tecr¿belerini aktarmakta 

ve psikolojik uyumu daha rahat saĵlayabilmektedirler. Diĵer taraftan bu bireyler hobi 

bah­eciliĵi ile uĵraĸarak hem fiziksel, psikolojik saĵlēklarēnē koruyarak saĵlēk sisteminin 

y¿k¿n¿ hafifletmekte hem de ¿reterek ekonomiye katkēda bulunmaktadērlar (Arslan ve Ekren, 

2017; Baĸ­ē, 2022). Terapatik rekreasyon tekniklerinden bir diĵeri sanat terapileridir. Sanat 

terapileri m¿zik, resim, heykel, dans ve drama gibi sanat dallarēyla ger­ekleĸtirilmektedir. 

Sanat terapilerinin amacē bireylerin kendini ºzg¿rce ifade etmesini saĵlayarak yaratēcēlēklarēnē 

ortaya ­ēkarmaktēr. Sanat terapileri davranēĸsal, geliĸimsel ve ruhsal gibi farklē hastalēklarēn 

tedavilerinde kullanēlabilmektedir (¥z ¢elikbaĸ, 2019). Bir diĵer terapatik rekreasyon tekniĵi 

el sanatlarē terapileridir. Emeklilik dºneminde yeni bir baĸlangē­ yapmakta zorlanan ve 

psikolojik olarak sorunlar yaĸayan, depresyon geliĸen yaĸlē bireyler el sanatlarē terapileri ile 

tedavi edilmektedir. Bu terapilerde psikolojik sorunlar yaĸayan yaĸlē bireyler kazaklar, atkēlar 

ve ĸapkalar ºrmekte, takēlar yapmakta ve bu sayede depresyondan uzak kalmaktadērlar 

(Dolling, Nilsson ve Lundell, 2017; Pºllªnen, 2009). 

Sahada engelli bireyler i­in en ­ok uygulanan tekniklerin y¿r¿y¿ĸ gruplarē, y¿zme gruplarē, 

spor organizasyonlarē, a­ēk hava kamp organizasyonlarē (Moxham ve ark, 2015) binicilik 

gruplarē, sanat ve zanaat etkinlikleri, tiyatro gruplarē (Litwiller ve ark, 2017) ile hayvan 

terapileri (Cirulli ve ark, 2011; Melson, 2003) olduĵu gºr¿lmektedir. Hayvanlarēn ­ocuklarēn 

sosyal, duygusal, biliĸsel ve zihinsel geliĸimi ¿zerindeki olumlu etkisi farklē ­alēĸmalarda tespit 

edilmiĸtir (Cirulli ve ark, 2011; Goddard ve Gilmer, 2015; Karayaĵēz Muslu ve Conk, 2011). 

Hayvan terapileri rett ve asperger sendromlu ­ocuklarda, konuĸma ve ºĵrenme g¿­l¿ĵ¿ 

bulunan ­ocuklarda, geliĸim geriliĵi ve bozukluĵu bulunan ­ocuklarda, dikkat eksikliĵi ve 

hiperaktif olan ­ocuklarda, otizm tanēsē alan ­ocuklarda, kardiyolojik sorunlara sahip 

­ocuklarda, psikolojik travma ge­iren ­ocuklarda, beyin felci (cerebral palsy) ve kanser tanēsē 

alan ­ocuklarda, diyabet gibi kronik rahatsēzlēĵa sahip ­ocuklarda ve cerrahi operasyon sonrasē 
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rehabilitasyon s¿recinde olan ­ocuklarda olumlu katkēlarē bulunmaktadēr (Karayaĵēz Muslu ve 

Conk, 2011; Yēldērēm, 2018). Hayvan terapilerinde daha ­ok kºpek, at, balēk ve kuĸ gibi 

hayvanlar engelli bireylerin terapilerinde yardēmcē olarak kullanēlmaktadēr. 

Engelli bireylerin katēlabilecekleri bazē uluslararasē spor aktiviteleri; koĸma, atlama, atma, 

pentatlon ve maratondan oluĸan, t¿m engel gruplarēndan sporcularēn katēlabildiĵi atletizm, 

fiziksel, gºrme ve zihinsel engelli grubuna giren t¿m sporcularēn katēlēm gºsterdiĵi binicilik, 

ampute, gºrme ve beyin felci engellerine sahip bireyler katēlabildiĵi bisiklet, kas kontrol¿n¿ 

ve konsantrasyonu geliĸtiren, beyin felci ge­iren bireylerin yoĵun katēlēm gºsterdiĵi boccia, 

tek veya takēm halinde yapēlan flºre, epe ve kēlē­ dallarēndan oluĸan eskrim, takēm haline 

oynanan futbol karĸēlaĸmalarē, gºrme engelliler tarafēndan oynanan goalball, gºrme engelli 

erkek sporcularēn katēldēĵē judo, tekerlekli sandalye ya da ayakta, tek veya takēm haline 

oynanabilen masa tenisi, ok­uluk, voleybol, basketbol, tenis ve y¿zme olarak ifade edilebilir 

(Ilkēm, 2019). Spor organizasyonlarē arasēnda ºnemli bir yer tutan futbol, ºzellikle zihinsel 

engelli bireyler ¿zerinde olumlu etkilere sahip olduĵu tespit edilmiĸtir. Futbol organizasyonlarē 

zihinsel engelli bireylerin fiziksel ve zihinsel geliĸimine ve becerilerine katkēda bulunmakta, 

ºz disiplinlerinin geliĸmesini ve sosyalleĸmelerini saĵlamaktadēr (A­ak ve Kurak, 2019). 

Terapatik rekreasyon tekniklerinden bir diĵeri sanat terapileridir. Sanat terapilerinde m¿zik, 

resim, heykel, dans ve drama gibi farklē sanat dallarē kullanēlmaktadēr. Sanat terapileri engelli 

bireylerin kendini ºzg¿rce ifade etmesini saĵlayarak yaratēcēlēklarēnē ortaya ­ēkarmayē 

ama­lamaktadēr (¥z ¢elikbaĸ, 2019).  

Terapatik rekreasyon, bireylerin saĵlēĵēnē ve yaĸam kalitesini artērmak amacēyla boĸ zaman 

aktivitelerinin terapatik bir yaklaĸēmla kullanēlmasēnē i­eren ºzel bir alandēr ve ºzellikle ºzel 

gereksinimli bireyler ile zihinsel saĵlēk sorunlarē yaĸayan bireylere yºnelik olarak 

uygulanmaktadēr. Ķyileĸme s¿recini teĸvik etmenin yanē sēra, sosyal baĵlarē g¿­lendirme, 

yaĸamda bir ama­ ve aidiyet duygusu kazandērma hedefiyle tasarlanan terapatik rekreasyon 

uygulamalarē, bireylerin kiĸisel iyileĸme yolculuklarēnē destekleme ve ­eĸitli iyi oluĸ 

alanlarēnda geliĸim saĵlama potansiyeliyle giderek daha fazla tanēnmaktadēr. Terapatik 

rekreasyon, fiziksel, duygusal ve sosyal iyi oluĸu geliĸtirme gibi terapatik hedeflere ulaĸmak 

amacēyla boĸ zaman aktivitelerinin kullanēlmasē olarak tanēmlanmakta olup, ruh saĵlēĵē 

iyileĸtirme programlarē, yaĸlēlar i­in g¿nl¿k saĵlēk merkezleri ve rehabilitasyon tesisleri gibi 

­eĸitli ortamlarda uygulanmaktadēr (Park et al., 2022; Jay et al., 2021; Banhidi el al., 2013). 
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D¿nya Saĵlēk ¥rg¿t¿ôn¿n yaptēĵē tanēma gºre saĵlēk; sadece bir hastalēĵēn bulunmayēĸē deĵil, 

bedenen, ruhen ve sosyal yºnden tam bir iyilik halidir. Saĵlēk kavramē óiyi oluĸ haliô olarak, 

hastalēk ise uzun yēllar boyunca ófiziksel rahatsēzlēkô olarak algēlanmēĸtēr. ¢oĵu yaklaĸēmda 

yalnēzca rahatsēzlēk hissedilen organa odaklanēlērken yēllar i­erisindeki s¿re­te bu yaklaĸēmdan 

uzaklaĸēlmasē gerektiĵi bireyin b¿t¿nc¿l olarak deĵerlendirilmesi gerektiĵi gºr¿ĸ¿ 

yaygēnlaĸtērēlmaya ­alēĸēlmēĸtēr (¥z, 2010). 

Saĵlēk a­ēsēndan rekreasyon, koruyucu saĵlēk hizmetleri kapsamēnda saĵlēklē olan bireylere ve 

iyileĸtirme hizmetleri kapsamēnda engelli ya da ihtiya­ duyan kiĸilere olmak ¿zere iki kēsēmda 

deĵerlendirilmektedir. Bu iyileĸtirme hizmetleri rekreasyon terapisi s¿reciyle y¿r¿t¿lmektedir. 

Rekreasyon terapisi, terapi s¿recinde yapēlan rehabilitasyon faaliyetleridir. Hastalēk ya da 

yetersizlik durumunda olan bireylere boĸ zamanlarēnda tedaviye destek ama­lē uygulanan 

rehabilitasyon faaliyetleridir. Rekreasyon terapistleri engeli olan bireylere kēsētlēlēklarēn 

ortadan kaldērēlmasē, hayattan zevk almak ve hayatlarēnē optimum d¿zeyde kendi baĸlarēna 

s¿rd¿rmek i­in ­eĸitli faaliyetler yaparlar. Kiĸinin engelini minimum seviyeye indirerek g¿nl¿k 

hayata hazērlamak, kiĸilerin ilgi alanlarēnē ve yeteneklerini ­eĸitlendirerek faydalē olmaya 

­alēĸērlar. (T¿t¿nc¿, 2012). 

Rekreasyon terapisi, bireylerin fiziksel, zihinsel veya sosyal engellerini aĸmalarēna yardēmcē 

olmak amacēyla planlē aktiviteler (spor, sanat, oyun vb.) aracēlēĵēyla rehabilitasyon s¿recini 

destekleyen bir tedavi yºntemidir. Bu s¿re­, hastalēk, yetersizlik veya kronik rahatsēzlēklarē 

olan bireylerin yaĸam kalitesini artērmayē, baĵēmsēzlēk d¿zeylerini y¿kseltmeyi ve sosyal 

entegrasyonlarēnē g¿­lendirmeyi hedefler. Rekreasyon terapistleri, bireylerin engellerini 

minimuma indirmek, yeteneklerini keĸfetmek ve g¿nl¿k yaĸama adaptasyonlarēnē 

kolaylaĸtērmak i­in kiĸiye ºzg¿ m¿dahale planlarē (hareket temelli egzersizler, yaratēcē drama, 

sosyal etkileĸim programlarē) tasarlar. Bu yaklaĸēm, engelli bireylerin fiziksel, sosyo-k¿lt¿rel 

ve psikolojik geliĸimlerine doĵrudan katkē saĵlar (D¿lger Baki, 2006). 

Rekreasyon Terapisinin Temel Ķĸlevleri (Kozan, 2006): 

Yaĸam Kalitesi ve Saĵlēk Parametrelerinde Ķyileĸme: 

¶ Fiziksel kapasiteyi artērma (kuvvet, denge, esneklik). 

¶ Psikolojik iyilik hali (ºzg¿ven, motivasyon, stres yºnetimi). 

¶ Biliĸsel becerilerde geliĸim (odaklanma, problem ­ºzme). 

Sosyal ve Duygusal Destek: 
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¶ Sosyal becerileri g¿­lendirme (iletiĸim, takēm ­alēĸmasē). 

¶ Yaratēcēlēk ve hayal g¿c¿n¿ teĸvik etme. 

¶ Aile ve refakat­ilerin moral desteĵini dolaylē olarak artērma. 

Rehabilitasyon S¿recinin Optimizasyonu: 

¶ Uzun vadeli fiziksel/ruhsal gerilemeleri ºnleme. 

¶ ¥zel eĵitim ile g¿nl¿k yaĸam arasēnda kºpr¿ kurma. 

¶ Terapi s¿resini kēsaltarak tedavi etkinliĵini artērma. 

Uygulama Alanlarē: 

¥zellikle uzun s¿reli hastanede yatan bireyler, kronik hastalēklarē (diyabet, kanser, nºrolojik 

bozukluklar) olanlar ve s¿rekli tēbbi takip gerektiren gruplar, rekreasyon terapisi ile tedaviye 

uyumlarēnē ve yaĸam enerjilerini koruyabilmektedir. 

 

2. LĶTERAT¦RDEKĶ ¢ALIķMALAR 

Picton ve arkadaĸlarēn 2020 yēlēnda yaptēklarē ­alēĸmada, ruhsal hastalēĵē olan kiĸilerin a­ēk 

hava doĵa temelli terapatik rekreasyonu keyifli olarak algēladēklarēnē ve terapatik rekreasyonun 

ruhsal saĵlēĵa olumlu bir katkē saĵladēĵēnē belirlemiĸtir (Picton ve ark, 2020).  

Gharpure ve arkadaĸlarēn 2024 yēlēnda yaptēklarē ­alēĸmada, yoga ve Tai-chi'nin ardēndan 

Qigong ve dansēn, PD'li bireylerde NMS'leri hafifletmede d¿zenli fizyoterapi m¿dahalelerine 

etkili terapatik yardēmcēlar olduĵunu gºstermektedir (Gharpure ve ark. 2024). 

Rea ve arkadaĸlarēnēn 2019 yēlēnda yaptēklarē ­alēĸmada, rekreasyonel kampa katēlēmēnēn 

ebeveyn ve kardeĸlerin psikososyal sonu­larēnda olumlu deĵiĸikliklere sebep olduĵu tespit 

edilmiĸtir. Ek olarak, ebeveynlerin kampēn bir sosyal destek alanē ve g¿nl¿k yaĸamdan 

uzaklaĸma yeri olduĵunu belirtirken, kardeĸlerin kamptan keyif aldēklarēnē ve ait olma bilinci 

kazandēklarēnē ifade ediyorlar (Rea ve ark. 2019). 

Saez ve arkadaĸlarēnēn 2022 yēlēnda yaptēklarē ­alēĸmada, ­ocukluk ­aĵēnda baĸlayan sistemik 

lupus eritematozlu (cSLE) gen­lerin ve ebeveynlerinin bu baĸarēlē, terapatik rekreasyon 

kamplarēnēn bir­ok olumlu etkisi tespit edilmiĸtir. Akran iliĸkileri sayesinde sosyal destek 

saĵlanērken, akran modellemesi aracēlēĵēyla geliĸmiĸ uyum, genel ºz yeterlilikte artēĸ ve hasta 

deneyimine iliĸkin daha iyi ebeveyn i­gºr¿s¿ saĵladēĵē gºr¿lm¿ĸt¿r (Saez ve ark. 2022). 
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Kim ve arkadaĸlarēnēn 2020 yēlēnda yaptēklarē ­alēĸmada, terapatik rekreasyon programēnēn 

yaĸlēlarda olumlu deĵiĸiklikler getirmede etkili olduĵu, programēn sosyal/duygusal alanda, 

ardēndan fiziksel alanda ve biliĸsel alanda nispeten y¿ksek bir etkisi olduĵu, programēn zamanē 

ve s¿resi program etkinliĵi ¿zerinde bir etkiye sahip olduĵu ve bu s¿re ve zaman ne kadar 

y¿ksekse, etkininde o kadar y¿ksek olduĵunu belirlemiĸlerdir (Kim ve ark. 2020). 

Aksoyô un 2020 yēlēnda yaptēĵē ­alēĸmada, fiziksel aktivitenin otizmli ­ocuklarēn sosyal 

becerilerine anlamlē katkēlar sunduĵunu tespit etmiĸtir (Aksoy, 2020). 

Yarēmkaya ve arkadaĸlarēnēn 2017 yēlēnda yaptēklarē ­alēĸmada, egzersiz temelli uygulamalarēn 

otizmli bireylerin iletiĸim becerileri ¿zerinde olumlu deĵiĸimler saĵladēĵēnē tespit etmiĸtir 

(Yarēmkaya ve ark. 2017). 

¢etinerôin 2019 yēlēnda yaptēĵē ­alēĸmasēnda, rekreasyon aktivitelerinin bireyin saĵlēk ve refah 

d¿zeyi ¿zerinde olumlu etkileri bulunduĵu tespit edilmiĸtir (¢etiner, 2019). 

Arslanô ēn 2019 yēlēnda yaptēĵē ­alēĸmasēnda, zihinsel engelli bireyler ¿zerinde uygulanan 

drama programē ile zihinsel engelli bireylerin sosyal becerinin geliĸtiĵi ve ince motor 

becerilerinde iyileĸmeler olduĵu tespit edilmiĸtir. (Arslan, 2019). 

Uzun ve Kēlēn­ tarafēndan 2020 yēlēnda yapēlan bir ­alēĸmada, down sendromlu bireylerin 

m¿zik dinlemeyi, dans etmeyi, resim yapmayē, kesmeyi ve yapēĸtērmayē severek yaptēklarē 

gºzlenmiĸtir. Bu terapatik uygulamalar sonucunda engelli bireylerin bir grubun par­asē olarak 

hareket etme yeteneklerinin geliĸtiĵi, sosyalleĸtikleri ve saldērgan davranēĸ sergilemelerinde 

belirgin azalmalar tespit edilmiĸtir (Uzun ve Kēlēn­, 2020). 

3. Y¥NTEM 

¢alēĸmamēz, terapatik rekreasyonun ve saĵlēk kavramlarēnēn birbirleriyle iliĸkisinden yola 

­ēkēlarak hazērlanmēĸtēr. Ķlk olarak terapatik, terapºtik, terapºtik rekreasyon kavramlarē 

belirlenmiĸtir. Belirlenen bu kavramlarla ilgili, son 10 yēllēk ­alēĸmalar incelenerek bazēlarē 

esas alēnmēĸtēr. Ulaĸēlan kaynaklar incelenerek ­alēĸma tamamlanmēĸtēr. 

 

4. GENEL DEĴERLENDĶRME, SONU¢ VE ¥NERĶLER 

Sonu­ olarak, terapatik rekreasyonun bireylerin fiziksel, zihinsel ve sosyal saĵlēklarē ¿zerinde 

iyileĸtirici etkileri olduĵu gºr¿lm¿ĸt¿r. Doĵa temelli aktiviteler, ruhsal saĵlēk sorunlarēnda 

stresi azaltērken, nºrolojik hastalēklarda fiziksel aktiviteler semptom yºnetimini 

desteklemektedir. Kronik hastalēklē ­ocuklar ve aileleri i­in d¿zenlenen rekreasyonel kamplar, 
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sosyal uyumu g¿­lendirmekte; yaĸlēlarda ise programlarēn s¿re ve yoĵunluĵu arttēk­a olumlu 

etkiler daha belirgin hale gelmektedir. Otizmli bireylerde egzersiz temelli uygulamalarēn 

iletiĸim becerilerini geliĸtirdiĵi gºr¿lm¿ĸt¿r. Genel olarak, terapatik rekreasyonun yaĸam 

kalitesini ve refah d¿zeyini y¿kselttiĵi gºzlemlenmiĸtir. Bu bulgular, saĵlēk politikalarēnda 

terapatik rekreasyona daha geniĸ yer verilmesi ve nitelikli uzmanlarēn yetiĸtirilmesi gerektiĵini 

ortaya koymaktadēr. Terapatik rekreasyon, bireylerin "tam iyilik hali"ni destekleyen ­ok yºnl¿ 

bir ara­ olarak ºne ­ēkmaktadēr. 

¥neriler 

Á Terapatik rekreasyon programlarē, ulusal ve yerel saĵlēk politikalarēnda sistematik bir 

ĸekilde yer almalēdēr. Kronik hastalēklē bireyler, yaĸlēlar, otizm spektrumundaki kiĸiler 

gibi gruplar i­in bu programlara ayrē b¿t­eler ayrēlmalē ve sigorta kapsamēna 

alēnmalēdēr. ¥rneĵin, doĵa temelli aktivitelerin ruh saĵlēĵē hizmetleriyle entegre 

edilmesi teĸvik edilmelidir. 

Á Farklē hasta gruplarēna (nºrolojik hastalēklar, kronik ­ocuklar, yaĸlēlar vb.) yºnelik 

kanēta dayalē standart uygulama kēlavuzlarē geliĸtirilmelidir. ¥zellikle yaĸlēlarda 

program s¿resi ve yoĵunluĵunun etkisini artērmak i­in kiĸiye ºzel fiziksel aktivite 

planlarē oluĸturulmalēdēr. 

Á Toplumun sosyok¿lt¿rel yapēsēna uygun, eriĸilebilir ve kapsayēcē programlar 

tasarlanmalēdēr. ¥rneĵin, gº­men gruplar veya kērsal bºlgelerdeki bireyler i­in dil ve 

altyapē engellerini aĸan rekreasyonel kamplar d¿zenlenmelidir. Aile katēlēmēnē artēran 

aktivitelerle kronik hastalēklē ­ocuklarēn sosyal uyumu desteklenmelidir. 

Á Terapatik rekreasyon alanēnda fizyoterapistler, psikologlar, sosyal hizmet uzmanlarē 

ve rekreasyon terapistlerinden oluĸan ekiplerin iĸ birliĵi teĸvik edilmelidir. 

¦niversitelerde bu alana ºzel sertifika programlarē a­ēlmalē ve saha deneyimi olan 

uzmanlar yetiĸtirilmelidir. 

Á Dezavantajlē gruplarēn terapatik rekreasyona eriĸimini kolaylaĸtērmak i­in ¿cretsiz 

kamplar, ĸehir parklarēnda rehberli aktiviteler ve dijital platformlarda sanal 

programlar (online yoga, egzersiz rehberleri vb.) yaygēnlaĸtērēlmalēdēr. Otizmli 

bireylerde iletiĸim becerilerini geliĸtiren egzersiz temelli uygulamalarēn okul ve aile 

merkezlerinde tanētēmē yapēlmalēdēr. 

KAYNAK¢A 
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ABSTRACT 

Food secur ty s a cr t cal top c w th mpl cat ons for global health, soc o-econom c stab l ty 

and env ronmental susta nab l ty. Th s study uses b bl ometr c methods to analyse the academ c 

l terature on food secur ty n order to dent fy key trends, nfluent al publ cat ons and emerg ng 

areas of research n the f eld. By analys ng a comprehens ve dataset of scholarly art cles from 

the Web of Sc ence database, the study dent f es the most c ted papers, lead ng authors and 

prom nent nsttut ons contr but ng to food secur ty research. Us ng the Web of Sc ence 

database, we dent f ed all or g nal art cles on food secur ty between 2015 and 2024. After 

collect ng b bl ograph c and c tat on data, keywords, c tat on networks and co-c tat ons related 

to food secur ty, the analys s was performed us ng VOSv ewer software. A total of 9,677 

art cles were retr eved from the Web of Sc ence database. The art cles were c ted a total of 

75,221 t mes (68,655 t mes exclud ng self-c tat ons). The year w th the most c tat ons was 2024 

(35,859). The H rsch ndex was 125. The lead ng country n terms of the number of art cles 

publ shed was the USA (n = 3,655). The most act ve f eld of research was 'Publ c 

Env ronmental Occupat onal Health' (n = 1.789). The most prol f c publ sher was Elsev er (n 

= 1,846). The journal w th the most art cles publ shed was Food Securēty (n: 280).  In 

conclus on, th s b bl ometr c analys s not only prov des a h stor cal overv ew of the 

development of the f eld, but also offers valuable ns ghts nto future research d rect ons and 

pol cy mpl cat ons for ach ev ng global food secur ty. 

Keywords: B bl ometr cs, Food Secur ty, Food Insecur ty 
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1. INTRODUCTION 

Food security continues to be one of the most pressing global challenges, with implications for 

public health, economic stability and the sustainability of the environment (1). Food security 

is defined by the United Nations as the ability of all people to have access to sufficient, safe 

and nutritious food at all times (2). It is influenced by factors such as agricultural productivity, 

socio-economic disparities, climate change and political stability (3, 4). Over the past decades, 

research on food security has developed as a response to an increasingly complex and 

interdependent world, covering topics from food production systems and access to the social 

and political dimensions of food distribution and consumption (5, 6, 7, 8). 

Food security is becoming increasingly urgent due to population growth, urbanisation and 

climate-related disruptions (9). However, despite the volume of studies, developing research 

themes, identifying key focus areas and recognising influential contributions in the field remain 

underexplored. Bibliometric analysis offers valuable insights into the evolution of food security 

research, as it is a powerful tool for examining scientific literature through quantitative 

measures (10). Bibliometrics provides a comprehensive understanding of how food security 

research has evolved and highlights emerging areas of interest that could shape future research 

agendas by analysing trends, themes and influential studies. 

The aim of this study is a bibliometric analysis of food security research, a systematic 

examination of the academic literature from a global perspective. Through this analysis, we 

seek to identify key areas of research, highlight trends and shifts in focus, and identify key 

contributors to the field. Ultimately, this article provides insights that can inform policy 

decisions, academic pursuits, and practical applications in global food systems, and offers a 

clearer roadmap for future food security research. 

2. MATERIALS AND METHODS 

2.1. Research Design and Search Methodology  

A bibliographic review, which is a retrospective study, was performed using the bibliometric 

analysis method (11). The Web of Science Core Collection (WoSCC) electronic database, 

which provides a comprehensive and consistent collection of exportable data and is widely 

used by scientists, was used to construct the literature dataset. As the WoSCC has a long history 

as a trusted source for biomedical research and provides a strong and reliable basis for research, 

it was chosen as the main data source for the study. Its ability to provide thorough citation data 

was highlighted. 
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2.2. Data Collection. 

The search terms for data retrieval were ñfood securityò OR ñfood insecurityò (title). To 

eliminate bias and to account for the frequent updates of the WoSCC database, the literature 

search was conducted in a single day (11 February 2025). The search was conducted from 2015 

to 11 February 2025. 

2.2.1 Standards for Study Selection 

A total of 13,729 articles were identified by a thorough search of the WoSCC using the terms 

food security OR food insecurity (title). The search was then refined by excluding review 

articles, case reports, editorials, notes, conference summaries, proceedings, letters, book 

chapters, and proofs from the document type tab, yielding 9,787 records. The year 2025 was 

then removed from the analysis due to a lack of comprehensive data, resulting in a total of 

9,677 results. The titles and abstracts were then checked, giving a total of 9,677 results.  

2.2.2. Data collection 

Record titles, years of publication, names of journals in which the research was published, 

names of authors, keywords, names of institutions with which the authors were affiliated and 

countries of origin were considered essential and extracted in plain text format. The total 

number of articles and the total number of citations retrieved from the WoSCC database were 

taken into account in the analysis. The WoS publications were saved as a .txt file and then 

exported into Microsoft Office Excel 2019 (Los Angeles, CA, USA) for further analysis. 

2.3. Network analyt cs 

Th s b bl ometr c study used VOSv ewer (vers on 1.6.10, Le den Un vers ty, The Netherlands) 

to mport data and dent fy trends, collaborat ons and notable f nd ngs. The software was also 

used to collect and rev ew data on authorsh p, l nks, keywords, c tat ons and themat c words. 

The programme ass sted n the analys s of keywords, co-occurrences, c tat ons, co-authorsh p 

and co-c tat ons. 

3.RESULTS 

Dur ng the study per od from 2015 to 2024, publ cat ons were produced n four languages. The 

most common language used was Engl sh (Table 1). 
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Table 1. The languages n wh ch art cles were publ shed. 

Languages Record Count % of 9.677 

Engl sh 9.427 97.417% 

Span sh 107 1.106% 

Portuguese 72 0.744% 

Russ an 31 0.320% 

French 21 0.217% 

German 3 0.031% 

Ital an 3 0.031% 

Indones an 2 0.021% 

Malay 2 0.021% 

Turk sh 2 0.021% 

Ukra n an 2 0.021% 

Dan sh 1 0.010% 

Japanese 1 0.010% 

Norweg an 1 0.010% 

Slovak 1 0.010% 

Welsh 1 0.010% 

 

A total of 183 countr es/reg ons have been publ shed n the per od from 2015 to 2024. The ten 

countr es w th the most publ cat ons are shown n F gure 1. 

 

 

F gure 1. Most product ve countr es 

Over the course of the study, wh ch ranged from 2015 to 2024, 129 ndependent research areas 

were d scovered. Table 2 shows the most ntens vely explored areas. 
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Tablo 2. Most act ve research areas 

Research Areas Record Count % of  9.677 

Publ c Env ronmental Occupat onal Health 1.789 18.487% 

Env ronmental Sc ences Ecology 1.531 15.821% 

Nutr t on D etet cs 1.349 13.940% 

Agr culture 1.29 13.331% 

Food Sc ence Technology 1.112 11.491% 

Sc ence Technology Other Top cs 967 9.993% 

Bus ness Econom cs 960 9.920% 

Development Stud es 383 3.958% 

Soc al Sc ences Other Top cs 271 2.800% 

General Internal Med c ne 225 2.325% 

Show ng f rst 10 out entr es 

 

In the years between 2015 and 2024, a total of 7.763 aff l at ons have been publ shed. F gure 2 

presents the aff l at ons of the ten journals w th the h ghest number of publ cat ons.  

 

F gure 2. Most prol f c aff l at ons  
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Between 2015 and 2024, ten entr es were detected, represent ng 664 d fferent publ shers. Table 

3 l sts the most prol f c publ shers. 

Tablo 3. Most prol f c publ shers 

Publ shers Record Count % of 9.677 

Elsev er 1.846 19.076% 

Spr nger Nature 1.387 14.333% 

Taylor & Franc s 954 9.858% 

Mdp 884 9.135% 

W ley 701 7.244% 

Sage 328 3.389% 

Cambr dge Un v Press 326 3.369% 

Front ers Med a Sa 270 2.790% 

Emerald Group Publ sh ng 190 1.963% 

Oxford Un v Press 165 1.705% 

Show ng f rst 10 out entr es 

A total of 2.643 art cles have been publ shed on the top c. Table 4 ncludes the 10 journals w th 

the most publ cat ons. 

Tablo 4. Journals publ sh ng the most art cles   

Journals Record 

Count 

% of 9.677 

Food Securty 280 2.893% 

Susta nab lty 261 2.697% 

Nutrents 206 2.129% 

Publ c Health Nutr ton 203 2.098% 

Journal of Hunger Envronmental Nutr ton 158 1.633% 

Plos One 154 1.591% 

Front ers n Sustanable Food Systems 132 1.364% 

Internat onal Journal of Env ronmental Research and Publc Health 127 1.312% 

Bmc Publc Health 123 1.271% 

Global Food Securēty Agrēculture Pol cy Econom c and Envēronment 113 1.168% 

Show ng 10 out of entr es 
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The evaluated art cles generated a total of 75,221 c tat ons (of wh ch 68,655 were self-

c tat ons), g v ng an average h- ndex of 125. H ghest number of c tat ons (35,859) and 

publ catons (1,460) was found n 2024 (F gure 3). 

 

  

F gure 3. Publ cat on and c tat on frequency  

As shown n F gure 4, our b bl ometr c study has revealed the most frequently used keywords. 

It was found that the font s ze of the keywords was closely proport onal to the frequency w th 

wh ch they were repeated n the art cles.

 

Fgure 4. Keyword v sual zat on map of art cles  
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The s ze of the bubbles was proport onal to the amount of research done n each country n the 

network representat on of b bl ograph c coupl ng between nat ons. The w dth of the l nes 

connect ng the countr es nd cates the degree to wh ch they are l nked, wh le the colours of the 

l nes nd cate the cluster to wh ch each country s ass gned. For th s study, we have ncluded at 

least one document and one c tat on from each country (F gure 5). 

 

Fgure 5.  Network v sual sat on of b bl ograph c coupl ng between countr es 

The relat onsh p between authors w th at least f ve publ cat ons and at least f ve c tat ons s 

shown n F gure 6. 
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 Fgure 6. The relat onsh ps between authors 

 

4. DISCUSSION 

Th s b bl ometr c analys s exam nes the chang ng landscape of food secur ty research over the 

per od 2015-2024. There has been a s gn f cant ncrease n the volume of publ cat ons and 

c tat ons, w th 2024 be ng a part cularly notable year, suggest ng an ncrease n global attent on 

to food secur ty, poss bly n response to the challenges of cl mate change, populat on growth 

and the COVID-19 pandem c as seen n the l terat¿re (12, 13). In l ne w th ts prom nent role 

n global food pol cy and research nst tut ons, the Un ted States led the f eld n terms of 

publ cat on output. However, a grow ng global recogn t on of food secur ty ssues, part cularly 

n reg ons w th h gh levels of food nsecur ty, s nd cated by the h gh number of c tat ons from 

countr es such as Ch na and Ind a (14, 15). Ch na and Ind a, both develop ng nat ons w th large 

populat ons and econom es, have the r l m tat ons (16). 

The most act ve research areas dent f ed were publ c env ronmental and occupat onal health, 

env ronmental sc ences and ecology, w th a strong focus on nutr t on and food systems. Th s 

suggests that food secur ty s ncreas ngly be ng stud ed n a mult d sc pl nary context, 

encompass ng not only agr cultural product on but also env ronmental sustanab l ty, health 

and soc o-econom c development. The prom nent role of journals such as Food Secur ty and 

Susta nab l ty h ghl ghts the mportance of publ sh ng n spec al sed journals to reach a w der 

aud ence of stakeholders, from academ cs to pol cy makers and nternat onal organ sat ons. 
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Furthermore, the use of VOSv ewer to analyse keywords and c tat on networks revealed the 

key themes shap ng food secur ty research, such as adaptat on to cl mate change, res l ence of 

food systems and the ntegrat on of food secur ty nto susta nable development goals. The 

evolut on of the research shows a clear sh ft from the trad t onal focus on food product on and 

access to food to a more hol st c approach that ncludes the env ronmental and soc al 

d mens ons of food secur ty. Th s s n l ne w th a w der sh ft n the academ c and pol cy 

landscape, where food secur ty s no longer seen as an exclus vely agr cultural challenge, but 

as a complex, nterrelated ssue that requ res collaborat ve, nterd sc pl nary solut ons. 

F nally, th s b bl ometr c analys s h ghl ghts the need for cont nued global collaborat on. 

Countr es w th strong research outputs, such as the US and those n Europe, need to foster 

partnersh ps w th emerg ng research centres n As a, Afr ca and Lat n Amer ca to create a more 

comprehens ve, globally coord nated effort. The f nd ngs of th s study are cr t cal n gu d ng 

future research, help ng researchers dent fy emerg ng trends, and focus ng attent on on key 

pol cy and susta nab l ty challenges n food secur ty. As the research f eld evolves, t w ll be 

mportant to address gaps, part cularly n the areas of soc o-econom c nequal t es, access to 

nutr t ous food, and the mpact of cl mate change on food systems. 

5. CONCLUSION 

Th s b bl ometr c analys s prov des valuable ns ghts nto the evolv ng f eld of food secur ty 

research from 2015 to 2024. Influenced by factors such as cl mate change, soc o-econom c 

d spar t es and pol t cal nstab l ty, the s gn f cant ncrease n publ cat ons and c tat ons reflects 

the grow ng global attent on to food secur ty ssues. The study h ghl ghts key research areas 

such as env ronmental health, food system res l ence and how food secur ty ntersects w th 

susta nable development, suggest ng a sh ft towards more nterd scpl nary approaches. Go ng 

forward, foster ng global collaborat on and focus ng on emerg ng challenges w ll be essent al 

to address the complex and nterconnected nature of food secur ty and ensure a susta nable and 

equ table food system for the future. 

Lm tat ons  

A l m tat on of th s study s ts rel ance on the Web of Sc ence database, wh ch may have 

excluded some relevant art cles from other databases or grey l terature, and thus may have 

om tted mportant perspect ves on food secur ty research. The exclus on of rev ew art cles, case 

reports and other document types may have resulted n the under-representat on of certa n 
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research trends or rev ews that could complement pr mary research f nd ngs. In add t on, the 

study only ncludes publ cat ons n Englsh and a few other languages, wh ch may exclude 

mportant contr but ons from non-Engl sh speak ng reg ons. The use of c tat on counts and h-

ndexes as key metr cs may not fully capture the qual tat ve mpact of research. These metr cs 

tend to favour older, w dely c ted stud es over newer, nnovat ve work. F nally, the analys s 

per od of 2015 to 2024 l m ts the study's ab l ty to prov de a comprehens ve v ew of the long-

term development of the f eld, as t may not fully account for h stor cal sh fts n food secur ty 

research. 
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Abstract 

M lk consumpt on s a complex and w dely stud ed top c w th s gn f cant mpl cat ons for 

global health, nutr t on and the da ry ndustry. Th s b bl ometr c analys s exam nes the 

extens ve l terature on m lk consumpt on to map the evolut on of research trends, dent fy key 

themes and spotl ght nfluent al stud es. Us ng the Web of Sc ence database, we dent f ed all 

or g nal art cles on m lk consumpt on between 2015 and 2024. After collect ng b bl ograph c 

and c tat on data, keywords, c tat on networks and co-c tat ons related to m lk consumpt on, 

the analys s was performed us ng VOSv ewer software. A total of 552 art cles were retr eved 

from the Web of Sc ence database. The art cles were c ted a total of 6,459 t mes (6,305 t mes 

exclud ng self-c tat ons). The year w th the most c tat ons was 2024 (1.354). The H rsch ndex 

was 41. The lead ng country n terms of number of art cles publ shed was the USA (n = 100). 

The most act ve f eld of research was "nutr t on and d etet cs" (n = 162). The most prol f c 

publ sher was Elsev er (n = 110). The journal w th the most art cles publ shed was "nutrēents" 

(n: 29).  In conclus on, th s b bl ometr c study prov des a comprehens ve overv ew of the 

research landscape on m lk consumpt on, prov d ng valuable ns ghts nto current trends and 

spotl ght ng areas for future research. 

Keywords: M lk consumpt on, b bl ometr c analys s, d etary patterns, da ry product on 
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1. INTRODUCTION 

M lk, a cornerstone of the global food supply, s recogn sed for ts r ch nutr t onal prof le and 

ts mportance n the d ets of populat ons worldw de. As a source of essent al nutr ents such as 

calc um, prote n and v tam ns, m lk plays a cruc al role n promot ng health and well-be ng, 

part cularly n develop ng reg ons where t serves as a pr mary source of food (1). Beyond ts 

nutr t onal value, however, m lk consumpt on s l nked to a w de range of econom c, cultural 

and env ronmental factors that vary across reg ons and soc et es (2).  

In recent decades, s gn f cant sh fts n m lk consumpt on patterns have emerged, nfluenced by 

var ous factors nclud ng d etary preferences, health percept ons, susta nab l ty concerns and 

emerg ng alternat ves such as plant-based m lk (3). Understand ng these changes has led to a 

grow ng body of research that focuses on the mpl cat ons of m lk consumpt on from a var ety 

of perspect ves-publ c health, consumer behav our, agr cultural pract ces and env ronmental 

susta nab l ty (4). Desp te the expans ve nature of th s f eld, a comprehens ve overv ew of the 

research landscape, part cularly through a b bl ometr c lens, rema ns scarce. 

B bl ometr cs, the quant tat ve analys s of sc ent f c publ cat ons, prov des a powerful tool for 

mapp ng trends, dent fy ng key areas of research and uncover ng emerg ng themes w th n a 

g ven f eld (5). By analys ng the sc ent f c output related to m lk consumpt on, th s study a ms 

to prov de a comprehens ve ns ght nto the evolv ng sc ent f c d scourse on th s top c. Through 

a b bl ometr c analyss, we are able to dent fy the most nfluent al papers, the lead ng authors, 

the dom nant research themes and the geograph cal trends n the research on m lk consumpt on. 

Th s art cle a ms to h ghl ght the follow ng trends n m lk consumpt on research. It h ghl ghts 

key developments and prov des a framework for understand ng future d rect ons n th s cr t cal 

area. The f nd ngs a m to contr bute to both academ c knowledge and pract cal appl cat ons, 

offer ng valuable ns ghts to researchers, pol cymakers, and ndustry stakeholders nvolved n 

the food sc ence and da ry sectors. 

2. MATERIALS AND METHODS 

2. 1. Research Design and Search Methodology  

The bibliometric analysis method was used to conduct a bibliographic review, which is a 

retrospective study (5). The Web of Science Core Collection (WoSCC) electronic database, 

which provides a comprehensive and consistent collection of exportable data and is widely 
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used by scientists, was used to construct the literature dataset. As the WoSCC has a long history 

as a trusted source for biomedical research and provides a strong and reliable basis for research, 

it was chosen as the main data source for the study. Its ability to provide thorough citation data 

was highlighted. 

2. 2. Data Collection. 

Milk consumption  OR Raw milk consumption  OR Cow milk consumption  OR Heated milk 

consumption (Title) were used as search terms to retrieve data. To eliminate bias and to account 

for the frequent updates of the WoSCC database, the literature search was conducted in a single 

day (11 February 2025). The search was conducted between 2015 and 11 February 2025. 

2.2.1 Standards for Study Selection 

A thorough search of WoSCC using the terms milk consumption OR raw milk consumption 

OR cow's milk consumption OR heated milk consumption (title) yielded a total of 744 items. 

The search was then narrowed by excluding review articles, case reports, editorial material, 

notes, meeting abstracts, proceedings, letters, book chapters and corrections from the document 

type tab, resulting in 554 hits. The year 2025 was then excluded from the analysis due to a lack 

of comprehensive data, resulting in a total of 552 results. The titles and abstracts were then 

reviewed, giving a total of 552 results, as shown in Table 1.  

Table 1. Search Algorithm 

Search Criteria  Result 

Count 

Initial search  744 

After selecting the document type 554 

After excluding articles published in 2024 552 

 

2.2.2. Data collection. 

The data described as essential and extracted in plain text format included record titles, 

publication years, names of journals in which the research was published, author names, 

keywords, names of institutions with which the authors were affiliated and countries of origin. 
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The total number of articles and citations retrieved from the WoSCC database was included in 

the analysis. The WoS publications were saved as TXT files and then exported to Microsoft 

Office Excel 2019 (Los Angeles, CA, USA) for further analysis. 

2.3. Network analyt cs. 

In th s b bl ometr c study, VOSv ewer (vers on 1.6.10, Le den Un vers ty, The Netherlands) 

was used to mport data and dent fy future trends, collaborat ve networks and notable f nd ngs. 

The software was also used to collect and rev ew data on authorsh p, l nks, keywords, c tat ons 

and themat c words. The programme ass sted n the analys s of keywords, co-occurrences, 

c tat ons, co-authorsh p and co-c tat ons. 

3. RESULTS 

Publ cat ons n four languages were created dur ng the study per od, wh ch lasted from 2015 

to 2024. The most commonly used language was Engl sh (Table 2). 

Table 2.The languages of art cles  

Languages Record Count % of 552 

Engl sh 517 93.659% 

Span sh 14 2.536% 

German 10 1.812% 

French 4 0.725% 

Portuguese 2 0.362% 

Turk sh 2 0.362% 

Ital an 1 0.181% 

Pol sh 1 0.181% 

Ukra n an 1 0.181% 

 

A total of 88 countr es/reg ons were publ shed between 2015 and 2024. F gure 2 shows the ten 

countr es w th the most publ cat ons. 
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F gure 1. Most product ve countr es 

Over the course of the study, wh ch ranged from 2015 to 2024, 49 ndependent research areas 

were d scovered. Table 3 shows the most ntens vely explored areas. 

Tablo 3. Most act ve research areas 

Research Areas Record Count % of 552 

Nutr t on D etet cs 162 29.348% 

Food Sc ence Technology 114 20.652% 

Agr culture 77 13.949% 

Publ c Env ronmental Occupat onal Health 52 9.420% 

Env ronmental Sc ences Ecology 29 5.254% 

Ped atr cs 29 5.254% 

Sc ence Technology Other Top cs 29 5.254% 

Bus ness Econom cs 18 3.261% 

Infect ous D seases 16 2.899% 

M crob ology 16 2.899% 

Show ng f rst 10 out entr es 
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In the years between 2015 and 2024, a total of 1.171 aff l at ons have been publ shed. F gure 2 

presents the aff l at ons of the ten journals w th the h ghest number of publ cat ons.  

 

F gure 2. Most prol f c aff l at ons  

Between 2015 and 2024, ten entr es were detected, represent ng 144 d fferent publ shers. 

F gure 3 l sts the most prol f c publ shers. 

 

F gure 3. Most prol f c publ shers 
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A total of 314 art cles have been publ shed on the top c. Table 4 ncludes the 10 journals w th 

the most publ cat ons. 

Tablo 4. Top ten journals  

Journals Record 

Count 

% of 552 

Nutr ents 29 5.254% 

Journal of Da ry Sc ence 14 2.536% 

Susta nab l ty 9 1.630% 

European Journal of Nutr t on 8 1.449% 

Food Control 8 1.449% 

Plos One 8 1.449% 

Brētēsh Journal of Nutr t on 7 1.268% 

Ernahrungs Umschau 7 1.268% 

Journal of Nutr t on 7 1.268% 

Amerēcan Journal of Cl n cal Nutr t on 6 1.087% 

Show ng 10 out of entr es 

The art cles evaluated y elded a total of 6,465 c tat ons (6.311 of wh ch were self-c tat ons), for 

an average h- ndex of 41. It s notable that 2019 and 2024 had the greatest number of 

publ cat ons (68), wh le the b ggest number of c tat ons were made n 2024 (1.356). (F gure 4). 
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F gure 4. Publ cat on and c tat on frequency  

Our b bl ometr c study revealed the most frequently used keywords, as shown n F gure 5. The 

font s ze of the keywords was found to be closely proport onal to the r frequency of occurrence 

n the art cles. 

 

F gure 5. Keyword v sual zat on  

In the network representat on of b bl ograph c coupl ng between nat ons, the s ze of the bubbles 

was proport onal to the volume of research conducted n each country. The w dth of the l nes 

connect ng countr es nd cates the degree of the r coupl ng, wh le the colours of the l nes 
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nd cate the cluster to wh ch each country was ass gned. For th s study, we ncluded at least 

one document and one c tat on from each country (F gure 6). 

 

 

F gure 6.  Network v sual sat on of countr es 

 

The assoc at ons between authors w th at least three c tat ons are shown n F gure 7. 
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F gure 7. V sual sat on of author relat onsh ps 

 

4. DISCUSSION 

Th s b bl ometr c analys s prov des a deta led overv ew of the research landscape on da ry 

consumpt on over the past decade (2015ï2024), h ghl ght ng key trends, nfluent al art cles, 

and emerg ng themes. The steady ncrease n the number of publ cat ons, part cularly n 2019 

and 2024 follow ng the pandem c, suggests an ncreased focus on da ry consumpt on, l kely 

dr ven by ncreas ng global health concerns and the r se of alternat ve d ets. The year 2024 saw 

the h ghest number of c tat ons (1,354), h ghl ght ng the mportance of contemporary research 

n shap ng the future d rect ons of da ry consumpt on stud es. Th s ncrease n c tat ons may 

reflect ncreas ng attent on to top cs such as the susta nab l ty of da ry farm ng, the health 

benef ts of m lk, and the sh ft n consumer preferences toward plant-based opt ons. 

The Un ted States emerged as the lead ng country n terms of research output, publ sh ng 100 

art cles; th s trend can be attr buted to ts robust academ c nfrastructure and the mportance of 

da ry-related research n the agr cultural and publ c health sectors (6). However, other countr es 

w th s gn f cant da ry ndustr es, such as the Netherlands, Austral a, and New Zealand, have 

also contr buted s gn f cantly to the body of research. The global nature of m lk consumpt on 

research, cover ng 88 countr es, h ghl ghts the un versal mportance of the top c, g ven the 

d vers ty of d etary hab ts and econom es. 
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The most product ve area of research was nutr t on and d etet cs (29.3%), ndcat ng a 

s gn f cant focus on the health aspects of m lk consumpt on. In th s area, stud es have largely 

focused on the role of m lk n bone health, we ght management and the nutr ent prof le, 

part cularly n terms of calc um, prote n and v tam ns (7, 8, 9, 10 ,11). Th s s n l ne w th 

ongo ng publ c health d scuss ons about the mportance of da ry products n ach ev ng opt mum 

nutr t on, part cularly n develop ng countr es (12, 13). 

In contrast, env ronmental and susta nab l ty concerns of m lk product on, wh le present, 

accounted for a smaller proport on of the research such as S ngh et al., 2024 (14). However, 

th s s l kely to ncrease n the com ng years as more attent on s pa d to the env ronmental 

mpact of m lk product on. As susta nab l ty becomes a cr t cal factor n global food systems, 

future stud es may ncreas ngly exam ne the carbon footpr nt of m lk, the env ronmental mpact 

of da ry farm ng pract ces, and the adopt on of plant-based m lk alternat ves as env ronmentally 

fr endly subst tutes (15). 

The nterd sc pl nary nature of m lk consumpt on research s reflected n the large number of 

art cles publ shed n journals such as Nutr ents, Journal of Da ry Sc ence, and Susta nab l ty. 

These journals cover areas rang ng from nutr t onal sc ence to env ronmental susta nab l ty, 

and demonstrate the broad nterest n m lk consumpt on across academ c d sc pl nes. Elsev er, 

the most prol f c publ sher n the dataset, plays a s gn f cant role n d ssem nat ng research n 

food sc ence and nutr t on, hghl ght ng ts nfluence n shap ng academ c work on m lk. 

The spec f c focus on nutr t on and d etet cs h ghl ghts the central role of nutr ents n publ c 

health debates, part cularly n relat on to d etary gu del nes and d sease prevent on strateg es. 

The prom nence of th s journal alongs de other journals focus ng on food sc ence, health, and 

susta nab l ty demonstrates the nterd sc pl nary approach to study ng m lk consumpt on. 

V sual zat on of cross-country b bl ograph c l nks revealed a global network of researchers 

act vely nvolved n m lk consumpt on research. Strong l nks were found between countr es 

such as the Un ted States, the Un ted K ngdom, and several European countr es, emphas z ng 

nternat onal collaborat on n m lk-related stud es. Th s nterd c pl nary stud es suggest that 

m lk consumpt on research s not only nfluenced by local concerns, but also shapes cross-

border academ c collaborat on, part cularly n address ng global challenges such as food 

secur ty, susta nab l ty, and publ c health. 



AVRASYA 12th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES February 14 - 16, 2025 - Tebriz 

ISBN : 978-625-5962-26-3 

 

61 | P a g e 
www.akademikongre.org 

Interest ngly, wh le countr es such as the Un ted States and the Un ted K ngdom lead n terms 

of the number of publ cat ons, emerg ng econom es, part cularly n As a and Lat n Amer ca, 

contr bute an ncreas ng number of stud es. Th s trend may reflect the grow ng m ddle class 

cuntr es and chang ng d ets n these reg ons where m lk consumpt on s ncreas ng, as well as 

the ncreas ng awareness of the health and env ronmental aspects of m lk product on. 

5. CONCLUSION 

The results of th s study hghl ght the mportance of cont nued nterd sc pl nary research to 

address the complex challenges posed by chang ng d etary patterns, consumer preferences and 

env ronmental concerns. Future research should focus on the susta nab l ty of da ry product on, 

the health benef ts and harms of trad t onal versus plant-der ved m lk, and the soc o-cultural 

factors that nfluence m lk consumpt on n d fferent reg ons. By prov d ng a clearer p cture of 

global research trends, th s b bl ometr c analys s serves as a valuable tool for researchers, 

pol cy makers and ndustry stakeholders to gu de future stud es and strateg c dec s ons n the 

da ry and food sc ences. 

L m tat ons  

Th s study s l m ted by rely ng on the Web of Sc ence Core Collect on, wh ch potent ally 

excludes relevant research that ex sts n other databases, such as Scopus or Google Scholar. 

The focus on Engl sh-language publ cat ons may overlook mportant stud es publ shed n other 

languages, lead ng to language b as. In add t on, the exclus on of non-or gnal art cles, such as 

rev ews and ed tor als, may have m ssed mportant f nd ngs that synthes se the research 

landscape. F nally, the study per od (2015-2024) excluded the most recent work from 2025, 

l m t ng the analys s of the latest emerg ng trends. 
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ABSTRACT 

Seedling height (SH) and root-collar diameter (RCD) were examined in 2+0 container 

seedlings grown in Antalya Forest Nursery in Mediterranean cypress (Cupressus sempervirens 

L.). Seedling morphology and quality classes of Turkish Standard Institute (TSI), and 

sturdiness index (SI=SH/RCD) were examined in this study to contribute nursery, afforestation 

and other forestry practices for the species.     

Averages of seedling height and root-collar diameter were 101.4 cm and 14.7 mm, respectively, 

while seedlings showed large differences for the characteristics. Seedling height was between 

79 cm and 126 cm, and root-collar diameter ranged from 9 mm to 21 mm. 

All seedlings were in high quality for both seedling height (40cm ÒSH) and root-collar diameter 

(RCD² 2 mm) according to quality classes of TSI. 94.7% of the seedlings were in cull (SI>60) 

and 5.3% in second class (50<SI<60) according to sturdiness index. Positive and significant 

(pÒ0.05) relation was estimated between seedling height and root-collar diameter based on 

results of correlation analysis.  

Keywords: Diameter, height, morphology, nursery. 

 

1. INTRODUCTION  

Mediterranean cypress (Cupressus sempervirens L.) which is native tree species in T¿rkiye. 

Mediterranean cypress has two varieties (C. sempervirens L. var. horizontalis (Mill.) Gord.) 

and (C. sempervirens L. var. piramidalis Nym.) [1]. Mediterranean cypress occupies at Taurus 

mountains and western part of Turkey up to 1800 m. (Figure 1) [1,2,3]. It grows up to 43 m 

height, more than 2 m diameter at breast height and 1030 years [4]. While many advantages 

and different utilizations of the species [1,2,5], limited studies were carried out on seedling 

characteristics and nursery practices of the species [6,7,8,9]. Height, root-collar diameter and 

sturdiness index on 2+0 container seedlings of Mediterranean cypress grown at Antalya Forest 

Nursery were examined based on seedling morphology and quality of the species to contribute 

seed technology, nursery and afforestation practices. 
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Figure 1. Natural distributions of Mediterranean cypresses 

 

2. MATERIAL AND METHOD  

Seedling height (SH) and root-collar diameter (RCD) were studied on 150 individuals chosen 

randomly from each 2+0 container seedlings (Figure 2) grown at Antalya Forest Nursery. 

 

Figure 2. Sampled seedlings in the study 

 

Sampled seedlings were classified according to the quality classes of Turkish Standard Institute 

(TSI) [10] (Table 1).  
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Table 1.  Seedling quality classes of Turkish Standard Institute for the species 

Quality classes 
Seedling height 

(SH, cm) 

Root collar diameter 

(RCD, mm) 

 

SH+RCD 

First class 40Ò 2Ò 40Ò FB + 2ÒKB¢ 

Second class 40> FB Ó30 2> KB¢ Ó2 40> FB Ó30+ 2> KB¢ 

Cull  30> 2> 30>FB + 2> KB¢ 

 

The seedlings were also classified for sturdiness index (SI) [11] as: Sturdiness index (SI) = 

[SH (mm) / RCD (mm)]. They were first class (SI<50), second class (50<SI<60) and cull 

(SI>60) [11].  

Phenotypic correlation (rp) between the seedling height and root-collar diameter was estimated 

at SPSS package [12] as [13]: 

  
)(

2
)(

2

),(

yfxf

yxf

p

COV
r

ss
=                                                                                                                  (1) 

Where )(xyfCOV is the phenotypic covariance between characteristics x and y, )(
2

xfs and 

)(
2

yfs are the phenotypic variances for characteristics x and y, respectively. 

 

3. RESULTS AND DISCUSSION 

3.1. Seedling Morphology 

Averages of seedling height and root-collar diameter were 101.4 cm and 14.7 mm, respectively, 

while seedlings showed large differences for the characteristics (Figures 3 and 4).  
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Figure 3. Height variations among the seedlings 

 

Figure 4. Root-collar diameter variations among the seedlings 

Seedling height was between 79 cm and 126 cm, and root-collar diameter ranged from 9 mm 

to 21 mm. Similar variations were also reported for the characteristics of Mediterranean cypress 

[7,9]. The variations indicated importance of individual selection in seed harvesting for 

seedling production in nursery practices. 

Results of correlation analysis indicated positive and significant (pÒ0.05) relation between 

seedling height and root-collar diameter in the species (Figure 5). Similar relations were also 

reported in cypress [6,7,9]. 

 

Figure 5. Relations between the characteristics for the seedlings 

3.2. Seedling Quality 

All seedlings were in high quality for both seedling height (40cm ÒSH) and root-collar diameter 

(RCD² 2 mm) according to quality classes of TSI. 94.7% of the seedlings were in cull (SI>60) 

and 5.3% in second class (50<SI<60) according to sturdiness index. Similar results were also 
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found in cypress [6,7,9], indicated importance of morphological characteristics and 

classification type in seedling quality. 

4. CONCLUSIONS 

Quality classes and criterions should be combined by field performance at different areas in 

the species. New studies should be carried out in different characteristics and forest nurseries 

in the species. 
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ABSTRACT 

Kermes oak (Quercus coccifera L.) has large natural distribution as shrub or small tree at 

especially in maquis in Turkish forestry. However, the species has non-wood forest production 

such as its acorn as food for animals or commercial ēndustries.      

Length and diameter of 210 acorns sampled from 7 individual plants of the species were 

examined in this study. Averages of acorn diameter and length were 12.7 mm and 27.4 mm, 

respectively. They ranged from 11.9 mm and 13.8 mm for acorn diameter, and varied between 

25.1 mm and 30.6 mm for acorn diameter. The variation was also found among acorns within 

individual plant. Significant (0.05>p) differences among families for length and diameter of 

acorns were found according to results of analysis of variance. There was positive and 

significant (0.05>p) relation between length and diameter based on results of correlation 

analysis 

Keywords: Morphology, nursery, seed, variation.  

 

1. INTRODUCTION  

Oak (Quercus sp.) is the largest taxa in Turkish forestry by 6.8 million ha natural distribution 

of 18 species [1,2,3] (Figure 1). Oaks have wood and non-wood forest products such as animal 

food and different industries [1,2,4,5,6].  

 

Figure 1. Natural distributions of Oaks in T¿rkiye 
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Kermes oak (Quercus coccifera L.) is one of the main taxa of Oaks in Turkey. It has large 

natural distribution as shrub or small tree at especially in maquis in Turkish forestry (Figure 2) 

[7]. 

    

Figure 2. Natural distribution of Kermes oak and an individual of the species 

In this paper, length and diameter of acorns sampled from 7 open pollinated families were 

studied to contribute seed science and technology, and other forestry practices of the species.   

 

2. MATERIAL AND METHOD  

Thirty seeds were sampled from each 7 open pollinated families or also called individual plant 

ranged from 1020 m to 1080 m altitude of the species to examine length of acorn (AL ) and 

diameter of acorn (AD) of the species (Figure3).   

   

Figure 3. A sampled plants and acorns 

 

Collected data was performed at SPSS package [8]. Seed characteristics was analyzed by 

following linear model of analysis of variance to compare the family at SPSS [8]. 
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ijj ij e P + = Y +m                                                                                                             

(1) 

Where Yij  is the observation from the j
th 

acorn of the i
th

 plant, ɛ is overall mean, Pi is the 

random effect of the i
th 

plant, and eij  is random error. 

Phenotypic correlations (rp) between the characteristics were estimated as [9]: 
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Where )(xyfCOV is the phenotypic covariance between characteristics x and y, )(
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yfs are the phenotypic variances for characteristics x and y, respectively. 

3. RESULTS AND DISCUSSION 

Averages of acorn diameter and length were 12.7 mm and 27.4 mm, respectively. They ranged 

from 11.9 mm and 13.8 mm for acorn diameter, and varied between 25.1 mm and 30.6 mm for 

acorn length (Table 1). The variation was also found among acorns within individual plant. For 

instance, length of acorn varied between 10.1 mm and 13.4 mm, and acorn diameter ranged 

from 23.8 mm to 31.4 mm in second plant (Table 1, Figure 4). Averages of acorn length and 

diameter were reported 30.1 mm and 16.2 mm in an early study on the species together with 

large variations among populations and within population [10]. Because of limited studies on 

the species, results of the study could not be discussed well. 

Table 1. Averages (xↄ), minimum, maximum and standard deviation for the characteristics and plants 

 AD (mm) AL (mm)  

Plants xↄ Min. -Max. St. deviation xↄ Min. -Max. St. deviation 

1 12.5 11.4-13.6 .68 30.6 23.9-34.3 2.48 

2 12.1 10.1-13.4 .80 27.2 21.2-32.1 2.46 

3 12.3 10.7-13.7 .76 27.7 23.8-31.4 1.66 

4 14.1 12.1-15.5 .76 25.1 20.5-30.7 2.63 

5 11.9 10.5-13.6 .63 26.3 22.6-29.1 1.60 

6 12.6 11.1-14.0 .86 25.5 21.5-30.3 2.54 

7 13.8 12.6-14.9 .71 29.4 27.3-32.0 1.89 

Total 12.7 10.1-15.5 1.07 27.4 20.5-34.3 2.88 
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Figure 4. Length and diameter variation among acorns within a plant 

 

Significant (0.05>p) differences among families for length and diameter of acorns were found 

according to results of analysis of variance (Table 2).   

Table 2. Results of analysis of variance for the characteristics 

 

Characteristics Source of 

variation 

df Mean Square F P value 

AD Between Groups 6 21.032 37.800 .000 

 Within Groups 203 .556   

 Total 209    

AL  Between Groups 6 122.364 24.940 .000 

 Within Groups 203 4.906   

 Total 209    

 

There was positive and significant (0.05>p) relation between length and diameter of acorns in 

all and pooled plants based on results of correlation analysis 

 

4. CONCLUSIONS 

 

Acorn was sampled from a local area of the species and limited number of plants of the species. 

Future studies should be carried out by large number of family and locations. Acorn 

characteristics should be tested in nursery and field stages. 
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¥ZET 

K¿resel ēsēnma d¿nya genelinde tarēmsal ¿retimde d¿ĸ¿ĸe neden olurken, gēda g¿venliĵini de 

tehlikeye sokmaktadēr. Artan sēcaklēklar, d¿zensiz yaĵēĸ rejimleri ve su kaynaklarēnēn 

t¿kenmesi gibi k¿resel ēsēnma sorunlarē ºnemli abiyotik streslerden olan kuraklēĵa yol a­makta 

ve giderek yaygēnlaĸarak tarēm sektºr¿nde ciddi verim kayēplarēna neden olmaktadēr. Aynē 

zamanda, artan n¿fus ve azalan doĵal kaynaklar, gēda ¿retimini s¿rd¿r¿lebilir kēlmayē da 

zorlaĸtērmaktadēr. Arpa (Hordeum vulgare L.) Poaceae familyasēna ait, tek yēllēk, otsu ve soĵuk 

iklim ºzelliklerine dayanēklē bir tahēl bitkisidir. Hem gēda hem de hayvancēlēkta ºnemli bir yem 

kaynaĵē olmasēnēn yanē sēra, end¿stride de ­eĸitli alanlarda kullanēlmaktadēr. Kurak ve yarē 

kurak alanlarda tarēmē ger­ekleĸtirilen arpa kuraklēkla sēk­a karĸē karĸēya kalmaktadēr. 

Koruyucu bir alternatif bir yºntem olarak son yēllarda kullanēlmaya baĸlanēlan plazma ile 

aktifleĸtirilmiĸ suyun (PAW) kurak koĸullarda bitkilerin su kullanēm verimliliĵini artērarak 

b¿y¿me ve stres toleransēnē arttēracaĵē ºngºr¿lmektedir. Bu ­alēĸmada, sulama suyu olarak 

uygulanan PAWôēn, kuraklēk stresi altēnda yetiĸtirilen arpa bitkileri ¿zerindeki etkileri 

incelenmiĸtir. ¥ncelikle, steril edilen tohumlar eĸit orandaki torf-perlit karēĸēmēnēn olduĵu 

ortamda 10 g¿n boyunca yetiĸtirilmiĸtir. S¿re sonunda bitkiler saf su, %20 polietilen glikol 

(PEG), PAW ve PAW+PEG ile sulama yapēlacak ĸekilde 4 gruba ayrēlmēĸtēr. Uygulama 2 hafta 

s¿re ile her ¿­ g¿nde bir olarak ĸekilde yapēlmēĸtēr. Uygulama sonrasēnda bitkiler ºnce 

fotoĵraflanmēĸ ve sonrasēnda cetvel yardēmē ile s¿rg¿n uzunluklarē ºl­¿lm¿ĸt¿r. Ardēndan 

s¿rg¿n yaĸ ve kuru aĵērlēklarē, nisbi su i­eriĵi, klorofil floresansē, elektrolit sēzēntē ve 

fotosentetik pigment i­erikleri belirlenmiĸtir. Bu ­alēĸmada, PAW uygulamasēnēn kuraklēk 

stresi altēnda yetiĸtirilen arpa bitkilerinin fizyolojisinde deĵiĸime neden olarak kuraklēk 

toleransēnē arttērdēĵē belirlenmiĸtir.  

 

Anahtar Kelimeler:  Arpa, kuraklēk, plazma ile aktifleĸtirilmiĸ su, stres fizyolojisi 
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ABSTRACT 

Global warming is causing a decline in agricultural production worldwide and jeopardizing 

food security. Global warming problems such as rising temperatures, erratic precipitation 

regimes and depletion of water resources lead to drought, one of the major abiotic stresses, 

which is becoming increasingly widespread and causing serious yield losses in the agricultural 

sector. At the same time, increasing population and diminishing natural resources make it 

difficult to sustain food production. Barley (Hordeum vulgare L.) is an annual, herbaceous, 

cold-tolerant cereal plant belonging to the Poaceae family. In addition to being an important 

feed source in both food and livestock breeding, it is also used in various fields in industry. 

Barley, which is cultivated in arid and semi-arid areas, is frequently faced with drought. Plasma 

activated water (PAW), which has been used as a protective alternative method in recent years, 

is expected to increase growth and stress tolerance by increasing water use efficiency of plants 

under drought conditions. In this study, the effects of PAW applied as irrigation water on barley 

plants grown under drought stress were investigated. Firstly, sterilized seeds were grown for 

10 days in equal proportions of peat-perlite mixture. At the end of the period, the plants were 

divided into 4 groups as dI-H2O, 20% polyethylene glycol (PEG), PAW and PAW+PEG 

irrigation. The application was made every three days for 2 weeks. After the application, the 

plants were first photographed and then the shoot lengths were measured with the help of a 

ruler. Then shoot wet and dry weights, relative water content, chlorophyll fluorescence, 

electrolyte leakage and photosynthetic pigment contents were determined. In this study, it was 

determined that PAW application increased drought tolerance by causing changes in the 

physiology of barley plants grown under drought stress. 

 

Keywords: Barley, drought, plasma activated water, stress physiology 
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1. GĶRĶķ 

 

K¿resel iklim deĵiĸikliĵinin beraberinde gelen iklimsel dalgalanmalardan ºt¿r¿ etkisi artmakta 

olan kuraklēk, bitkilerin morfolojik ve fizyolojik iĸlevlerini ºnemli ºl­¿de sēnērlayan doĵal bir 

afettir (Pokhrel ve ark., 2021). Stres, organizmalarēn fizyolojik ve biyokimyasal s¿re­lerini 

olumsuz yºnde etkileyen elveriĸsiz ­evresel koĸullarēn b¿t¿n¿d¿r. Abiyotik stres faktºrleri 

arasēnda yer alan kuraklēk, bitki b¿y¿me ve geliĸmesini sēnērlandēran unsurlarēn baĸēnda gelir 

(B¿y¿k ve ark., 2012). Stres faktºrleri reaktif oksijen t¿rlerinin oluĸumu ile birikimine yol 

a­arak ºnemli ºl­¿de metabolik iĸlev bozukluklarēna neden olmaktadēr. Bu durum, h¿cre 

i­indeki aksaklēklarēn bir sonucu olarak DNA hasarēna zemin hazērlamaktadēr (Tounekti ve 

ark., 2013). ¢eĸitli stres faktºrleriyle karĸē karĸēya kalan bitkiler, toprak nem seviyesinin kritik 

seviyelere d¿ĸmesiyle gºz ardē edilemez bir su kaybē yaĸarlar (Ramakrishna ve Ravishankar, 

2011). Bitki, doĵal ĸartlar altēnda karĸēlaĸtēĵē bir ya da birden fazla stres faktºr¿ne karĸē 

direncini arttērmak, yaĸamēnē devam ettirmek ve metabolik faaliyetlerini s¿rd¿rmek i­in 

yapēsēnda morfolojik, fizyolojik ve biyokimyasal deĵiĸiklikler meydana getirerek mevcut 

duruma karĸē tepki vermektedir (¥zt¿rk, 2015).  

 

Bitkisel ¿retim, doĵrudan veya dolaylē olarak insan beslenmesini b¿y¿k oranda saĵlamanēn 

yanēnda lif, enerji ve hammadde ihtiya­larēnē da karĸēlamaktadēr. Gēdaya eriĸimini artērmak, 

verimliliĵi iyileĸtirmek ve ¿retim kayēplarēnē azaltmak amacēyla bu alandaki ¿retim 

s¿re­lerinin geliĸtirilmesi gerekmektedir (Strange ve Scott, 2005). Son y¿zyēlda mahsul verimi 

¿­ kattan fazla artēĸ gºstermiĸ olsa da beraberinde pestisit ve mineral g¿bre uygulamalarēnēn 

yoĵunlaĸmasēndan dolayē biyolojik ­eĸitliliĵi azalttēĵē, su ve toprak kirliliĵine neden olduĵu 

ortaya konulmuĸtur (Godfray ve ark., 2010; Tilman ve ark., 2011). 2050 yēlēnda d¿nya 

n¿fusunun yaklaĸēk 10 milyara ulaĸmasē beklenmekte olup, bu durum, gēda kayēplarēnē en aza 

indirerek ve mevcut kaynaklarē verimli bir ĸekilde kullanarak artan ihtiya­larēn karĸēlanmasēnē 

zorunlu kēlmaktadēr (FAO, 2019). 

 

Plazma, iyonize gazlardan oluĸan ve ­eĸitli alanlarda kullanēlan maddenin dºrd¿nc¿ halidir 

(Dobrynin ve ark., 2009). Soĵuk plazma ise radyo frekansē veya mikrodalga kaynaklarēyla 

¿retilen ve tohumlarē uyarabilen oksijen radikalleri, y¿kl¿ par­acēklar, iyonlar ve UV i­eren 

termal olmayan bir teknolojidir (Laroussi, 2003; Hertwig ve ark., 2015). Son dºnemlerde 

tarēmēn olumsuz ­evresel etkilerini azaltmak ve gēda g¿venliĵini iyileĸtirmek amacēyla, plazma 

ile aktifleĸtirilmiĸ su (PAW) kullanēmēna odaklanan yenilik­i bir yaklaĸēm sºz konusudur 

(Bradu ve ark., 2020). Plazma aktivasyonu sonucu suda oluĸan OH- radikalleri, ozon, hidrojen 

peroksit, nitritler, nitratlar, peroksinitritler ve peroksinitratlar gibi reaktif bileĸikler i­eren su, 

plazma aktiveli su olarak adlandērēlmaktadēr. (Zhou ve ark., 2020). Diĵer bir adē ile soĵuk 

plazma olan PAW, d¿ĸ¿k veya atmosferik basēn­ta hava, Ar, O2, He veya N2 gibi gazlara bir 

deĸarj uygulayarak ¿retilmektedir (Guo ve ark., 2021). Biyokimyasal etkinliĵinin ge­ici olmasē 

nedeniyle, bir­ok biyoteknoloji uygulamasē i­in ­evre dostu ve umut verici bir ­ºz¿m olarak 

deĵerlendirilmektedir. Mevcut koĸullarda, tohum ­imlendirme, y¿zey dezenfeksiyonu ve 

g¿bre olarak kullanēmē dahil olmak ¿zere ­eĸitli alan ve uygulamalarda kullanēlmaktadēr 

(Gapper ve Dolan, 2006; Ma ve ark., 2015; Jud®e ve ark., 2018). Ayrēca, tohum ­imlenmesini, 

https://5cef0b7b43e7a42fd019406d30fe2e79ab6b0d1f.vetisonline.com/science/article/pii/S2667064X23001094?via%3Dihub#bib0221
https://5cef0b7b43e7a42fd019406d30fe2e79ab6b0d1f.vetisonline.com/science/article/pii/S2667064X23001094?via%3Dihub#bib0221
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kºk ve s¿rg¿n geliĸimini, fotosentez aktivitesini, besin maddelerinin varlēĵēnē ve verimi 

iyileĸtirdiĵini gºsteren ­alēĸmalar mevcuttur (Fan ve ark., 2020; Ġkarpa ve ark., 2020; Guragain 

ve ark., 2021; Vichiansan ve ark., 2023; Priatama ve ark.,2023;). Bununla birlikte, reaktif 

t¿rlerin bitkideki ­eĸitli sinyal mekanizmalarēnē d¿zenlenmesi, metabolik faaliyetleri 

iyileĸtirmesi, bitkinin geliĸimine katkē saĵlamasē ve ­eĸitli stres yanētlarēnē d¿zenlemesi de 

PAWôēn ºnemli etkilerindendir (Sarinont ve ark., 2017; P®rez-Piz§ ve ark., 2019; Lamichhane 

ve ark., 2021).  

 

Arpa (Hordeum vulgare L.; Fam: Poaceae) tek yēllēk otsu bir bitkidir (Se­men ve ark., 2000). 

Elveriĸli gen merkezi Asya olan arpa, eski ­aĵlardan g¿n¿m¿ze kadar tarēmē yapēlan ilk k¿lt¿r 

bitkisidir. Hayvan yemi olarak kullanēmēnēn yanē sēra malt end¿strisinde ve insan 

beslenmesinde de deĵerlendirilen arpa, tarēm ve gēda sektºr¿nde ºnemli bir yere sahiptir 

(Kaya­etin, 2006; Karabºrk, 2019). Arpa, y¿ksek niĸasta, protein, sindirilebilir lif ve ɓ-glukan 

i­eriĵine sahiptir (Sipahi ve ark., 2010). D¿nya genelinde arpa ¿retimi ve ekim sahalarē 

bakēmēndan Avrupa Birliĵi ¿lkeleri ilk sērada gelirken, Rusya, Avustralya, Kanada ve T¿rkiye 

sērayē takip etmektedir. T¿rkiyeôde yēllēk ortalama 3,2 milyon hektarlēk bir alanda 

yetiĸtirilmekte olan arpanēn toplam ¿retim miktarē yaklaĸēk 8,5 milyon tondur (USDA, 2023; 

T¦ĶK, 2023). Ekolojik sēnērlarēnēn ­ok esnek olmasē ile d¿nya genelinde ekonomik ve zirai 

anlamda olduk­a ºnemlidir (Taĸ­ē ve Bayramoĵlu, 2020). Buĵdayla kēyaslandēĵēnda daha 

erkenci olmasē, az yaĵēĸ alan ve d¿zensiz iklim koĸullarēna sahip bºlgeler i­in ideal bir bitki 

olmasē, aynē zamanda tuzlu ve alkali topraklara da dayanēklēlēĵē ile ¿retim alanēnēn korunmasē 

ve arttērēlmasē gereken bir bitkidir (Ķlker, 2006). Ķklim deĵiĸikliĵi ve k¿resel ēsēnma etkisiyle, 

yēllar ge­tik­e kuraklēktan etkilenen topraklar artmaktadēr ve arpanēn kuraklēk stresi ile 

kaybettiĵi verim miktarē %80ôi aĸmēĸtēr (Elbasyoni ve ark., 2022; Elouattassi ve ark., 2023; 

Elouattassi ve ark., 2024).  

 

Arpa bitkisi ile dēĸtan uygulanan maddelerin kuraklēk stresinin etkilerini hafifletmesi adēna 

literat¿rde ­alēĸmalar mevcuttur. Kuraklēk stresi altēndaki arpada rizobakterilerin kullanēmēnēn 

verimi ve b¿y¿meyi arttērdēĵē rapor edilmiĸtir (Ferioun ve ark., 2023).  Melatoninin su 

eksikliĵinden kaynaklanan arpanēn, fotosentetik pigment i­eriĵini, fotosentezin fotokimyasal 

reaksiyonlarēnē, Calvin dºng¿s¿ enzim aktivitelerini, klorofil floresans sistemini ve membran 

stabilite indeksini d¿zenleyerek fotosentetik aygētē koruyabildiĵi ortaya konulmuĸtur (Talaat, 

2023). Literat¿rde PAWôēn dēĸtan uygulanmasē ile ilgili ­alēĸmalar mevcut olsa da yeterli 

sayēda deĵildir. Guo ve ark. (2024), PAW uygulamasēnēn, biber tohumlarēnēn ­imlenme 

potansiyeli ºnemli ºl­¿de iyileĸtirdiĵini ve fide b¿y¿mesini arttērdēĵēnē ortaya koymuĸtur. Che 

ve ark. (2024)ônēn yapmēĸ olduĵu bir ­alēĸmada ise farklē deĸarj s¿releriyle PAW 

uygulamasēnēn brokoli filizlerinde s¿peroksit dismutaz, peroksidaz, katalaz ve glutatyon 

peroksidaz enzimlerinin aktivitesini arttērdēklarē belirlenmiĸtir. Arpa ile yalnēzca PAW 

uygulamasēna ait olan bir yayēnda kontrol grubuna kēyasla b¿y¿me, pigment miktarē, protein 

ve enzimatik aktivitede artēĸ kaydedilmiĸtir (Seleiman ve ark., 2024).  

 

Kuraklēk stresinin ºzellikle tarēm arazilerinde ciddi sorun yaratmasē, arpa bitkisinin ºnemi, 

yaygēn yetiĸtirme alanlarēnēn varlēĵē, yoĵun kullanēlan tarēmsal ¿r¿nlerin kirlilik yaratmasē, 
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PAW teknolojisinin olduk­a yeni bir yºntem olmasē ve stres koĸullarēnda PAWôēn etkilerine 

yºnelik az sayēda ­alēĸma bulunmasēndan dolayē bu ­alēĸmada kuraklēk stresi altēndaki arpa 

bitkilerinde PAW uygulamasēnēn bitkinin fizyolojisinde nasēl bir deĵiĸime neden olduĵunu 

belirlemek ama­lanmēĸtēr.  

 

2. DENEYSEL ¢ALIķMALAR  

 

2.1. Bitki Materyali ve Yetiĸtirme Koĸullarē 

Bitkiler kontroll¿ bir ĸekilde yetiĸtirilmiĸtir (18/22ÁC, %60-70 nem). Ekim ºncesinde arpa 

tohumlarē, %5ôlik sodyum hipoklorit ­ºzeltisinde 10 dakika s¿reyle dezenfekte edilmiĸ ve 

ardēndan saf su ile durulanmēĸtēr. Dezenfeksiyon iĸleminin ardēndan tohumlar 1:1 oranēnda 

torf:perlif i­eren ortama ekilmiĸ ve iki g¿nde bir saf su ile sulanarak 10 g¿n s¿reyle 

yetiĸtirilmiĸtir. S¿re sonunda bitkiler uygulama gruplarēna ayrēlmēĸtēr: Kontrol (saf su ile 

sulama); PEG (%20 polietilen glikol ile sulama); PAW (doĵrudan PAW ile sulama); 

PAW+PEG (PAW ve %20 PEG ile sulama). ¢alēĸmada kullanēlan PAW, PLASMAFOR Tarēm 

Ltd. ķti.ônden temin edilmiĸtir. Uygulama 14 g¿n s¿re ile yapēlmēĸ, s¿re sonunda bitkiler 

fotoĵraflanmēĸ, s¿rg¿n uzunluklarē cetvelle ºl­¿lm¿ĸt¿r. Ardēndan s¿rg¿n yaĸ aĵērlēklarē 

tartēlarak bitkiler 70 ÁCôde 72 saat kurutularak kuru aĵērlēklarē elde edilmiĸtir.  

 

2.2. Nisbi Su Ķ­eriĵi  

Nisbi su i­eriĵi i­in farklē uygulama gruplarēna ait yapraklarēn taze aĵērlēklarē tartēlmēĸ, 

ardēndan saf su i­erisinde bekletilerek turgid aĵērlēklarē kaydedilmiĸtir. Daha sonra, yapraklar 

70 ÁCôde 72 saat boyunca et¿vde bekletilerek kuru aĵērlēklarē belirlenmiĸtir. Elde edilen veriler 

yºntemde belirtilen form¿lde yerine konularak hesaplamalar yapēlmēĸtēr (Smart ve Bingham, 

1974).  

 

2.3. Klorofil Floresansē  

Fotosistem IIônin en y¿ksek kuantum verimliliĵini belirleyen bu yºntem florometre 

kullanēlarak belirlenmiĸtir. Arpa yapraklarē karanlēĵa alēĸtērēldēktan sonra cihaz ile floresans 

deĵerleri kaydedilmiĸtir.  

 

2.4. Elektrolit Sēzēntē  

Elektrolit sēzēntē miktarēnēn belirlenmesi i­in arpa yapraklarēndan alēnan diskler saf suda 

bekletilmiĸ ve ilk elektriksel iletkenlik deĵerleri ºl­¿lm¿ĸt¿r. Sonrasēnda aynē yapraklar 

otoklavlanarak ikinci elektriksel iletkenlik deĵerleri ºl­¿lm¿ĸt¿r. Elde edilen veriler yºntemde 

belirtilen form¿lde yerine konularak hesaplamalar yapēlmēĸtēr (Shi ve ark., 2006).  

 

2.5. Fotosentetik Pigment Ķ­eriĵinin Belirlenmesi 

Fotosentetik pigmentlerden klorofil a ve b deĵerlerini belirlemek i­in yapraklar %80 aseton ile 

homojenize edilmiĸ ve ardēndan s¿z¿lm¿ĸt¿r. S¿z¿nt¿ 663, 645 ve 450 nm dalga boylarēnda 

spektrofotometre ile ºl­¿lm¿ĸt¿r. Elde edilen veriler yºntemde belirtilen form¿lde yerine 

konularak hesaplamalar yapēlmēĸtēr (Arnon, 1949; Jaspars, 1965).  
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2.6. Ķstatistiksel Analizler 

Her bir deneme n=3 tekrarlē olacak ĸekilde yapēlmēĸtēr. Denemelerden elde edilen veriler, Tek 

Yºnl¿ Varyans Analizi (One-Way ANOVA) ile deĵerlendirilmiĸ ve ortalamalar arasēndaki 

farklar Duncan Testi ile belirlenmiĸtir. Uygulamalar arasēndaki p<0,05 seviyesinde anlamlēlēk 

ifade edilmiĸtir. 

 

3. SONU¢LAR VE DEĴERLENDĶRME  

 

Son yēllarda soĵuk plazma uygulamasēnēn kullanēm alanlarē artmēĸ ve tarēm alanlarēnda da 

ºnemli geliĸmeler kaydedilmeye baĸlanmēĸtēr. Bu teknolojinin tohum performansēnē, bitki 

b¿y¿mesini ve verimliliĵi artērmada hēzlē, ekonomik ve ­evresel a­ēdan s¿rd¿r¿lebilir bir 

yºntem olduĵu deĵerlendirilmektedir (Dhayal ve ark., 2006; Tong ve ark., 2014; Ling ve ark., 

2014; Sera ve ark., 2008). Bu ­alēĸmada, plazma ile aktifleĸtirilmiĸ su (PAW) uygulamasēnēn 

kuraklēk stresi altēnda yetiĸtirilen arpa bitkilerinin fizyolojik ºzelliklerinde meydana getirdiĵi 

deĵiĸimler ortaya konulmuĸtur. Morfolojik olarak kuraklēk uygulamasē arpada indirgemeye 

neden olurken PAW uygulandēĵēnda ise stresin etkisi hafiflemiĸtir (ķekil 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ķekil 1. Kuraklēk Stresine Maruz Bērakēlan Arpa (Hordeum vulgare L.) Bitkisine Dēĸtan 

Uygulanan Plazma ile Aktifleĸtirilmiĸ Su Uygulamasēnēn Meydana Getirdiĵi Morfolojik 

Deĵiĸimler 

KONTROL PAW PEG PAW+PEG 



AVRASYA 12th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES February 14 - 16, 2025 - Tebriz 

ISBN : 978-625-5962-26-3 

 

80 | P a g e 
www.akademikongre.org 

 

¢alēĸmada deĵerlendirilen b¿y¿me parametreleri; s¿rg¿n boyu, s¿rg¿n yaĸ ve kuru aĵērlēĵē 

ĸeklindedir. S¿rg¿n boy uzunluĵu i­in, kontrol grubu bitkileri PAW grubu ile kēyaslandēĵēnda 

istatistiksel anlamda (p<0,05) ºnemli fark meydana gelmezken PEG uygulamasēnda s¿rg¿n 

uzunluĵu %25,5 oranēnda azalmēĸtēr. PAW uygulamasē ise kuraklēk stresi altēnda yetiĸen 

bitkilerin s¿rg¿n uzunluĵunu %11,9 oranēnda arttērmēĸtēr (ķekil 2). PAW kuraklēk stresi 

altēndaki bitkilerde s¿rg¿n uzunluĵunu artērarak olumlu bir etki saĵlamēĸtēr. 

 

Arpa bitkisinde PAW uygulamasē s¿rg¿n yaĸ aĵērlēĵēnē kontrol grubuna kēyasla %15,5, s¿rg¿n 

kuru aĵērlēĵēnē ise %21,62 oranēnda arttērmēĸtēr (ķekil 2). PEG ile saĵlanan kuraklēk stresi, 

s¿rg¿n yaĸ aĵērlēĵēnda %54 oranēnda azalmaya neden olurken, kuru aĵērlēkta istatistiksel olarak 

anlamlē (p<0,05) fark oluĸturmamēĸtēr. Diĵer taraftan, kuraklēk stresi altēndaki arpa bitkisinin 

s¿rg¿n yaĸ ve kuru aĵērlēklarē PAW uygulamasē ile istatistiksel olarak anlamlē fark 

gºstermemiĸtir. Literat¿rde ­alēĸmamēzla benzer sonu­lar yer almaktadēr. Meĸe ve Tangolar 

(2019) asma ile yapmēĸ olduklarē ­alēĸmada, uygulanan PEG dozuna baĵlē olarak bitki boyu ve 

s¿rg¿n yaĸ aĵērlēĵēnēn azaldēĵēnē rapor etmiĸlerdir. Benzer ĸekilde, arpa farklē dozlarda PEG 

uygulamasēnēn (%0, %10, %20 ve %30) s¿rg¿n boyunda ve yaĸ aĵērlēĵēnda ºnemli derece 

azalmaya neden olduĵu ortaya konulmuĸtur (Khafagy ve ark., 2017). Ayrēca, arpa bitkisinde 

PEG uygulamasēnēn kuru aĵērlēkta deĵiĸim gºstermediĵine dair ­alēĸmalar da mevcuttur (Meĸe 

ve Tangolar, 2019; Ge­ene, 2020). Diĵer taraftan, PAW uygulamasē s¿rg¿n yaĸ ve kuru 

aĵērlēĵēnda artēĸa neden olmaktadēr (Seleiman ve ark., 2024). 

 

ķekil 2. Kuraklēk Stresine Maruz Bērakēlan Arpa (Hordeum vulgare L.) Bitkisine Dēĸtan 

Uygulanan Plazma ile Aktifleĸtirilmiĸ Su Uygulamasēnēn S¿rg¿n Boy, Yaĸ ve Kuru Aĵērlēĵēna 

Etkisi  

 

Kuraklēk stresi altēndaki arpa bitkisine PAW uygulanmasēnēn bitkideki i­sel su durumu ¿zerine 

olan etkisini saptamak amacēyla yaprak nisbi su i­eriĵi (RWC) ºl­¿lm¿ĸt¿r (ķekil 3). PAW 

uygulamasē nisbi su i­eriĵini %11 arttērmēĸtēr. Bu durumun aksine PEG uygulamasē arpa 

bitkisinin nisbi su i­eriĵini kontrol bitkilerine kēyasla %35 azaltmēĸtēr. Kuraklēk stresi altēndaki 

bitkilerde ise PAW uygulamasē ile RWCôde iyileĸtirme (%24,4 artēĸ) saĵlanmēĸtēr. Literat¿rde 
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­alēĸmamēza benzer sonu­lar yer almaktadēr. Shivakrishna ve ark. (2018)ônēn Arachis 

hypogaea ile yapmēĸ olduklarē ­alēĸmada uyguladēklarē %20 PEG ile RWCônin azaldēĵēnē 

ortaya koymuĸlardēr. Yine ­alēĸmamēzē destekler ĸekilde ­eltikte, yoncada ve ­ilekte yapēlan 

­alēĸmalarda da PEG uygulamasē RWC miktarēnē azaltmēĸtēr (Zhang ve ark., 2018; Shirazi ve 

ark., 2019; Yosefi ve ark., 2020). PEG stresi altēnda PAW uygulamasēnēn RWC ¿zerindeki 

etkilerine dair literat¿rde doĵrudan bir ­alēĸma bulunmamakla birlikte ­alēĸmamēzda PAW 

uygulamasēnēn stres altēnda bitkinin su durumunu koruduĵu ve iyileĸtirici etkiler gºsterdiĵi 

belirlenmiĸtir.  

 

Fotosistem IIônin fotokimyasal etkinliĵinin belirlenmesi amacēyla arpa bitkisinin klorofil 

floresans (Fv/Fm) deĵerleri belirlenmiĸtir (ķekil 3). Fv/Fm deĵeri, kuraklēk stresi altēnda 

kontrol grubu ile kēyaslandēĵēnda istatistiksel a­ēdan ºnemli (p<0,05) deĵiĸiklik meydana 

gelmemiĸtir. Diĵer taraftan, PAW uygulamasē kuraklēk stresi altēndaki arpada az da olsa Fv/Fm 

oranēnda artēĸa neden olmuĸtur. ¢alēĸmamēzla benzer ĸekilde, PEG uygulamasē ile kuraklēk 

stresi altēnda Lonicera japonica ve Pharbitis nil bitkilerinde Fv/Fm oranēnēn deĵiĸmediĵi ve 

fotosistem II verimliliĵinin korunduĵu belirlenmiĸtir (Xing ve Wu, 2012). 

 

H¿cre zarēnēn b¿t¿nl¿ĵ¿ ve stres koĸullarēndaki zararē deĵerlendirebilmek amacēyla t¿m 

uygulama gruplarēnda elektrolit sēzēntē ºl­¿lm¿ĸt¿r (ķekil 3). Kontrol bitkileri ile PAW 

uygulanan bitkiler kēyaslandēĵēnda istatistiksel olarak (p<0,05) anlamlē fark oluĸmazken PEG 

ile elektrolit sēzēntē %17 oranēnda artmēĸtēr. PAW uygulamasē kuraklēk stresi altēndaki arpa 

bitkisinde elektrolit sēzēntēyē %7,2 azaltmēĸtēr. Yapēlan literat¿r taramasēnda kuraklēk stresi 

altēnda PAW uygulamasē ile ilgili ­alēĸma olmasa da dēĸtan uygulanan maddelerin kuraklēk 

stresinin etkilerini azalttēĵēna dair ­alēĸmalar mevcuttur (Houda ve ark., 2023). 

 

ķekil 3. Kuraklēk Stresine Maruz Bērakēlan Arpa (Hordeum vulgare L.) Bitkisine Dēĸtan 

Uygulanan Plazma ile Aktifleĸtirilmiĸ Su Uygulamasēnēn Yaprak Nisbi Su Ķ­eriĵi (RWC) ve 

Klorofil Floresansē (Fv/Fm) ve Elektrolit Sēzēntēya Etkisi  

 

Fotosentetik pigment i­eriĵi, bitkinin kuraklēk stresine karĸē gºsterdiĵi toleransē 

deĵerlendirmek i­in kritik bir gºstergedir. Bu baĵlamda, bitkilerde klorofil a ve klorofil b 

miktarlarē ºl­¿lm¿ĸt¿r (ķekil 4). Klorofil a miktarēnda PAW uygulamasē ile deĵiĸim 
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gºzlenmezken PEG uygulamasē kontrol bitkilerine kēyasla klorofil a miktarēnē % 7 azaltmēĸtēr. 

Stres koĸullarēnda PAW uygulamasē, bitkilerde klorofil a miktarēnē korumuĸtur. Klorofil b 

miktarlarē ise kontrol bitkilerine kēyasla sērasēyla PAW ve PEG uygulamalarē ile %14,1 

ve %20,1 artmēĸtēr. Ayrēca, PAW uygulamasē da stres altēndaki bitkilerde pigment miktarēnda 

artēĸa neden olarak PEG uygulanmēĸ bitkilere kēyasla klorofil b miktarēnē %15,2 arttērmēĸtēr.   

Literat¿r incelendiĵinde PAW etkinliĵinde klorofil miktarlarēnēn tespiti ile ilgili az sayēda 

­alēĸma mevcuttur. PAW uygulamasēnēn toplam klorofil miktarēnē koruduĵu veya arttērdēĵē 

arpa ve ­oban ­antasē bitkilerinde rapor edilmiĸtir (Seleiman ve ark., 2024; Xiong ve ark., 

2024). Suis ve ark. (2015) orkide melezi ile yapmēĸ olduklarē bir ­alēĸmada PEG uygulamasēnēn 

toplam klorofil etkinliĵini azalttēĵēnē ortaya koymuĸtur. Benzer ĸekilde Vitis vinifera (Bidabadi 

ve ark., 2023) ve Vigna radiata ile yapēlan bir ­alēĸmada da (Ajmal ve ark., 2023) klorofil 

veriminin PEG altēnda azaldēĵēnē belirlemiĸtir. 

 

ķekil 4. Kuraklēk Stresine Maruz Bērakēlan Arpa (Hordeum vulgare L.) Bitkisine Dēĸtan 

Uygulanan Plazma ile Aktifleĸtirilmiĸ Su Uygulamasēnēn Klorofil a ve b Miktarlarēna Etkisi 

 

 

4. GENEL DEĴERLENDĶRME VE SONU¢LAR 

 

Arpa (Hordeum vulgare L.), y¿ksek adaptasyon kapasitesi sayesinde kurak ve yarē kurak 

bºlgelerde su kētlēĵē gibi ­evresel streslere dayanēklēlēk gºsteren ºnemli bir tahēldēr. Kuraklēk 

stresi, arpanēn osmotik dengesini bozarak metabolik aktivitesini azaltērken, PEG uygulamalarē 

bu stresin kontroll¿ olarak modellenmesinde yaygēn olarak kullanēlmaktadēr. Buradan yola 

­ēkarak, giderek artan kuraklēk stresine karĸēn yenilik­i bir bakēĸ a­ēsē sunan plazma ile 

aktifleĸtirilmiĸ su (PAW) uygulamasēnēn kurak koĸullarda bitkilerin su kullanēm verimliliĵini 

artērarak b¿y¿me ve stres toleransēnē destekleyebileceĵi ºngºr¿lerek, kurak koĸullarda yetiĸen 

arpa bitkisinde meydana getirdiĵi fizyolojik deĵiĸinimlere etkisi ortaya konularak alternatif bir 

­alēĸma sunmak ama­lanmēĸtēr. Kuraklēk stresi altēnda arpada s¿rg¿n uzunluĵu, s¿rg¿n yaĸ 

aĵērlēĵē ve nisbi su i­eriĵinde azalma meydana gelirken elektrolit sēzēntēda artēĸ kaydedilmiĸtir. 

Bunun yanē sēra, bitki kuraklēk altēnda klorofil floresansēnē deĵiĸtirmeyerek var olan stres 

koĸullarēnda fotosistem II mekanizmasēnē koruyarak tolerans gºstermiĸtir. Diĵer taraftan, arpa 

bitkisinde PAW uygulamasē, s¿rg¿n yaĸ ve kuru aĵērlēĵēnē, nisbi su i­eriĵini, klorofil b 

miktarēnē belirgin ĸekilde arttērērken, s¿rg¿n boyunu ve klorofil a miktarēnē korumuĸtur. 

Kuraklēk stresi altēnda PAW uygulamasē arpa bitkisinde s¿rg¿n uzunluĵu ve nisbi su i­eriĵinde 
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ºnemli artēĸ meydana getirirken elektrolit sēzēntēda da azalmaya neden olarak iyileĸtirici etki 

gºstermiĸtir. Ayrēca klorofil b miktarēnda da ciddi bir artēĸ saĵlanmēĸtēr. Literat¿rde 

­alēĸmamēzla benzer ­alēĸmalar mevcut olsa da PAW uygulamasē ile ilgili ­alēĸma az sayēdadēr. 

D¿nya genelinde ºnemli bir tarēm ¿r¿n¿ olan arpa, g¿n ge­tik­e kuraklēk nedeniyle artan verim 

kayēplarēyla karĸē karĸēya kalmaktadēr. Bu ­alēĸma, verim kayēplarēnē engellemek ve gēda 

g¿venliĵini saĵlamak amacēyla iyileĸtirici bir bakēĸ a­ēsē sunmaktadēr. PAW uygulamasē 

biyokimyasal etkinliĵinin ge­ici olmasē ve ­evre dostu oluĸu ile de umut vadeden bir ­ºz¿m 

yolu olarak deĵerlendirildiĵinden PAW uygulamalarēn arttērēlmasē ve farklē stres tiplerinde de 

­alēĸēlarak sonu­larē deĵerlendirilmelidir.  
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ABSTRACT 

The increasing demand for biomedical implants has spurred extensive research into metallic 

biomaterials that offer superior mechanical and chemical properties for medical applications. 

These implants are commonly used in orthopedics, dentistry, and cardiovascular treatments. 

While metallic biomaterials like stainless steel, titanium (Ti) and its alloys,magnesium (Mg) 

and its alloys, high entropy alloys and cobalt-chromium (Co-Cr) alloys provide high strength 

and durability, challenges remain with corrosion, wear, and biocompatibility. This review 

explores several techniques of surface modification and coating materials to enhance the 

desirable properties and performance of metallic biomaterials, such as physical, chemical, and 

thermal methods. Surface treatments like sandblasting, physical vapor deposition, and laser 

surface modification have shown promise in improving properties like corrosion resistance, 

osseo integration, and mechanical strength. The study underscores the critical role of surface 

engineering in the development of durable, biocompatible implants, offering a pathway to 

improved clinical outcomes and reduced implant failure rates. 

Keywords: metallic biomaterial, surface modification, coatings 

1. Introduction  

The demand for biomedical implants in the biomedical field is increasing day by day.Some 

major uses of biomedical implants are to replace damaged bones and joints of the human body 

and help in proper movement of organs. Biomedical implants range from orthopaedic 

replacements like hip replacements to cardiovascular devices such as pacemakers and 

stents.Many biomaterials that can be used to create medical implants have beenthe subject 

matter of extensive research over the past ten years.Both synthetic and naturally occurring 

polymers are among the most promising biomedical materials that have been used extensively 

for organ regeneration. Nonetheless, an important drawback of polymers in biomedical 

applications is the inflammation that occurs in vivo during the degradation process [1].As 
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alternative metallic biomedical implants are used widely.Due to their outstanding mechanical 

properties (such as high strength, toughness and fatigue resistance) and chemical properties, 

metal-based biomaterials have been successfully used as artificial implants in the field of 

biomedical [2]. Metallic implants are used in various applications of medical science, some 

applications are hip replacement, dentistry, orthopaedic compulsions, and cardiovascularstents 

[3].Metallic implants are extensively utilized in orthopaedics because in comparison with 

ceramicbiomaterials and polymers, metallic biomaterials possess high load bearing strength 

and superior mechanical properties.Over two-thirds of biomedical implants are composed of 

metallic biomaterials [4]. Among metallic biomaterials mostwidely used biomaterials are 316L 

stainlesssteel, magnesium (Mg) and its alloys, Titanium (Ti) based alloys such as 4Éφ!Ìτ6 and 

cobalt-chromium alloys (Co-Cr). Various metallic biomaterials and their applications are given 

in Table 1. When appropriately processed, these metallic biomaterials offer high strength and 

fracture resistance, leading to long-term implant performance in heavy load applications 

[5].Along with the desirable mechanical properties, biomaterial must have excellent corrosion 

resistance, excellent biocompatibility, high wear resistance, non-toxic surface and good 

osseointegration. Osseointegration is the structural and functional connection of living 

organism with the implant.Although metallic biomaterials fulfil many biomedical needs and 

requirements, the interfacial bonding between the surrounding tissue or bone and the metallic 

surface of implant is often poor. This poor bonding at the interface of metallic bioimplant and 

tissue leads to the misfunctioning or failure of implant. A nonadherent layer is formed at the 

surface of implant because of this poor bonding and formation of nonadherent layer leads to 

undesirable movement at the implant- tissue interface[6].A major problem faced by metallic 

biomaterial is existence various kind of corrosive substances in body fluid and blood. These 

corrosive substances include water, plasma, amino acids, various kind of ions and dissolved 

oxygen [7]. A low corrosion resistance biomaterial can release metal ions inside the body in 

the presence of these corrosive substances, potentially leading to toxic reactions [8]. Implantôs 

Surface and biocompatibility behaviour is affected by the corrosion and wear. It can trigger 

tissue reactions that releasebyproducts(produced during corrosion) from the surface of the 

implant and ultimately cause premature and early failure of implant [9].Thus, there are issues 

related with the metallic biomaterials due to the corrosion and wear, poor biocompatibility and 

poor osseointegration. These issues are primarily associated with the metallic implantôs surface. 

In light of this, the surface characteristics of the bioimplant plays a crucial role in the biological 

environment, as reactions occurs directly on the implant surface after fixation. Therefore, it is 

essential to modify and enhanced the surface of the bioimplant with specific properties and 

these specific surface properties are differ from those of the bulk material [10]. These 

techniques to modify and enhance the strength, wear resistance, osseointegration, 

hemocompatibility, corrosion resistance and biocompatibility of surface of bioimplant are 

known as surface modification techniques. By using the proper surface modification technique, 

it is possible to enhance and optimize biocompatibility, cell interaction and adhesion [11]. The 

methods of surface modifications of biomedical implants are being extensively studied using 

various bioactive materials to prevent negative outcomes such as poor biocompatibility, post-

surgical infections, reduced long term durability and risk associated with implant surface 

corrosion [12].This review discusses the primary techniques and methods of surface 
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modificationused to improve and modify the functionality of metallic biomaterials, including 

physical, chemical, and biological modifications, and their applications in medical implants. 

Table 1. Applications and properties of widely used metallic biomaterials 

Metallic 

biomaterial 

Applications Advantages Disadvantages References  

316L SS Cardiovascular 

stents, hip and 

knee joints, 

orthopaedic 

implants 

Good mechanical 

properties, corrosion 

resistance and good 

machinability 

High level of 

chromium and nickel 

can cause 

inflammation 

[13] 

Titanium 

and its alloys 

Prostheses, 

orthopaedic 

implants, dentistry, 

joint replacement, 

cardiovascular 

treatment 

High mechanical 

strength, good 

corrosion resistance, 

good 

biocompatibility 

Release of metal ions 

can cause toxicity, 

biologically inert 

surface 

[14] 

Magnesium 

and 

magnesium 

alloys 

Vascular and 

orthopaedic 

implants, 

biodegradable 

implants 

Biodegradable, non-

toxic, good 

biocompatibility and 

mechanical strength 

Fast degradation, low 

ductility 

[15] 

Cobalt and 

its alloys 

Dentistry, 

cardiovascular 

stents, orthopaedic 

implants 

Good corrosion 

resistance and 

mechanical strength, 

antimicrobial 

properties are 

excellent 

Cobalt is toxic and can 

cause inflammation 

[16] 

Zinc and its 

alloys 

Cardiovascular 

stents, orthopaedic 

devices 

Good 

biocompatibility, 

moderate rate of 

corrosion, adjustable 

mechanical 

properties 

Mechanical strength is 

desirable 

[17] 

 

2. Need of Surface Modification Techniques 

 

A biomedical implant in human body should be necessarily biocompatible. If biocompatibility 

of implant is poor then a layer of fibrous tissues starts to build up at implant-tissue interface. 

This layer of tissues is called scar tissues. Due to the development of scar tissues implant failure 

occur because of poor osseointegration between implant and host bone. The key requirement 

for a successful implant is achieving excellent integration between bioimplant and body tissues 

[18]. To enhance biocompatibility and osteoconductivity, surface modifications on biometallic 
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materials have been suggested to obtain the necessary properties and improve the success rate 

of implant.When the surface of the implant is modified effectively then the bulk properties and 

functionality of the implant remain unaffected for a long period of time, thus the life of the 

implant increases [19]. Wear is another cause of implant failure. The main wear mechanism 

affecting orthopedic biomaterial is oxidation wear. The oxidation wear occurs when the native 

oxide layer on the surface of the implant is removed by a contacting asperity [20].A layer of 

oxide forms on the metal's surface, which hinders the transfer of ions between the underlying 

metal and the surrounding environment, thereby preventing corrosion [21]. However, wear can 

damage this protective layer. When the layer is compromised, the corrosion resistance is 

reduced, leaving the exposed metal vulnerable to corrosion.In physiological environments, 

however, the repassivation rate is too slow to stop significant corrosion, leading to implant 

failure [22]. Corrosion is another major reason of implant failure.Approximately 42% of 

orthopedic implant failures are caused by corrosion, making it the leading reason for patients 

requiring revision surgeries [23].When the oxide layer is damaged (as mentioned earlier), the 

underlying metal becomes exposed to a highly corrosive environment. Body fluids contain 

corrosive elements like water, sodium, chlorine, and proteins [21].Corrosion and wear of metal 

implants result in two primary negative effects: weakening the implant's structural integrity 

and releasing metallic debris, which frequently triggers chronic inflammation, allergic 

reactions, and the formation of granulomas (early wound tissue) [24].The biological reaction 

to corrosion byproducts is another common reason why patients need revision surgeries for hip 

and knee replacements.For these reasons, it is essential that biomaterial implants are resistant 

to both corrosion and wear.In the modern biomedical implant industry, surface modification of 

metallic implants with suitable coating materials is employed to improve biocompatibility, 

corrosion resistance, antimicrobial properties, and mechanical performance. 

 

3. Surface Modification Techniques 

In recent years, researchers have aimed to improve implant bio-integration by modifying the 

surface in contact with the body. Surface modification seeks to change the behavior of the 

metal's surface without altering its bulk properties. These modifications can be used to optimize 

the host response, like osseointegration, and enhance properties such as corrosion and wear 

resistance. There are many surface modification methods are available. On the basis of working 

principle, surface modification methods can be classified as physical methods, chemical 

methods and thermal methods. Surface modification techniques are classified into two broad 

categories- surface treatment techniques and surface coatings techniques.Selection of a surface 

modification technique depends upon the material of biomedical implant and application. For 

example, ensuring soft-tissue compatibility is essential for dental prosthetics to prevent bacteria 

from infiltrating the gap between the dental implant surface and the gingival epithelial 

membrane. In the case of cardiac stent materials, they need to be designed to inhibit cell 

proliferation and restenosis [26]. For cardiovascular devices, blood compatibility or 

thermogenicity is required. 

3.1 Surface Treatment Techniques  

3.1.1 Sand Blasting or Grit Blasting 
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Sand Blasting uses the abrasive particles to develop roughness on the implant surface, creating 

a microscale topography that promotes osseointegration.The primary objective of this method 

is to enhance the surface roughness, leading to effective osseointegration. Many in vivo studies 

have investigated surface modified biomaterials. Michael et al. conducted a study of 56 screw 

type implants made of titanium. These implants were modified by sand blasting technique and 

acid etching. The result showed successful osseointegration over a six-month period, achieving 

a 100% success rate [28]. Using a combination of two techniques-grit blasting technique and 

acid etching methodsped up the osteogenesis process during various implantation procedures 

[29]. Abe et al. in their work assessed the mechanical as well as histologicaldifferences of 

bioimplants in dogs modified by grit blasting, showing that process of grit blasting supported 

the use of uncoated bioimplants [30].Alumina (Al2O3) powder and Titanium di oxide (TiO2) 

powderis used as abrasive particles in sand blasting or grit blasting. Size and number of 

abrasive particles, pressure, speed of rotation of spindle on which implant is fixed, these factors 

decide the effectiveness of sand blasting process. The blasting process can leave some residual 

particles of abrasive and substrate on the implantôs surface after the process which may alter 

the healing process of the bone. Certain resorbable blast media such as calcium phosphate in 

the forms of hydroxyapatite and beta- tricalcium phosphate, can also be used [31]. The 

roughness of the implant surface depends upon the particle shape, size and the speed of particles 

[32]. For titanium sand blasting with alumina particles of size 25-75 Õm generates and isotropic 

surface of average roughness near 1.1 to 1.5 Õm [33]. One of the disadvantages of blasting 

method is that the resulting rough surface can also encourage bacterial attachment. 

 

3.1.2 0ÈÙÓÉÃÁÌ 6ÁÐÏÒ $ÅÐÏÓÉÔÉÏÎ 06$ 

 

Physical vapor deposition PVDis another effective technique for improving the bio 

functionality of biomedical implants by modifying the interface of metallic implant. In PVD a 

protective thin layer is applied on the surface of biomedical implant. This protective layer 

protects the implant from corrosive environment. PVD is a type of vacuum deposition 

technique that involves vaporizing materials and coating them onto implant surface. In this 

process, coating materials are converted from condensed state into a vapor state and ultimately 

deposited onto the surface of implant in a condensed form. The primary use of PVD in 

biomedical is to enhance propertieslike biocompatibility, fatigue strength, corrosion resistance 

and surface hardness of the material. Sputtering deposition is one of thetypes of PVD 

techniques most commonly employed technique in dental implants and orthopedic implants 

due to its ability to produce high quality coating of uniform thickness. In the sputtering process, 

the material to be deposited is ejected by the bombardment of energy particles, typically ions. 

These high energy ionsremovelocal substrate ion from the surface, creating space for the 

coating [34].Zykova et al. noted that hydroxyapatite (HA) coatings on titanium alloys, 

combined with magnetron-sputtered alumina bond coats, demonstrated increased corrosion 

resistance and improved biocompatibility [35].Ben and Khlifi developed a uniform and 

biocompatible titanium nitride (TiN) coating film on titanium alloys using cathodic arc 

evaporation vacuum deposition [36]. Li et al. studied the corrosion resistance behaviour and 
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biocompatibility of MgCa alloy. For the improvement in the corrosion resistance property and 

biocompatibility they applied a coating of MgF2 on the alloysurface by using the vacuum 

evaporation deposition method [37].Kim et al. altered the morphologies of hydroxyapatite 

(HA) coatings on4É4Á:Ò ÁÌÌÏÙÓ, achieving enhanced wettability through radio-frequency 

magnetron sputtering and cyclic voltammetry [38].PVD can employ various inorganic 

materials as well as certain organic materials. Additionally, a key characteristic of this 

technique is the excellent adhesion between the coatings and the surface.Shevtsov et al. 

conducted a study on the porous implants by applying a PVD silver coating.An in vitro study 

demonstrated that implants with silver coating on the surface offered significant protection 

against bacterial growth and showed increased angiogenesis compared to the control group 

[39]. 

 

3.1.3 Friction Stir Process 

 

Friction stir process (FSP) comes under the category of solid-state processing technique to 

improve and modify the mechanical properties of metal surface. In FSP change in mechanical 

properties occur because of change in microstructure of the surface [40].Friction Stir 

Processing (FSP) involves a tool with a circular cross-section and a probe at the bottom, which 

may have a threaded shape or other complex designs to stir the heat-affected zone. The point 

where the probe connects to the cylindrical section is called the shoulder. Initially, the probe 

penetrates the workpiece due to the applied load or pressure. The shoulder then continuously 

rubs against the top surface of the workpiece through rotational and translational motion, 

generating heat primarily through friction.The material softens because of heat generated by 

the friction developed betweenthe workpieceandthe tool.The intense plastic deformation 

occurring during the tool's stirring process leads to grain refinement and surface modification, 

primarily due to the dynamic recrystallization of grains [41]. The important parameters in FSP 

are tool rotating speed, tool pin diameter, tool pin profile, groove width and depth, traverse 

speed, load and tool shoulder diameter.FSP technology has been widely researched to improve 

the mechanical properties of titanium and its alloys, copper alloys, aluminium alloys, and steel. 

Satish Kumar, T., and Titus Thankachanconducted a surface modification process of 

AZ31magesium alloy by friction stir process. In their work friction stir processing was used to 

create AZ31-ZrC surface composites, where varying amounts of zirconium carbide(ZrC) 

particlesυȟρπ ÁÎÄ ρυ ÖÏÌÕÍÅ ÐÅÒÃÅÎÔ were dispersed onto the surface of AZ31. 

Examination of the microstructure in the resulting magnesium surface composites showed a 

uniform distribution of zirconium carbide:Ò# particles. This uniform coating of :Ò#particles 

along with the processing method, contributed to improved mechanical properties. The 

research indicated that hardness and tensile strength increased with the addition of 

reinforcement particles, and results also showed that strengthening mechanisms were 

correlated with the microstructure of the fabricated composites. Study of the Wear 

behaviourrevealed that the primary wear mechanisms on the surface were abrasive and 

delamination wear, with a significant downfall in wear observed as particle dispersion 

increased [42].Ghahramanzadeh et al. studied the biocompatibility, tribological propertiesand 

mechanical properties of !:σρ" magnesium alloy that is processed by FSP.It was found that 
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Friction Stir Processing (FSP) significantly improved the tensile properties of the alloy but 

reduced its elongation. The base material displayed a ductile fracture surface in the specimens, 

while the FSP showed a mix of ductile and brittle fractures. Within the FSP zone, hardness 

increased byρχϷcompared to the base metal. Additionally, the alloy's wear performance 

improved in both ambient airas well as in Simulated Body Fluid (SBF) solution, with better 

wear properties observed in the SBF due to reduced adhesive bonding between the friction 

surfaces. This conclusion was further supported by SEM images of the wear path and the 

surfaces of the counter bodies [43].Bhojak, Vishal, et al. used friction stir process and cladding 

process for the surface modification of aluminium alloy. They examined the effect of these 

modification processes by erosion wear analysis. They found that erosion wear reduced by 

68.01 % by friction stir process [44].Charandabi, Fatemeh Kaffash, et al. used FSP to improve 

the surface structure and surface properties of an automotive grade Al-Si grade alloy 

[45].Fattah-Alhosseini et al. studied the commercially pure titanium. They investigated the 

impact of multi-pass Friction Stir Processing (FSP) on the corrosion behavior of commercially 

pure titanium (Cp-Ti) in a phosphate buffer solution. They observed a significant decrease in 

corrosion density [46]. 

 

3.1.4 Electrical Discharge Machining 

 

Electrical discharge machining (EDM) is used to remove material those are difficult to remove 

by conventional machining methods. It is highly precise material removing technique and it 

also provide a superior surface finish.The EDM process is useful for developing biomaterials 

for medical implants and it can also enhance the morphology to support cell in growth. In the 

EDM process material is removed by repetition of controlled electric spark between electrode 

and workpiece. The main components of a basic EDM setup include the power supply unit, 

tool or electrode, workpiece (implant surface), controller, servo motor, and dielectric fluid 

supply system [47].  

 
Figure 1. EDM setup [47] 

 

The electrode and workpiece are immersed in dielectric fluid, and a series of high-voltage 

sparks initiates the ionization of this medium. This creates plasma channels with fluctuating 

resistance between the workpiece and electrode. When the resistance drops, electrical 

discharges occur at high frequencies, causing localized temperatures to rise to 8000ï12000 ÁC. 

This intense heat melts both the workpiece and electrode, forming small craters. Once the 

voltage is switched off, the temperature decreases, and debris generated during the process is 

flushed into the dielectric fluid.This process is suitable only for electrically conductive 
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material.A major advantage of EDM process is that it is a non-contact process, so no 

mechanical deformation occurs during the process and no residual stress generated in 

workpiece which can improve fatigue resistance [48].On titanium alloy surfaces, the high 

temperatures lead to the formation of titanium oxide, which increases the thickness of the oxide 

layer and enhances corrosion resistance [47].Mahajan et al. used EDM process on Cobalt-

Chromium alloy. They treated the surface of a#Ï#Òalloy to study the performance of surface 

and biological responses. They found that thesamples treated by EDM showed enhanced blood 

interaction biocompatibility as well as improved hemocompatibility [49].Wang, Yan-Hsiung, 

et al.presented an eco-friendly approach for manufacturing titanium (Ti) implants by 

integrating machining and surface treatment processes. Specifically, electrical discharge 

machining (EDM) was utilized in a water-based dielectric medium. The purpose of using 

water-based dielectric mediumwas to downsize environmental impact on the process and 

improve operational health compared to traditional methods. The effectiveness of this green 

EDM technique was analyzed by assessing the bioactivity and cytocompatibility of the EDM-

treated Ti implants. For comparison, commercially available Ti implants treated with micro-

arc oxidation (MAO) were used as a control group. The results indicate that the eco-friendly 

EDM process not only mitigates environmental concerns but also produces Ti implants with 

desirable bioactive and cytocompatible properties. This innovative approach holds promise for 

sustainable manufacturing practices in the production of medical implants [50].Farooq, 

Muhammad Umar, et al. examined the potential of an integrated approach for the modification 

of implantôs surface and machining through a procedure called ópowder-mixed electric 

discharge machining (PMEDM)ô. Focusing on Ti6Al4V ELI, a commonly used titanium alloy 

for medical implants, the research explores machining under two distinct additive conditions: 

silicon (Si) and silicon carbide (SiC). A full factorial design of experiments was employed to 

systematically analyze the outcomes of these additive conditions on several critical surface 

properties.investigated the use of electrical discharge machining (EDM) to modify and enhance 

the surfaces of Ti6Al4V alloy and AISI 316L steel by forming coatings of hydroxyapatite, 

aiming to enhance osseointegration of implants. The hydroxyapatite coatings of uniform 

thickness on the surface of substratewere developed during EDM at currents of σπ ὃ ὥὲὨ τπ ὃ, 

incorporating calcium phosphate additions. The results indicated successful development of 

apatite coatings on all processed surfaces, with coating thickness and hardness measuring 

approximately ρςπ ‘ά and 700 HV for the Ti alloy, and 12 Õm and 300 HV for the stainless 

steel, respectively. Notably, both substrates exhibited a significant increase in surface 

roughness post-EDM [52]. 

 

3.1.5 Thermal Oxidation 

 

Thermal oxidation involves the heating of the material in the oxygen rich environment, leading 

to growing an oxide layer on the surface of the substrate. It has been observed thatthe thicker 

the oxide layer, the lower the likelihood of it being compromised and exposing the underlying 

metal, thereby enhancing corrosion resistance [53].The process of thermal oxidation operates 

at relatively low temperature range and requires no additional materials, which lowers the 

processing cost of thermal oxidation process compared to other available 
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thermalsurfacetreatmentmethods. The range of heating temperature depend on the material and 

desired oxide characteristics [54].The process of thermal oxidationcan be outlined in five steps: 

first oxygen absorption, second step is oxygen dissolution, third step is formation of a thin film 

of oxide, fourth step if growth of oxide layer, and the last step is development of a thick oxide 

layer [55].Wang, Guifang, et al used thermal oxidation to modify the micro-structured titanium 

surface to enhance the in vitro as well as in vivo bioactivity. In this process the keep ambient 

temperature at 450oC for varied time duration[55].Maestro et al. in their workevaluated the 

roughness, microhardness, and corrosion resistance of a Ti6Al4V alloy following cyclic and 

conventional isothermal heat treatments. The heat treatments were conducted over 24 hours, 

reaching a peak temperature ofφυπÁὅ, with cyclic conditions applied between the 

temperatureςππÁὅ ὥὲὨ τππÁὅ for total 48 cycles and each cycle lasting 0.5 hours. All 

treatment methods led to increases in microhardness,surface roughness as well as corrosion 

resistance atυππ Í6 above the open-circuit potential during polarization tests, compared to 

untreated material. These findings are attributed to the formation of rutile, as evidenced by 

XRD analysis [56]. 

3.1.6 Laser Surface Modification 

Laser surface modification techniques are advanced processes used to alter the surface 

properties with high precision and control.These techniques can be divided into five primary 

categories. The differences among these techniques are determined by the interactions between 

the laser beam and the material. These techniques rely on focused laser beams to induce 

localized heating, melting, or ablation on the surface of a material, allowing for changes in 

surface chemistry, texture, and microstructure on the surface of the specimen. 

 

3.1.6.1 Laser Surface Melting (LSM) 

 

Laser surface modification (LSM) is an advantageous technique for processing biomaterialsthat 

enhances the properties of metallic materials, such as wear resistance, corrosion resistance, and 

hardness. It involves using a high-energy laser beam to melt the surface layer of a material. The 

rapid heating and cooling result in a refined microstructure and potentially improved surface 

characteristics. The laser beam is focused onto the materialôs surface, causing it to rapidly heat 

and melt a thin layerusually few microns to millimeters deep. Laser movement is controlled 

across the surface to ensure the consistent coverage.Once the laser moves past a point, the 

melted layer cools quickly, solidifying into a refined microstructure. The rapid cooling often 

give rise to the formation of fine grains, which can improve hardness of the surface and wear 

resistance.Depending on the material and cooling rate, the surface may undergo a 

transformation, such as martensitic transformation in steels, which enhances the surface 

properties [57]. A schematic diagram of LSM shown in the Fig. 2. 
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Figure 2. Laser Surface Melting Setup [58] 

 

Using LSM, hard,uniform, and ultrafine structures are formed on the surface and there is no 

altering the chemical composition of the specimen material.Consequently, enhancements in the 

surface layer characteristics of the bulk material, including resistance to erosion, wear, and 

corrosion, can be observed. A reduction of up to τςϷ in the wear volume of laser-melted AM50 

Mg alloy surfaces, as well as an increase of 15ï25 HV in microhardness, has been 

documented.Balla et al. used LSM for surface modification of σρφ, ÓÔÁÉÎÌÅÓÓ ÓÔÅÅÌȢ Their 

work showed that Laser Surface Melting (LSM)is an effectual approach for modifying the 

ÓÕÒÆÁÃÅ ÃÒÙÓÔÁÌÌÏÇÒÁÐÈÉÃ ÔÅØÔÕÒÅ ÏÆ σρφ, stainless steel biomedical devices. To melt the 

surface of 316L SS that is used in medical applications,the team utilized a continuous wave 

laser.It was discovered that samples treated by LSM samplesdemonstrated improved surface 

wettability, corrosion resistance, and enriched viability and in vitro cell-material 

interactions.These LSM treated samples had increased planar lattice spacing.Along with it 

these LSM treated samples also had a high concentration of low-energy grain boundaries 

[60].Ghate, Nakul D used LSM for surface modification of 4Éφ!Ìτ6. surface modification is 

carried out using a broad range of parameters involved in the process. After the modification 

processthe treated samples are then analysed, with measurements taken formicrohardness, 

surface roughness and wettability. Along with this a new heat input parameter is introduced to 

account for various LSM process parameters [61].Yao, Xiyu, et al. used selective laser melting 

technique to modify and enhanced the surface characteristics of Mg-alloy implant and to 

enhance the microhardness and corrosive resistance properties. It was found that microhardness 

increased and corrosion rate decreased after the process [62]. 

 

3.1.6.2 Laser Surface Cladding (LSC) 

 

LSCis another laser-basedtechnique of surface modification to enhance the surface properties 

of a metallic biomaterial by applying a clad layer. This layer is typically made from a metal or 

ceramic powder. This layer of powder is melted onto the surface of a substrate by using a 

focused laser beam. The laserôs energy melts the powder on the surface and a thin layer of 

substrate, creating a metallurgical bond between them as it solidifies. The molten material 

rapidly cools and after solidification a clad layer formed on the surface with improved 

properties [63]. Cladding causes minimal dilution of the base materials due to the very little 
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time available forinteraction of laser with material, allowing the original material to maintain 

its strength [64]. Steps of the LSC are shown in Fig 3. 

 
Figure 3. Steps of Laser Surface Cladding 

 

The coating layerôs quality depends on three important parameters: first is laser beam's 

diameter, second parameter is the laser's power, and the third parameter is laser's scanning 

speed. Each of the mentioned factors must remain consistent to ensure a coating of uniform 

thickness. It has been noticed that the laser cladding process enhances wear and corrosion 

resistance of the surface through fine-grain strengthening. However, the choice of powder is 

restricted in laser cladding because it must have a melting point, thermal expansion coefficient 

andelastic modulus similar to the metalsubstrate being coated. Discrepancies in melting points 

can result in weak metallic bonds between the coating material and surface material, while 

mismatched thermal expansion coefficients and elastic moduli can lead to development of 

residual stresses that cause cracking. Beyond the challenge of maintaining optimal parameters, 

two additional issues limit the effectiveness of laser cladding process: first one is pore 

formation caused by trapped gases in the molten powder and second is formation of cracks due 

to the high residual stresses from the heating and cooling cycle [65].Nie et al. investigated the 

laser cladding (LC) of ρχ τ 0( stainless steel onto an %συυ$$substrate, which is a low-

alloy structural steel.The goal of study was enhancing wear, corrosion along with cavitation 

corrosion resistance. The powder used ranged in size from 15 Õm to 75 Õm [66].Liu et 

al.utilized a multi-track coaxial laser cladding (LC) system to deposit.É#Ò-Ï 7

Ø3Éonto ςπ'steel, a type of carbon structural steel. They studied how varying the silicon (Si) 

content from π ×ÔȢϷ ÔÏ υ ×ÔȢϷ influenced phase composition, microstructure evolution, and 

resistance to sulphur corrosion at high temperatures. Their findings revealed that the clad layer 

contained Mo-rich and Cr-rich solid solutions [67]. Almeida et al. applied nickel and cobalt-

based alloys onto steel pipes. During the laser cladding process, they observed the formation 

of a hard heat-affected zone (HAZ) in the substrate. Both the coating and the HAZ 

demonstrated increased hardness, with the laser-cladded Stellite-6 and Inconel 625 coatings 

showing twice the hardness of the substrate [68]. 

 

3.1.6.3 Lase Surface Alloying Technique (LSA) 

 

Laser surface alloying technique of surface modification is similar to the Laser surface cladding 

technique. The main difference between these two techniques is the thickness of the treated 

surface layer. A high-energy beam of laser is directed onto the materialôs surface, rapidly 

heating and melting a thin layer of the surface. Alloying elements, in powder or wire form, are 
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fed into the molten pool, where they mix with the substrate material. As the layer moves on, 

the melted area cools quickly, leading to the formation of a new alloyed surface layer with 

refined microstructure [69]. In LSA alloying element can be added to the substrate by using 

various methods like pre-placed powder method, powder injection method in which alloying 

powders are continuously fed into using a powder feeder, gaseous alloying in which alloying 

elements in gaseous form are introduced into laser interaction zone and in situ alloy formation 

in which substrate itself contains alloying elements that can react under laser to form new 

alloyed phases [70]. Temperature gradient is an important parameter of the LSA, along with it 

shear stress is also have an important role in the mixing of alloying elements on the surface of 

the bulk material [71].In recent studies, a Tiï5Ag alloy with nearly 100% antibacterial efficacy 

was successfully synthesized using laser powder bed fusion method (LPBF). The alloyôs 

microstructure revealed the presence of TiAg, contributing significantly to its antibacterial 

properties. In situ laser alloying ensured homogeneous element distribution, which enhanced 

the alloyôs mechanical properties and corrosion resistance. This approach highlights LPBFôs 

potential for fabricating bioactive alloys with superior performance characteristics 

[72].Orthopedic device-related infections (ODRIs) are a serious risk for titanium-based 

implants, necessitating antibacterial surface modifications that maintain the implantôs 

mechanical integrity. Sedaghat, Sotoudeh, et al introduced a two-step approach combining 

silver nanoparticle (AgNP) coating with selective laser-assisted surface alloying on Ti6Al4V 

implants. This method produced a TiAg alloy surface with enhanced antibacterial efficacy and 

prolonged superhydrophilicity, demonstrating effectiveness against common pathogens and 

significantly improving bone mineralization. Notably, Rockwell hardness tests indicated 

minimal impact on the alloyôs bulk mechanical properties, showcasing the approachôs potential 

for durable, bioactive implant surfaces [73]. 

 

3.1.6.4 Laser Surface Peening Technique (LSP) 

 

LSP technique is suitable for metallic biomaterials only. In this technique mechanical properties 

of materials are enhanced by inducing the residual stresses on the surface.A high-energy, short-

duration laser pulse is directed at the surface of the material, typically through a transparent 

overlay (such as water or a sacrificial tape) that helps to contain the plasma created by the 

laser.The intense energy from the laser pulse generates a plasma on the material's surface, 

creating a high-pressure shock wave.This shock wave propagates into the material, causing 

plastic deformation in the subsurface layers and leading to compressive residual stresses once 

the shock wave subsides [74]. Critical parameters of LSP are pulse wavelength, pulse width, 

laser energy and overlap rate [75].Bakhtiari, Meisam, et al. investigated the effects of Laser 

Surface Peening (LSP) on Ti6Al4V samples using various power densities and protective 

coatings. Higher laser power density resulted in maximum compressive residual stresses and 

increased hydrophobicity and surface roughness. Samples without a protective layer exhibited 

the highest roughness and enhanced fatigue life, with black-color coated samples achieving up 

to three times the fatigue life of untreated samples. Microstructural analysis and fatigue fracture 

characterization were conducted using FE-SEM. Additionally, hydroxyapatite coating on 

optimally LSP-treated samples demonstrated improved cell viability and adhesion, suggesting 
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enhanced osseointegration potential for implants [76].Vishnu, Jithin, et al. in their work 

examined the effects of varying laser-peening fluences on the surface characteristics and 

biocompatibility of a low-modulus Ti-22Nb alloy. Higher fluences (6 and 9 GW/cmĮ) produced 

nano-porous surfaces with negative skewness along with mixed oxide layers rich in Ti  and 

Nb . These surfaces exhibited enhanced hydrophilicity, with contact angles reduced to 47.1Á 

and 43.2Á, respectively. The presence of Nb  ions improved fretting wear resistance by 

reducing oxide defects. Cell studies revealed increased genetic marker expression (Ki67), 

suggesting enhanced osseointegration potential. These findings indicate that laser-peened 

surfaces at higher fluences improve both wear resistance property and biocompatibility of Ti-

22Nb alloys [77].Praveenkumar, K., et al. studies the effect of laser shock peening without 

coating on the surface characteristics of Ti6Al4V material [78].This study evaluated the 

mechanical and biological properties of 4Éφ!Ìχ.Â alloy subjected to Laser Shock 

Peening (LSP) at various energy levels and overlap ratios. LSP-treated surfaces exhibited 

increased compressive residual stresses, hardness (from 320HV0.05 to 405HV0.05), and 

refined sub-grain sizes, enhancing wear resistance. Initial cell viability on LSP-treated surfaces 

was lower but significantly improved over 72 hours, as shown by MTT assays with MG63 

osteoblast-like cells. The findings suggest that LSP can enhance the cytocompatibility of 

orthopedic implants, potentially reducing implant-related pain and improving integration with 

bone tissue [79]. 

 

3.1.7 Thermal Spraying 

 

Thermal spraying comes under the category of surface coating processesthat is used to improve 

the wear, corrosion, and heat resistance of a substrate by depositing a thin film of coating 

material. It involves heating a feedstock material (such as metal, ceramic, or polymer either in 

wire or powder form) to a molten or semi-molten state and then propelling it onto the surface 

of a substrate. This forms a coating with enhanced surface properties while maintaining the 

substrateôs bulk characteristics.The melted material is accelerated using compressed gas or 

high-velocity plasma and sprayed onto the target surface.Upon impact, the molten particles 

flatten and rapidly cool, forming a dense coating that adheres to the substrate [80].Similar to 

laser cladding technique, the selection of material to be sprayedontothesurfaceof metallic 

substrate is restricted by the requirement for compatible properties and the formation of 

intermetallic bonds at the material interface [81]. 
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Figure 4. Thermal Spraying [83] 

Baltatu, Madalina Simona, et al investigated a novel alloy system, Ti15MoSi, coated with 

zirconia (ZrO2) to enhance biocompatibility and corrosion resistance. By applying ZrO2 

through atmospheric plasma spraying, the coating achieves a uniform appearance with minimal 

cracking. Key findings indicate that ZrO2 remains stable in simulated body fluids, posing no 

adverse effects on bone healing. Analysis through X-ray diffraction and SEM-EDS confirmed 

the presence of ɓ-Ti and ZrO2 phases with a tetragonal crystalline structure. Notably, the 

coatings exhibit low Youngôs modulus values, aligning closely with human bone and 

potentially reducing implant stress shielding [82].Shankar, Deep, et al. studied the effectiveness 

of three thermal spray processesð (i) Atmospheric Plasma Spray (APS), (ii) Flame Spray (FS), 

and (iii) High-Velocity Oxy-Fuel Spray (HVOF)ðwhich operate at varying temperatures. The 

research examines how each process influences the surface properties of coatings, impacting 

both blood compatibility and implant strength [84]. 

3.2 Coatings 

The coatings serve as efficient barriers, preventing unwanted interactions between the surface 

of metallic biomaterial and biomolecules. Adjusting the surface characteristics of coatingsð

such as crystal structure, morphology, roughness, wettability, elemental composition, and 

surface chargesðcan enhance corrosion resistance, mechanical properties, stability, and also 

reduce protein adsorption and hematopoietic activation [85].Researchers have made significant 

strides in developing a range of coatings with specific functions for different metallic 

biomaterials. Coatings on cardiovascular stents, in particular, must meet stringent 

biocompatibility and non-toxicity standards due to their direct contact with human tissue fluids, 

blood, and cells. 

3.2.1 Carbon based Coatings 

Carbon-based coatings includegraphite, diamond-like carbon (DLC)and graphene. These are 

widely used to enhance the properties of metallic biomaterials. These coatings improve wear 

resistance, reduce friction, and increase biocompatibility, making them worthy for severalkind 

of biomedical applications, such as orthopaedic implants, cardiovascular stents, and dental 

implants.Graphene is regarded as a foundational building block for carbon-based materials of 
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various dimensions [86].Lascano, Sheila, et al. obtained porous Ti-Nb-Ta-xMn alloy by using 

powder metallurgy. A single layer of graphene coating was transferred onto the substrate by 

chemical vapour deposition method. Biocompatibility tests and cytotoxicity test results 

confirmed that proliferation and cell adhesion both were successful for single layer graphene 

coated porous substrate[87].Corado, Hazel Paloma Reis, et al.analysed properties 

commercially pure titanium coated with graphene oxide, niobium pentoxide and a mixture of 

both by electrochemical deposition technique.In electrochemical corrosion test it wasnoticed 

that graphene coating increases the corrosion resistance [88].Diamond-like carbon coatings 

(DLCs) are a class of amorphous carbon that exhibit many of the desirable properties of 

diamond like such as high hardness, low coefficient of friction, wear resistance, enhanced 

hemocompatibility and chemical inertness. These coatings can be produced inexpensively, 

even at room temperature. DLC coatings have been applied in cardiovascular stents and 

devices,prosthetic heart valves, dental implants, joint prostheses and surgical devices.DLC 

coating on aluminum metal can significantly improve the materialôs performance. When 

aluminum and its alloys are coated with DLCs, they become suitable for biomedical 

applications.The primary mainstream methods for producing DLCs are plasma-enhanced 

physical vapor deposition (PVD) method and chemical vapor deposition 

(CVD)method[89].Stents coated withDLC exhibit excellent safety due to enhanced 

hemocompatibility and desirable biocompatibility within the human body.Hassan, Sadia, et al. 

used graphite coating on stainless steel substrate to enhance hemocompatibility, anti-leaching 

and antithrombosis properties. Physical vapour deposition technique was used for graphite 

coating [90]. 

3.2.2 Polymer Coating 

Polymer coatings are widely used on metallic biomaterials to enhance their biocompatibility, 

prevent corrosion, and improve their overall performance in medical applications.OriŔakov§, 

Ren§ta, et al. investigated the collective impact of minor Fe additions and poly-ethylene-glycol 

(PEG) coatings on Zn-based materials, focusing on surface morphology, degradation, 

cytotoxicity, and mechanical properties. While prior research has explored the development of 

zinc (Zn) alloys, the influence of polymer coatings on their properties remains unexplored. The 

findings reveal that minor addition of Fe and PEG coating positively affect deterioration rates 

and mechanical properties of the surface. However, these modifications are associated with a 

decrease in biocompatibility.Anil et al.studied the effects of polymer coatings on magnesium 

surface. Twodifferent kind of polymer coatings, one made from polycaprolactone (PCL) and 

second coating made fromÐÏÌÙɤ ÐÅÎÔÁÖÁÌÅÒÏÌÁÃÔÏÎÅ 00$, developed on a 

magnesium surface. These coatings were designed to prevent magnesium from quickly 

degrading in vivo, thus improving its viability for use as a cardiovascular stent [92].Del Olmo, 

Jon Andrade, et al focused on the development of chitosan-based hydrogel coatings for titanium 

alloy (Ti6Al4V) surfaces using genipin 4É#()'0 and polyethylene glycol 4É

#()'0 as crosslinking agents. These coatings not only showed excellent in vivo 

biocompatibility but also significantly enhanced cell proliferation and differentiation 

[93].Polypyrrole (Ppy) comes under the category of conductive polymers. It is known for its 

ease of synthesis. It also exhibits high electrical conductivity as well as strong biocompatibility. 
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Along with it also demonstrates excellent environmental stability and promotes cell adhesion 

during several cell growth processes.Effect of Ppy coatings on titanium surface is studied 

byRikhari et al. They successfully created Ppy coatings(hydrophilic coating) on titanium 

substrates using cyclic voltammetry (CV). They examined the electrochemical corrosion 

behaviour of these coatings in simulated body fluids (SBFs) [94]. 

3.2.3 Titanium dioxide (TiO2) 

TiO  coatings are used in drug delivery systems, as well as in orthopaedic and various dental 

applications. They also exhibit high catalytic activity along with antibacterial properties, and 

long-term stability against both photo type and chemicalcorrosion [95].D'Agostino, Agnese, et 

al. presented a novel approach by doping TiO  with silver and gallium ions to reduce bacterial 

adhesion on CoCrMo surfaces. The resulting coatings exhibit hydrophobic behavior and a 

uniform anatase phase, with thicknesses ranging from 50 to 200 nm. These attributes enhance 

the potential for biomedical applications by minimizing bacterial colonization on implant 

surfaces [96].The aTiO2 nano-coating, applied through magnetron sputtering, represents an 

innovative effort to enhance osteogenesis, modulate the inflammatory response, and decrease 

bacterial colonization on stainless steel (SS) substrates. The study assessed the nanocoated 

surfaces (SS-a TiO2) in terms of topography, roughness, wettability, and chemical composition. 

For comparison, uncoated SS and sandblasted/acid-etched titanium (Ti) substrates were also 

examined [97]. 

3.2.4 Heparin Coating  

Heparin coatings are commonly used in medical devices to enhance their biocompatibility, 

particularly in blood-contacting devices like stents, catheters, and vascular grafts. Heparin, a 

naturally occurring anticoagulant, helps to reduce blood clot formation by inhibiting thrombin 

and other clotting factors. When applied as a coating, heparin creates a surface that is more 

compatible with blood, reducing the risk of thrombosis (clot formation) and minimizing 

adverse reactions in the body [98].Maitz, Manfred F., et al. explored the use of hydrogels made 

from ÆÏÕÒÁÒÍÅÄ ÐÏÌÙ ÅÔÈÙÌÅÎÅ ÇÌÙÃÏÌ(starPEG) and heparin, both with and without 

coagulation-responsive heparin release, as coatings for neurovascular devices. The objective 

was to reduceformation of blood clots. The usefulness and effectiveness of these coatings were 

assessed through in vitro Chandler-Loop assays and implantation tests in the supra-aortic 

arteries of rabbits.Li, Xiaoying, et al. employedatomic layer deposition technology to create a 

stable heparin coating, which was then used to develop a heparin-coated venous stent. The 

experiment verified the in vivo safety of the heparin-coated stent [100]. 

3.2.5 Chitosen Coatings 

Chitosan coatings are commonly used in biomedical applications due to chitosan's 

biocompatibility, biodegradability, and antimicrobial properties. Chitosan is derived from 

chitin, a natural polysaccharide found in the exoskeletons of crustaceans, and it is particularly 

valued for its ability to promote cell adhesion and tissue integration [101].Chitosan coatings 

are frequently applied to biodegradable stents to slow down their degradation inside the 
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body.Kozina et al. worked on magnesium-based biomaterial. In their work they employed a 

technique, called spin-coating method, to create chitosan composite coating of uniform 

thickness on the surface of  -Çςπ:Îalloy. Results showed that chitosan composite coating 

significantly enhanced the alloy's corrosion resistance in Hankôs solution at 37ÁC. Due to the 

coating on the surface of alloy the corrosion potential shifted positively, as well as the corrosion 

current was reduced, and the corrosion rate declined by 62.5% [102].DôAlmeida et al. created 

chitosan coatings on the surface of titanium substrates through covalent bonding and noted 

their remarkable antimicrobial effectiveness by counting the colony-forming units of the two 

bacteriaEscherichia coli and Staphylococcus aureus. It was found that the chitosan coating 

greatly enhanced the safety and life-time of titanium implants and has the potential to be a 

commercially viable solution [103]. 

Conclusion 

Metallic biomaterials play a vital role in the field of biomedical implants and the reason behind 

it is their superior mechanical properties and versatility. However, issues related to corrosion, 

wear, and biocompatibility present significant challenges, especially in long-term applications. 

This review highlights that effective methods and techniques of surface modification of 

metallic biomedical implants can significantly enhance and modifythe performance, properties 

and life of metallic implants by improving their interaction with biological tissues, increasing 

corrosion resistance, and reducing wear. Techniques such as laser surface modification, thermal 

spraying, and the application of biocompatible coatings have demonstrated substantial 

improvements in implant longevity and patient outcomes. Future research work in this field 

should focus on optimizing these surface treatment and coating techniques to tailor specific 

properties for large number of biomedical applications, ultimately advancing the development 

of safer and more effective implants. 
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ABSTRACT 

This article reviews the various advancements in metallic biomaterials for medical 

applications. Due to their versatility in various mechanical and physical properties, these 

materials are most suitable for implanting in dental surgeries, bone joints and cardiovascular 

operations. However, the in-vivo environment, which includes body fluids, is highly corrosive 

to metal surfaces. This corrosion can lead to the release of harmful by-products, potentially 

causing localized pain, infections, swelling, and even implant failure. Therefore, 

biocompatibility is a key consideration when selecting materials for implants. While options 

such as ceramics, bio-glasses, and polymers exist, metals and alloys are often preferred for 

their mechanical strength and adaptability. Despite these advantages, their vulnerability to 

corrosion remains a significant concern. To address this, commonly used corrosion-resistant 

metals include SS-316, Magnesium and its alloys, and Cobalt-Chromium alloys. The formation 

of a protective passive film on these materials is crucial in minimizing corrosion and ensuring 

the longevity of metallic implants. 

Keywords: Metal-metallic Biomaterials; Biocompatibility; Corrosion resistance; Bone 

transplants 

1. Introduction 

Biomaterials, nowadays find a significant application across various medical implants 

including bone transplants, dental implants, tissue replacements, biosensors and many more 

[1]. Various properties such as its biocompatibility, mechanical properties, chemical stability, 

degradation and many more collaboratory properties make it a suitable alternative for the 

treatments mentioned earlier [2]. As we know, the structure of the human body is very complex. 

It comprises of various cells, tissues, organs, blood, lymph, bones and many more [3]. All these 

are collectively important for the proper functioning of the body. Here in the present study, 

bone transplant is kept as the center of attraction as these provide structural integrity and 

psychological functions within the body. It comprises of structural proteins, fats, bone 
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morphogenetic proteins, minerals, type I collagen, and water [4]. Also, data of Science Direct 

as seen from figure 1, clearly represents the increased number of papers since 2017 to 2023 

and these numbers will kept on increasing. Few authors reported significant improvement in 

mechanical properties of composite bricks and zinc aluminium matrix by incorporating natural 

fiber and ZrB2 [5, 6]. 

From a biological perspective, bone is a highly complex tissue that undergoes continuous 

dynamic remodeling. This process is driven by two key types of cells: osteoclasts, which break 

down and resorb mature bone tissue, and osteoblasts, which generate new bone. Together, these 

cells maintain bone homeostasis, ensuring the bone remains healthy and capable of adapting to 

stress [7]. This natural regenerative process allows bones to heal themselves and repair damage 

under normal conditions. However, when bone damage exceeds a critical size (generally 

greater than 1 cmį), the natural regeneration process is insufficient, and the bone cannot fully 

heal without external assistance [8]. To address such large defects, intervention is necessary to 

support the bone's self-healing mechanisms and facilitate proper reconstruction of the tissue. 

This ensures that the bone regains its structural integrity and functionality [9]. While 

researchers have made significant progress in understanding and developing treatments for 

critical bone defects, many challenges remain. These challenges are due to the complex 

interplay of factors that affect bone healing, such as [10, 11]: 

a) Location and size of the defect: Larger or more complex areas are harder to repair. 

b) State of the surrounding soft tissue: A healthy soft tissue capsule is essential for healing. 

c) Mechanical stress and movement: Continuous movement or mechanical load on the 

damaged bone can impede healing. 

d) Patient factors: Age, metabolic diseases (e.g., diabetes), and overall health can impact the 

success of treatments. 

One of the most effective interventions for critical bone defects is the use of autografts, where 

bone is harvested from the patient's own body and transplanted to the defect site. Autografts 

minimize the risk of immune rejection since the body recognizes the tissue as its own [12]. 

However, the availability of auto graft material is limited in both size and quality, and the 

procedure carries risks, including donor site morbidity (damage or complications at the site 

where the bone was taken), prolonged surgery times, and additional trauma to the body [13].An 

alternative to autografts is the use of allogeneic bone, which comes from donor sources. While 

this approach can provide larger amounts of bone tissue, it carries risks of immune rejection, 

disease transmission, and cross-infection. Moreover, healing with allogeneic bone tends to be 

slower, and there is a greater risk of complications [14]. In response to these limitations, 

researchers have increasingly turned to artificial bone implants made from biomaterials. These 

biomaterials aim to mimic the structure and properties of natural bone, offering an innovative 

solution for reconstructing bone defects [15]. Biomaterial implants hold several potential 

advantages, including the ability to customize implants to the patientôs specific needs, reduced 

risk of disease transmission, and fewer concerns about immune rejection. However, the success 

of these implants still depends on factors like biocompatibility, mechanical properties, and the 

body's ability to integrate the artificial material into the natural bone structure [16]. To do so, 

various materials are considered for transplants for better utility in medical applications. These 
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materials and their alloys includes stainless steel, titanium alloys, chromium cobalt alloys, iron 

alloys, zinc alloys, polymers, ceramics and magnesium which are deliberately considered for 

various orthopaedic transplants. These materials and their alloys have comparable mechanical 

properties to human bones, bio-inertness, non-toxic and these materials are highly corrosion-

resistant, making them ideal choice for transplants [17]. 

 

Figure 1. Number of Research article and Review article published from year 2017-2023 (data from 

science direct) 

2. Mechanical Properties of Metal Metallic Biomaterials 

All the implants and medical devices used in medical applications are expected to be physically 

and mechanically stable. The materials should have excellent mechanical properties such as 

rigidness, elasticity, strength, and toughness and should be fracture-resistant. The global shifts 

from the utilization of biopolymers towards the metallic biomaterials can be observed in past 

few decades due to their exceptional properties that include ductility, yield strength and high 

modulus. For better understanding, the properties commonly used for biomaterials are 

tabulated in Table 1 for clear insights [18 ï 20] and similar has been portrayed in figure 2 for 

better understanding.  

Table 1: Summary of Mechanical Properties of various Metallic Biomaterials [18 ï 20] 

Metallic 

Biomaterials 

Ultimate Tensile 

Strength (MPa) 

Yield Strength 

(MPa) 

E Modulus (GPa) 

Cortical Bone (CB) 70-150 30-70 15-30 

Stainless-Steel (SS) 586-1351 221-1213 190 

Titanium (Ti) 760 485 110 

Magnesium (Mg) 170-270 - 41-45 

Cobalt (Co) 1012 485 243 

Cobalt-Chromium 

alloy (Co-Cr) 

940 - - 
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Excellent mechanical properties help to withstand deformation due to load which can severely 

affect the biomaterials due to cracks around the implanted surface. Moreover, failure of the 

transplanted biomaterial can result in premature failure and removal of prostheses before time. 

It can lead to substantial issues and may results in another operation which can be costly and 

painful. Hence, mechanical properties are utmost important before selection of optimal 

material. Also, based on the previous literature it has been observed that load distribution was 

greatly influenced by mechanical properties [21]. The major function of biomaterials is to act 

like bone and provide sufficient strength to bear load. Various forces are experienced by the 

transplanted materials during the operating period. These forces include tensile, compressive, 

shear and many more. According to a study it was observed that dental implants are less 

damaged compared to bone transplants due to smaller in size [22]. The reliability of the 

working transplants is determined by withstanding all the mechanical aspects for better 

durability. However, sometimes the properties of the materials are altered by additions of 

various alloys and providing necessary heat treatment for required properties [23]. As 

mentioned earlier the bone material can alter its structure to cope with similar by providing a 

sufficient amount of alloys in the pure material making it more usable.   

 

Figure 2. Mechanical Properties of respected materials as reported earlier [18-20] 

 

3. Biocompatibility 

Several factors influence the biocompatibility of the metallic materials with the body. These 

cases include the size of the implant, composition of the material, wettability of the surface, 

and many more. The biomaterials should not react with the body causing irritation or reactions 

due to changes in plasma proteins. Also, it should not damage the sensitive elements of the 

blood cells as it may lead to harmful impacts on the human body [24].  

The corrosion of metallic implants can influence surrounding tissues in three primary ways: (i) 

electrical currents generated during corrosion which may impact cellular behavior, (ii) the 

chemical environment around the implant may be altered, and (iii) metal ions released through 

corrosion can interfere with cellular metabolism. One significant concern from the release of 

corrosion products into the body is the potential for systemic and distant effects [25]. Even 
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mild corrosion can cause symptoms such as localized tenderness at the implant site, acute pain, 

redness, and swelling in the affected area. Systemic reactions to metallic implants are primarily 

due to the influx of metal ions released during corrosion [26]. Organ-specific accumulation of 

these ions, coupled with varying excretion rates, may lead to elevated levels of specific alloying 

elements, potentially disrupting the body's tolerance to toxic substances [27]. In both animal 

studies and patients with stainless steel or cobalt-based orthopaedic total joint replacement 

(TJR) components, corrosion and wear have been shown to cause long-term changes in blood 

metal content [28]. These changes include increased metal concentrations in both local and 

distant tissues (such as the liver and kidneys) and elevated levels of metal ions in the blood and 

urine. While histological evidence directly linking metal ion release to corrosion is lacking, 

tissue discolouration and foreign body reactions (FBRs) strongly suggest that implant corrosion 

is the source of these metal ions [29].The corrosion resistance is tabulated in Table 2, which 

depictsvarious ASTM standards for testing corrosion resistance of various biomaterials [30, 

31]. 

Table 2: ASTM standards for testing of Corrosion resistance of various biomaterials [30, 31] 

Standards  Specification 

ASTM G71 Test guide for measuring galvanic corrosion  

ATSM G61 Test procedure of measuring localized corrosion 

ASTM G48 Test procedure of stainless-steel based devices for measuring fretting 

due to corrosion 

ASTM 1089 Test procedure of surgical instruments for measuring fretting due to 

corrosion 

ASTM 897 Test procedure of plates and screws for measuring fretting due to 

corrosion 

ASTM 746 Test procedure of surgical implants for measuring pitting due to 

corrosion 

 

4. Corrosion effect on various Biomaterials  

4.1 Stainless-Steel (SS) 

Stainless steel 316L (SS-316L) is commonly used as a biomaterial in various medical implants 

due to its excellent corrosion resistance, machinability, affordability, and availability. The key 

alloying elements in surgical-grade SS-316L include chromium (17-20%), molybdenum (2-

3%), nickel (12-15%), along with small amounts of other elements [31]. However, when SS-

316L corrodes inside the body, the release of these metal ions can act as potent carcinogens and 

allergens. Stainless steel is particularly prone to pitting and crevice corrosion, with studies 

indicating that these forms account for about 90% of implant failures [32]. It is especially 

vulnerable to localized corrosion caused by halogens (notably chloride ions) and reduced sulfur 

compounds. The presence of living microorganisms in the body can further exacerbate 

localized damage [33]. 
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Chromium is the key element responsible for forming a stable passive layer that provides 

corrosion resistance in stainless steel [34]. An increase in chromium content, along with a 

moderate increase in molybdenum, enhances the materialôs resistance to the breakdown of the 

passive layer. However, a high amount of carbon enhances the chances of intergranular 

corrosion. Therefore, mainly low carbon content is required for biomedical purposes. Usually. 

Notably, it was evident that, the presence of Nickel (Ni) that consequently releases Ni ions 

leads to produce some harmfuleffects for the body [35]. But this can be mitigated by the 

addition of nitrogen in the SS that provides significant endurance to corrosion attack and film 

stability. However, high concentrations of nitrogen should be restricted as it may leadtoalter 

mechanical properties that must be avoided. Usually, nitrogen is kept under 0.9% of total mass 

for medical applications as reported in the recently published literature [36]. 

4.2Magnesium (Mn) 

To assess the suitability of Mg-based alloys, comprehensive medical studies and thorough 

investigations of their degradation processes are essential. According to the literature [37,  38], 

Mg-Cd alloy facilitates the formation of a hard callus in the fracture area during healing. Witee 

et al. [39] fabricated four distinct Mg alloy rods, noting that the degradation rates were within 

acceptable limits, positively affecting the surrounding bone mass. Furthermore, studies [40] 

have shown that Mg implants completely degrade within 18 weeks. Zheng et al. [41] evaluated 

a biomedical binary MgïxCa (x=1ï3 wt.%) alloy, where cytotoxicity tests using L-929 cells 

demonstrated excellent compatibility of the MgïCa alloy, with a cell survival rate exceeding 

that of the control group in the extract culture medium. Additionally, in vitro and in vivo 

corrosion studies revealed that a mixture of Mg(OH)  and hydroxyapatite (HA) formed on the 

surface of the Mgï1Ca alloy. These results highlight the high biocompatibility of MgïCa 

alloys, showing great potential for use as biodegradable implant materials. Due to their non-

toxicity and biocompatibility, Mg and its alloys hold promise for bone healing applications in 

orthopedics. However, the current corrosion rate of magnesium-based alloys is too rapid to 

align with the natural bone healing process, which typically takes at least 12 weeks. Further 

research is needed to slow down the corrosion rate of magnesium and its alloys [42 ï44]. 

4.3 Cobalt (Co) 

Corrosion resistance properties of Co alloys have been studied by several researchers for their 

better utility in biomedical applications. Additionally, chromium (Cr) is doped for further 

improving he corrosion resistance properties of the alloy [45]. Co-Cr has better mechanical 

properties compared to bare Co. Also, doping Cr has better corrosion resistance properties 

compared to other [46]. However, low ductility restricts its full potential. Therefore, a few more 

materials are incorporated to increase the mechanical and corrosion resistance properties. Cr-

Co-Mn [47], Co-Cr-Ni-Fe [48], Co-Cr-W-Ni [49] are usually used as medical implants as 

dental roots and orthopaedic wires. For, further utilization as some cardiovascular surgeries 

Co-Cr-Ni-W-Fe [50] is frequently being used as stents due to its reliability and longer working 

duration.  

 

5. Discussions and Future Scope  

The role of biomaterials in medical field is gaining a significant world-wide attention due to 

their versatility, compatibility with the human body and durability. However, corrosion of the 
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metallic biomaterials is important aspect to check the feasibility of the materials. Most of the 

used materials has a great endurance to resist corrosion. But few materials are incorporated as 

a doping material to enhance their mechanical and physical behavior. To do so various 

researchers has performed an experimentation to find the best optimal choice for medical 

implants. Also, it has been observed that only limited literature was reported for the 

compatibility of magnesium and its alloys for long durability. Therefore, much experimental 

work should be carried to check the overall feasibility of the materials for better reliability over 

the time. Based on the literatures, few keypoints must be considered for the betterment of the 

biomaterials in future: 

1. Incorporation of nanoparticles and their coating can significantly improve the overall 

well-being of the biocompatible material for longer time. 

2. Various optimization techniques such as Taguchi, RSM can be considered for better 

ideal conditions and solutions with limited trails in experiments. 

3. Artificial Neural Network (ANN) can be helpful to predict the outcome and hence 

save time and cost. 

4. Multi-Criteria Decision Making (MCDM) can help obtain the best-suited material for 

the particular application based on weight criteria. 

 

6. Conclusions 

 

1. The biocompatibility of the various metallic materials for biomedical applications are 

successfully studied. 

2. Stainless-Steel, Cobalt, Chromium and Magnesium are frequently being used as 

biomaterials.  

3. The grain size plays a vital role in its compatibility, and corrosion resistance 

properties. 

4. The heat treatment techniques must be considered for the betterment of the 

biomaterials. 

5.  Treatment of exceptional materials such as vanadium, molybdenum, iron, and many 

more effect the corrosion behavior of the material. 

6. Concentration of nitrogen is kept under 0.9% of total mass of stainless-steel for 

medical applications 
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ABSTRACT 

According to the Occupational Health and Safety Law No. 6331, which entered into force in 

Turkey on 30.06.2012, an occupational accident is defined as "an incident that occurs in the 

workplace or during the work, causes death or impairs physical or mental integrity". To protect 

against occupational accidents, a risk management and assessment study appropriate to the 

work area should be implemented. There are four headings within the scope of risk assessment 

studies. These processes are given below. Determining possible hazards in the work 

environment, conducting risk assessments, implementing control measures (prevention and 

protection measures), and monitoring and reviewing the entire process. The basic contribution 

of risk management is to determine and eliminate possible events or situations that may cause 

harm in advance. Regardless of the hazard situation, each facility must conduct a risk 

assessment study at certain periods. The most important of these is the precautions to be taken 

against the potential for fire in chemical facilities. Several regulations are applied to ensure 

compliance with the relevant regulations and standards. Tests and inspections are included in 

the study.  

Keywords: Fire system, Risk assessment, Hazard situation, Precaution 
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INTRODUCTION  

According to the Occupational Health and Safety Law No. 6331, which entered into force in 

Turkey on 30.06.2012, an occupational accident is defined as "an incident that occurs in the 

workplace or during work, causes death or impairs physical or mental integrity". To be 

protected from occupational accidents, risk management, and assessment studies appropriate 

to the work area should be implemented. There are four headings within the scope of risk 

assessment studies. These processes are stated below [1,2]. 

It is necessary to determine the potential hazards in the work environment, conduct a risk 

assessment, implement control measures (prevention and protection measures), and finally 

monitor and review the entire process. The main contribution of risk management is to identify 

and eliminate possible events or situations that may cause harm. Regardless of the hazard, each 

facility must conduct a risk assessment study at certain intervals. Law No. 6331 requires that 

risk assessment, emergency plan, and compliance checks be conducted within the scope of 

relevant regulations and standards in hazardous workplaces. The most important of these is the 

precautions to be taken against the potential for fire in chemical facilities. The following 

regulations should be applied to ensure compliance with relevant regulations and standards 

[3,4].  

The most important risk factor in industrial production facilities is the studies conducted on the 

potential for fire. Fire is a fact that cannot be fully resolved in facilities. Today, many fires and 

explosions occur in industrial facilities. Fires and explosions occur due to the use of various 

flammable and explosive chemical substances as raw materials, intermediate materials, and 

final products in chemical industry facilities. In chemical substance fires, fire intervention is 

also taken, but the lack of knowledge or incorrect application of precautions and the lack of 

training of personnel make the extent of the damage dangerous. It is understood from the 

studies conducted in the literature that fires occurring in industrial facilities vary depending on 

the specific production and conditions of the facility. The precautions taken considering the 

possibility of fire are aimed at minimizing the risk. However, as a result of fires that are not 

intervened in time, loss of life and great material damage occur [5,6].  

 

Solvents, other raw materials, and fuel used in a chemical facility cause explosive 

environments. If necessary precautions are not taken in such explosive environments, a fire or 

explosion can occur, making the workplace dangerous. If flammable solids are in powder form, 

there is a risk of dust explosion. For a dust explosion to occur, the dust must be suspended in 

the air and cause an explosion when it comes into contact with an ignition source. Dust 

accumulating on existing machinery, equipment, and pipes in the facility causes an explosion. 

Precautions to be taken to prevent this are regular cleaning and a fan system [7,8]. Training 

employees and constantly reviewing emergency plans within the scope of fire safety measures 

in industrial facilities are of vital importance in minimizing the effects of fires and ensuring 

human safety. The methods to be taken for fire safety are given in Figure 1 below. 
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Figure 1. Fire life safety methods [9] 

 

MATERIALS AND METHODS  

When fire safety is examined, buildings are classified as use class, residential, accommodation, 

office, commercial, and industrial buildings. In the building hazard class, the layout plans and 

environmental conditions of the facilities included in the industrial hazard class, the materials 

to be used, the escape routes in the buildings, escape stairs, escape ramps, and escape route 

doors are defined, and the instructions to be followed in case of fire are specified. Fire safety 

in the facility requires taking rescue measures. It is important to take various precautions to 

minimize the risk of fire and to keep the damage to a minimum in the event of a possible fire. 

For this reason, the basic precautions to be taken for fire safety are given below [10]. 

1. Fire Fighting Equipments 

Fire Extinguishers: In every home and workplace, fire extinguishers should be easily 

accessible. Fire extinguishers should be checked and maintained regularly. 

 

Fire Blankets: Fire blankets can be an effective solution for small fires. They are especially 

useful to have in kitchens. 

 

Fire Cabinets: Fire cabinets should be used for fire hoses and other fire extinguishing 

equipment [10]. 
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2. Fire Detection and Alarm Systems 

Smoke Detectors: Smoke detectors are critical for detecting fires early. They should be tested 

regularly and their batteries should be checked. 

Heat Detectors: Heat detectors are recommended, especially in areas where there is a high 

probability of fire (such as kitchens and boiler rooms). 

Fire Alarm Systems: They are important for quickly alerting building occupants in the event 

of a fire. These systems can save lives in both workplaces and homes [11]. 

3. Emergency Exits and Routes 

Emergency Exit Doors: Emergency exit doors should be used to evacuate quickly and safely 

in the event of a fire. These doors should not be locked and should be easy to use with a handle 

that opens from the inside out.  

Evacuation Routes: Evacuation routes should always be clear and unobstructed. Marking and 

lighting these routes ensures safe evacuation in the event of an emergency [12]. 

4. Fire Training and Drills  

Fire Training: Fire safety training should be provided to employees and residents. They should 

be taught what to do in the event of a fire, how to use fire extinguishers, and how to find 

emergency exits.  

Fire Drills: These should be held regularly and everyone should be made aware of the 

emergency plan. 

5. Electrical Safety 

Electrical Installation Control : Regularly checking and maintaining electrical installations 

reduces the risk of fire. It is important to replace old and worn cables. 

Using Multiple Sockets: Using multiple sockets can increase the risk of fire. Therefore, as few 

devices as possible should be connected at the same time [13]. 

6. Storage of Flammable Materials 

Flammables: Flammables must be stored safely. These materials must be kept away from heat 

sources that could cause a fire.  

Hazardous Chemicals: Chemicals used in workplaces in particular must be labeled and stored 

correctly. 

7. Smoking Areas 

Smoking Areas: Smoking areas must be designated and smoking should not be allowed 

outside these areas. Cigarette butts must be completely extinguished and disposed of properly. 
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8. Hazardous Substances in the Regulation 

Article 101 - (1) In cases where there is no provision in this regulation regarding the storage, 

filling, use, production, and sale of hazardous substances, the relevant legislation and standards 

shall be complied with. 

Classification of hazardous substances 

Article 102- (1) Classes of hazardous substances are listed below: 

a) Explosives, 

b) Flammable and explosive gases, 

c) Flammable liquids, 

­) Flammable solids, 

d) Oxidizing substances, 

e) Poisonous and disgusting substances, 

f) Radioactive substances, 

g) Caustic substances, 

ĵ) Other hazardous substances. 

General characteristics of storage volumes: 

Article 103- (1) (10/8/2009-2009/15316) In places where hazardous materials are stored and 

produced, it is mandatory to comply with the following: 

a) Works carried out in public areas and under or adjacent to residences related to hazardous 

materials must comply with the conditions specified in the relevant standards. 

b) In single-story buildings where flammable and explosive materials are produced, processed, 

or stored, the walls must be fireproof or resistant to fire for 120 min. In multi-story buildings, 

production, processing, or storage of these materials is permitted to the extent stipulated in the 

relevant statutes and regulations, provided that it is on the top floor of the building. 

c) In buildings where hazardous materials are kept for any purpose, environmental safety is 

ensured depending on the amount of hazardous materials and their hazard class. 

­) Access roads to the building must be kept open at all times and parking must not be done on 

these roads. 
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d) Depending on the nature of the production and hazardous material, the floors of the buildings 

must be made conductive to static electricity and the doors must be grounded against static 

electricity.  

e) The entrance and exit doors, windows, shutters, and ventilation duct covers in the buildings 

must be made in a way that opens outwards against pressure and allows the occupants of the 

building to easily escape or evacuate in case of danger. 

f) There cannot be bars or cages on the windows of the building. In workplace buildings with 

more than one section, each section must have at least 2 doors, one of which opens directly to 

the outside and the other to the main corridor. The interior partitions must be resistant to the 

highest possible pressure, have a flat surface without cracks, be made of fireproof material, be 

painted or whitewashed in a light color, and be easily washable. The floors made with a slight 

slope are connected to a tank or a stilling well with a drainage system. Wastewater treatment 

facilities suitable for hazardous substances can also be used for this purpose.  

g) The ceilings and floors of the buildings must be made of fireproof, leak-proof, non-sparking, 

and easily cleanable material, slightly sloped, and the windows must be made of wired glass or 

unbreakable glass that will not break into large pieces and will not cause damage. 

Explosives 

Article 104- (1) According to this Regulation, explosive substances are substances that react 

rapidly under the effect of friction, impact, and heat without the need for the addition of another 

substance and that harm the environment. 

(2) There cannot be public places such as hotels, entertainment venues, and coffee houses 

under, on, and next to the storage and sales areas of easily flammable, combustible, and 

explosive substances and similar substances. 

(3) Businesses selling hunting equipment must be independent and preferably in a single-story 

building and must not have a door or connecting window with another business or residence. 

(4) (10/8/2009-2009/15316) To sell hunting equipment in multi-story buildings or passages 

used for different purposes; the sales place must be on the ground floor, have a direct entrance 

from the street, not be connected to other parts of the building and the walls must be fire 

resistant for at least 180 minutes. 

(5) The inside of the places selling hunting gunpowder and materials shall be made fire-

resistant with a suitable material. Special safes and steel cabinets shall be made in a car system 

in such a way that a person can easily change their place and in case of fire, they can be removed 

from the environment and carried to a safe place. It is essential that the entrance and exit doors, 

windows, shutters, and ventilation duct covers in the buildings open outwards against pressure 

and be constructed in a way that allows the occupants of the building to escape easily in case 

of danger. 

 

Flammable and Explosive Gases 
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Article 105- (1) According to this Regulation, substances in the vapor phase under normal 

temperature and pressure are considered gases. Gases with a critical temperature below 10 ÜC 

are called pressurized gases, and gases with a critical temperature above 10 ÜC and absolute 

vapor pressures exceeding 300 kPa at 50 ÜC are called liquefied gases. If both types of gases 

are dissolved in a solvent, they are included in the class of gases dissolved under pressure.  

(2) All cylinders containing pressurized gas in gaseous or liquid form or liquefied gas must be 

manufactured by the characteristics of the pressurized gas contained therein, the principles 

required by the technique, and the relevant legislation and standards. 

(3) The bottom of each cylinder must be surrounded by a hoop at a certain height so that it does 

not touch the ground, and there must be a protective cap with ventilation holes to prevent gas 

accumulation in the valves and safety valves of other cylinders, except for LPG cylinders. 

(4) Cylinders can never be filled with a pressure greater than the permitted pressure and with 

pressurized gas above the weight specified on the cylinder. Before filling, attention is paid to 

whether the cylinders are suitable for refilling by the relevant legislation, and cylinders 

containing gases whose critical temperatures are generally higher than the ambient temperature 

are not filled to prevent dangerous pressures. Cylinders filled with pressurized gases are filled 

by the principles specified in the relevant legislation and are subject to weight control before 

and after filling.  

(5) It is mandatory to comply with the following conditions in the storage of pressurized gas 

cylinders: 

a) The relevant standard provisions are complied with in terms of protecting filled cylinders 

against temperature changes, sunlight, radiation heat, and humidity. 

b) Filled cylinders are stored in quantities that will not create danger in workplaces. Cylinders 

are kept in separate buildings or compartments resistant to fire for at least 120 minutes, away 

from radiators and similar heat sources, and necessary measures are taken to prevent the 

cylinders from tipping over or rolling. 

c) Cylinders are classified and stored according to the characteristics of the gas they contain, 

and empty cylinders are collected in a separate place. 

­) The places where the cylinders are stored must have appropriate ventilation equipment and 

sufficient doors. 

d) In places where cylinders containing flammable pressurized gas are stored, the use of fire 

and flammable substances is prohibited. 

e) Warning signs are placed in the places where the cylinders are stored [14]. 

 

Fire Safety Responsibility 
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Article 124 - (1) The highest officer in public and private institutions and organizations, and 

the owner or manager in other buildings, facilities, and businesses are responsible for fire safety 

in structures, buildings, facilities, and businesses. 

Determination of Fire Safety Officer 

Article 125- (1) A fire safety officer must be selected from among the employees during 

working hours. The officer is responsible for checking and ensuring that fire protection 

measures are taken in the department he/she is responsible for from the moment the working 

hours begin until the end. In buildings subject to condominium ownership, the building 

manager assumes this responsibility. 

(5) The emergency teamsô duties and lists of names and addresses are posted in easily visible 

places within the building. 

b) The rescue team first rescues the living beings. Then, with the help of those present at the 

scene and under the supervision of the office managers, if possible, they put the documents, 

files, and other items to be saved first in the fire into sacks and bags and make them ready to 

be evacuated. If the building authorities deem it necessary, the sacks and bags are moved to the 

parts of the building that are not yet in danger of burning. The general evacuation of the burning 

building is started with the order of the fire chief or the highest civil servant who arrives at the 

scene. 

c) The protection team keeps the evacuated items and documents in a place indicated by the 

security forces or building authorities and delivers them to the relevant persons of that building 

after the fire is extinguished. 

­) The first aid team provides first aid service for those injured or ill in the fire. 

(5) The building owner, manager, supervisor, and emergency teams who are informed about 

the fire must come to duty as quickly as possible and carry out the extinguishing, rescue, 

protection, and first aid works [14]. 

General Education 

Article  129- (1) The personnel of the emergency teams are trained under the responsibility of 

the building owner, manager, or supervisor on fire protection, fire extinguishing, saving lives 

and property, first aid activities, cooperation with the fire department and organization by 

utilizing local fire departments and civil defense organizations, and their knowledge and skills 

are increased through drills. The team personnel and other personnel in the building are given 

practical training on how to use fire extinguishing tools and materials and how to reach the fire 

department as soon as possible. Extinguishing and evacuation drills are held in the building at 

least once a year. 

Private Education 

Article  130- (1) For the managerial staff of municipal fire departments that do not have a fire 

department training unit, basic training on civil defense is provided by the Prime Ministry 

Disaster and Emergency Management Presidency, and basic first aid training is provided by 
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the Ministry of Health. All training expenses of these personnel are covered by their budgets. 

Technical training of the managerial staff of the municipal fire department and basic and 

technical training of other personnel are provided by their organizations.  

(2) Training of fire department personnel in local administrations, public institutions and 

organizations, private organizations, and other structures, buildings, and businesses that have 

fire departments is provided by their organizations with their means, if necessary by utilizing 

local fire departments and provincial disaster and emergency directorates that have fire 

department training units. These organizations can receive training services from private 

schools, courses, and private teaching institutions that provide fire department training by the 

relevant legislation [14]. 

 

CONCLUSIONS 

Fire safety is a subject that cannot be neglected and requires constant attention. The precautions 

mentioned above are of critical importance in reducing the risk of fire and minimizing the loss 

of life and property in the event of a fire. Taking these precautions in both homes and 

workplaces provides a safe living and working environment. Before industrial facilities are 

established, information should be provided to employees and selected and assigned persons 

regarding the use and storage of flammable and combustible chemicals. Risk assessment 

studies should be carried out in units with fire risks by occupational safety experts in the 

facilities.  

Fire detection and fire extinguishing systems should be subjected to routine checks during use 

and their operational status should be ensured. Another precaution to be taken within the scope 

of Occupational Health and Safety Law No. 6331 is that emergency drills should be conducted 

and information and training should be provided within the facility. Emergency plans should 

be prepared, precautions to be taken against possible dangers should be taken and tasks should 

be distributed among employees, and organized work should be ensured. Creating fire 

awareness among all employees, gathering points, and fire exit routes should be determined in 

a way that can be seen in the event of a possible fire in the workplace, and suitable areas should 

be determined within the workplace by creating a sketch. 
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ABSTRACT 

This study covers fire prevention activities to be carried out to prepare for a possible fire in the 

Department of Chemical Engineering for educational purposes. The necessary fire regulations 

were examined and whether the preparations were sufficient. The L-type matrix method was 

used to determine the damage that would occur due to the fire in the offices and classrooms. 

The risk value was determined to be between 15 and 25, which constituted a high risk. In places 

where the risk was high, first of all, the risk due to electric shock in the tea house where the tea 

boiler was located was determined due to the electrical installation. In addition, there was a fall 

risk determination in the on-site assembly due to the use of the projector in the classrooms. The 

risk value was reduced to between 4-5 with protective and preventive activities to eliminate the 

existing dangers. While the risk study was carried out, the precautions to be taken against the 

fire in both the department and the Faculty of Engineering building were determined and an 

effort was made to keep the damage to a minimum. 

Keywords: Fire hazard, Educational buildings, L-type matrix, Fire standards 
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INTRODUCTION   

Some factors should be considered in the initial construction phase of the fire risk assessment 

study in buildings. According to the purpose of use, building types, area, fire degree, fire 

compartment area, and safe exit stairs are the headings that should be worked on in advance in 

case of fire. The equipment required for fire varies according to the purpose of use of each 

building. Therefore, the connections of mechanical smoke exhaust systems, hydraulic 

pressures of fire hydrant systems, fire emergency lighting, and the integrity and interactions of 

emergency alarm systems will be greatly affected. All these stages should be carefully 

examined while conducting a fire risk assessment and old hardware and equipment should be 

reviewed. If necessary, these systems should be renewed. 

In the literature review, it is seen that studies on the theory and application of fire risk 

assessment are carried out, especially in England and the USA, and as a result, regulations for 

application have been revised. In England, the Fire Safety Engineering Practice Guide (BS 

DD240), BS999, BS7974-7, and PAS79 have entered into force and have started to be used in 

practice. The relevant risk assessment methods and methods are determined in the regulation. 

In America, the Society of Fire Protection Engineers (SFPE) and the National Fire Manual (BS 

DD240), BS999, BS7974-7, and PAS79 have been put into effect and are used in practice. 

Later, the American Standards Association (ASA) published NFPA551, which sets out the 

principles and methods of fire risk assessment. NFPA551 has established the general objectives 

and acceptance standards of risk assessment [1,2].  

Japan, Australia, New Zealand, Brazil, and Northern Europe have also started research on fire 

risk assessment. Among these, the Japanese government, Comprehensive Fire Protection 

Design of Buildings; the Australian government, Australia-1996 (BCA96); and universities 

such as Saint Paul in Brazil have conducted research on fire risk assessment and helped the 

government to produce Fire Protection Design. In Turkey, there is a Regulation on the 

Protection of Buildings from Fire, which was put into effect with the Occupational Health and 

Safety Law No. 6331 and published in the Official Gazette No. 26735 dated 19.12.2007. It is 

seen that various simulation programs and data analysis methods are used in fire risk 

assessment studies [3,4]. 

According to the Occupational Health and Safety Law No. 6331, workplaces in buildings 

where training is provided, namely classrooms and offices, are classified as less dangerous. 
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Here, the relevant managers must ensure that employees work in a healthy and safe 

environment. The institution establishes its own Occupational Health and Safety team and 

carries out studies on the subject [5]. 

Some definitions are expressed below by the law: 

Hazard: This refers to potential harm or damage caused by external sources that are present in 

the workplace or may affect employees or the workplace. Factors that pose a threat of injury, 

disability, or death, such as moving machine parts, elevated machines, slippery floors, electrical 

hazards, excessive noise, toxic or flammable substances, and heavy lifting [6]. 

Risk: The possibility of loss, injury, or negative consequences resulting from identified 

hazards. It can also be expressed numerically according to the probability of danger in a specific 

area [6]. 

Acceptable risk level: It is the risk level that complies with legal obligations and the 

workplace's prevention policy and guarantees that it will not cause damage or loss. 

Prevention: All planned and implemented measures aimed at eliminating or reducing 

occupational health and safety risks throughout the workplace working period [7]. 

Risk assessment methods 

The risk assessment study required to be conducted in working life by Law No. 6331 is 

mandatory. There are two basic approaches in risk analysis in risk assessment study. The first 

is the reactive approach based on the principle of identifying the causes of accidents and 

seeking solutions so that they do not happen again after the accident occurs as a result of the 

risks, and the second is the proactive approach based on the principle of identifying the risks 

of the system in advance before the accident occurs and reducing them or, if possible, 

eliminating them [8]. 

Risk assessment is the process of estimating the magnitude of the risks arising from hazards in 

any system and deciding whether these risks are acceptable or not by taking into account the 

adequacy of existing controls. There are many risk assessment techniques available today. Risk 

assessment techniques can be grouped into two main groups in terms of estimating risks, the 

probability of occurrence of risks, and their possible effects. These are qualitative and 

quantitative methods [9]. 
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In qualitative methods, risk assessment is performed with verbal logic instead of mathematical 

risk assessment, and the expert performing the application evaluates the risks and risk priority 

values based on his/her own experiences and intuition. When calculating the estimated risk, 

descriptive expressions such as high, and very high are used instead of numerical values. This 

estimate is based entirely on subjective assessments and often does not show a systematic 

feature. In such methods, the intuition and reasoning ability of the expert performing the 

assessment is important in terms of the reliability of the method. Therefore, it is not correct to 

conduct risk assessment only with qualitative methods in critical systems. Quantitative risk 

assessment methods use numerical methods when calculating risk [10].  

These numerical methods use probability and reliability definitions and can be in complex 

techniques such as simulation models. In quantitative risk analysis, numerical values are given 

to values such as the probability of a hazardous event occurring and the effect of the hazard, 

and these values are processed with mathematical and logical methods to find the risk value. 

The main purpose of risk assessment is to answer the questions óAre the risks acceptable?ô and 

óWhat precautions should be taken for unacceptable risks?ô Calculating only the probability 

and severity of risks in a facility does not eliminate the possibility and risk of an accident in 

that facility. What is important is to be able to take appropriate control measures for the 

identified risks. As a result of correctly implemented risk assessment studies in workplaces, 

precautions regarding possible hazards and necessary budgets should be planned, and these 

studies should bring about improvements in working conditions in the workplace and reduce 

the frequency and severity of work accidents and occupational diseases [10]. The main risk 

assessment methods are stated below [10]: 

 Preliminary Hazard Analysis, 

 Primary Risk Analysis, 

 Safety Function Analysis, 

 Risk Map, 

 Occupational Safety Audit, 

 Occupational Safety Analysis, 

 Process/System Checklists, 

 Process Review Technique, 

 Relative Ranking-Dow and Mond Indices Analysis, 
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 Risk Analysis, 

 What Happens If It Happens? Analysis, 

 Hazard and Operability Analysis, 

 Failure Modes, Effects and Criticality Analysis, 

 Fault Tree Analysis, 

 Event Tree Analysis, 

 Cause - Effect Analysis, 

 Human Error Analysis, 

 Human Error Identification, 

 Human Reliability Assessment, 

 Human Error Rate Estimation Technique, 

 Hierarchical Task Analysis, 

 Management View and Risk Tree Analysis, 

 Energy Analysis, 

 Safety Barrier Diagrams, 

 Kinney Model, 

 Zurich Hazard Analysis, 

 Machine Risk Assessment, 

 Hazard Early Warning Model, 

 Deviation from Averages Technique, 

 Deviation from the Weighted Averages Technique, 

 Risk Assessment Table: 

a) L Type Matrix 

b) X Type Matrix 

The most important difference between these methods is the unique methods they use to find 

the risk value. 

MATERIAL S AND METHODS 

The L-type matrix risk analysis method, also known as matrix risk analysis, is one of the 

systematic methodologies widely used in occupational health and safety risk assessment. It 

involves the evaluation of two factors to obtain a risk measurement value: the probability of a 

risk occurring and the severity of its possible consequences [6]. 
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In mathematics, a matrix is formally defined as a structured arrangement of numerical elements 

arranged in a rectangular array. However, its conceptual breadth extends beyond purely 

numerical configurations to encompass abstract quantities amenable to algebraic operations 

such as addition and multiplication. While various matrix typologies abound in mathematical 

discourse, the L-type matrix is particularly emerging as a fundamental tool in the field of risk 

analysis methodology [6]. 

Navigating Matrix Risk Analysis  

Matrix risk analysis is widely used as a risk assessment method in our country due to its 

systematic simplicity. This approach, which is widely preferred for low to medium-risk 

initiatives, works according to the principle of categorizing the probability and consequences 

of possible events. The effectiveness of matrix risk assessment depends significantly on the 

ability of the individual or team conducting the assessment to distinguish. Therefore, its 

application to complex systems may yield erroneous results. Similarly, its results in simple 

systems or processes may vary depending on the expertise and knowledge of the assessor. As 

a result, its optimum use is reserved for simple systems involved in low to medium-risk 

initiatives. Before starting matrix risk analysis, the advanced examination can be achieved 

through preliminary assessment using the checklist risk assessment method. 

Within the matrix methodology, risk rating requires the multiplication of numerical values 

representing the probability and impact of identified risks. In essence, risk is interpreted as the 

product of probability and impact values as represented by the following Eq. 1: 

Risk = Probability x Impact                                                                                                   (1) 

To facilitate risk quantification and classification, preliminary development of probability 

tables, impact tables, and risk rating tables is necessary. While a common framework adopts a 

5-point rating scale for both probability and impact assessments, the choice of an appropriate 

rating system ï whether 4, 6, or 10 points ï depends on the specific needs and preferences of 

the assessor or the managing agency. Such flexibility highlights the tailored nature of risk 

analysis efforts [7]. 
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CONCLUSIONS 

In the current study, the highest risk score recorded was 20.25, and this score was found to be 

high due to the incorrect positioning of the fire extinguisher, the fire system not being active, 

the hanging level of the fire extinguishers being too high off the ground, the necessary materials 

in the first aid cabinet not being visible, the fire detection button not working, the smoke 

detection detector not working, the fire drills not being periodically carried out, the necessary 

maintenance in the boiler room not being carried out on time, and the materials that prevent 

access being placed in front of the electrical panels. Later, upon determining the high-risk 

levels, the necessary precautionary measures were implemented and these risks were reduced. 

The risk level was reduced to the range of 2-5 by correctly positioning the portable fire 

extinguishers, activating the fire system, making the fire detection button functional, hanging 

the materials that should be used in case of need in the first aid cabinet, the emergency plan 

and the necessary telephone numbers in a visible place, the smoke detection detector working, 

fire drills being carried out periodically, the ventilation fan being operated in the boiler room, 

and the front of the electrical panels being cleared. 

 

REFERENCES 

[1] Rukavina, M. J., Carevic, M., & Pecur, I. B. (2017). Fire protection of facades. The 

Guidelines for Designers, Architects, Engineers and Fire Experts, 12-15. 

[2] Kodur, V., Kumar, P., & Rafi, M. M. (2020). Fire hazard in buildings: review, assessment 

and strategies for improving fire safety. PSU research review, 4(1), 1-23. 

[3] Milke, J., Kodur, V., & Marrion, C. (2002). An overview of fire protection in buildings. 

Federal Emergency Management Agency, USA. 

[4] Rodrigues, E. E., Rodrigues, J. P., & da Silva Filho, L. C. (2017). Comparative study of 

building fire safety regulations in different Brazilian states. Journal of Building 

Engineering, 10, 102-108. 

[5] Alpagut, G. (2014). 6331 Sayēlē Ķĸ Saĵlēĵē ve G¿venliĵi Kanununun Genel Esaslarē. Journal 

of Istanbul University Law Faculty, 72(2), 31-45. 

[6] Yal­ēn, Z.G., Daĵ, M., Aydoĵmuĸ, E., (2024). Risk analysis study utilizing L-Type matrix 

method in offices of a rock salt refining company. Karadeniz 15th International Conference 

on Applied Sciences ï March 8 - 10, 2024 Rize. ISBN NO. 978-625-6830-92-9 



AVRASYA 12th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES February 14 - 16, 2025 - Tebriz 

ISBN : 978-625-5962-26-3 

 

139 | P a g e 
www.akademikongre.org 

[7] Yal­ēn, Z.G., Daĵ, M., Aydoĵmuĸ, E., (2024). Risk analysis study utilizing L-Type matrix 

for safety measures in power tools and electrical Works. Karadeniz 15th International 

Conference on Applied Sciences ï March 8 - 10, 2024 Rize. ISBN NO. 978-625-6830-92-

9 

[8] Felekoĵlu, B., & Taĸan, S. ¥. (2017). Ķĸ ile ilgili kas iskelet sistemi rahatsēzlēklarēna yºnelik 

ergonomik risk deĵerlendirme: Reaktif/proaktif b¿t¿nleĸik bir sistematik yaklaĸēm. Gazi 

¦niversitesi M¿hendislik Mimarlēk Fak¿ltesi Dergisi, 32(3). 

[9] Kacēr, E., & Ta­gēn, E. (2017). 6331 Sayēlē Ķĸ Saĵlēĵē ve G¿venliĵi Kanunu  Kapsamēnda 

Proaktif Yaklaĸēm ¦zerine Risk Deĵerlendirme ve  bazē ºneriler. Marmara Sosyal 

Araĸtērmalar Dergisi, (12), 1-16. 

[10] ¢eliktaĸ, B., & Nafiz, ¦.N.L.¦. (2024). Risk deĵerlendirme karar matrisi yºntemi 

kullanarak ºrnek bir risk deĵerlendirme raporunun  oluĸturulmasē. The Journal of 

Academic Social Science Studies, 1(65), 483-504. 



AVRASYA 12th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES February 14 - 16, 2025 - Tebriz 

ISBN : 978-625-5962-26-3 

 

140 | P a g e 
www.akademikongre.org 

STRUCTURAL AND ELEC TRICAL CHARACTERISTI CS OF ZnO: Mn NANOROD 

THIN FILMS  

Dr. ¥ĵr. ¦ye. G¿lsen ķAHĶN 

Adēyaman University,  

gsahin@adiyaman.edu.tr - https://orcid.org/0000-0003-4891-041X 

Prof. Dr. Abdullah G¥KTAķ 

Harran University,  

agoktas@harran.edu.tr - https://orcid.org/0000-0001-8837-8646 

ABSTRACT 

ZnO nanorod thin films exhibit unique functionalities due to their excellent properties, 

including a relatively high surface-to-volume ratio, enhanced charge carrier mobility, and a 

high absorption coefficient. Their functional properties can be further tailored by incorporating 

transition metal dopants such as Co, Mn, Fe, and Cr. In this study, the effects of low Mn doping 

concentrations (0%, 1%, and 2%) on the structural and electrical properties of ZnO nanorod 

thin films were investigated. These films were synthesized via the sol-gel approach and 

deposited on Pyrex glass substrates. To analyze their structural and electrical characteristics, 

X-ray diffraction (XRD), scanning electron microscopy (SEM), energy-dispersive X-ray 

(EDX) spectroscopy, and Hall measurements were employed. XRD analysis confirmed the 

formation of a typical polycrystalline wurtzite phase with hexagonal crystal symmetry. SEM 

observations indicated that the surface morphology of the samples consists of nearly spherical 

granular structures. EDX analysis verified the presence of Zn, Mn, and O atoms in varying 

concentrations. Hall measurements demonstrated n-type conductivity in all samples. 

Additionally, as the Mn doping concentration increased from 0% to 2%, the resistivity of the 

films increased, while both conductivity and carrier mobility decreased. These findings 

underscore the potential of Mn-doped ZnO nanorod thin films for next-generation 

optoelectronic applications. 

Keywords: ZnO, ZnO: Mn, Thin films, Crystalline quality, n-type conductivity. 
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1. INTRODUCTION  

Zinc oxide (ZnO) is a semiconductor material that has garnered significant interest due to its 

wide bandgap (~3.37 eV) and high exciton binding energy (~60 meV), making it suitable for 

electronic, optoelectronic, and sensor applications [1]. ZnO has a hexagonal wurtzite crystal 

structure and is known for its high chemical stability, excellent thermal conductivity, and good 

piezoelectric properties [2]. These properties make ZnO widely applicable in ultraviolet lasers, 

photodetectors, gas sensors, solar cells, and biomedical applications [3]. 

The structural and electrical properties of ZnO can be modified by doping with different 

transition metals. In this context, manganese (Mn)-doped ZnO thin-film nanorods have 

attracted significant attention due to their magnetic properties. Mn doping can introduce room-

temperature ferromagnetism in ZnO, making it suitable for spintronic applications [4]. 

Additionally, Mn doping affects the optical properties of ZnO, leading to a redshift in the 

photoluminescence spectrum [5]. 

Various methods are used to produce Mn-doped ZnO thin-film nanorods, including chemical 

vapor deposition (CVD), the hydrothermal method, the sol-gel method, and spray pyrolysis 

[6]. The hydrothermal method is particularly attractive due to its low-temperature growth 

process and eco-friendly nature [7]. The sol-gel method is also suitable for large-area thin-film 

coatings and offers a simple, cost-effective production process [8-10]. 

In conclusion, Mn-doped ZnO thin-film nanorods represent a highly promising material group 

due to their unique magnetic and optoelectronic properties. Research on their synthesis and 

characteristics will contribute to the development of advanced spintronic devices and 

optoelectronic components in the future. 

2. EXPERIMENTAL PROCEDURE  

2.1. Synthesis of Mn-doped ZnO Nanorod Thin Films 

To synthesize Mn-doped ZnO nanorods, zinc chloride (ZnCl ) and manganese(II) chloride 

tetrahydrate (MnCl Ŀ4H O) were used as ZnĮ  and MnĮ  sources, respectively. Ethylene glycol 

monomethyl ether (CH OCH CH OH) served as the solvent, while ethanolamine 

(HOCH CH NH ) acted as a stabilizer. 

First, 12 mmol of ZnCl  and varying amounts of MnCl Ŀ4H O (0, 1, and 2 at. %) were dissolved 

separately in 15 mL of ethylene glycol monomethyl ether. The solutions were stirred at room 

temperature for 30 minutes until clear and homogeneous. They were then combined in a single 

flask under continuous stirring, maintaining the correct Zn/Mn ratio. Ethanolamine was 

gradually added to adjust the pH to ~10, promoting better crystallization. The mixture was aged 

for 24 hours before deposition. 

For film deposition, glass substrates were coated using a computer-controlled dip-coating 

system equipped with a vertical furnace. The films were deposited at 400ÁC and subsequently 

annealed at 550ÁC for 1 hour in air using a horizontal furnace. 
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2.2. Characterization Techniques 

The structural, morphological, and electrical properties of the prepared thin films were 

characterized using the following techniques:  

X-ray Diffraction (XRD):  The crystal structure and phase composition of the films were 

analyzed using an X-ray diffractometer with Cu-KŬ radiation (ɚ = 1.5406 ¡).  

Scanning Electron Microscopy (SEM): The surface morphology and film thickness were 

examined using a field-emission scanning electron microscope. 

Scanning Electron Microscope-Energy Dispersive X-ray (SEM-EDX): Elemental and 

chemical composition of Mn-doped ZnO nanorod thin films were accordingly carried. 

Hall measurements: Hall-effect measurements were carried out in the van der Pauw 

configuration (Ecopia HMS-3000) at room temperature. 

3. RESULTS AND DISCUSSIONS  

         3.1. XRD Analysis 

The XRD patterns of Mn-doped ZnO thin films, with various doping ratios of 0, 1, and 2 % 

Mn were given in Figure 1. XRD result exhibited that the Mn-doped ZnO thin films crystallized 

in the (200) oriented hexagonal ZnO crystal structure [11]. Doping ZnO with Mn leads to 

significant changes in key structural properties, such as the full width at half maximum 

(FWHM) of peaks, peak position (2ɗ), average crystallite size (D002), lattice constant (c), 

dislocation density (ŭ), and micro strain (Ů). The data shows that initially, the lattice constant 

(c) slightly increases with the addition of 1% Mn but then decreases as the Mn content rises to 

10%. The crystallite size follows a similar trend. However, dislocation density and micro strain 

behave differently, showing specific changes when the Mn concentration reaches 2%. The 

small increase in the lattice constant with 1% Mn suggests that Mn ions, with a larger ionic 

radius (0.80 ¡), substitute Zn (0.74 ¡) without altering the wurtzite structure.  

 

Fig.1 XRD spectra of ZnO nanorods with different Mn doping levels (0, 1, and 2 at. %). 

The increase in crystallite size can be attributed to lattice expansion due to distortions around 

the dopant atoms, which causes a mismatch in ionic radii and leads to an overall increase in 
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crystallite size. The average crystal sizes calculated according to the Tauc equation are 

approximately 16, 22 and 27 nm for the 0, 1, 2 at. 2 % Mn doping levels.  

 

       3.2. SEM and EDX Analysis 

 

The observed variations in crystallite sizes align with the SEM findings, which are presented 

in Figs. 2a-c for films with a nanorod structure. As depicted in the figure, the surface 

morphology of the samples validates the formation of a granular structure composed of 

nanorods. It is evident that the crystallite sizes increase after the initial doping at 1% (Fig. 2b), 

reach their maximum at 2% doping (Fig. 2c), and subsequently decrease with higher doping 

concentrations, consistent with the XRD results. The root mean square (RMS) roughness of 

the sample surfaces has been estimated to range between 50 and 100 nm. 

 

 

Fig.2 SEM micro patterns of the ZnO doped with and (b) ZnS thin films different Mn doping ratios 

(a) 0 at. %, b)1 at. %, and (c) 2 at. %. 

 

EDX analyses confirmed the presence of Zn, Mn, and O atoms in the films, along with Si 

atoms, as shown in Fig. 3a and b. As is well known, the Si atoms originate from the glass 

substrate used. The measured atomic ratios of Zn and O in the ZnO films were approximately 

75.65 % and 24.35 %, respectively. However, the EDX analysis showed that the atomic ratios 
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for the Zn, Mn, and O are about 57. 75, 1.86, and 40.39 at. %, respectively, aligning well with 

values reported in the literature [12, 13]. 

 

 

Fig.3 EDX analyses of the (a) ZnO and (b) 2 at. % Mn doped ZnO thin films. 

 

      3.3. Hall Measurements 

 

Hall measurements of ZnO and Mn-doped ZnO nanorod thin films, prepared via the sol-gel 

method in given in Table 1, provide critical insights into their semiconductor properties, 

including resistivity, mobility, and conductivity. 

 

Table.1 Hall measurements results of the undoped and Mn-doped ZnO nanorod thin films 

Film Type Resistivity (ɋ. cm) Mobility  

(cm2/Vs) 

Conductivity (ɋ. cm)-1 Conductivity type 

ZnO nanorod 11 1.6 x10-1 9.0x 10-11 n 

1 at.% Mn-

doped ZnO 

nanorod 

10.3    1.9x10-1 9.73x10-11 n 

2 at.% Mn-

doped ZnO 

nanorod 

10.7 1.8x10-1 9.35x10-11 n 

 

The Hall measurements results indicate that undoped ZnO exhibits n-type conductivity due to 

native defects such as oxygen vacancies and zinc interstitials [12]. Upon Mn doping, a 

systematic variation in electrical properties is observed. At low Mn concentrations, a slight 

increase in carrier concentration and mobility is noted, attributed to the substitutional 
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incorporation of MnĮ  ions, which may introduce shallow donor states [15]. This trend suggests 

that while Mn doping can be employed to tailor ZnOôs electrical properties, excessive 

incorporation may hinder charge transport, highlighting the importance of optimizing doping 

levels for specific electronic applications. 

 

4. CONCLUSIONS 

XRD analyses of the nanorod films revealed that they crystallized as polycrystalline with a 

highly (200)-oriented hexagonal ZnO structure with any secondary phases. ZnO nanorod thin 

film demonstrated larger FWHM and a higher degree of orientation along (200) compared to 

Mn-doped nanorod thin film. However, XRD analyses confirmed a relatively higher crystallite 

size as Mn-doping concentration increased.  

The facet morphologies of the prepared ZnO nanorod thin films were investigated using SEM. 

The obtained images indicated that the surfaces were nearly dense and homogeneous. 

Furthermore, Mn-doped nanorod thin films exhibited larger grain sizes compared to pure ZnO 

thin films. SEM and EDX analyses confirmed the absence of any secondary phases or foreign 

elements in the ZnO and Mn-doped ZnO nanorods, with Zn, Mn and O atoms being present in 

the films. Additionally, the detected silicon presence was attributed to the glass substrate. 

Hall measurements show that undoped ZnO has n-type conductivity due to native defects. Mn 

doping alters electrical properties, initially increasing carrier concentration and mobility by 

introducing shallow donor states. However, excessive Mn can hinder charge transport, 

emphasizing the need for optimized doping levels. 
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ABSTRACT 

Recently, ZnS and ZnO thin films have attracted significant interest due to their superior 

properties and wide-ranging applications in fields such as optoelectronics, catalysis, and 

antibacterial coatings. To this end, ZnS and ZnO thin films were fabricated using the sol-gel 

dip-coating method to investigate and compare their structural and photocatalytic properties. 

X-ray diffraction (XRD) analysis confirmed that the produced films exhibit a polycrystalline 

nature with a hexagonal crystal structure. Scanning electron microscopy (SEM) analysis 

revealed that the films have smooth and homogeneous surface morphologies, with randomly 

distributed, nearly spherical grains across the film facets. Energy-dispersive X-ray (EDX) 

analysis confirmed the presence of Zn, O, and S elements. The photocatalytic performance of 

the films was evaluated using methylene blue (MB) as the organic dye model. The results 

indicated that the photocatalytic activity of ZnO thin films was significantly higher than that 

of ZnS thin films. This enhancement is primarily attributed to the superior crystalline quality 

of ZnO thin films compared to ZnS thin films. These findings highlight the strong potential of 

ZnO and ZnS thin films for effective photocatalytic applications, particularly in the removal of 

organic dye pollutants from the environment. 

Keywords: ZnO, ZnS, Thin films, Photocatalytic activity, Methylene blue. 
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1. INTRODUCTION  

The increasing demand for efficient and sustainable photocatalytic materials has led to 

extensive research on semiconductor thin films, particularly zinc-based compounds such as 

zinc sulfide (ZnS) and zinc oxide (ZnO). These materials have attracted significant attention 

due to their wide bandgap, high stability, and remarkable optoelectronic properties, making 

them promising candidates for various applications, including environmental remediation, 

water splitting, and solar energy conversion [1]. 

ZnO is a well-known n-type semiconductor with a direct bandgap of approximately 3.37 eV, 

making it highly effective for photocatalytic applications under ultraviolet (UV) light [2]. ZnS, 

on the other hand, possesses a slightly wider bandgap of around 3.68 eV in its cubic form, 

which influences its photocatalytic efficiency by limiting absorption in the visible range [3]. 

However, the electronic structure, surface chemistry, and defect states of ZnS and ZnO play a 

crucial role in their photocatalytic activity, and a direct comparison of these properties is 

essential to determine their practical applications [4]. 

Various fabrication methods, including chemical vapor deposition (CVD), sol-gel synthesis, 

and magnetron sputtering, have been employed to produce high-quality ZnS and ZnO thin films 

[5]. The structural properties of these films, such as crystallinity, phase composition, and 

morphology, significantly impact their photocatalytic efficiency. Moreover, surface 

modifications, doping, and heterojunction formation have been explored to enhance their light 

absorption and charge separation efficiency [6]. 

This study aims to provide a comparative analysis of the structural and photocatalytic 

properties of ZnS and ZnO thin films, focusing on their synthesis methods, crystallographic 

characteristics, optical behavior, and photocatalytic performance under different light 

conditions. By elucidating the differences and similarities between these two materials, this 

research contributes to the optimization of semiconductor-based photocatalysts for advanced 

technological applications. 

2. EXPERIMENTAL PROCEDURE  

2.1. Synthesis of ZnS and ZnO Thin Films 

ZnS and ZnO thin films were prepared on glass substrates using the sol-gel method. Zinc 

acetate dihydrate (Zn(CH COO) Ŀ2H O) was used as the precursor for both ZnS and ZnO, 

while thiourea (CH N S) was employed as the sulfur source for ZnS. The precursor solutions 

were prepared by dissolving the respective salts in a mixture of ethanol and acetic acid under 

continuous stirring. The pH of the obtained transparent solutions was adjusted by using 

ethanolamine. The final mixture solution was mixed with a magnetic stirrer for 24 hours under 

room conditions. The prepared solution was on pre-cleaned glass substrates by sol-gel 

immersion method at 300 or 400 oC in air depending film type [7-9].  

The cleaned glass substrates were coated with the precursor solutions using a dip-coating 

technique at 1 mm/s rpm for 10 min to complete one step. The coated substrates were then 
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dried at 300/400ÁC for 10 minutes and annealed at 500ÁC for 1 hour in air (for ZnO) and in a 

sulfur-rich environment at 600 oC (for ZnS) to obtain crystalline thin films [10]. 

2.2. Characterization Techniques 

The structural, morphological, optical, and photocatalytic properties of the prepared thin films 

were characterized using the following techniques: X-ray Diffraction (XRD): The crystal 

structure and phase composition of the films were analyzed using an X-ray diffractometer with 

Cu-KŬ radiation (ɚ = 1.5406 ¡). Scanning Electron Microscopy (SEM): The surface 

morphology and film thickness were examined using a field-emission scanning electron 

microscope. UV-Vis Spectroscopy: The optical properties, including bandgap determination, 

were studied using a UV-Vis spectrophotometer in the range of 200-800 nm. 

2.3. Photocatalytic Activity Measurement 

The photocatalytic performance of ZnS and ZnO thin films was evaluated by monitoring the 

degradation of methylene blue (MB) dye under UV and visible light irradiation. For preparation 

of MB solution, 1.25 mg/L MM dye was dissolved in pure water with a magnetic stirrer in 

room conditions. The solution was mixed until it sufficiently dissolved. The pH of the mixture 

was regulated by NaOH. According to previous studies in the literature, MB shows the best 

photocatalytic activity at pH = 11 [11]. A 10 ppm MB solution was used as the target pollutant. 

The thin films were immersed in the dye solution and exposed to a 4x 8W UV lamp. 

At regular intervals, 5 mL of the solution was extracted and analyzed using a UV-Vis 

spectrophotometer to measure the absorbance decrease at 664 nm. The photocatalytic 

efficiency (ɖ) was calculated using the equation: 

ɖ = [(1-(C/C0))]x100.  

Here, C0 and C represent the main absorption peak of MB and the intensity of MB before and 

after photolysis, respectively. The experiment was repeated several times to ensure 

reproducibility. 

 

3. RESULTS AND DISCUSSIONS  

         3.1. XRD Analysis 

The XRD results of ZnO and ZnS thin films were given in Figure 1a and b, respectively. XRD 

result showed that the ZnO thin films crystallized in the (002) oriented hexagonal ZnO crystal 

structure. On the other hand, the ZnS thin film samples crystallized in a polycrystalline 

structure with a dominant cubic phase, accompanied by hexagonal ZnS crystal structures [7, 

12]. The nanostructured ZnO film sample exhibited a higher degree of orientation along the 

(002) direction compared to ZnS thin films. No foreign phases or impurities were detected in 

the XRD results, confirming the high purity of the synthesized both films. The average crystal 

sizes calculated according to the Tauc equation are approximately 25 and 12 nm for the ZnO 

and ZnS thin films. 
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Fig.1 XRD patterns of the (a) ZnO and (b) ZnS thin films 

 

         3.2. SEM and EDX Analysis 

 

The variation in the SEM surface morphologies of nano-structured ZnS and ZnS thin films 

are mainly depended on the type of different chemicals and solvent used, were presented in 

Fig.-2a-b. It is observed that the nano-structured ZnS and ZnO thin films exhibit surface 

grains in the form of nanospheres-like morphologies. The nanospheres appear to have a more 

homogeneous surface. The white islands on both film surfaces indicate regions enriched with 

sulfur (S) elements. Additionally, ZnO nanospheres are larger in size compared to the ZnS 

nanospheres. These finding aligns with the XRD analyses, which show that ZnO nanospheres 

exhibit more intense XRD peaks, indicating a higher degree of crystallinity as proved by XRD 

analysis.  

 

 
 

Fig.2 SEM nonpatterns of the (a) ZnO and (b) ZnS thin films 

EDX analyses revealed the presence of Zn and O atoms in the films, along with Si atoms (Fig. 

3a and b). On the other hand, for the ZnS films it was observed that the presence of S rather 

than Zn. As is well known, the Si atom originates from the glass substrate used. The observed 

Zn and O ratios in the films are approximately 75.65% and 24.35%, respectively, which are 

consistent with the literature [13]. Similarly, 50.10 and 49.10 % atomic ratios were found in 

the EDX analysis of the ZnS thin films for the Zn and S elements. 
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Fig.3 EDX analyses of the (a) ZnO and (b) ZnS thin films. 

 

         3.3. Photocatalytic Measurements 

For photocatalytic studies, the photocatalyst dosage of ZnO and ZnS photocatalyst thin films 

immersed in the MB solution was determined to be approximately 0.4 mg/mL. The pH and 

concentration of the MB solution were adjusted to 11 with 10 g/L sodium hydroxide and 

distilled water. The distance of the UV LED lamp (64 W) from the MB solution container was 

set to 3 cm. Additionally, the dimensions of all film-coated glass samples in the solution were 

adjusted to 1Ĭ6 cm. The temperature of the MB solution was maintained at room temperature. 

Prior to UV lamp irradiation, the MB solution containing ZnS and ZnO thin film photocatalysts 

was stirred thoroughly with a magnetic stirrer and kept in a dark environment for 30 minutes 

to establish absorption-desorption equilibrium. 

The efficiency of ZnS and ZnO thin film photocatalysts was calculated using the formula [(C-

C0)/C0] Ĭ 100, where C0 and C represent the optical absorbance values of MB at a characteristic 

wavelength of 664 nm before and after exposure to UV light radiation, respectively [14]. 

The absorption spectra of the MB solution exposed to UV light in the presence of 

photocatalysts at 30-minute intervals are presented in Figure 4a-b. As can be seen from the 

figure, the intensity of the MB spectrum decreases monotonically over time. This is attributed 

to the excitation of ZnS and ZnO thin film photocatalysts by UV light and the subsequent 

formation of electron-hole pairs. While some of the excited electrons recombine and return to 

the valence band, the remaining electrons react with O  and OH at the surface, leading to the 
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formation of reactive ĿO  and ĿOH radicals. These reactive species interact with MB organic 

molecules, decomposing them into CO  and H O [15]. 

 

Fig.4 Absorbance of the (a) ZnO and (b) ZnS photocatalyst thin films under UV-light. 

Using the photocatalytic efficiency formula mentioned above, the efficiencies of ZnS and ZnO 

thin film photocatalysts were calculated to be approximately 42% and 35%, respectively, after 

150 minutes. This result is consistent with the literature; however, slight variations are observed 

due to differences in photocatalyst quantity and MB concentration compared to other studies. 

Furthermore, the UV LED lamp used in this study has relatively low power and intensity. 

Despite the lower photocatalyst amount and lower intensity light compared to other studies, 

the MB degradation rate was still found to be significantly notable, which is an important 

outcome [15, 16, 17]. 

 

4. CONCLUSIONS 

XRD analyses of the films revealed that they crystallized as polycrystalline with a highly (200)-

oriented hexagonal ZnO structure, whereas ZnS thin films exhibited a dominant cubic structure 

along with a (002)-oriented hexagonal phase. ZnO thin films demonstrated larger crystal/grain 

sizes and a higher degree of crystallinity compared to ZnS thin films. Moreover, XRD analyses 

confirmed the absence of any secondary phases in both types of films. 

The surface morphologies of the prepared ZnO and ZnS thin films were investigated using 

SEM. The obtained images indicated that the surfaces were nearly dense and homogeneous. 

Furthermore, ZnO thin films exhibited larger grain sizes compared to ZnS thin films. SEM and 

EDX analyses confirmed the absence of any secondary phases or foreign elements in the ZnO 

and ZnS nanostructures, with Zn and O/S atoms being present in the films. Additionally, the 

detected silicon presence was attributed to the glass substrate. 

Photocatalytic measurements showed that the optical absorption of methylene blue (MB) under 

UV light decreased over time in the presence of ZnO and ZnS thin-film photocatalysts. This 

reduction was attributed to the gradual degradation of MB within the solution. Furthermore, 

photocatalytic measurement results indicated that ZnO exhibited higher photocatalytic 

efficiency against MB compared to the ZnS catalyst. The observed high efficiency of the ZnO 
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thin-film photocatalyst was associated with its high crystallinity and active surface area. The 

obtained findings are consistent with the literature, suggesting that ZnO thin-film 

photocatalysts hold greater promise for photocatalytic applications. 
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¥ZET 

Fosil kaynaklarēnēn neden olduĵu sorunlara en iyi ­ºz¿m olma ºzelliĵindeki hidrojen (H2) 

temiz enerji kaynaĵē olarak dikkat ­ekmektedir. Hidrojenin sahip olduĵu bir ­ok avantajēnēn 

yanēnda depolama ve taĸēnma sorunu aĸēlmasē gereken en ºnemli dezavantajlarēn baĸēnda 

gelmektedir. Sºz konusu dezavantajlarē ortadan kaldērmada hidrojenin katē olarak depolandēĵē 

metal hidr¿rler gelmektedir. Bu ­alēĸmada metal hidr¿rlerden biri olan potasyum bor hidr¿r¿n 

(KBH4-PBH) hidrolizi, Ru katkēlē CoFe katalizºr¿n¿n Eupergit CM polimerik destek 

malzemesi ile elde edilen katalizºr varlēĵēnda katalitik hidrolizle a­ēĵa ­ēkan hidrojenin ¿retim 

parametreleri incelendi. Katalizºr sentezinde emdirme, birlikte ­ºkt¿rme, filtrasyon ve azot 

atmosferinde kurutma iĸlemleri ger­ekleĸtirildi. Katalizºr sentezinden sonra metal oranē, farklē 

KOH konsantrasyonu, farklē katalizºr miktarlarē ve substrat miktarlarē gibi parametreler 

potasyum borhidr¿r¿n katalitik hidrolizindeki hidrojen ¿retimine etkileri incelendi. Ru-

CoFe@ECM katalizºr¿ varlēĵēndaki PBH hidrolizi optimum 30 0Côde % 0 KOH, 40 mg 

katalizºr ve % 2 KBH4 varlēĵēndaki hidrojen ¿retim hēzēnēn 8808 mL/dak.g olduĵu belirlendi.  

Anahtar Kelimeler :  Hidrojen, Katalizºr, Potasyum borhidr¿r, Ru-CoFe@ECM 
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1. GĶRĶķ 

G¿nl¿k yaĸamda ve end¿striyel uygulamalarda temiz ve yenilebilir enerjiye yºnelik talebi 

karĸēlamak i­in hidrojene olan ilgi g¿nden g¿ne artmaktadēr. Ancak hidrojenin taĸēnmasē ve 

depolanmasē sorun olduĵundan dolayē, bu sorunu aĸan borhidr¿rlerin (NaBH4, KBH4, LiBH4, 

NH3BH3 gibi.) kullanēmlarē ºne ­ēkmaktadēr. Bunlardan ºzellikle alkali borhidr¿rler olan 

NaBH4 ve KBH4 ºne araĸtērmacēlarēn yaptēĵē araĸtērmalarda ­ēkmaktadēr. Bunun sebebi ise 

katalitik olarak kolay kontrol edilebilmeleri, suda kolay hidroliz olmalarē ve bununla birlikte 

aĸaĵēdaki reaksiyonda gºsterilen denklemde elde edilen y¿ksek saflēkta 4 mol hidrojenin 2 

mol¿n¿n sudan gelmesi ºnem arz etmektedir. Her iki borhidr¿r bileĸiĵinin yanēcē, zehirli 

olmamasē ve NaBH4ô¿n % 10.8, KBH4ô¿n ise yaklaĸēk % 7.5 aĵērlēk­a hidrojen depolamasē 

ºne ­ēkan bir diĵer ºnemli avantaj olarak sēralanabilir [1-3].   

 

                   KBH4  + 2H2O Ÿ KBO2  + 4H2  ŷ                                          (1) 

 

Burada KBH4 se­ilmesinin sebebi, NaBH4 (SBH) ¿zerine ­ok ­alēĸma yapēlmasēna karĸēn 

KBH4 hidrolizi ile yapēlan ­alēĸmalar kēsētlēdēr. Bununla birlikte PBH hidrolizinde a­ēĵa ­ēkan 

ēsē miktarē SBHôe gºre az olmasē, depolama ve kararlē olmasē nedeniyle daha ­evreci olduĵu 

gºr¿lmektedir. PBH hidrolizi i­in son zamanlarda soy metal katalizºrleriyle (Ru, Pd) ilgili 

­alēĸmalar yapēldēĵē bununla birlikte ge­iĸ metalleriyle (Co, Ni, Fe,) ­alēĸmalarēn daha az 

olduĵu gºr¿lm¿ĸt¿r. Bilindiĵi ¿zere soy metallerin y¿ksek maliyeti end¿stride bu t¿r 

katalizºrlerin kullanēlmasēnē sēnērlē hale getirmektedir. Bunun i­in hem maliyeti azaltmak i­in 

soy metallerle birlikte ge­iĸ metallerinin kullanēmēnē arttērmak hem de metallerin 

topaklaĸmasēnēn engellemek i­in destek malzemeleri kullanēlmaktadēr. Co, Ni, Fe, Cr gibi 

metallerle birlikte ­ok az miktarda soy metallerin kullanēmē metaller arasēnda sinerjik etki 

yaparak sentezlenen katalizºr¿n katalitik aktivitesini artērmaktadēr [4,5]. Destek malzemesi 

olarak polimer malzeme olan Eupergit CM 250 kullanēlmasēnēn sebebi, y¿ksek y¿zey 

gºzeneklilik, su ve asitlere karĸē dayanēklēlēĵē, ­ºzeltilerde yapēsēnēn bozulmamasē ile dikkat 

­ekmektedir.   

Bu ­alēĸmada; Eupergit CM ¿zerine dekore edilen Co ve Fe metalleriyle birlikte ­ok az 

miktarda Ru metalinin eklenmesiyle elde edilen Ru-CoFe@ECM katalizºr¿ varlēĵēndaki 

PBHô¿n hidrolizi sonucu elde edilen hidrojen veriminin, KOH, katalizºr miktarē ve farklē PBH 

konsantrasyonlarē sonucu optimum miktarlar belirlenmiĸtir.  

 

 

2. DENEYSEL ¢ALIķMALAR  

 

Katalizºr¿n sentezi i­in, ºnce Fe 100 mL etanolde ­ºz¿nd¿kten sonra Co metali eklendi, daha 

sonra Ru metali eklendikten sonra belirli miktarda Eupergit CM-250 konularak metallerin 

destek malzemesi ¿zerine iyice emdirilmesi i­in 1 saat ultrasonik banyoya bērakēldē. Burada 

optimum metal/destek oranē; 5/100 olacak Gºrselde sentezlenmiĸtir. Daha sonra etanol¿n 

uzaklaĸmasē i­in 60 0Côde 24 saat manyetik karēĸtērēcēda karēĸtērēlarak ­amurumsu bir karēĸēm 

elde edildi. Elde edilen karēĸēm daha sonra damētēlmēĸ suyla 50 mL'ye tamamlandē. Ardēndan 
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bu karēĸēm soĵuk bir ortama alēndē ve yavaĸ­a %1'lik 50 mL NaBH4 ­ºzeltisiyle indirgendi [6]. 

Ķndirgemeden sonra, katalizºr iki kez damētēlmēĸ suyla yēkandē ve ardēndan etanolle yēkandē ve 

80 oC'de 6 saat boyunca nitrojen altēnda kurumaya bērakēldē. Kurutulduktan sonra, katalizºr¿n 

hidrolizi ger­ekleĸtirildi. 

Potasyum borhidr¿r¿n katalitik hidroliz tepkimesi sonucu H2 ¿retiminin incelendiĵi deneysel 

­alēĸma sistemi Gºrsel 1ô deki gibidir.  Katalitik hidroliz d¿zeneĵi sēcaklēk kontrol¿ saĵlayan 

sirk¿lasyonlu su banyosu, manyetik karēĸtērēcē, ceketli t¿p, dereceli silindir ve gaz ge­iĸlerinde 

gºrev alan baĵlantē hortumlarēndan oluĸmaktadēr. Bu d¿zenekte ceketli t¿p ortamē saĵlamakta 

gºrev almaktadēr. Manyetik karēĸtērēcē ile sirk¿lasyonlu kriyostat hidroliz tepkimelerinin her 

bir katalitik hidroliz i­in standart ĸartlar altēnda ger­ekleĸmesini saĵlamaktadēr. Dereceli 

silindir a­ēĵa ­ēkan H2 gazēnēn ºl­¿lmesinde gºrev almaktadēr. Gºrsel 1ô deki katalitik hidroliz 

sisteminden yararlanēlarak kronometre ile ºl­¿len zamana baĵlē H2 gazēnēn ham deĵerleri veri 

tablolarēna iĸlenerek tepkimenin ayrēntēlē incelesi ger­ekleĸtirilmiĸtir. 

 

 

Gºrsel 1. Potasyum borhidr¿r hidroliz tepkimesi sonucu a­ēĵa ­ēkan hidrojen gazē miktarēnē ºl­mek 

i­in kullanēlan d¿zenek 

 

3. SONU¢LAR VE DEĴERLENDĶRME  

Alkali borhidr¿r ­ºzeltileri kendiliĵinden hidrolize olduklarēndan dolayē belirli bir pH 

aralēĵēnda olmalarē gerekir. Burada hem ­ºzeltinin raf ºmr¿n¿ uzatmak hem de reaksiyonun 

katalizºr kontroll¿ olabilmesi i­in ­ºzeltiye farklē konsantrasyonlarda KOH eklenerek Ru-

CoFe@ECM katalizºr¿n¿n PBH hidrolizi ¿zerine etkisi Gºrsel 2ôde verilmiĸtir. Gºrselden 

gºr¿leceĵi ¿zere KOH konsantrasyonu arttēk­a hidroliz s¿resinin arttēĵē ve hidrojen ¿retim 

hēzēnēn d¿ĸt¿ĵ¿ gºzlemlenmektedir.  
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Gºrsel 2. Farklē KOH konsantrasyonunun KBH4hidrolizinin hidrojen ¿retimi ¿zerindeki etkisi (10 

mL ­ºzelti, 30 ÁC, 20 mg Katalizºr, % 2 KBH4) 

Baĸlangē­ hēzlarēnēn farklē KOH konsantrasyonlarēna iliĸkin grafik Gºrsel 3ôte verilmiĸtir. 

Gºrselden gºr¿ld¿ĵ¿ ¿zere % 0 KOH varlēĵēndaki hidrojen ¿retim hēzēnēn 8269 mL/g.dk 

olduĵu gºr¿lm¿ĸt¿r. Bundan sonraki aĸamalardaki deneyler % 0 KOH varlēĵēnda 

ger­ekleĸtirilecektir. 
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Gºrsel 3. Farklē KOH konsantrasyonunun KBH4hidrolizinin hidrojen ¿retim hēzlarē ¿zerindeki etkisi 

(10 mL ­ºzelti, 30 ÁC, 20 mg Katalizºr, % 2 KBH4) 

Katalitik hidroliz tepkimelerinde ºnemli bir faktºr olan farklē katalizºr deriĸimlerinin tepkime 

hēzēna etkisi incelenmiĸtir. Gºrsel. 4, 30 oC de farklē katalizºr deriĸimlerinde ger­ekleĸtirilen 

katalitik tepkimede a­ēĵa ­ēkan hidrojen gaz miktarēnēn zamana baĵlē grafiĵi gºr¿lmektedir. 

Gºrselden gºr¿ld¿ĵ¿ ¿zere katalizºr konsantrasyonundaki artēĸ hidrojen ­ēkēĸēnē da arttērdēĵē 

gºr¿lmektedir. Yani katalizºr miktarē arttēk­a PBH hidroliz s¿resinin azaldēĵē gºr¿lmektedir. 

 

Gºrsel 4. Farklē katalizºr deriĸimlerinin Potasyum borhidr¿r hidrolizine etkisi. 

T¿m veriler aynē olacak Gºrselde hidrojen ¿retim hēzlarēnēn katalizºr miktarēna baĵlē Gºrsele 

bakēldēĵēnda durumun katalizºr miktarēna baĵlē olmadēĵē gºr¿lmektedir. Yani 40 mg katalizºr 

varlēĵēndaki hidrojen ¿retim hēzēnēn 8808 mL/g.dk kadar ­ēktēĵē, daha y¿ksek 

konsantrasyonlardaki katalizºr miktarēnda ise hidrojen ¿retim hēzēnēn d¿ĸt¿ĵ¿ 

gºzlemlenmiĸtir. Bunun nedeni ­ºzelti baĸēna d¿ĸen katalizºr miktarēnēn artmasēyla baĸlangē­ 

hēzēnēn azalmasēyla ilgilidir [7].  
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Gºrsel 5. Potasyum borhidr¿r¿n hidrolizi sonucu farklē katalizºr deriĸimlerinin baĸlangē­ hēzlarēna 

karĸē etkisi 

En son adēmda ise Ru-CoFe@ECM katalizºr¿n¿n katalitik performansēnē sabit katalizºr 

miktarē ve sabit sēcaklēkta farklē PBH konsantrasyonlarēnda ger­ekleĸtirilen katalitik hidroliz 

tepkimesinde test edilmiĸtir. Gºrsel 6 farklē PBH konsantrasyonlarēnda ger­ekleĸtirilen 

katalitik tepkimeye ait a­ēĵa ­ēkan hidrojen gaz miktarēnēn PBHô¿n mol oranēna ait grafiĵini 

gºstermektedir. Gºrsel 6 incelendiĵinde PBHô¿n t¿m deriĸimlerinde yaklaĸēk 4 mol H2 gazēnēn 

­ēktēĵē ve PBH deriĸiminin artmasēyla elde edilen hidrojen hacminin de arttēĵē gºr¿lmektedir.  
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Gºrsel 6. Farklē KBH4 konsantrasyonlarē varlēĵēndaki hidrojen ¿retiminin zamana karĸē grafiĵi (30 C 

de, 40 mg katalizºr, % 0 KOH ve 10 mL ­ºzelti). 

Aĸaĵēda verilen Gºrselde hidrojen ¿retim hēzlarēnēn PBH konsantrasyonlarēna gºre grafiĵinde 

SBH optimum konsantrasyonunun %2 olduĵu ve hidrojen ¿retim hēzēnēn da (30 oC de, 40 mg 

katalizºr, % 0 KOH ve 10 mL ­ºzelti) 8808 mL/dak.grkat olduĵu, gºr¿lmektedir. Daha y¿ksek 

konsantrasyonlarēnda ise hidrojen ¿retim hēzlarēnēn d¿ĸerek sabit kaldēĵē gºr¿lmektedir. Bunun 

nedeni H2 a­ēĵa ­ēktēĵēnda oluĸan metaboratēn viskozitesinin fazla olmasē sebebiyle H2 ­ēkēĸēnē 

engellediĵi sºylenebilir [8,9]. 

 

Gºrsel 7. Farklē KBH4 konsantrasyonlarēnēn hidrojen ¿retim hēzēnēn etkisi 

 

4. GENEL DEĴERLENDĶRME VE SONU¢LAR 

Bu ­alēĸmada ilk kez polimetalik katkēlē Ru metalinin polimer destekli katalizºr¿n potasyum 

borhidr¿rdeki hidrolizi incelenmiĸtir. Burada elde edilen katalizºr¿n, en iyi metal/destek 

oranēnēn % 5 metal % 95 destek olduĵu belirlenmiĸtir. Bununla bitlikte 30 0Côde PBHô¿n 

hidrolizinin Ru-CoFe@ECM katalizºr¿ varlēĵēnda elde edilen hidrojen hacminin farklē KOH 

konsantrasyonlardaki optimum KOH konsantrasyonunun % 0, farklē katalizºr miktarlarēndaki 

optimum miktarēnēn 40 mg, ve farklē PBH konsantrasyonlarēndaki optimum deĵerinin ise % 2 

KBH4 olduĵu tespit edilmiĸtir. Optimum veriler ēĸēĵēndaki hidrojen ¿retim hēzēnēn 8808 

mL/g.min olarak belirlenmiĸtir. Co bazlē katalizºrler incelendiĵinde KBH4ô te sadece Co i­eren 

katalizºrlerin 1200 mL/g.dk deĵerlerinde H2 verimi saĵladēĵē gºr¿lecektir [10-12]. Bu 

­alēĸmada gºr¿ld¿ĵ¿ gibi 8808 mL/g.dk H2 verimi ­alēĸmanēn ­ok iyi sonu­larē netice verdiĵini 

gºstermektedir. Hidrojen ¿retimi veya diĵer katalitik proseslerde benzer polimetalik 

­alēĸmalarēn y¿ksek katalitik sonu­larē netice vereceĵi deĵerlendirilmektedir. 
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ABSTRACT 

In this study, a simulation was conducted using the ANSYS software to determine the 

temperature values and distributions that will occur in each layer of a monocrystalline 

photovoltaic (PV) solar panel generating 70 W of power. The thermal analysis was carried out 

for a rectangular structure with a total of 36 solar cells, arranged in 4 rows horizontally and 9 

rows vertically, with dimensions of 1153 mm in length and 558 mm in width, based on the 

dimensions of a real PV solar panel. The layers of the PV panel were designed using 6 different 

materials (ethylene-tetrafluoroethylene, ethylene vinyl acetate, silicon, plastic, adhesive, and 

carbon fiber composite polymer), resulting in 7 layers. The thicknesses of the top, encapsulant 

1, solar cell, encapsulant 2, bottom, adhesive and support layers forming the PV panel are 

designed with dimensions of 0.28, 0.20, 0.15, 0.20, 0.20, 0.20, 0.13 and 2 mm, respectively. 

For the designed PV panel, boundary conditions were determined under the assumption of 

25ÁC ambient temperature, 1000 W/mĮ solar radiation, and a PV producing 70 W of power. 

Therefore, the boundary conditions were set as T = 25ÁC, qcell = 1000 W/mĮ, and Qrete = 70 

W. Additionally, since heat transfer occurs through conduction, convection, and radiation in 

the PV panel model, the calculated boundary conditions were applied to the analysis. As a 

result of the analysis, the highest temperature reached 53.255ÁC, occurring at the center of the 

solar cell layer. This is because the edges of the layer are connected to the support layer, and 

the support layer, which is in contact with air, results in cooling. This analysis provides an 

insight into how temperature develops along the solar radiation path. As a result, the study 

investigated how the design parameters affect the efficiency of the solar cells.  

 

Keywords: Solar panel, heat transfer, thermal analysis, conduction heat transfer, radiation. 

 

1. INTRODUCTION  

The recent developments in production technologies have led to an increase in the demand for 

energy production. In the early stages, energy production was provided through the use of fossil 

fuels (Arē & Yēlmaz, 2023). However, in recent years, due to the rapid depletion of fossil fuels 

and the environmental damage they cause, the use of innovative and eco-friendly renewable 

energy sources for energy production has increased. Research on renewable energy sources has 
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been steadily growing (Barichello, et al., 2024; Nwokediegwu, Ibekwe, Ilojianya, Etukudoh, 

& Ayorinde, 2024). As a developing country, Turkey's need for energy resources is increasing 

day by day in parallel with its growing population and economy. Given its current energy 

structure, Turkey, which is approximately 75% dependent on foreign energy, seems to have no 

choice but to reduce this dependency through renewable energy sources, making it a necessity 

rather than a preference. In their study, Tutar and colleagues have revealed and analyzed 

Turkey's current renewable energy potential (Tutar & Atas, 2022). Uslu and colleagues have 

examined the applications of renewable energy in retail trade and transportation services in 

recent years (Uslu, ¥zdemir, Yēldērēm, & Kavak, 2024). Additionally, according to the first 

law of thermodynamics, energy can neither be created nor destroyed; however, existing energy 

can be transformed into another form. In light of this law, it can be stated that all the energy 

types we use are the result of the transformation of another energy form (Yetkin Yesil & Palta, 

2022). 

Photovoltaic solar panels, known as the leaders of renewable energy technologies, have the 

ability to convert solar waves, the most important energy source in the world, into electricity. 

Compared to other technologies, the use of monocrystalline silicon panels in systems designed 

for converting solar energy into electricity is becoming increasingly widespread. There are two 

main issues regarding the performance of solar panels. The first is low efficiency. To increase 

low efficiency, the metallurgy of the solar panel needs to be modified. The second issue is that 

the panels reach high temperatures while operating, which leads to a decrease in their 

performance (Hudedmani, Soppimath, & Jambotkar, 2017; Singh, Trivedi, & Mishra, 2021). 

To improve performance, the temperature can be reduced by providing a cold air environment 

for the solar panels, thus overcoming the problem (Shah & Mehta, 2021). In their study, Leow 

and colleagues used ANSYS simulation software, which employs the Finite Element Analysis 

(FEA) method, to investigate how the performance of solar panels would be affected under 

four different wind speeds (0 m/s, 0.43 m/s, 2.5 m/s, and 6.95 m/s) (Leow, ve diĵerleri, 2016). 

Moiseev and colleagues conducted a simulation study in ANSYS to determine the thermal 

parameters of a solar panel at a pilot facility. Additionally, the pivot panel was constructed 

from three layers: tempered glass, encapsulant, and solar cell (Moiseev, Shishkov, Berseneva, 

& Osintzev, 2022). In our study, the thermal analysis of a PV panel, consisting of upper 

encapsulant 1, solar cell, encapsulant 2, lower layer, adhesive, and support layers, was 

performed. 

The paper is structured as follows: Section 1 introduces the content of the topic and presents a 

review of related literature. In Section 2, the design and analysis processes of the photovoltaic 

solar panel used in the study are detailed. The analysis results are presented, calculated, solved, 

and explained in Section 3. Finally, Section 4 presents the conclusions. 

 

2. MODELING AND THERMAL ANALYSES  

2.1. Design of PV Solar Panel 

In this study, a monocrystalline photovoltaic (PV) panel with 36 cells and a maximum power 

output of 70W was designed, and its thermal analysis was conducted using the ANSYS 

software. The initial phase of the thermal analysis involves the design of the PV panel's 
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geometry. Prior to constructing the geometry, it is essential to note that the panel comprises 

seven layers. The characteristics and thicknesses of these layers are presented in Table 1. 

 

Table 2. The layers and properties of the PV panel 

No  Function Material  Thickness 

(mm)  

Layers Image 

1 Top layer ETFE 0.28 

 

2 Encapsulant 1 EVA 0.20 

3 Solar cell Silicon 0.15 

4 Encapsulant 2 EVA 0.20 

5 Bottom layer PET 0.20 

6 Adhesive Tape 0.13 

7 Support Carbon Fiber 

Reinforced 

Polymer (CFRP) 

2 

According to Table 1, the first layer of the PV panel is the topmost layer made of Ethylene 

Tetrafluoroethylene (ETFE), a plastic polymer material commonly used instead of glass. In 

this study, the thickness of the ETFE layer is taken as 0.28 mm. The second layer is made of 

Ethylene Vinyl Acetate (EVA), a highly transparent material, with a thickness of 0.20 mm. The 

third layer is monocrystalline silicon, with a thickness of 0.15 mm. Below the monocrystalline 

layer, the fourth layer is another EVA layer, and its thickness is taken equal to that of the 

previous EVA layer. The fifth layer is known as the back protection (PET), an insulating plastic 

layer, with a thickness of 0.20 mm. The sixth layer is an adhesive layer, with a thickness of 

0.13 mm. Finally, to provide structural support to the back of the panel, a Carbon Fiber 

Reinforced Polymer (CFRP) layer is used, with a thickness of 2 mm. As shown in Figure 1, the 

actual PV panel consists of a total of 36 solar cells, with 9 cells vertically and 4 cells 

horizontally. Each solar cell is assumed to be of equal size, 123 x 123 mm, with a 15 mm gap 

between them. The geometry of the PV panel in ANSYS was drawn based on the real 

dimensions. Additionally, the distance between two solar cells is taken as 2 mm, with a 15 mm 

gap at the top and a 10 mm gap at the bottom. 

FRAMEWORK

1.Layer

2.Layer

3.Layer

4.Layer

5.Layer

6.Layer

7.Layer
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Figure 1. a) Real PV panel b) solar cells in ANSYS c) all layers in ANSYS 

After the geometry of the PV panel was designed, the second phase of the thermal analysis 

involved defining the required material properties for each layer of the solar panel.  

 

2.2. Material Properties of PV Solar Panel 

Initially, the thermal processes occurring on or within the solar panel are based on the four 

equations presented between Equation 1 and Equation 4. These four equations provide 

information about the material and its required properties for heat transfer to occur within the 

layers of the PV panel. The first method of heat transfer in the PV panel is conduction 

(Conduction). The Fourier principle, as shown in Equation 1, is used for this method. 

 

Fourier principle: ὗ Ὧὃ                                                                                                     (1) 

Here, the material's thermal conductivity coefficient is denoted by k, the surface area by A, and 

the temperature by T. According to Fourier's principle, heat transfer occurs not only between 

layers but also within the layers themselves through conduction. The second method of heat 

transfer in the PV panel is convection, which is the transfer of heat through a fluid (liquid or 

gas). For convective heat transfer, Newton's law of cooling, as shown in Equation 2, is used. 

 

Newton's principle: ὗ ὬὃὝώ Ὕë (2) 

Here, the convective heat transfer coefficient h, surface area A, surface temperature of the layer 

Ty , and ambient temperature TÐ are represented by their respective symbols. Furthermore, 

heat will be transferred by convection from the ETFE and CFRP layers to the surrounding air. 

The third heat transfer method in the PV panel is radiation, which is the transfer of heat through 

electromagnetic waves. For heat transfer by radiation, the Stefan-Boltzmann Law, as shown in 

Equation 3, is used. 

 

Stefan-Boltzmann principle: ὗ „‭ὃὝώ Ὕë                                                                 (3)                           

Here, the Stefan-Boltzmann constant ů (5.67 Ĭ 10  W/mĮĿK ), surface area A, emissivity of 

the layer ⱦ (taken as 0.89), surface temperature of the layer Ty, and ambient temperature TÐ 
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are represented by their respective symbols. The final equation used for thermal processes 

occurring on or within the solar panel is the thermal energy change equation, shown in Equation 

4. 

 

Thermal Energy Change Formula:  ὗ άὧdT                                                                     (4) 

Here, m represents the mass of the material, cp is the specific heat capacity, and dT is the 

change in temperature. This equation describes the energy change that occurs as a result of an 

increase or decrease in the heat within a system. This change is typically dependent on factors 

such as the temperature difference, the type of material, mass, and specific heat capacity. 

Therefore, all the necessary properties required in the simulation are utilized in these equations. 

The material properties of the layers used in this study are presented in Table 2. 

 

Table 3. Material properties of PV solar panel [8] 

Meterial  Density  

(kg/m3) 

Thermal Conductivity  

(W/m.K)  

Specific Heat Capacity 

(J/kgK) 

ETFE 1730 0,24 1172 

EVA 945 0,35 2090 

Solar cell 2330 148 700 

PET 1350 0,275 1275 

CFRP 1490 6,83 1130 

Tape 1012 0,19 2000 

 

2.3. ANSYS Thermal Analysis and Connections Types 

ANSYS provides five different types of connection methods. These are as shown in Figure 2. 

             
Figure 2. a) Connections in ANSYS, b) contacting of solar panel 

 

These connection types are used in both mechanical and thermal analyses. Since there is no 

difference in the connections while performing the thermal analysis of the PV panel using the 

finite element method, no difficulties were encountered. The first type is a bonded connection. 

In this case, if the contact regions are bonded, no sliding or separation between faces or edges 

is permitted. A no-separation contact indicates that the target and contact surfaces remain tied 

Bonded

No separation

Frictionless

Frictional 

Rough
a) b) 
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throughout the analysis, though sliding may still occur. A frictionless contact refers to a 

scenario where the coefficient of friction is zero, allowing for separation between bodies and 

free sliding.  

In this case, the two contacting geometries can transmit shear forces up to a certain magnitude 

before they begin to move relative to one another. Finally, rough contact represents a 

completely frictional, rough contact with no sliding allowed.  

The connections of the solar panel we designed were made as 12 units, and all of them are 

bonded type, as shown in Figure 2.After the connections of the solar panel were made, the 

mesh generation phase was initiated. In the mesh section, each edge was divided into segments 

of 0.007 m, resulting in a total of 94,038 elements and 594,008 nodes. The mesh visualization 

of the solar panel is shown in Figure 3.  

 

 
Figure 3. Mesh structure of the PV solar panel design 

 

According to the numerical results of the mesh structure analysis shown in Figures 4, the 

average skewness quality is 0.02, and the average orthogonality quality has reached a value of 

0.99, as shown. These values indicate the high meshing quality used in this study. 

 

Mesh of a solar cell

Solar panel

a) 
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Figure 4. Mesh average a) skewness feature, b) orthogonal feature 

 

In a PV panel system, the thermodynamics theorem is used (the energy entering the system is 

equal to the energy leaving the system). As shown in Figure 5, when sunlight hits a PV panel, 

some of the light is reflected back into the environment. This is due to the reflectivity of the 

first PV layer and is known as optical radiation loss. 

 

 
Figure 5. Heat transfer in a PV panel 

However, as long as there is wind speed, convective thermal loss occurs. These convective 

losses flow out from both the top and bottom surfaces of the PV. In addition, a radiative loss 

will occur due to the temperature difference between the PV and the environment. Also, the 

energy produced is energy converted from temperature to electricity. All of these energies are 

included in the energy balance equation of the PV module. It is assumed that the EVA top layer 

is completely transparent, and internal reflection only occurs between the EVA and silicon 

cells. The generated power is obtained by subtracting the upper, lower losses, and optical losses 

from the incoming solar radiation, as shown in Equation 5.  

 

Qgen = Qsolar - (Qref + Qtop,loss + Qbottom,loss)                                                                

(5) 

Solar 
radiation 
(Qsolar)

Reflected 
Radiation (Qreft)

Wind speed

Generete 
energy
(Q gen) 

Q top,loss

Q bottom,loss

Qgen=Qsolar-(Qref+Qtop,loss+Qbottom,loss)

b) 
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Qref is determined by multiplying the incoming solar radiation with the reflection properties 

of the EVA layer. During the simulation, the label on the back of the PV panel was used. 

Therefore, our simulation assumes a generated power of 70 W under 1000 W/mĮ solar radiation 

at an ambient temperature of 25ÁC (T = 25ÁC, qsolar = 1000 W/mĮ, Q generated = 70 W). The 

absorption, permeability, and reflectivity properties of ETFE, EVA, and monocrystalline 

surfaces were referenced from Table 3. 

 

                           Table 4. Material propertie s 

Meterial  Absorption  Transmissivity Reflectivity 

ETFE 0,1 0,83 0,07 

EVA 0 1 0 

Si 0,97 0 0,03 

 

Due to the absorption characteristics of ETFE, 1000 W/mĮ is calculated as 100 W/mĮ (1000 * 

0.1 = 100 W/mĮ). The reflection loss of ETFE is calculated as 70 W/mĮ (0.07 * 1000 = 70 

W/mĮ). The permeability value is 830 W/mĮ (1000 * 0.83 = 830 W/mĮ). The reflection property 

of silicon is 24.9 W/mĮ (830 * 0.03 = 24.9 W/mĮ).  

Since the area of each cell is 0.0147 mĮ and there are 36 cells, the total area is calculated as: 

 

0.0147Ĭ36=0.528m2 

When the PV panel cell generates 70 W of power, the power generated per unit area is: 

 

70/0.528=132W/m2 

 

The heat value that the cell will reflect is calculated as: 

 

805ī132=673 W/m2 

Here, 805 W/mĮ represents the incoming solar radiation (or total irradiance), and 132 W/mĮ 

represents the power generated per unit area by the PV panel. The difference (673 W/mĮ) 

indicates the amount of heat that the panel will reflect. The boundary conditions, as shown in 

Table 4, have been input into ANSYS. After the boundary conditions are determined, the final 

section is started. 

 

 

Table 5. Boundary conditions 

LAYER  HEAT TRANSFER TYPE  VALUE  

ETFE Heat Flux 100 W/m2 

EVA1 Heat Flux 25 W/m2 

cell Heat Flux 673 W/m2 

ETFE Radiation 0.89 

CFRP Radiation 0.89 
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TOP Convection 7,9543 W/mĮĿÁC  

BOTTOM  Convection 7,9475 W/mĮĿÁC   

To determine the results of the thermal analysis, it is necessary to define the desired results in 

the "Solution" section at the beginning of the analysis. In this study, the temperature values and 

heat flux values for each layer have been defined, and the maximum and minimum values have 

been calculated. 

 

3. RESULTS AND DĶSCUSSĶON 

In this section, the process stage where the desired results are calculated and solved is 

explained. The total temperature and heat flux values for the 7 layers are shown in Table 5. 

The temperature values for each layer are shown in Figure 6, while the heat flux values are 

displayed in Figure 7. 

 

Table 6. Maximum and minimum temperature and heat flux values of the PV layers 

 Temperature (ÁC) Heat flux(W/m2) 

 max min max min 

ETFE 53,1260 34,5270 859,54 5,7971 

EVA1 53,2520 34,3760 1270,4 3,3154 

Cell 53,2550 46,7430 45926 403,16 

EVA2 53,2520 44,1560 738,14 0,89616 

PET 53,0360 44,2260 737,11 0,76463 

TAPE 52,7480 44,2420 733,21 0,21731 

CFRP 52,4690 44,2170 2241,8 27,558 

Frame 45,2930 44,6410 708,33 0,1625 

 

  
a) ETFE b) EVA1 

  
c) CELL d.) EVA2 
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e.) PET f.) BANT 

  
g.) CFRP h.) FRAME 

Figure 6. Temperature distribution of PV solar panel model, a.) ETFE, b) EVA1, c) cell, d) EVA2, e) 

PET, f) BANT, g) CFRP and h) Frame  

 

  

a) ETFE b) EVA1 

  
c) CELL d.) EVA2 

  
e.) PET f.) BANT 














































































































































































































