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EVALUATION OF SOME AGRONOMIC TRAITS OF MAIZE HYBRID 

COMBINATIONS  

 

Prof. Dr. Faruk Toklu¹*, Dr. Petek Toklu²  

¹ Çukurova University, Faculty of Agriculture, Department of Field Crops, Adana, Türkiye 

E-mail: fapet@cu.edu.tr 

 

² Çukurova University, Faculty of Agriculture, Department of Field Crops, Adana, Türkiye 

E-mail: petektoklu@hotmail.com 

Abstract 

This study aimed to evaluate the agronomic performance of maize hybrid combinations 

under Çukurova ecological conditions. Fifteen grain maize hybrid combinations and two 

commercial cultivars used as controls were grown during the 2025 maize growing season at the 

Research and Application Area of the Department of Field Crops, Faculty of Agriculture, 

Çukurova University. The experiment was conducted in a randomized complete block design 

with three replications. 

The evaluated traits included ear weight, ear length, ear diameter, number of rows per ear, 

number of kernels per row, number of kernels per ear, kernel weight per ear, and grain yield. 

Significant differences were observed among hybrid combinations for all investigated traits. 

The D1 × D15 and D14 × D15 hybrids showed superior ear weight, while the D14 × D15 hybrid 

exhibited the highest values for ear length and ear diameter. The control cultivars D6980 and 

P1921 recorded higher number of rows per ear compared to the hybrid combinations. The D14 

× D15 hybrid was prominent for number of kernels per row and per ear, whereas D1 × D15 and 

D14 × D15 hybrids had higher kernel weight per ear. In terms of grain yield, the D17 × D9 and 

D14 × D15 hybrids outperformed the other combinations. 

Overall, the results indicate that certain hybrid combinations, particularly D14 × D15, have high 

yield potential and could be promising candidates for further multi location yield trials and 

maize breeding programs. 

Keywords: maize, hybrid combinations, agronomic traits, grain yield 



BALKAN 15th INTERNATIONAL CONFERENCE ON APPLED SCIENCES 

March 20 ï 22, 2026 ï SKOPJE 

ISBN NR: 978-625-5694-92-8 

 

2 
 

ASMA (Vitis vinifera L.)ôDA SALĶSĶLĶK ASĶT VE POTASYUM SĶLĶKAT 

UYGULAMALARININ TOPLAM PROTEĶN VE FLAVONOĶD Ķ¢ERĶĴĶ ¦ZERĶNE 

ETKĶLERĶ 

 

Zir. Müh. Mehmet ARI  

Van Y¿z¿nc¿ Yēl ¦niversitesi, mehmet.ari@tarimorman.gov.tr - https://orcid.org/ 0009-0007-

1351-144X 
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ÖZET 

Bu ­alēĸmanēn amacē, Vitis vinifera L. cv. Horoz Karasē (renkli) ve Vitis vinifera L. cv. ķire 

(beyaz) ¿z¿m ­eĸitlerinde salisilik asit ve potasyum silikat uygulamalarēnēn, toplam protein ve 

flavonoid birikimi üzerine etkilerini belirlemektir. Deneme, Batman (Kozluk) ilinde ¿retici baĵē 

koĸullarēnda ger­ekleĸtirilmiĸ ve uygulamalar tane tutumu baĸlangēcēnda, tane tutumundan iki 

hafta sonra ve 45 g¿n sonra olmak ¿zere ¿­ kez omcalara p¿sk¿rtme ĸeklinde uygulanmēĸtēr. 

¢alēĸmada kontrol, salisilik asit (SA; 500 ppm), potasyum silikat (K2SiO3; 2000 ppm) ve 

kombine uygulamalarēn etkisi deĵerlendirilmiĸtir. Elde edilen bulgulara gºre, toplam protein 

i­eriĵi hem ­eĸit, hem de uygulama faktºr¿nden istatistik olarak anlamlē d¿zeyde etkilenmiĸtir 

(p<0.05). Benzer ĸekilde flavonoid i­eriĵi ¿zerinde de ­eĸit ve uygulama etkisi istatistik olarak 

ºnemli bulunmuĸtur (p<0.05). Buna karĸēn ­eĸit Ĭ uygulama interaksiyonu, her iki parametre 

için de istatistik olarak önemli bulunmamēĸtēr. Bu durum, uygulamalarēn farklē ¿z¿m 

­eĸitlerinde benzer biyokimyasal yanēt modeli oluĸturduĵunu gºstermektedir. Genel olarak SA 

ve K2SiO3 uygulamalarēnēn, flavonoid birikimini artērdēĵē ve protein i­eriĵinde iyileĸme 

saĵladēĵē belirlenmiĸtir. Sonu­lar, adē ge­en uygulamalarēn, asmada sekonder metabolit 

¿retimini teĸvik ederek, biyokimyasal kaliteyi olumlu yºnde etkileyebileceĵini gºstermekte ve 

baĵcēlēkta ­evre dostu biyostim¿lant uygulamalarēnēn, kalite artērēcē stratejiler kapsamēnda 

deĵerlendirilebileceĵine iĸaret etmektedir. 

Anahtar Kelimeler:  Vitis vinifera L., biyostim¿lant, silikon, tane geliĸimi, fenolik bileĸik 
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EFFECTS OF SALICYLIC ACID AND POTASSIUM SILICATE APPLICATIONS ON 

TOTAL PROTEIN AND FLAVONOID CONTENT IN GRAPEVINE (Vitis vinifera L.)  

ABSTRACT 

The aim of this study is to determine the effects of salicylic acid and potassium silicate 

applications on total protein and flavonoid accumulation in Vitis vinifera L. cv. 'Horoz Karasē' 

(colored) and Vitis vinifera L. cv. 'ķire' (white) grape varieties. The experiment was carried out 

under vineyard conditions in Batman (Kozluk) province, and the applications were applied 

three times as sprays: at the beginning of berry set, two weeks after berry set, and 45 days after 

berry set. The study evaluated effect of control, salicylic acid (SA; 500 ppm), potassium silicate 

(K2SiO3; 2000 ppm), and combined applications. According to the findings, total protein 

content was affected statistically significant by both variety and application factors (p<0.05). 

Similarly, the effect of variety and application on flavonoid content was also found significant 

(p<0.05). However, the ñvariety Ĭ applicationò interaction was found statistically insignificant 

for both variables. This situation indicates that the applications produced a similar biochemical 

response pattern in different grape varieties. In general, it was determined that SA and K2SiO3 

applications increased flavonoid accumulation and improved protein content. The results show 

that the aforementioned applications can positively affect biochemical quality by promoting 

secondary metabolite production in grapevines, and indicate that environmentally friendly 

biostimulant applications in viticulture can be considered within the scope of quality-enhancing 

strategies. 

 

Keywords: Vitis vinifera L., biostimulant, silicon, berry development, phenolic compounds 

 

1. GĶRĶķ   

Asma (Vitis vinifera L.) d¿nya genelinde ekonomik deĵeri y¿ksek olan ºnemli bir k¿lt¿r 

bitkisi olup, meyve kalitesi b¿y¿k ºl­¿de i­erdiĵi biyokimyasal bileĸiklerle de iliĸkilidir. 

Üzümde bulunan proteinler ve flavonoidler, hem bitkinin fizyolojik süreçlerinde hem de meyve 

kalitesi ve insan saĵlēĵē a­ēsēndan deĵerlidir. Flavonoidler, ºzellikle antioksidan ºzellikleri 

sayesinde bitkinin stres koĸullarēna karĸē savunmasēnda ºnemli rol oynarken, aynē zamanda 

¿z¿m ve ĸarap kalitesini belirleyen temel fenolik bileĸikler arasēnda yer almaktadēr [1].  

Son yēllarda s¿rd¿r¿lebilir tarēm uygulamalarē kapsamēnda bitkisel b¿y¿me 

d¿zenleyicileri ve biyostim¿lantlarēn kullanēmē giderek artmaktadēr. Bu kapsamda, salisilik asit 

(SA) bitkilerde stres toleransēnē artēran, protein sentezini ve antioksidan savunma 
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mekanizmalarēnē teĸvik eden ºnemli bir fitohormon olarak bilinmektedir [2]. Yapēlan 

­alēĸmalarda, dēĸsal SA uygulamalarēnēn asmada protein i­eriĵi, enzim aktivitesi ve kalite 

parametrelerini artērdēĵē bildirilmiĸtir [3,4]. 

Benzer ĸekilde, silisyum uygulamalarē da bitkilerde abiyotik streslere karĸē dayanēklēlēĵē 

artērmakta ve kalite ºzelliklerini iyileĸtirmektedir. Silisyumun bitkilerde fenolik bileĸikler, 

antioksidan aktivite ve pigment içerikleri üzerinde olumlu etkiler oluĸturduĵu, ºzellikle ¿z¿mde 

verim ve kaliteyi artērdēĵē ortaya konmuĸtur [5]. Ayrēca, K SiO  uygulamalarēnēn ¿z¿mde 

toplam fenolik bileĸik ve antosiyanin miktarēnē artērdēĵē da bildirilmiĸtir [6]. Bununla birlikte, 

SA ve K SiO ô¿n birlikte uygulanmasēnēn ¿zümde biyokimyasal parametreler üzerindeki 

etkilerine iliĸkin ­alēĸmalar sēnērlēdēr.  

Bu ­alēĸma SA ve K SiO  uygulamalarēnēn bireysel ve kombinasyon halinde 

uygulandēĵēnda ¿z¿m tanesinde toplam protein ve flavonoid i­eriĵi ¿zerindeki etkilerini 

belirlemeyi ama­lamaktadēr. 

 

2. MATERYAL VE YÖNTEM  

2.1. Materyal 

¢alēĸma, 2025 yēlē vejetasyon dºneminde Batman ilinin Kozluk il­esinde bulunan bir 

¿retici baĵēnda y¿r¿t¿lm¿ĸt¿r. Bitkisel materyal olarak, 1103 Paulsen anacē ¿zerine aĸēlē, 14 

yaĸēndaki Horoz Karasē (renkli) ve ķire (sinonimleri: Mazrume, Mazrune, Mazrumi; beyaz) 

¿z¿m ­eĸitleri kullanēlmēĸtēr. 

Omcalar 3.5 Ĭ 2.0 m dikim aralēĵē ve mesafesinde tesis edilmiĸ olup, 80 cm gºvde 

y¿ksekliĵi ¿zerinden ­ift kollu kordon sistemine gºre budanmēĸ ve ­ift T terbiye sistemi ile 

yetiĸtirilmiĸtir. Araĸtērma s¿resince t¿m ­eĸitlere standart k¿lt¿rel bakēm uygulamalarē d¿zenli 

olarak ger­ekleĸtirilmiĸ, sulama iĸlemleri ise damla sulama sistemiyle saĵlanmēĸtēr. 

Deneme kapsamēnda, SA i­in 500 ppm ve K SiO  i­in ise 2000 ppm 

konsantrasyonlarēnda hazērlanan ­ºzeltiler; tane tutumu baĸlangēcēnda, tane tutumundan iki 

hafta sonra ve tane tutumundan 45 gün sonra olmak üzere toplam üç kez yapraktan püskürtme 

yºntemiyle uygulanmēĸtēr [7]. Uygulama ºncesinde y¿zey gerilimini azaltarak kaplama 

etkinliĵini artērmak amacēyla ­ºzeltilere %0.01 oranēnda Tween 20 ilave edilmiĸtir. Kontrol 

grubundaki omcalara ise yalnēzca su p¿sk¿rt¿lm¿ĸt¿r. 

Hasat zamanē, el refraktometresi ile yapēlan ºl­¿mler doĵrultusunda belirlenmiĸ; suda 

çözünür kuru madde (S¢KM) deĵeri Horoz Karasē ­eĸidinde %18ôe, ķire ­eĸidinde ise %20ôye 

ulaĸtēĵēnda hasat ger­ekleĸtirilmiĸtir. 
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2.2. Yöntem 

2.2.1 Ekstraksiyon iĸlemi: Her bir ¿z¿m ­eĸidinde, hasat dºneminde ºrnekleme 

yºntemiyle salkēmlarēn omuz kēsēmlarēndan 3, orta kēsēmlarēndan 2 ve u­ kēsēmlarēndan 1 adet 

olmak ¿zere salkēm baĸēna toplam 6 tane alēnmēĸtēr [8]. Taneler, 50 ÁC sēcaklēktaki et¿vde bir 

hafta süreyle kurutulmuĸtur. Kurutma iĸlemini takiben taneler el tipi ºĵ¿t¿c¿ kullanēlarak toz 

haline getirilmiĸtir.  

Toz haline getirilen taneler, etanol i­erisinde 24 saat s¿reyle maserasyona bērakēlmēĸtēr. 

Maserasyon sonrasēnda ekstraktlar Whatman No:1 filtre k©ĵēdēndan s¿z¿lm¿ĸ, ardēndan ­ºz¿c¿ 

faz rotary evaporatºr yardēmēyla uzaklaĸtērēlmēĸtēr. Elde edilen ekstreden toplam flavonoid 

tayininde kullanēlmak ¿zere 1000 ɛg/mL konsantrasyonda stok ­ºzelti hazērlanmēĸtēr [9]. 

2.2.2 Toplam çözünebilir protein ve toplam flavonoid i­eriĵinin belirlenmesi:  

¦z¿m tanelerinin toplam ­ºz¿nebilir protein miktarē, Bradford yºntemi esas alēnarak 

belirlenmiĸtir [10]. Toz haline getirilen tane ºrneklerinden 1 g alēnmēĸ ve soĵutulmuĸ havanda 

homojenize edilmiĸtir. Homojenizasyon iĸlemi, %1 (w/v) polivinilpirolidon (PVP), 10 mM 

Na EDTA, 10 mM KCl, 1 mM MgCl  ve 2 mM DTT i­eren 100 mM fosfat tamponu (pH 7.0) 

kullanēlarak ger­ekleĸtirilmiĸtir. Elde edilen homojenatlar s¿z¿ld¿kten sonra, +4 ÁCôde 14.000 

rpmôde 20 dakika s¿reyle santrif¿j edilmiĸtir. Santrif¿j iĸlemi sonrasēnda elde edilen 

s¿pernatanttan 20 ÕL alēnarak ¿zerine 480 ÕL distile su ve 5.000 ÕL Bradford reaktifi ilave 

edilmiĸtir. Reaksiyon karēĸēmē vorteks yardēmēyla homojen hale getirildikten sonra, karanlēk 

ortamda 20 dakika inkübasyona bērakēlmēĸtēr. Ķnk¿basyon s¿resi sonunda ºrneklerin absorbans 

deĵerleri, UV-Vis spektrofotometre kullanēlarak 595 nm dalga boyunda ºl­¿lm¿ĸt¿r. Toplam 

­ºz¿nebilir protein miktarē, bovin serum alb¿mini (BSA) kullanēlarak oluĸturulan standart eĵri 

yardēmēyla hesaplanmēĸ ve sonu­lar mg g ĭ kuru aĵērlēk (KA) cinsinden ifade edilmiĸtir. 

Toplam flavonoid miktarēnēn belirlenmesinde al¿minyum nitrat kolorimetrik yºntemi 

kullanēlmēĸtēr [11]. Hazērlanan stok ­ºzeltisinden 100 ÕL alēnarak %80 (v/v) etanol ile toplam 

hacim 4.8 mLôye tamamlanmēĸtēr. Karēĸēma 100 ÕL 1 M potasyum asetat ilave edilmiĸ, bir 

dakika sonra ise 100 ÕL %10 (w/v) al¿minyum nitrat ­ºzeltisi eklenmiĸtir. Aynē iĸlem, standart 

eĵrinin oluĸturulmasē amacēyla farklē konsantrasyonlarda hazērlanan kuersetin çözeltileri için 

de uygulanmēĸtēr. Reaksiyon karēĸēmlarē 40 dakika s¿reyle ink¿basyona bērakēlmēĸ ve 

ink¿basyon sonunda absorbans deĵerleri 415 nm dalga boyunda spektrofotometrik olarak 

ºl­¿lm¿ĸt¿r. Toplam flavonoid miktarē, kuersetin standart eĵrisinden elde edilen kalibrasyon 



BALKAN 15th INTERNATIONAL CONFERENCE ON APPLED SCIENCES 

March 20 ï 22, 2026 ï SKOPJE 

ISBN NR: 978-625-5694-92-8 

 

6 
 

denklemi kullanēlarak hesaplanmēĸ ve sonu­lar kuersetin eĸdeĵeri (QE) cinsinden µg QEs/mg 

ekstre olarak ifade edilmiĸtir  

2.3. Ķstatistik Analiz  

¢alēĸma, ¿­ tekerr¿rl¿ ve her tekerr¿rde 5 omca olacak ĸekilde tesad¿f bloklarē deneme 

desenine gºre 60 asma ¿zerinde ger­ekleĸtirilmiĸtir. ¦zerinde durulan ºzellikler i­in 

tanēmlayēcē istatistikler; Ortalama, Standart hata, Minimum ve Maksimum deĵer olarak ifade 

edilmiĸtir. Bu ºzellikler i­in grup ortalamalarēnē karĸēlaĸtērmada Tek yönlü Varyans analizi 

yapēlmēĸtēr. Varyans analizini takiben farklē gruplarē belirlemede Duncan ­oklu karĸēlaĸtērma 

testi kullanēlmēĸtēr. Hesaplamalarda istatistik anlamlēlēk d¿zeyi %5 olarak alēnmēĸ ve 

hesaplamalar için SPSS (ver: 21) istatistik paket programē kullanēlmēĸtēr. 

 

3. BULGULAR VE TARTIķMA  

¥zellikler i­in ­eĸit ve uygulamaya gºre tanēmlayēcē istatistikler ve karĸēlaĸtērma 

sonu­larē Tablo 1ôde verilmiĸtir.  

Tablo 1. ¥zellikler i­in ­eĸit ve uygulamaya gºre tanēmlayēcē istatistikler ve karĸēlaĸtērma sonu­larē 

 Uygulama 

ķire Horoz Karasē  

Mean SEM Min. Max. Mean SEM Min. Max. p 

Toplam 

Protein 

(mg g ĭ KA) 

Kontrol 0.476 c 0.010 0.467 0.486 0.632 c 0.008 0.624 0.639 0.006 

SA 0.523 b 0.010 0.513 0.533 0.681 ab 0.018 0.663 0.699 0.018 

K2SiO3 0.503 bc 0.006 0.497 0.509 0.652 bc 0.005 0.647 0.657 0.016 

SA + 

K2SiO3 
0.559 a 0.008 0.551 0.567 0.712 a 0.001 0.711 0.713 

0.007 

 p 0.01 0.018  

Toplam 

Flavonoid 

(µg QEs/mg 

ekstre) 

Kontrol 11.324 b 0.405 10.919 11.730 17.946 b 0.811 17.135 18.757 0.003 

SA 14.027 a 0.676 13.351 14.703 22.541 a 0.270 22.270 22.811 0.015 

K2SiO3 12.541 ab 0.270 12.270 12.811 20.514 ab 0.946 19.568 21.459 0.003 

SA + 

K2SiO3 
14.162 a 0.270 13.892 14.432 23.216 a 0.946 22.270 24.162 

0.012 

 p 0.028 0.030  

Her ºzellik i­in aynē s¿tunda farklē harfi alan ­eĸit ortalamalarē arasē fark ºnemlidir (p<0.05) 
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Tablo 1ôde gºr¿ld¿ĵ¿ ¿zere ķire ­eĸidinde, en y¿ksek toplam protein i­eriĵi SA + 

K2SiO3 uygulamasēnda (0.559 mg g ĭ TA) gºzlemlenirken, bunu SA (0.523 mg g ĭ TA) ve 

K2SiO3 (0.503 mg g ĭ TA) uygulamalarē takip etmiĸtir. Horoz Karasē ­eĸidinde de benzer 

ĸekilde, SA + K2SiO3 uygulamasē en y¿ksek protein i­eriĵini (0.712 mg g ĭ TA) saĵlamēĸ, bunu 

SA (0.681 mg g ĭ TA) ve K2SiO3 (0.652 mg g ĭ TA) uygulamalarē izlemiĸtir. Her iki ­eĸitte de 

SA + K2SiO3 kombinasyonunun protein i­eriĵini anlamlē d¿zeyde artērdēĵē belirlenmiĸtir 

(p<0.05).  

ķire ­eĸidinde, toplam flavanoid i­eriĵi a­ēsēndan SA (14.027 Õg QEs/mg ekstre) ve SA 

+ K2SiO3 (14.162 Õg QEs/mg ekstre) uygulamalarē kontrol grubuna (11.324 Õg QEs/mg ekstre) 

gºre anlamlē bir artēĸ gºstermiĸtir (p<0.05). K2SiO3 uygulamasē (12.541 Õg QEs/mg ekstre) ise 

kontrol grubuna göre daha yüksek olmakla birlikte istatistik olarak anlamlē bir fark 

yaratmamēĸtēr. Horoz Karasē ­eĸidinde de SA (22.541 Õg QEs/mg ekstre) ve SA + K2SiO3 

(23.216 Õg QEs/mg ekstre) uygulamalarē en y¿ksek flavanoid i­eriĵini saĵlamēĸ ve kontrol 

grubuna (17.946 Õg QEs/mg ekstre) gºre anlamlē farklēlēklar gºstermiĸtir (p<0.05). K2SiO3 

uygulamasē (20.514 Õg QEs/mg ekstre) bu ­eĸitte de flavanoid i­eriĵini artērmēĸtēr (Tablo 1). 

 

4. TARTIķMA VE SONU¢  

4.1. Toplam Protein Ķ­eriĵi ¦zerine Etkiler 

Salisilik asit, ºzellikle stres tepkileri sērasēnda protein sentezini ve metabolizmasēnē 

ºnemli ºl­¿de d¿zenleyen bir bitki hormonu ve sinyal molek¿l¿ olarak iĸlev gºr¿r. Bazē 

proteinaz inhibitºrlerinin sentezini engelleyebilir, ēsē ĸok proteini (HSP) ¿retimini 

düzenleyebilir ve stresle ilgili protein birikimini etkileyebilir [12]. Literatürde, SA 

uygulamalarēnēn bitkilerde strese baĵlē proteinlerin ve savunma enzimlerinin ¿retimini artērdēĵē 

bildirilmektedir [13]. Bu ­alēĸmada ķire ve Horoz Karasē ­eĸitlerinde SA ve SA + K2SiO3 

uygulamalarēyla gºzlemlenen protein artēĸē, SA'nēn bu rol¿yle uyumludur. Potasyum silikat ise 

bitkilerde silisyum birikimini saĵlayarak h¿cre duvarē yapēsēnē g¿­lendirebilir ve bitkileri 

biyotik/abiyotik streslere karĸē daha diren­li hale getirebilir [14]. Ayrēca K2SiO3ô¿n protein 

sentezini ve azot metabolizmasēnē iyileĸtirerek bitki b¿y¿mesini desteklediĵi de bilinmektedir 

[15]. Bu baĵlamda, K2SiO3'¿n tek baĸēna veya SA ile kombinasyon halinde protein i­eriĵini 

artērmasē, silisyumun bitki metabolizmasē ¿zerindeki genel olumlu etkileriyle a­ēklanabilir. 

4.2. Flavanoid Ķ­eriĵi ¦zerine Etkiler 

Flavanoidler, bitkilerde antioksidan ºzelliklere sahip ikincil metabolitlerdir ve UV ēĸēnē, 

patojen saldērēlarē ve oksidatif stres gibi ­eĸitli stres koĸullarēna karĸē koruma saĵlarlar [16]. 



BALKAN 15th INTERNATIONAL CONFERENCE ON APPLED SCIENCES 

March 20 ï 22, 2026 ï SKOPJE 

ISBN NR: 978-625-5694-92-8 

 

8 
 

SAônēn fenilalanin amonyak liyaz (PAL) gibi fenolik biyosentez yolaklarēndaki anahtar 

enzimleri aktive ettiĵi bilinmektedir [17]. Silisyumun ise fenolik birikimi teĸvik ederek ve bu 

bileĸiklerin stabilitesini artērarak antioksidan kapasiteyi desteklediĵi bildirilmiĸtir [14]. 

¥zellikle Horoz Karasē ­eĸidinde SA + K2SiO3 kombinasyonunun en y¿ksek flavanoid i­eriĵini 

saĵlamasē, bu iki bileĸiĵin sinerjistik bir etki gºstererek bitkinin savunma mekanizmalarēnē 

g¿­lendirdiĵini d¿ĸ¿nd¿rmektedir. 

4.3. ¢eĸit Etkisi 

Horoz Karasē ­eĸidinin hem kontrol grubunda hem de uygulama gruplarēnda ķire 

­eĸidine gºre daha y¿ksek protein ve flavanoid i­eriĵine sahip olmasē, ­eĸitler arasē genetik 

farklēlēklarēn biyokimyasal bileĸiklerin birikimi ¿zerindeki etkisini vurgulamaktadēr. Her iki 

­eĸidin de uygulamalara benzer ĸekilde yanēt vermesi, bu uygulamalarēn genel olarak asma i­in 

faydalē olabileceĵini gºstermektedir.  

Sonu­ olarak, bu ­alēĸma, SA ve K2SiO3'ün üzüm tanesinde toplam protein ve toplam 

flavanoid i­eriklerini artērmada etkili olduĵunu ortaya koymuĸtur. ¥zellikle SA ve K2SiO3'ün 

birlikte uygulanmasē, her iki ¿z¿m ­eĸidinde de en belirgin artēĸlarē saĵlamēĸtēr. Bu bulgular, 

sºz konusu uygulamalarēn asmanēn meyvesi ¿z¿m¿n besin deĵerini ve stres toleransēnē artērma 

potansiyeline sahip olduĵunu gºstermektedir. Gelecekteki ­alēĸmalarda, bu uygulamalarēn 

¿z¿m kalitesi, verim ve farklē stres koĸullarē altēndaki etkileri daha detaylē incelenebilir.  
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ÖZET 

Su kaynaklarē yaĸam i­in temel faktºr olarak b¿y¿k ºneme sahiptir. [1,2] Artan ĸehirleĸme, 

iklim deĵiĸikliĵi t¿kenmesi gibi sebeplerle su tasarrufu saĵlanmasē g¿n¿m¿z¿n ºnemli konularē 

arasēndadēr. Buna baĵlē olarak gēda g¿venliĵi konusu ºn plana ­ēkmēĸ ve m¿mk¿n olduĵunca 

az iĸlem gºrm¿ĸ sebze meyvelere talep artmēĸtēr. [3,4] Bu gēdalarēn taze ºzelliklerinin 

korunmasēnda ve mikrobiyolojik a­ēdan g¿venliĵinin saĵlanmasēnda termal olmayan yºntemler 

uygulanmaktadēr. 

Bu ­alēĸmada end¿striyel alanda kullanēlan klor ve ēsēl iĸlem gibi temizleme yºntemlerine daha 

güvenli bir alternatif olarak kullanēlan su destekli UV-C sistem tasarēmē yapēlmēĸtēr. [5] Büyük 

ºl­ekli iĸletmelere ek olarak daha k¿­¿k hacimlerde yeterli temizleme saĵlanabilirliĵi ve 

tasarēm uygunluĵu gºz ºn¿nde bulundurularak tasarēm ve analiz tamamlanmēĸtēr.[6] Tasarēm 

ana aksamlarē; yēkama tankē ve UV dezenfeksiyon tankē olarak iki par­adan oluĸmakta ve 

yardēmcē aksamlar ile desteklenmektedir. Ķĸ g¿venliĵi ve insan saĵlēĵē dikkate alēnarak yapēlan 

hesaplamalarda 10 Litre hacminde ve 3.5 kg sebze kapasitesine sahip bir yēkama tankē ve 1.5 

Litre su kapasitesine sahip UV dezenfeksiyon tankē tasarlanmēĸtēr. Yēkama ve UV 

dezenfeksiyon tanklarēnēn ayrē tutulmasēndaki temel sebepler; suyun tekrar kullanēlabilirliĵini 

saĵlamak, yēkama esnasēnda gºlgeleme etkisini azaltmak, UV ēĸēĵēn penetrasyon derinliĵini 

arttērmaktēr. Yapēlan analiz sonucunda belirtilen ºl­¿ler i­in tasarlanan bu sistemin istenen 

yeterlilikleri karĸēladēĵē gºr¿lm¿ĸt¿r. 

Mikroorganizmalarēn inaktivasyonunda kullanēlan UV ēĸēk, termal yºntemler ve klorla 

temizlemeye alternatif bir yöntemdir.[9] Bunun yanē sēra UV ēĸēĵēn penetrasyon derinliĵi, 

sebzenin y¿zey p¿r¿zl¿l¿ĵ¿ gibi faktºrler temizlemeye etki etmektedir. Temizleme kalitesini 

arttērmak ve sēnērlayēcē faktºrlerin etkisini  azaltmak amacēyla su destekli sistemler 

geliĸtirilmiĸtir.[3,4] 

Y¿ksek enerjisi ve kēsa dalga boyu nedeniyle UV-C ēĸēĵē, k¿f ve zararlē mikroorganizmalarēn 

inaktivasyonunda oldukça etkilidir.[9] UV ēĸēk, klorla dezenfekte yºnteminin aksine kalēntē 

mailto:2206105061@std.idu.edu.tr
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bērakmamaktadēr. [8,10,11] Aynē zamanda ēsē uygulamadēĵē i­in gēda kalitesinin bozulmasēna 

sebep olmamaktadēr.[8,11] 

 Sebze meyve dezenfeksiyonunda kullanēlan yºntemler arasēnda kalēntē riski olmamasē ve 

suyun geri kullanēmēnē saĵlamasē ile UV-C sistemlerin ºn planda olduĵu a­ēk­a gºr¿lmektedir. 

Bu çalēĸmada su destekli UV-C dezenfeksiyon tankēnēn ideal tasarēmē konusu ­alēĸēlmēĸ ve 

geliĸtirilmesi hedeflenmiĸtir. 

 

Anahtar Kelimeler:  UV Temizleme, Akēĸkanlar Mekaniĵi, Tasarēm Modelleme 

 

DESIGN AND DEVELOPMENT OF A WATER -BASED UV-C DISINFECTION 

SYSTEM 

Water resources are of paramount importance as a fundamental factor for life. [1,2] Water 

conservation is one of the key issues of our time, driven by factors such as increasing 

urbanisation and climate change. Consequently, food safety has come to the fore, and demand 

has risen for fruit and vegetables that have undergone as little processing as possible. [3,4] 

Non-thermal methods are employed to preserve the freshness of these foods and ensure their 

microbiological safety. 

In this study, a water-based UV-C system has been designed as a safer alternative to cleaning 

methods such as chlorine and thermal treatment used in industrial settings. [5] The design and 

analysis were completed taking into account the feasibility of achieving adequate cleaning in 

smaller volumes, as well as design suitability, in addition to large-scale facilities. [6] The 

main components of the design consist of two parts: a washing tank and a UV disinfection 

tank, supported by auxiliary components. Taking occupational safety and human health into 

account, calculations were performed to design a washing tank with a volume of 10 litres and 

a vegetable capacity of 3.5 kg, and a UV disinfection tank with a water capacity of 1.5 litres. 

The primary reasons for keeping the washing and UV disinfection tanks separate are to ensure 

the reusability of the water, to minimise the shading effect during washing, and to increase the 

penetration depth of the UV light. Analysis has shown that the system designed with these 

specified dimensions meets the required performance criteria. 

UV light, used for the inactivation of microorganisms, is an alternative method to thermal 

methods and chlorine-based disinfection.[9] Furthermore, factors such as the penetration 

depth of UV light and the surface roughness of vegetables influence the disinfection process. 

Water-assisted systems have been developed to improve disinfection quality and reduce the 

impact of limiting factors.[3,4] 

Due to its high energy and short wavelength, UV-C light is highly effective in inactivating 

mould and harmful microorganisms.[9] Unlike chlorine-based disinfection methods, UV light 

leaves no residues.[8,10,11] Furthermore, as it does not apply heat, it does not cause 

deterioration in food quality.[8,11] 

It is clear that UV-C systems are at the forefront among the methods used for fruit and 

vegetable disinfection, owing to the absence of residue risk and their ability to facilitate water 

reuse. This study has investigated the ideal design of a water-supported UV-C disinfection 

tank and aimed to develop it. 
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1. GĶRĶķ   

Elektromanyatik radyasyon enerjisinin bir t¿r¿ olan UV ēĸēk enerjisini g¿neĸten almaktadēr. 

Iĸēk yelpazesinde gºr¿n¿r ēĸēk UV ēĸēktan daha uzun dalga boyuna sahip, X ēĸēnē ise daha 

kēsa dalga boyuna sahiptir. UV ēĸēn 10-200nm aralēĵēnda uzak, UV 200-400nm aralēklarēnda 

yakēn olarak gruplandērēlmaktadēr. Y¿ksek enerjisi ile bakteriler i­in ºld¿r¿c¿ etkiye sahip 

olan UV ēĸēk, spor formlu mikroorganizmalarda y¿ksek doz uygulamasē ile ºld¿r¿c¿ etki 

etmektedir.250-260nm aralēklarē UV ēĸēĵēn germisidal(ºld¿r¿c¿) etkisinin en y¿ksek aralēk 

olduĵu belirlenmiĸtir. DNA tarafēndan en etkin absorve edildiĵi doz ise 253,7nm olarak 

belirlenmiĸtir. [2,8,11,14] 

Uygulama suyunun fazla bulanēk olmasē UV ēĸēnēn ­alēĸmasēnē olumsuz etkilemektedir. UV 

ēĸēk temelli sistemlerin, gºr¿n¿m¿ bulanēk olan sularda kullanēlmasē durumunda, suyun UV 

ünite öncesinde hassas partikül tutma kabiliyetine sahip tortu filtrelerinden geçirilerek 

bulanēklēlēĵēnēn giderilmesi ĸarttēr. Bunun sebebi b¿y¿k par­alarēn UV ēĸēnēn ge­iĸini 

engellemesini önlemektir. Sistem i­inde b¿y¿k partik¿l bulunmasē UV ēĸēnēn y¿zeye 

temasēnē engelleyebilir ve verimli ­alēĸmasēnē olumsuz etkileyebilir. UV lambanēn sistem 

i­inde darbe almasēnē ºnlemek amacēyla kuvars cam olarak ¿retilmektedir. Bu lambanēn 

i­inde katē halde civa bulunmaktadēr. [1,13] 

¦retici firmanēn ºnerdiĵi saat ve s¿rede UV lamba deĵiĸimi ve ham su kalitesine baĵlē 

olarak, periyodik olarak kuvars cam temizliĵinin yapēlmasē ­ok ºnemlidir. Gerekli 

temizliĵin yapēlmadēĵē durumlarda lambanēn ­alēĸma verimi d¿ĸecek ve gēda y¿zeyine 

temasē sēnērlanacaktēr. UV lambanēn dēĸēnda yer alan  kuvars cam m¿kemmel bir ĸekilde 

UV ēĸēnēnē suya ge­irirse UV ēĸēnē dezenfeksiyon gºrevini yapar. Bu y¿zden kuvars cam 

y¿ksek kalitede olmalēdēr. [1] 

Kirli suyun dezenfekte edilmesinde UV ēĸēĵēn gēdaya uzaklēĵē ve suya temas s¿resi 

ºnemlidir. UV dezenfeksiyon tankēndaki kirli su iĸlem ºncesi kaba filtrasyona tabii 

tutulmalē ve UV ēĸēĵa ideal hēzda temas ettirilmelidir.[1] 

 óJoule/m2ô, UV dozunun SI birimidir. [1,15] Dezenfeksiyon iĸleminde gerekli UV dozu 

aĸaĵēda verilen form¿lle hesaplanmaktadēr:[1] 

 
UV tankēnēn hacmi ile UV reaktºr¿ birbirini etkileyen faktºrlerdir. Sistemin verimli 

­alēĸabilmesi i­in UV dozu minimum 400 J/m2 kapasiteli bir UV cihazē se­ilmelidir. 

Tasarēmda UV reaktºr¿n ve sistemin i­ hacmi temas s¿resini etkileyen faktºrlerdir. 

Ortalama temas süresini, hesaplayabilmek için UV reaktörün hacminin suyun debisine 

bölünmesi gerekmektedir. Sistemin içinde akan suyun debisi ne kadar fazlaysa UV 

cihazēnēn dozu d¿ĸmektedir. [1,7] 

Bu ­alēĸmanēn amacē doĵrultusunda, UV ēĸēk yardēmēyla kalēntēsēz ĸekilde dezenfeksiyon 

yapabilecek bir sistemin k¿­¿k ºl­ekli tasarēmē ve analizi yapēlmēĸtēr. 

UV dozu   ὐά2  =  UV ąĥąÎ ÙÏøÕÎÌÕøÕ [ W ά2  ]   Temas ÓİÒÅÓÉ [saniye]  
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2. Y¥NTEM VE ANALĶZ  

Yöntem 

B¿y¿k ºl­ekli iĸletmelerde kullanēlan UV dezenfeksiyon tanklarēnēn daha k¿­¿k ºl­ekli 

tasarēmē ve analizi ¿zerine ­alēĸēlmēĸtēr. Sistemde bulunan yēkama tankē ve UV temizleme tankē 

i­in AISI 304 paslanmaz ­eliĵi se­ilmiĸtir.[12] Yüksek korozyon direnci, kaynak yapēlabilirliĵi, 

gēda sanayisinde kullanēma uygun olmasē gibi etkenler gºz ºn¿nde bulundurularak tercih 

edilmiĸtir. ¢izelge 1 ve ¢izelge 2ôde AISI 304 paslanmaz ­eliĵin ºzellikleri verilmiĸtir. 

 

Çizelge 1. Oda Sēcaklēĵēndaki Mekanik ¥zellikleri 18 

Oda Sēcaklēĵēndaki Mekanik ¥zellikleri 

Kalite 304 (1.4301) X5CrNi18-10 

Kopma mukavemeti 515 ï 720 MPa 

Akma mukavemeti (%0,2) 210 MPa (min) 

Sertlik, Rockwell (HB) 201 

 

Çizelge 2. Oda Sēcaklēĵēndaki Fiziksel ¥zellikleri 18 

Oda Sēcaklēĵēndaki Fiziksel ¥zellikleri 

¥z k¿tlesi (¥zg¿l aĵērlēĵē) 8000 kg/m2 

Erime Sēcaklēĵē 1450 ↔ C 

Elastisite Modülü 193 GPa 

Elektriksel Diren­ Miktarē 0,072*10-6 ɋm 

Isē Ge­irgenliĵi 17,2 W/m*K 

 

Sistemde silindirik levha i­erisine yēkama sepeti yerleĸtirildi. Motor baĵlantēsē ile dºnme 

hareketi sepet aracēlēĵēyla ger­ekleĸtirildi. Bu sayede olasē kalēntēlarēn temizlenmesi ve 

sebzenin t¿m y¿zeyine su temas etmesi saĵlandē. Yēkama tankēnēn alt bºl¿münde bulunan 

pirin­ boru baĵlantē elemanē ile kirli su pompaya taĸēnēr ardēndan UV temizleme tankēna eĵimli 

ĸekilde aktarēlmaktadēr. Suyun UV tankēna eĵimli aktarēlmasēnēn sebebi i­ hareketliliĵi 

saĵlayarak ēĸēĵēn ulaĸamayacaĵē karanlēk bºlge oluĸumunu engellemektir. UV tankēnda 

dezenfekte iĸlemi gºren su, pompalar ile yēkama tankēna aktarēlarak suyun geri kullanēmē 

saĵlanmaktadēr. UV lamba, temizleme tankēna kuvars cam i­erisinde yerleĸtirilerek homojen 

bir dezenfeksiyon saĵlanmaktadēr. 

Yēkama tankē ve UV tankē hacimleri ve temel y¿kleri ¢izelge 3ôte verilmiĸtir. 

 

Çizelge 3. Yēkama tankē ve UV tankē hacimleri ve temel y¿kler 

 Yēkama Tankē UV Tankē 

Hacim 10 Litre su ve 3,5 kg sebze kapasitesi 1,5 Litre su kapasitesi 

Yük 134,4 N 15 N 
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Sisteme uygulanacak temel y¿k su sebze aĵērlēĵēndan kaynaklanmaktadēr. Sistem y¿kleri 

aĸaĵēdaki form¿l ile hesaplanmēĸtēr. 

 

F = m x g 

F: Kuvvet(N) 

m: Kütle (kg) 

g: Yerçekimi ivmesi (9,81 m/s²) 

 

SolidWorks uygulamasē ile CAD modelleri oluĸturulmuĸtur. CAD ­izimleri ve ºl­¿leri Gºrsel 

1, Gºrsel 2, Gºrsel 3ôte verilmiĸtir. 

               
Görsel 1. Yēkama Tankē Teknik Resimi                  Görsel 2. UV Temizleme Tankē Teknik Resimi 

 

Görsel 3. T¿m Sistem Montajē 
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2. SONU¢LAR VE DEĴERLENDĶRME  

2.1 STATĶK ANALĶZ 

Tankē analiz edebilmek i­in toplam y¿k hesaplanmēĸtēr. Tasarēm ve analiz SolidWorks 

¿zerinden yapēlmēĸtēr. Hesaplanan y¿k etkilediĵi y¿zeylere yerleĸtirildi ve sistem zemine 

sabitlenmiĸtir. Sistem de ince mesh oluĸturulmuĸtur. Tankēn i­i su ve sebze ile dolu 

durumda iken tankta oluĸacak stres (von misses), gerinim, yer deĵiĸtirme deĵerleri 

hesaplanmēĸ ve rapor oluĸturulmuĸtur. 

 

2.1.1 YIKAMA TANK STATĶK ANALĶZĶ 

Yēkama tankē hacmi 10 Litre su, 3.5 Kg gēda kapasiteli tasarlanmēĸtēr. Malzeme atamasē 

yapēldēktan sonra tasarēma etki eden kuvvete karĸē mukavemet saĵlayēp saĵlamadēĵē statik 

analiz yapēlarak kontrol edilmiĸtir. 

Sabitleme noktalarē ve y¿k¿n uygulandēĵē y¿zey verileri Gºrsel 4ôte Y¿kler ve 

Fikst¿rlerde verilmiĸtir. 

 

 
Görsel 4. Yükler ve Fikstürler 

 

Yēkama tankē mesh bilgileri ¢izelge 4ôte ve mesh kalitesi Gºrsel 5ôte verilmiĸtir. 

 

Çizelge 4. Yēkama Tankēndaki Mesh Bilgisi 

Mesh Bilgisi 

Mesh Tipi Katē Mesh 

Kullanēlan Meshleyici: Karēĸēk eĵrilik tabanlē mesh 

Y¿ksek Kaliteli Mesh Ķ­in Jakoben Noktalar 16 Noktalar 

Maksimum Eleman Boyutu 21,2198 mm 

Minimum Eleman Boyutu 1,06099 mm 
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Mesh Kalitesi Yüksek 

Toplam D¿ĵ¿m 88849 

Toplam Elemanlar 49246 

Maksimum En Boy Oranē 6041,1 

En-Boy Oranē ᾽ 3 Olan Elemanlarēn % Oranē 61,5 

En-Boy Oranē ι 10 Olan Elemanlarēn Y¿zdesi 12,7 

ķekli Bozulmuĸ Elemanlarēn Y¿zdesi 0 

 
Görsel 5. Temizle Tankē Mesh Kalitesi 

 

Sistem analizi sonucu elde edilen stres,yer deĵiĸtirme ve gerinim deĵerleri sērasēyla Gºrsel 6,Gºrsel 7 

ve Gºrsel 8ôde verilmiĸtir. 
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Görsel 6. Yēkama Tankēnēn Statik Analizindeki Stres Deĵerleri 

 

 
Görsel 7. Yēkama Tankēnēn Statik Analizindeki Yer Deĵiĸtirme Deĵerleri 
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Görsel 8. Yēkama Tankēnēn Statik Analizindeki Gerinim Deĵerleri 

 

 

 

 

2.1.2 UV DEZENFEKSĶYON TANK STATĶK ANALĶZ 

UV dezenfeksiyon tankē hacmi 1,5 Litre su kapasiteli tasarlanmēĸtēr. Malzeme atamasē 

yapēldēktan sonra tasarēma etki eden kuvvete karĸē mukavemet saĵlayēp saĵlamadēĵē statik 

analiz yapēlarak kontrol edilmiĸtir. 

Sabitleme noktalarē ve y¿k¿n uygulandēĵē y¿zey verileri Gºrsel 9ôte Y¿kler ve Fikst¿rlerde 

verilmiĸtir. 
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Görsel 9. Yükler ve Fikstürler 

 

UV dezenfeksiyon tankē mesh bilgileri ¢izelge 5ôte, mesh kalitesi Gºrsel 10ôda verilmiĸtir. 

 

Çizelge 5. UV Tankēndaki Mesh Bilgisi 

Mesh Bilgisi 

Mesh Tipi Katē Mesh 

Kullanēlan Meshleyici: Karēĸēk eĵrilik tabanlē mesh 

Y¿ksek Kaliteli Mesh Ķ­in Jakoben Noktalar 16 Noktalar 

Maksimum Eleman Boyutu 7,53571 mm 

Minimum Eleman Boyutu 0,956709 mm 

Mesh Kalitesi Yüksek 

Toplam D¿ĵ¿m 42331 

Toplam Elemanlar 22076 

Maksimum En Boy Oranē 308,87 

En-Boy Oranē ᾽ 3 Olan Elemanlarēn % Oranē 27,2 

En-Boy Oranē ι 10 Olan Elemanlarēn Y¿zdesi 36,5 

ķekli Bozulmuĸ Elemanlarēn Y¿zdesi 0 
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Görsel 10. UV Tank Mesh Kalitesi 

 

Sistem analizi sonucu elde edilen stres,yer deĵiĸtirme ve gerinim deĵerleri sērasēyla Gºrsel 11, 

Gºrsel 12 ve Gºrsel 13ôde verilmiĸtir. 

 

 
Görsel 11. UV Tankēnēn Statik Analizindeki Stres Deĵerleri 
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Görsel 12. UV Tankēnēn Statik Analizindeki Yer Deĵiĸtirme Deĵerleri 

 

 
Görsel 13. UV Tankēnēn Statik Analizindeki Gerinim Deĵerleri 
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2.2 AKIķ ANALĶZĶ 

2.2.1 YIKAMA TANK AKIķ ANALĶZĶ 

Sisteme  Solidworks Flow Simulation uygulamasēndan  akēĸ analiz yapēlmēĸtēr. Sepetin i­inde 

bulunan sebzelerin tamamēyla temizlenebilmesi i­in 30 RPM a­ēsal hēzē 

kullanēlmēĸtēr.Sistemimizin yerel bºlgelerinde yanlēzca zamana baĵēmlē analizi 

yapēlabilmektedir. Bu y¿zden sistem 0-5 saniye aralēĵēndaki zaman baĵēmlē olarak yapēlmēĸtēr. 

Akēĸkanēn olduĵu alanē tanēmlanmēĸtēr. Dºnen bºlgeyi, baĸlangē­ koĸullarēnē,hedefleri de 

tanēmladēktan sonra ortalama mesh atēlmēĸtēr. Akēĸ analizindeki mesh kalitesi Gºrsel 14.ôde 

verilmiĸtir. 

 
Görsel 14. Yēkama Tankēnēn Akēĸ Analizindeki Mesh 

Dºnen kēsmē ve saniyesini sisteme tanēmladēktan sonra kesik ve y¿zey grafiklerini oluĸturup 

sistem ­alēĸtērēlmēĸtēr. Ķlk durumdaki  ve son durumdaki halleri aĸaĵēdaki Gºrsel 15. ve Gºrsel 

16.ôde verilmiĸtir. 

 
Görsel 15. Akēĸ Analizindeki Ķlk Saniye Durum |Görsel 16. Akēĸ Analizindeki Son Saniyedeki Durum 

 

 3.GENEL DEĴERLENDĶRME VE SONU¢LAR 

¢oĵunlukla b¿y¿k ºl­ekli iĸletmelerde kullanēlan UV-C sistemlerin daha küçük boyutlarda 

tasarēmē ve analizi yapēlmēĸtēr. Stres, gerinim ve yer deĵiĸtirme sonu­larē Solidworks ¿zerinden 
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detaylē incelenmiĸtir. AISI 304 malzemeden imal edilen yēkama ve temizleme tankē belirlenen 

y¿kler altēnda dayanēm gºstererek sistemin belirlenen y¿kler altēnda ­alēĸabileceĵi gºr¿lm¿ĸt¿r. 

Dönme hareketinin sisteme zarar vermeden ger­ekleĸtirildiĵi belirlenmiĸtir. Bu sayede sistemin 

dezenfeksiyon iĸlemini daha verimli ger­ekleĸtirmesi saĵlanmēĸtēr. 
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ÖZET 

¥ĵrenme g¿­l¿ĵ¿ (¥G) olan ºĵrencilerde doĵa temelli uygulamalarēn ve gevĸeme tekniklerinin 

duygu d¿zenlemeye ve benlik saygēsēna etkisinin incelenmesi ama­lanmēĸtēr. Ardahan ilindeki 

ºzel eĵitim ve rehabilitasyon merkezlerine baĸvuran ve ¥G tanēsē almēĸ, 10-12 yaĸ arasē, 

gºn¿ll¿, projeye katēlmaya engel bir hastalēĵē olmayan 25 ºĵrenci ile y¿r¿t¿lm¿ĸt¿r. Tek grup 

öntest-sontest, kontrol grupsuz deneysel desenin kullanēldēĵē ­alēĸma, 06 Eyl¿l ï 25 Ekim 2025 

tarihleri arasēnda her hafta bir oturum (40 dakika oturum + 20 dakika ara ºĵ¿n + 40 dakika 

oturum) olmak ¿zere toplam sekiz oturum ĸeklinde y¿r¿t¿lm¿ĸt¿r. ¢alēĸmaya katēlan 

ºĵrencilere öntest-sontest i­in Kiĸisel Bilgi Formu, ¢ocuklar i­in Rosenberg Benlik Saygēsē 

¥l­eĵi ve ¢ocuk ve Ergenlerde Duygu D¿zenleme ¥l­eĵi uygulanmēĸtēr. ¥ĵrencilerin yaĸ 

ortalamasē 11,12Ñ0,88ôdir. Katēlēmcēlarēn %72ôi erkek, %40ôē iki kardeĸe sahip ve %48ôi 

ortanca ­ocuktur. Katēlēmcēlarēn %72ôsinin ailesinde ºzel gereksinimli veya bakēma muhta­ 

birey bulunmadēĵē, ºĵrencilerin %20ôsinin 5. sēnēf ve 7. sēnēfta eĵitimine devam ettiĵi ve 

 
1 Bu ­alēĸma, T¿rkiye Bilimsel ve Teknolojik Araĸtērma Kurumu (T¦BĶTAK) Bilim ve Toplum Baĸkanlēĵē 

tarafēndan yürütülen 4008 ¥zel Gereksinimli Bireylere Yºnelik Kapsayēcē Toplum Uygulamalarē Destekleme 

Programēônēn 2025/3 döneminde 125B160 proje numarasē ile destek almaya hak kazanmēĸtēr. 
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%36ôsēnēn Rehberlik ve Araĸtērma Merkeziônde bir yēldēr bulunduĵu belirlenmiĸtir. 

¥ĵrencilerin benlik saygēlarē baĸlangē­ puanē 17,64Ñ2,91 olup ger­ekleĸtirilen program 

sonrasēnda benlik saygēlarēnēn (34,80Ñ2,24) y¿kseldiĵi belirlenmiĸtir. ¥ĵrencilere uygulanan 

programēn ºĵrencilerin yeniden deĵerlendirme puanēnē arttērdēĵē (Medyan ön test: 13; Medyan 

son test: 25), bastērma puanēnē ise azalttēĵē (Medyan ºn test: 17; Medyan son test: 8) 

belirlenmiĸtir. ¢alēĸmada doĵa temelli uygulamalarēn ve gevĸeme tekniklerinin ¥G olan 

ºĵrencilerin duygu d¿zenlemelerini geliĸtirdiĵi ve benlik sayēsēnē arttērdēĵē saptanmēĸtēr. Duygu 

d¿zenlemeleri geliĸen ve benlik sayēsē artan ºĵrencilerin sosyal hayat ve okula psikososyal 

uyumlarēnēn artacaĵē d¿ĸ¿n¿lmektedir. Bunun i­in eĵitim m¿fredatlarēna doĵa temelli 

uygulamalarēn ve gevĸeme tekniklerinin eklenmesi önerilmektedir. 

Anahtar Kelimeler:  ¥ĵrenme G¿­l¿ĵ¿, Doĵa Temelli Uygulamalar, Gevĸeme Teknikleri, 

Duygu D¿zenleme, Benlik Saygēsē, ¥ĵrenci 
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TECHNIQUES ON EMOTION REGULATION  AND SELF-ESTEEM IN STUDENTS 

WITH LEARNING DISABILITIES 2 

 

Assoc. Prof. Dr. BAHANUR MALAK AKGÜN  

Ardahan University, Faculty of Health Sciences, Department of Nursing, 

bahanurmalakakgun@ardahan.edu.tr - ORCID ID: 0000-0001-7151-0145 

Assoc. Prof. Dr. ADEVĶYE AYDIN 

Necmettin Erbakan University Faculty of Nursing,                                          

adeviye86@gmail.com - ORCID ID: 0000-0003-1929-5139 

Res. Asst.LALE RUMEYSA TORAMAN  

Ardahan University, Faculty of Health Sciences, Department of Nursing, 

rumeysalaletoraman@ardahan.edu.tr - ORCID ID: 0000-0002-2270-3175 

Res. Asst. Dr. ZEYNEP YILMAZ  

Ardahan University, Faculty of Health Sciences, Department of Nursing, 

zeynepyildirim@ardahan.edu.tr - ORCID ID: 0000-0002-8926-5464 

 

 

ABSTRACT  

This study aimed to examine the effects of nature-based interventions and relaxation techniques 

on emotion regulation and self-esteem in students with learning disabilities (LD). The study 

was conducted with 25 voluntary students aged 10ï12 years who had been diagnosed with LD, 

applied to special education and rehabilitation centers in Ardahan, and had no health conditions 

preventing participation. A single-group pretestïposttest experimental design without a control 

group was employed. The intervention was carried out between September 6 and October 25, 

2025, consisting of eight weekly sessions, each including two 40-minute sessions separated by 

a 20-minute snack break. Data were collected using the Personal Information Form, the 

Rosenberg Self-Esteem Scale for Children, and the Emotion Regulation Questionnaire for 

Children and Adolescents as pretests and posttests. The mean age of the students was 

11.12±0.88 years. Of the participants, 72% were male, 40% had two siblings, and 48% were 

middle children. It was determined that 72% of the participants did not have a family member 

with special needs or requiring care, 20% were attending the 5th and 7th grades, and 36% had 

 
2 This study was supported by the Scientific and Technological Research Council of T¿rkiye (T¦BĶTAK) through 

the 4008 Inclusive Science and Social Practices Support Programme for Individuals with Special Needs, 

implemented by the Directorate of Science and Society, during the 2025/3 call period (Project No. 125B160). 
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been registered at the Guidance and Research Center for one year. The baseline self-esteem 

score of the students was 17.64±2.91, which significantly increased to 34.80±2.24 after the 

intervention. The program was found to increase studentsô cognitive reappraisal scores (median 

pretest: 13; median posttest: 25) while decreasing suppression scores (median pretest: 17; 

median posttest: 8). The findings indicate that nature-based interventions and relaxation 

techniques improve emotion regulation and enhance self-esteem in students with learning 

disabilities. Improved emotion regulation and increased self-esteem are expected to contribute 

positively to studentsô psychosocial adjustment to school and social life. Therefore, it is 

recommended that nature-based interventions and relaxation techniques be integrated into 

educational curricula. 

Keywords: Learning Disability, Nature-Based Interventions, Relaxation Techniques, Emotion 

Regulation, Self-Esteem, Student 
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¥ZET 

Kron k bºbrek hastalēĵē (KBH), artan prevalansē ve y¿ksek komorb d te y¿k¿ le k¿resel b r 

halk saĵlēĵē sorunudur. Son dºnem bºbrek yetmezl ĵ  tedav s nde uygulanan hemod yal z, 

hastalarēn yaĸam s¿res n  uzatērken, ­oklu la­ kullanēmēnē zorunlu kēlmaktadēr. Bu derlemen n 

amacē; hemod yal z hastalarēnda la­ g¿venl ĵ n  tehd t eden r sk faktºrler n , hastalarēn la­ 

kullanēm davranēĸlarēndak  eks kl kler  ve akēlcē la­ kullanēmē s¿recnde hemĸ ren n rol¿n¿ son 

beĸ yēlēn l terat¿r¿ ēĸēĵēnda ncelemekt r. L terat¿r ver ler , hemod yal z hastalarēnēn yoĵun 

pol farmas  y¿k¿ altēnda olduĵunu, ancak hastalarēn akēlcē la­ kullanēmē konusundak  b lg  

d¿zeyler n n genel olarak d¿ĸ¿k olduĵunu gºstermekted r. G¿ncel ­alēĸmalarda hastalarēn 

ºneml  b r kēsmēnēn (%96,5) la­larē yanlēĸ koĸullarda sakladēĵē, prospekt¿s okuma 

alēĸkanlēklarēnēn d¿ĸ¿k olduĵu (%21,1) ve la­ kullanēmē konusunda hemĸ relerden yeter nce 

b lg  almadēklarē (%6,6) bel rlenm ĸtr. Azalmēĸ renal kl rens ve deĵ ĸen prote n baĵlanma 

oranlarē la­larēn toks s te r sk n  artērērken, hastalarēn bu t¿r yanlēĸ kullanēm alēĸkanlēklarē 

tedav  baĸarēsēnē doĵrudan etk lemekted r. Bu s¿re­te hemĸ reler; sadece lacē uygulayan deĵ l, 

hastalarēn yanlēĸ saklama ve kullanēm alēĸkanlēklarēnē d¿zelten, "8 doĵru lke"y  d yal z 

d nam kler ne gºre uygulayan ve mult d s pl ner ek p ­ nde akēlcē la­ yºnet m n  saĵlayan k l t 

profesyonellerd r. Ķla­ g¿venl ĵ n n ve akēlcē la­ kullanēmēnēn saĵlanmasē, hemĸ reler n 

farmakoloj k okuryazarlēĵēnēn artērēlmasēna ve hasta eĵ t m nde daha akt f rol almalarēna 

baĵlēdēr. 

Anahtar Kel meler: Hemod yal z, Akēlcē Ķla­ Kullanēmē, Ķla­ G¿venl ĵ , Pol farmas , Hasta 

G¿venl ĵ , Hemĸ rel k Bakēmē. 
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THE ROLE OF NURSES IN MEDICATION SAFETY AND RATIONAL DRUG USE 

IN HEMODIALYSIS PATIENTS 

ABSTRACT 

Chron c k dney d sease (CKD) s a global publ c health concern due to ts ncreas ng prevalence 

and h gh comorb d ty burden. Hemod alys s, a treatment for end-stage renal d sease, prolongs 

pat ent surv val but necess tates complex med cat on reg mens. Th s rev ew a ms to exam ne 

the r sk factors that threaten med cat on safety, pat entsô def c enc es n med cat on use 

behav ors, and the role of nurses n promot ng rat onal drug use, based on l terature from the 

past f ve years. The ev dence nd cates that hemod alys s pat ents are subjected to a h gh 

polypharmacy load, wh le the r knowledge regard ng rat onal med cat on use rema ns generally 

low. Recent stud es reveal that a s gn f cant proport on of pat ents (96.5%) store med cat ons 

mproperly, have low adherence to read ng drug leaflets (21.1%), and rece ve nsuff c ent 

nformat on from nurses regard ng med cat on use (6.6%). Reduced renal clearance and altered 

prote n b nd ng ncrease the r sk of drug tox c ty, and pat entsô mproper usage behav ors 

d rectly affect treatment outcomes. In th s context, nurses play a p votal role not only n drug 

adm n strat on but also n correct ng pat entsô m suse and storage hab ts, apply ng the "8 r ghts" 

pr nc ple adapted to d alys s dynam cs, and ensur ng rat onal drug management w th n a 

mult d sc pl nary team. Ensur ng med cat on safety and rat onal drug use depends on enhanc ng 

nursesô pharmacolog cal l teracy and the r act ve engagement n pat ent educat on. 

Keywords: Hemod alys s, Rat onal Drug Use, Med cat on Safety, Polypharmacy, Pat ent 

Safety, Nurs ng Care 

 

1. GĶRĶķ 

Kron k bºbrek hastalēĵē (KBH), 21. y¿zyēlda prevalansē hēzla artan, mortal te ve morb d te 

oranlarē y¿ksek, saĵlēk s stemler ¿zer nde ºneml  kl n k ve ekonom k y¿k oluĸturan baĸlēca 

kron k hastalēklardan b r d r. Global Burden of D sease (GBD) 2023 ĸ b rl ĵ  grubunun 

yayēnladēĵē en g¿ncel rapora gºre, 1990 yēlēnda d¿nya genel nde 378 m lyon olan KBHôl  b rey 

sayēsē, 2023 yēlē t barēyla 788 m lyona ulaĸmēĸtēr. Yaĸa standard ze ed lm ĸ prevalansēn %14,2 

g b  y¿ksek b r d¿zeyde b ld r lmes , kron k bºbrek hastalēĵēnēn sadece nefroloj k b r fonks yon 

kaybē le sēnērlē olmaktan ºte, d yabet ve h pertans yon g b  yaygēn kron k s stem k hastalēklarēn 

oluĸturduĵu mult morb d te s¿rec n n b r yansēmasēdēr. Son dºnem bºbrek yetmezl ĵ  (SDBY) 

aĸamasēnda temel tedav  olarak uygulanan hemod yal z, hastalarēn yaĸam s¿res n  uzatmada 

ºneml  b r rol ¿stlense de beraber nde get rd ĵ  karmaĸēk tedav  s¿rec  neden yle hastalarē yoĵun 

b r farmakoloj k y¿kle karĸē karĸēya bērakmaktadēr. 

L terat¿rde pol farmas ; genell kle g¿nde beĸ veya daha fazla lacēn kullanēmē olarak tanēmlansa 

da hemod yal z hastalarē ­ n bu durum st sna  b r s¿re­ deĵ l, kln k standartēn b r par­asēdēr. 

Oost ng ve ark. (2024) tarafēndan yapēlan gen ĸ kapsamlē meta-anal z, KBH hastalarēnda 

pol farmas  prevalansēnēn %80ô n ¿zer nde olduĵunu ve en y¿ksek la­ y¿k¿n¿n d yal z 

hastalarēnda gºr¿ld¿ĵ¿n¿ ortaya koymaktadēr. Bu hasta grubunda pol farmas , sadece la­ 

sayēsēndak  artēĸ deĵ l; la­- la­ etk leĸ mler , d¿ĸme r sk , b l ĸsel fonks yon kaybē ve tedav ye 
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uyumsuzluk g b  c dd  kompl kasyonlara neden olan, yºnet m  g¿­leĸt ren b r kl n k durum 

olarak ele alēnmalēdēr. Ayrēca ¿rem k ortam, ºzell kle renal kl rens n azalmasē neden yle, 

la­larēn farmakok net k ºzell kler n , metabol zmasēnē ve el m nasyon yarē ºmr¿n¿ deĵ ĸt rerek 

toks s te r sk n  kr t k d¿zeyde artērērken; d yal z s¿rec  se, suda ­ºz¿nen la­larēn seans 

sērasēnda kaybēna yol a­arak, doz ayarlamalarēnda c dd  hatalara zem n hazērlamaktadēr. 

Ķla­ g¿venl ĵ  z nc r n n en zayēf halkasē se hastalarēn lacē yºnet m s¿rec d r. Akēlcē Ķla­ 

Kullanēmē (AĶK), hastalarēn kl n k ht ya­larēna ve b reysel ºzell kler ne uygun lacē, 

gereks n mler n  karĸēlayacak doĵru dozda, yeterl  s¿re boyunca ve en d¿ĸ¿k mal yetle 

kullanmasē olarak tanēmlanēr; ancak prat k uygulamada durum olduk­a farklēdēr. Boyacē 

Uysalôēn (2023) ­alēĸmasē, hastalarēn %96,5ô n n soĵuk z nc r la­larēnē, ēsē deĵ ĸ m n n en 

yoĵun olduĵu buzdolabē kapaĵēnda saklayarak lacēn etk nl ĵ n  r ske attēĵēnē gºstermekted r. 

Buna ek olarak, hastalarēn %56,1ô n n " ler de lazēm olur" d¿ĸ¿nces yle evde la­ stokladēĵē ve 

%21,1ô n n kullandēĵē lacēn prospekt¿s¿n¿ h ­ okumadēĵē bel rlenm ĸt r. Bayram ve 

Ķbrah moĵlu (2022) se hastalarēn %58ô n n evler nde h ­ kullanēlmamēĸ veya yarēm kalmēĸ artēk 

la­ bulundurduĵunu, bu durumun hem ekonom k sraf hem de kontrols¿z la­ kullanēmē 

a­ēsēndan c dd  b r halk saĵlēĵē sorunu oluĸturduĵunu raporlamēĸtēr. 

Bu karmaĸēk tabloda, saĵlēk s stem  le hasta arasēndak  k l t rol¿ hemĸ re ¿stlenmekted r. 

Ancak mevcut ver ler, hemĸ reler n bu kr t k rol¿ tam anlamēyla ¿stlenemed ĵ ne ĸaret 

etmekted r. Yurtsever ve T ft k (2025), T¿rk yeôdek  hemĸ reler n AĶK b lg  d¿zeyler n  2010-

2024 yēllarē arasēndak  ver ler ēĸēĵēnda nceled kler nde, hemĸ reler n en sēk yaptēĵē hatanēn %57 

oranēyla "yanlēĸ zamanda la­ uygulama" olduĵunu saptamēĸtēr. Ayrēca hastalarēn la­ kullanēmē 

konusunda b lg y  hemĸ reden alma oranēnēn %6,6 (Uysal, 2024) g b  ­ok d¿ĸ¿k sev yelerde 

kalmasē, hemĸ rel k bakēmēnda eĵ t mc  ve danēĸman roller n n kl n kte yeter nce akt f 

kullanēlamadēĵēnē kanētlamaktadēr. 

Bu derlemen n amacē; hemod yal z hastalarēnda g derek artan pol farmas  y¿k¿n¿, hastalarēn 

akēlcē la­ kullanēmēndak  b lg  ve davranēĸsal hatalarēnē ve bu s¿re­te hemĸ ren n ¿stlenmes  

gereken kr t k roller n  g¿ncel ve kanēta dayalē ver lerle b¿t¿nc¿l b r yaklaĸēmla ncelemekt r. 

 

2.HEMODĶYALĶZ HASTALARINDA AKILCI ĶLA¢ Y¥NETĶMĶ, G¦VENLĶK 

RĶSKLERĶ VE HEMķĶRENĶN ROL¦ 

2.1. Hemod yal zde Akēlcē Ķla­ Kullanēmē ve Ķla­ G¿venl ĵ 

D¿nya Saĵlēk ¥rg¿t¿ (DS¥), akēlcē la­ kullanēmēnē; "hastalarēn kl n k bulgularēna ve b reysel 

ºzell kler ne uygun lacē, doĵru dozda, yeterl  s¿re boyunca ve en d¿ĸ¿k mal yetle tem n 

edeb lmeler " olarak tanēmlamaktadēr. Ancak hemod yal z hastalarēnda bu tanēm, standart b r 

re­ete uyumunun ­ok ºtes nde, d nam k ve ­ok boyutlu b r kl n k yºnet m s¿rec n  fade 

etmekted r. 

Son dºnem bºbrek yetmezlĵ  pop¿lasyonunda la­ g¿venl ĵ ; f zyoloj k yēkēm, farmakok net k 

hassas yet ve artmēĸ tedav  y¿k¿n¿n kes ĸt ĵ  ­ok boyutlu b r s¿re­t r. Bºbrek fonks yonlarēnēn 

kaybēyla b rl kte renal kl rens n azalmasē, la­larēn el m nasyon yarē ºmr¿n¿ uzatarak 
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metabol tler n v¿cutta b r kmes ne (ak¿m¿lasyon) neden olmakta; bu durum, ºzell kle dar 

terapºt k aralēĵa sah p la­larda, standart dozlarda dah  toks s te r sk n  anlamlē d¿zeyde 

artērmaktadēr. Ayrēca ¿rem k ortamēn plazma prote nler ne baĵlanmayē deĵ ĸt rerek serbest la­ 

fraks yonunu artērmasē, lacēn kanda ºngºr¿lemez d¿zeylere ulaĸmasēna neden olab lmekted r. 

Dolayēsēyla hemod yal zde "akēlcē yaklaĸēm"; stat k b r doz rej m  deĵ l, lacēn dozunun kalan 

bºbrek fonks yonuna (GFR) ve d yal zle tem zlenme oranēna (d yal zab l te) gºre d nam k 

olarak ayarlandēĵē, hemĸ re gºzet m nde kes nt s z b r la­ yºnet m n  zorunlu kēlar. 

2.2. Kl n k R sk Alanlarē: Pol farmas  Y¿k¿ ve Zamanlama Hatalarē  

Hemod yal z hastalarēndak  en b¿y¿k r sklerden b r  pol farmas d r. Oost ng ve ark. (2024) 

tarafēndan yapēlan s stemat k derlemede, kron k bºbrek hastalēĵē olan b reylerde (KBH) 

pol farmas  prevalansēnēn %80ô n ¿zer nde olduĵu ve la­ y¿k¿n¿n en yoĵun olduĵu grubun 

hemod yal z hastalarē olduĵu raporlanmēĸtēr. Bu yoĵun y¿k; hastalarda bēkkēnlēk ve kafa 

karēĸēklēĵē yaratarak tedav ye uyumu zorlaĸtērmakta, advers etk  ve ­ok boyutlu farmakoloj k 

etk leĸ mler ne yol a­arak kl n k r sk  ºneml  ºl­¿de artērmaktadēr.  

Tedav  baĸarēsēnē doĵrudan etk leyen b r d ĵer kr t k faktºr se "zamanlama"dēr. Ķlacēn 

molek¿ler aĵērlēĵēna ve suda ­ºz¿n¿rl¿ĵ¿ne baĵlē olarak d yal zle uzaklaĸtērēlmasē, dozun 

seanstan sonra alēnmasēnē gerekt reb l r. Zamanlama hatalarē tedav  baĸarēsēzlēĵēnēn s ns  b r 

neden d r; ºrneĵ n d yal z ºnces  alēnan b r anth pertans f, ĸlem sērasēnda d yal zºr 

membranlarēndan s¿z¿lerek tedav n n yeters z kalmasēna (h pertans f kr z) yol a­ab leceĵ  g b , 

ĸlem sērasēnda kan basēncēnēn an  d¿ĸmes yle ntrad yal t k h potans yon r sk n  de 

tet kleyeb l r. Dolayēsēyla la­ uygulama zamanēnēn doĵru planlanmasē, hemod yal z 

hastalarēnda farmakoterap n n ayrēlmaz b r b leĸen d r. 

2.3. Hasta Davranēĸlarē: B lg  Eks kl ĵ  ve Tehl kel  Uygulamalar  

Kl n k ortamda mevcut olan f zyoloj k ve farmakoloj k r skler, hastalarēn evdek  hatalē la­ 

yºnet m  alēĸkanlēklarēyla b rleĸt ĵ nde tablo daha da aĵērlaĸmaktadēr. Boyacē Uysalôēn (2023) 

­alēĸmasē, hemod yal z hastalarēnēn akēlcē la­ kullanēmē konusundak  b lg  d¿zeyler n n 

yeters z olduĵunu ve evde tehl kel  uygulamalar yaptēklarēnē ortaya koymaktadēr. ¢alēĸmaya 

gºre: 

¶ Soĵuk Z nc r Ķhlal : Hastalarēn %96,5ô , soĵuk z nc r gerekt ren la­larē ēsē deĵ ĸ m n n 

en yoĵun olduĵu buzdolabē kapaĵēnda yanlēĸ ĸek lde saklamaktadēr. Bu durum lacēn 

etk nl ĵ n  y t rmes ne neden olmaktadēr. 

¶ Yanlēĸ Saklama: Hastalarēn %64ô¿, oda sēcaklēĵēnda saklanmasē gereken la­larē 

gereks z yere buzdolabēna koyarak nem denges n  bozmakta ve lacēn k myasal 

yapēsēnēn deĵ ĸ m ne yol a­maktadēr. 

¶ B l n­s z Kullanēm: Hastalarēn %21,1ô  la­ prospekt¿sler n  h ­ okumamakta ve 

%56,1ô  " ler de lazēm olur" d¿ĸ¿nces yle evde la­ stoklamaktadēr. 

Bu ver lere ek olarak Bayram ve Ķbrah moĵlu (2022), hastalarēn %58ô n n evler nde h ­ 

kullanēlmamēĸ veya yarēm kalmēĸ artēk la­ bulundurduĵunu b ld rm ĸt r. Bu durum kontrols¿z 
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ve hatalē dozda la­ kullanēm r sk n  artērarak hem hasta g¿venl ĵ  hem de ekonom k kayēp 

a­ēsēndan ºneml  b r r sk alanē oluĸturmaktadēr. Ayrēca hastalarēn semptom y¿k¿ arttēk­a, 

re­etes z la­lara veya b tk sel ¿r¿nlere yºnel mler n n artmasē, tedav  s¿rec nn b¿t¿nc¿l ve 

g¿venl  yºnet m n  zorlaĸtērmaktadēr. 

2.4. Hemĸ rel k Rol¿: Kl n k Sorumluluk ve Yapēsal Yeters zl kler  

Hemod yal z ¿n teler nde hemĸ re, karmaĸēk farmakoterap  s¿re­ler  le hasta g¿venl ĵ  

arasēndak  en kr t k profesyoneld r. Bu rol, standart "8 doĵru lkes "n n (doĵru hasta, la­, doz, 

yol, zaman, eĵ t m, kayēt, yanēt) d yal z d nam kler ne gºre yen den yorumlanmasēnē ve 

farmakok net k deĵ ĸkenler n akt f b ­ mde zlenmes n  gerekt rmekted r. Ancak l terat¿r, 

hemĸ rel k uygulamalarēnda, eĵ t mc  ve danēĸman roller nde c dd  aksaklēklar olduĵuna d kkat 

­ekmekted r. 

¶ Uygulama Hatalarē (Zamanlama Kr z ): Yurtsever ve T ft k (2025) tarafēndan yapēlan 

ve 2010-2024 yēllarēnē kapsayan gen ĸ ­alēĸmada, hemĸ reler n la­ g¿venl ĵ yle lg l  

en sēk yaptēĵē hata %57 oranēyla "yanlēĸ zamanlama" olduĵu bel rlenm ĸt r. Bu ver , 

hemĸ reler n la­larēn farmakok net k ºzell kler ne da r b lg  eks kl ĵ  yaĸadēĵēnē ve 

la­ uygulama saatler n  yºnetmekte yeters z kaldēĵēnē gºstermekted r. Ayrēca 

­alēĸmada, hemĸreler n la­ etk leĸ mler  konusunda eĵ t m gereks n m  duyduklarē 

bel rt lm ĸt r.  

¶ Eĵ t mdek  Yeters zl k (Ķlet ĸ m Kopukluĵu): Hemĸ reler, d yal z seanslarē neden yle 

hastayla en sēk ve en uzun s¿re temas eden profesyoneller olmasēna raĵmen, hastalarēn 

b lg  kaynaĵē olarak hemĸ rey  terc h etme oranlarē anlamlē ºl­¿de d¿ĸ¿kt¿r. Boyacē 

Uysal (2023), hastalarēn la­ b lg s  ­ n %38,2 oranēnda hek me, %28,5 oranēnda 

eczacēya baĸvurduĵunu; buna karĸēlēk hemĸ relerden b lg  alma oranēnēn sadece %6,6 

sev yesnde kaldēĵēnē belgelemekted r. 

 

3. SONU¢ VE ¥NERĶLER 

Hemod yal z hastalarē; azalmēĸ renal fonks yonlarēn neden olduĵu f zyoloj k kērēlganlēklar ve 

yºnet m  zorlu y¿ksek pol farmas  y¿k¿ neden yle tēbb  hatalar a­ēsēndan y¿ksek r sk 

grubundadēr. Ancak hemod yal z hastalarēnda la­ g¿venl ĵ  ve akēlcē la­ kullanēmē, yalnēzca 

doĵru re­eten n yazēlmasēyla saĵlanamaz. Mevcut ver ler, hastalarēn evde la­larē yanlēĸ 

sakladēĵēnē, hemĸ reler n se kl n k uygulamada zamanlama hatalarē yaptēĵēnē (%57) ve eĵ t mc  

roller n  etk n kullanamadēklarēnē (%6,6) somut olarak gºstermekted r. G¿nerô n (2021) 

bel rtt ĵ  g b , yapēlandērēlmēĸ hemĸ rel k eĵ t m , hastalarēn saĵlēk okuryazarlēĵēnē artērarak bu 

r skler  m n m ze etmen n en etk l  yoludur ve bu baĵlamda mevcut boĸluĵun doldurulmasē b r 

terc h deĵ l, hasta g¿venl ĵ n n s¿rd¿r¿leb l rl ĵ  a­ēsēndan kl n k b r gerekl l kt r. 

Bu doĵrultuda, hemod yal z ¿n teler nde la­ g¿venl ĵ  ve akēlcē la­ kullanēm k¿lt¿r¿n¿n 

g¿­lend r lmes ne yºnel k aĸaĵēdak  ºner ler gel ĸtr lm ĸt r: 

¶ Farmakoloj k Okuryazarlēĵēn Artērēlmasē: Hemĸ reler n la­-bes n etk leĸ mler , 

d yal zab l te, doz ayarlamalarē ve doĵru zamanlama konusundak  yetk nl kler n  
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artērmak amacēyla, Yurtsever ve T ft k (2025) ver ler nde gºr¿len eks kl kler  

g derecek per yod k h zmet ­  eĵ t mler zorunlu hale get r lmel d r. 

¶ "Ķla­ Danēĸmanlēĵē" Rol¿n¿n Yapēlandērēlmasē: Hemĸ reler, bakēm planlarēnda sadece 

uygulayēcē deĵ l, hastanēn farmakoloj k s¿rec n  yºneten "temel danēĸman" olarak 

konumlandērēlmalē; hastalarēn d ĵer saĵlēk profesyoneller nden ºnce hemĸ reye 

danēĸab leceĵ  b r let ĸ m kºpr¿s¿ kurulmalēdēr. 

¶ Ev Ķ­  S¿re­ler n Denet m: Hastalarēn evdek  la­ saklama koĸullarē ve artēk la­ 

yºnet mler ; tele-saĵlēk uygulamalarē veya planlē ev z yaretler  aracēlēĵēyla hemĸ reler 

tarafēndan d¿zenl  olarak tak p ed lmel d r. Bu yaklaĸēm, kl n k ve ev ortamē 

arasēndak  g¿venl k boĸluĵunu azaltacaktēr.  

¶ B¿t¿nc¿l ve Mult d s pl ner Yaklaĸēm: Ķla­ g¿venl ĵ  sadece hastane sēnērlarē 

­er s nde deĵ l; hasta yakēnlarēnēn ve sosyal destek s stemler n n s¿rece dah l ed ld ĵ , 

t¿m saĵlēk profesyoneller n n ĸ b rl ĵ ne dayalē b¿t¿nc¿l b r bakēm model yle 

yºnet lmel d r. 

Sonu­ olarak; la­ g¿venl ĵ  ve akēlcē la­ kullanēmē, hemod yal z s¿rec nde b rb r n  

tamamlayan ve s stematk yºnet m gerekt ren kavramlardēr. Bu baĵlamda, hemĸ reler n 

farmakoloj k okuryazarlēĵēnēn ve kl n k l derl ĵ n n artērēlmasē, s¿rd¿r¿leb l r g¿venl k 

k¿lt¿r¿n¿n temel b leĸen d r. Hemĸ rel k rol¿n¿n bu yºnde g¿­lend r lmes  hem kl n k r skler n 

yºnet m n saĵlayacak hem de hasta odaklē bakēmē ve yaĸam kal tes n  anlamlē b ­ mde 

y¿kseltecekt r. 
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ÖZET 

Giriĸ ve Ama­: Tēbbi cihaz iliĸkili basēn­ yaralanmalarē (TCĶBY), saĵlēk bakēm ortamlarēnda 

sēk gºr¿len ve b¿y¿k ºl­¿de ºnlenebilir komplikasyonlar arasēnda yer alan ºnemli bir hasta 

g¿venliĵi sorunudur. Tanē, tedavi ve izlem s¿re­lerinde tēbbi cihazlarēn yaygēn kullanēmē bu 

yaralanmalarēn geliĸme riskini artērmaktadēr. TCĶBYônin ºnlenmesi ve erken tanēlanmasēnda 

hemĸireler kritik bir role sahiptir. Bu nedenle hemĸirelik ºĵrencilerinin konuya iliĸkin bilgi ve 

tutumlarēnēn belirlenmesi ºnem taĸēmaktadēr. Bu araĸtērmanēn amacē, hemĸirelik ºĵrencilerinin 

TCĶBYônin ºnlenmesine yºnelik bilgi d¿zeyleri ile tutumlarēnē belirlemek ve bu iki deĵiĸken 

arasēndaki iliĸkiyi incelemektir. 

Yöntem: Tanēmlayēcē ve iliĸkisel tipte planlanan bu araĸtērma, 2025-2026 Eĵitim ¥ĵretim 

Dºnemi Bahar yarēyēlēnda bir ¿niversitenin hemĸirelik bºl¿m¿nde ºĵrenim gºren ve 

araĸtērmaya katēlmayē kabul eden 140 dºrd¿nc¿ sēnēf hemĸirelik ºĵrencisi ile 

ger­ekleĸtirilmiĸtir. Araĸtērma verileri; Kiĸisel Bilgi Formu, Tēbbi Cihaz Ķliĸkili Basēn­ 

Yaralanmasē Bilgi ¥l­eĵi ve TCĶBYôye Ķliĸkin Tutum Anketi kullanēlarak y¿z y¿ze gºr¿ĸme 

yºntemi ile toplanmēĸtēr. Verilerin analizi SPSS 27.0 paket programēnda yapēlmēĸ; tanēmlayēcē 

istatistikler, parametrik ve nonparametrik testler ile korelasyon analizleri kullanēlmēĸtēr. 

Ķstatistiksel anlamlēlēk d¿zeyi p < 0.05 olarak kabul edilmiĸtir. 

Bulgular: Araĸtērmaya katēlan ºĵrencilerin %77,9ôunun kadēn, %22,1ôinin erkek olduĵu 

belirlenmiĸtir. ¥ĵrencilerin TCĶBY bilgi ºl­eĵi toplam puan ortalamasē 12,42Ñ3,62 olup bilgi 

düzeylerinin orta d¿zeyde olduĵu saptanmēĸtēr. Alt boyutlar incelendiĵinde en d¿ĸ¿k puanēn 

kavram ve evrelendirme, en y¿ksek puanēn ise bakēm ve pansuman alt boyutunda olduĵu 

belirlenmiĸtir. TCĶBYôye yºnelik tutum anketi toplam puan ortalamasē 22,21Ñ7,89 olarak 

bulunmuĸtur. ¥ĵrencilerin %79,3ô¿n¿n olumsuz, %16,4ô¿n¿n tarafsēz ve %4,3ô¿n¿n olumlu 

mailto:sukrankcakk@gmail.com
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tutuma sahip olduĵu belirlenmiĸtir. Ayrēca ºĵrencilerin TCĶBY geliĸme riskini belirleme 

konusunda kendilerini yeterli gºrme d¿zeyleri ile bilgi puanlarē arasēnda pozitif yºnl¿ zayēf bir 

iliĸki olduĵu saptanmēĸtēr. Bununla birlikte bilgi d¿zeyi ile tutum puanlarē arasēnda negatif 

yºnl¿ zayēf bir iliĸki bulunmuĸtur (p < 0.05). 

Sonuç: Araĸtērma bulgularē, hemĸirelik ºĵrencilerinin TCĶBYôye yºnelik bilgi d¿zeylerinin 

orta d¿zeyde olduĵunu ve ºĵrencilerin b¿y¿k ­oĵunluĵunun TCĶBYônin ºnlenmesine yºnelik 

olumsuz tutuma sahip olduĵunu gºstermektedir. Ayrēca bilgi d¿zeyi ile tutum arasēnda zayēf 

d¿zeyde bir iliĸki olduĵu belirlenmiĸtir. Bu sonu­lar, hemĸirelik eĵitim programlarēnda 

TCĶBYônin ºnlenmesine yºnelik bilgi, farkēndalēk ve klinik becerilerin geliĸtirilmesine yºnelik 

eĵitim i­eriklerinin g¿­lendirilmesi gerektiĵine iĸaret etmektedir. 

Anahtar Kelimeler:  Hemĸirelik ºĵrencileri, Tēbbi cihaz iliĸkili basēn­ yaralanmalarē, ¥nleme 

ve kontrol, Bilgi, Tutum  

 

ABSTRACT 

Introduction and Aim: Medical deviceïrelated pressure injuries (MDRPIs) are an important 

patient safety issue frequently encountered in healthcare settings and are largely preventable 

complications. The widespread use of medical devices in diagnostic, therapeutic, and 

monitoring processes increases the risk of developing these injuries. Nurses play a critical role 

in the prevention and early identification of MDRPIs. Therefore, determining nursing studentsô 

knowledge and attitudes regarding this issue is important. This study aimed to determine 

nursing studentsô knowledge levels and attitudes toward the prevention of MDRPIs and to 

examine the relationship between these two variables. 

 

Methods: This descriptive and correlational study was conducted during the spring semester 

of the 2025ï2026 academic year with 139 fourth-year nursing students studying in the nursing 

department of a university who agreed to participate in the study. The research data were 

collected through face-to-face interviews using three instruments: a Personal Information Form, 

the Medical Device-Related Pressure Injury Knowledge Scale, and the Attitude Questionnaire 

Toward MDRPIs. Data were analyzed using the SPSS 27.0 statistical package program. 

Descriptive statistics, parametric and nonparametric tests, and correlation analyses were 

performed. Statistical significance was accepted as p < 0.05. 

Results: It was determined that 77.9% of the participating students were female and 22.1% 

were male. The mean total score of the MDRPI Knowledge Scale was 12.42 ± 3.62, indicating 

a moderate level of knowledge. When the subdimensions were examined, the lowest score was 

obtained in the concept and staging dimension, whereas the highest score was found in the care 

and dressing dimension. The mean total score of the Attitude Questionnaire Toward MDRPIs 

was 22.21 ± 7.89. It was found that 79.3% of the students had negative attitudes, 16.4% had 

neutral attitudes, and 4.3% had positive attitudes. In addition, a weak positive relationship was 

found between studentsô self-perceived competence in determining the risk of MDRPI 

development and their knowledge scores. However, a weak negative relationship was identified 

between knowledge levels and attitude scores (p < 0.05). 
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Conclusion: The findings of the study indicate that nursing students have a moderate level of 

knowledge regarding medical deviceïrelated pressure injuries (MDRPIs) and that the majority 

of students have negative attitudes toward the prevention of MDRPIs. In addition, a weak 

relationship was identified between knowledge levels and attitudes. These results suggest the 

need to strengthen educational content aimed at improving knowledge, awareness, and clinical 

skills related to the prevention of MDRPIs within nursing education programs. 

 

Keywords: Nursing students, medical device-related pressure injuries, prevention and control, 

knowledge, attitude 

 

1. GĶRĶķ   

   Tēbbi cihazlarla iliĸkili basēn­ yaralanmalarē (TCĶBY), hastane ortamlarēnda yaygēn olarak gºr¿len, 

hasta g¿venliĵini tehdit eden ve bakēm kalitesini olumsuz etkileyen ºnemli bir klinik sorundur. Bu 

yaralanmalar, hastalarēn yaĸam kalitesini d¿ĸ¿rmenin yanē sēra hastanede kalēĸ s¿resinin uzamasēna ve 

saĵlēk hizmeti maliyetlerinin artmasēna neden olmaktadēr (Ayēk ve ark., 2025). Klinik, psikososyal ve 

ekonomik boyutlarēyla TCĶBYôler, hem hastalar hem de saĵlēk profesyonelleri a­ēsēndan giderek artan 

bir bakēm y¿k¿ oluĸturmaktadēr (Aydēn Kahraman ve ark., 2024). 

TCĶBYôler, deri ve altta yatan dokularēn tēbbi cihazlara baĵlē olarak uzun s¿reli basēn­, s¿rt¿nme veya 

kesme kuvvetlerine maruz kalmasē sonucunda geliĸmektedir. Tanē, tedavi ve izlem s¿re­lerinde 

kullanēlan t¿m tēbbi cihazlar, kullanēm s¿resi, yerleĸimi ve sabitleme ĸekline baĵlē olarak potansiyel 

basēn­ yaralanmasē riski taĸēmaktadēr (Erbay ve ark., 2019). Bu yaralanmalar, etiyoloji ve yerleĸim 

a­ēsēndan klasik basēn­ yaralarēndan farklēlēk gºstermekte; ­oĵunlukla kemikli ­ēkēntēlar yerine cihazēn 

temas ettiĵi cilt ve mukozal y¿zeylerde ortaya ­ēkmaktadēr (Kara ve ark., 2020). 

Cihaz ile cilt arasēnda nem ve ēsē birikiminin oluĸmasē, cildin mikroiklimini bozarak doku toleransēnē 

azaltmaktadēr. Ayrēca, tēbbi cihazlarēn sēzdērmazlēk saĵlamak amacēyla sēkē ĸekilde sabitlenmesi, 

kemikli ­ēkēntēlar dēĸēnda alēĸēlmadēk anatomik bºlgelerde basēn­ oluĸmasēna neden olabilmektedir. 

Cihaz sabitlemede kullanēlan bant ve kayēĸlarēn, cihaz altēndaki cildin d¿zenli deĵerlendirilmesini 

zorlaĸtērmasē da basēn­ yarasē geliĸme riskini artēran faktºrler arasēnda yer almaktadēr (Black ve ark., 

2010). 

Literat¿rde, TCĶBYôlerin hastane kaynaklē basēn­ yaralanmalarēnēn ºnemli bir bºl¿m¿n¿ oluĸturduĵu 

ve t¿m basēn­ yaralarēnēn %30ôunu kapsayabildiĵi bildirilmektedir (Gou ve ark., 2023, Soysal ve ark., 

2025). Tēbbi cihaza gereksinim duyan hastalarda TCĶBY geliĸme riskinin, bu gereksinimi olmayan 

hastalara gºre 2,4 kat daha y¿ksek olduĵu belirtilmektedir (Soysal ve ark., 2025). ¥zellikle yoĵun 

bakēm ve palyatif bakēm ¿niteleri gibi tēbbi cihaz kullanēmēnēn yoĵun olduĵu kliniklerde bu 

yaralanmalarēn daha sēk gºr¿ld¿ĵ¿ vurgulanmaktadēr (Pamuk Cebeci ve ark., 2024). 

Yoĵun bakēm hastalarēnda yapēlan ­alēĸmalarda; ileri yaĸ, diabetes mellitus, ºdem varlēĵē, d¿ĸ¿k 

Braden ºl­eĵi puanē, y¿ksek SOFA ve APACHE II skorlarē, tēbbi cihazlarēn uzun s¿reli kullanēmē, 

vazokonstriktºr tedavisi, cerrahi giriĸim, pron pozisyonu, pron pozisyonda ventilasyon ve subglottik 

aspirasyon kateteri kullanēmē TCĶBY geliĸme riskini artēran baĸlēca faktºrler olarak belirlenmiĸtir. 

Buna karĸēlēk, hemoglobin ve serum alb¿min d¿zeyleri y¿ksek olan hastalarda TCĶBY geliĸme riskinin 

daha d¿ĸ¿k olduĵu bildirilmiĸtir (Gou ve ark., 2023). Bu bulgular, TCĶBY geliĸiminin ­ok faktörlü bir 

yapēya sahip olduĵunu ve sistematik risk deĵerlendirmesinin gerekliliĵini ortaya koymaktadēr. 
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TCĶBYôlerin ºnlenmesi ve erken tanēlanmasēnda hemĸireler kilit bir role sahiptir. Tēbbi cihazlarēn 

doĵru yerleĸtirilmesi, d¿zenli cilt deĵerlendirmesi, riskli hastalarēn erken belirlenmesi ve koruyucu 

hemĸirelik giriĸimlerinin uygulanmasē, TCĶBY geliĸimini ºnlemede temel stratejiler arasēnda yer 

almaktadēr (Kurtgºz ve ark., 2024). Hemĸirelik ºĵrencilerinde tēbbi cihaz iliĸkili basēn­ 

yaralanmalarēnēn ºnlenmesine yºnelik bilgi ve tutumlarēn ºĵrencilik dºneminde kazandērēlmasē 

ºnemlidir. ¥zellikle son sēnēf ºĵrencilerinin klinik uygulamalarda hasta bakēmēna aktif olarak 

katēlmalarē ve mezuniyet sonrasē profesyonel hemĸirelik rollerini ¿stlenecek olmalarē, bu konudaki 

bilgi ve tutumlarēn bakēm kalitesi ¿zerindeki etkisini artērmaktadēr (Erzincanlē ve ark., 2025). Bu 

baĵlamda, hemĸirelik son sēnēf ºĵrencilerinin tēbbi cihaz iliĸkili basēn­ yaralanmalarēnē ºnlemeye 

yºnelik bilgi d¿zeyleri ile tutumlarē arasēndaki iliĸkinin incelenmesi, hasta g¿venliĵinin artērēlmasē, 

kanēta dayalē hemĸirelik bakēmēnēn g¿­lendirilmesi ve hemĸirelik eĵitim programlarēnēn 

geliĸtirilmesine katkē saĵlayacak ºnemli bir bilimsel gereklilik olarak deĵerlendirilmektedir. 

 

Araĸtērma Sorusu 

1. Hemĸirelik ºĵrencilerinin tēbbi cihaz iliĸkili basēn­ yaralanmalarēnē ºnlemeye yºnelik bilgi 

d¿zeyleri nasēldēr? 

2.Hemĸirelik ºĵrencilerinin tēbbi cihaz iliĸkili basēn­ yaralanmalarēnē ºnlemeye yºnelik 

tutumlarē nasēldēr? 

3.Hemĸirelik ºĵrencilerinin tēbbi cihaz iliĸkili basēn­ yaralanmalarēnē ºnlemeye yºnelik bilgi 

d¿zeyleri ile tutumlarē arasēnda iliĸki var mēdēr? 

 

2. GEREÇ-YÖNTEM  

Tanēmlayēcē ve iliĸkisel nitelikte olan bu araĸtērma,  bir ¿niversitenin hemĸirelik fak¿ltesinde, 

gerekli etik kurul ve kurum izninin alēnmasēnēn ardēndan, 2025-2026 Eĵitim ¥ĵretim Dºnemi 

Bahar yarēyēlēnda y¿r¿t¿ld¿. Araĸtērmanēn evrenini hemĸirelik bºl¿m¿nde okuyan 4. sēnēf 

ºĵrenciler (N=186) oluĸturdu. ¥rneklem b¿y¿kl¿ĵ¿ evreni bilinen ºrneklem form¿l¿ 

kullanēlarak %95 g¿ven aralēĵē ve %5 hata payē ile 126 olarak hesaplandē. Olasē veri kaybē 

dikkate alēnarak en az 139 kiĸiye ulaĸēlmasē planlandē. Kolay ulaĸēlabilir ºrnekleme yºntemi 

kullanēldē ve toplam 140 ºĵrenciye ulaĸēldē.  

Araĸtērmaya Dahil Olma Kriterleri; 

-Hemĸirelik lisans programēna kayētlē olmak  

- Hemĸirelik son sēnēf ºĵrencisi olmak  

- Araĸtērmaya gºn¿ll¿ olmak 

Araĸtērmaya katēlmayē kabul eden ve d©hil edilme kriterlerini karĸēlayan toplam 140 hemĸirelik 

ºĵrencisinden y¿z y¿ze gºr¿ĸme yºntemi ile veri toplanmēĸtēr. 

Araĸtērmanēn Deĵiĸkenleri; 

Baĵēmlē Deĵiĸken: Hemĸirelik ºĵrencilerinin tēbbi cihaz iliĸkili basēn­ yaralanmasē bilgi ºl­eĵi 

ve tēbbi cihaz iliĸkili basēn­ yaralanmalarēna iliĸkin tutum anketi toplam puan ortalamalarēdēr. 

Baĵēmsēz Deĵiĸken: Hemĸirelik ºĵrencilerinin yaĸē, cinsiyetē, vb. sosyodemografik ºzellikleri, 

tēbbi cihaz iliĸkili basēn­ yaralarēna (TDĶBY) yºnelik eĵitim alma durumlarē, klinik deneyimleri 

ve kendilerini yeterli görme düzeyleridir. 

Veri Toplama Ara­larē 
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Araĸtērma verileri, Kiĸisel Bilgi Formu, Tēbbi Cihaz Ķliĸkili Basēn­ Yaralanmasē Bilgi ¥l­eĵi, 

Tēbbi Cihaz Ķliĸkili Basēn­ aralanmalarēna Ķliĸkin Tutum Anketi ile y¿z y¿ze gºr¿ĸme yºntemi 

ile toplanacaktēr. 

Kiĸisel Bilgi Formu: Araĸtērmacē tarafēndan literat¿r doĵrultusunda (Kahraman ve ark, 2024; 

Y¿ksel ve ark., 2023; Erzincanlē ve ark., 2025; Kēr Bi­er 2021; G¿rlek ve ark., 2020) 

oluĸturulan bu formda hemĸirelik ºĵrencilerinin yaĸē, cinsiyeti, TCĶBYôye yºnelik eĵitim alma 

durumu ve klinik deneyimlerini i­eren toplam 15 sorudan oluĸmaktadēr. 

Tēbbi Cihaz Ķliĸkili Basēn­ Yaralanmasē Bilgi ¥l­eĵi:¥l­ek toplam beĸ alt boyut ve 25 

maddeden oluĸmaktadēr. Alt boyutlar incelendiĵinde;  

ÅFaktºr 1: Kavram ve evrelendirme (Madde 1 ve 2) 

ÅFaktºr 2: Risk deĵerlendirme (Madde 3, 4 ve 5) 

ÅFaktºr 3:  Tēbbi cihazēn se­imi ve uygunluĵu (Madde 6, 7,  8, 9, 10, 11, 12) 

ÅFaktºr 4: Bakēm ve pansuman (Madde  13, 14, 15, 16, 17, 18, 23, 24, 25) 

ÅFaktºr 5: Cilt deĵerlendirme (Madde 19, 20, 21, 22)  ĸeklindedir.  

¥l­¿m aracē ¿­l¿ likert tiptedir. Madde 1, 2, 5, 8, 10, 12, 16, 18, 19, 21, 22, 24 ters puanlanmakta 

olup bu maddeler doĵru= 0, bilmiyorum= 0 ve yanlēĸ=1 ĸeklinde puanlanmaktadēr. Geri kalan 

3, 4, 6, 7, 9, 11, 13, 14, 15, 17, 20, 23, 25 maddeler doĵru= 1, bilmiyorum= 0 ve yanlēĸ= 0 

olarak puanlanmaktadēr.  

¥l­ekten alēnabilecek en d¿ĸ¿k puan 0 ve en y¿ksek puan 25ôdir. Puanēn artmasē Hemĸirelik 

ºĵrencilerinin TCĶBYôye yºnelik bilgi d¿zeyinin arttēĵēnē gºstermektedir. (Baran ve ark., 2024) 

Tēbbi Cihaz Ķliĸkili Basēn­ aralanmalarēna Ķliĸkin Tutum Anketi: Tēbbi cihazlara baĵlē 

basēn­ ¿lserine iliĸkin tutum anketi (TCBB¦TA) Behnammoghadam tarafēndan Ķranôda 

­alēĸēlmēĸ ve Fars­a dilinde doĵrulanarak, Ķngilizce dil versiyonu yapēlarak son ĸeklini almēĸtēr. 

Tēbbi cihazlara baĵlē basēn­ ¿lserine iliĸkin tutum anketi toplam 11 sorudan oluĸmaktadēr. Tēbbi 

cihazla ilgili basēn­ ¿lseri ºnleme ve Tēbbi cihazla ilgili basēn­ yarasē bakēmē olmak ¿zere iki 

alt boyuttan oluĸmaktadēr. Tēbbi cihazla ilgili basēn­ ¿lseri ºnleme boyutunu 1., 2., 3., 5., 6., ve 

7., sorular oluĸtururken, Tēbbi cihazla ilgili basēn­ yarasē bakēmē boyutunu ise 4., 8., 9., 10., ve 

11., sorular oluĸmuĸtur. Anket, 5'li Likert'e gºre puanlanmaktadēr. 

¥l­eĵin orijinal versiyonunda i­erik ge­erlilik oranē (CVR) her madde i­in 0.8'in ¿zerinde ve 

t¿m anket ise CVR deĵeri 0,89 olarak saptanmēĸtēr. Ayrēca Cronbach alfa deĵeri (Ŭ=0,77) kabul 

edilebilir d¿zeyde bir i­ tutarlēlēk gºsterildiĵi bildirilmiĸtir. T¿rk­e  uyarlama ­alēĸmasēnda ise 

i­erik ge­erlilik indeksi 0,9, Cronbach Alpha katsayēsē  ise 0,76 deĵerinde olduĵu  bulunmuĸtur. 

Ankette alēnan puanlar minimum 11 puan, maksimum 55 puan arasēnda deĵiĸmektedir. 

Anketten alēnan y¿ksek puan, hemĸirelerin tēbbi ara­larēn neden olduĵu basēn­ ¿lserine karĸē 

daha olumlu tutuma sahip olduklarēnē gºstermektedir. Katēlēmcēlarēn anketten alēnan toplam 

puanlarē kategorize edildiĵinde, ñ11-25ò arasē puanlar olumsuz tutum, 26-40 puan tarafsēz 

tutum ve 41-55 puan ise hemĸirelerin tēbbi cihazla ilgili geliĸen basēn­ yaralanmasēna iliĸkin 

olumlu tutumu baskēya karĸē olumlu bir tutumlarē olduĵunu ifade etmektedir. (Zorlu ve ark., 

2025) 

Verilerin Analizi:  

Toplanan veriler SPSS 27.0 programē kullanēlarak analiz edilmiĸtir. Tanēmlayēcē istatistikler 

frekans, y¿zde, ortalama, standart sapma, medyan, minimum ve maksimum deĵerler ile ifade 

edilmiĸtir. Verilerin normal daĵēlēma uygunluĵu ­arpēklēk ve basēklēk deĵerleri ile 
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deĵerlendirilmiĸtir. Ķki grup karĸēlaĸtērmalarēnda normal daĵēlēm saĵlanēyorsa Baĵēmsēz 

¥rneklem t testi, saĵlanmēyorsa Mann Whitney U testi kullanēlmēĸtēr. Ķkiden fazla grup 

karĸēlaĸtērmalarēnda ise normal daĵēlēm durumuna gºre ANOVA veya Kruskal Wallis testi 

uygulanmēĸtēr. Anlamlē fark bulunan durumlarda Bonferroni post-hoc testi ile ileri analiz 

yapēlmēĸtēr. 

 

3. BULGULAR  

 Araĸtērmaya dahil edilen katēlēmcēlarēn yaĸ ortalamasē 23,19Ñ1,57 (Min-Max: 21-35) olup, 

%77,9ôu kadēn, %22,1ôi erkektir. Katēlēmcēlarēn yalnēzca %5,7ôsinin Tēbbi Cihaz Ķliĸkili Basēn­ 

Yaralanmasē'nēn (TCĶBY) ºnlenmesine yºnelik bir eĵitim programēna katēldēĵē, %17,1ôinin 

ulusal/uluslararasē rehberlerden haberdar olduĵu saptanmēĸtēr. Klinik uygulamalarda 

katēlēmcēlarēn %46,4ô¿ TCĶBYôyi ºnlemeye yºnelik giriĸimde bulunduĵunu, %40,7ôsi TCĶBY 

olan bir hastaya bakēm verdiĵini ve %41,4ô¿ hemĸirelik s¿reci planlarken bu duruma yönelik 

tanē koyduĵunu belirtmiĸtir. En sēk konulan tanē %6,4 ile "Deri b¿t¿nl¿ĵ¿nde bozulma riski"dir. 

¢izelge 1. Katēlēmcēlarēn Tēbbi Cihaz Ķliĸkili Basēn­ Yaralanmasē Bilgi ¥l­eĵi ve Tēbbi 

Cihaz Ķliĸkili Basēn­ Yaralanmalarēna Ķliĸkin Tutum Anketi Puanlarē 
Ölçekler X ± SS M (Min - Max) ¢arpēklēk Basēklēk Cronbach Alpha 

TCĶBYB¥      

Kavram ve Evrelendirme 0,66 ± 0,56 1,0 (0 - 2) 0,101 -0,717 0,661 

Risk Deĵerlendirme 1,70 ± 0,65 2,0 (0 - 3) -1,169 1,256 0,712 

Tēbbi Cihazēn Se­imi ve Uygunluĵu 3,84 ± 1,47 4,0 (0 - 7) -0,399 0,241 0,605 

Bakēm ve Pansuman 5,15 ± 1,75 6,0 (0 - 8) -1,254 1,553 0,633 

Cilt Deĵerlendirme 1,07 ± 0,64 1,0 (0 - 4) 1,922 7,032 0,730 

TCĶBYB¥ Toplam 12,42 ± 3,62 13,0 (0 - 20) -1,194 2,083 0,842 

TCBBÜTA       

Tēbbi Cihazla Ķlgili Basēn­ ¦lseri ¥nleme 13,14 ± 4,20 13,0 (6 - 30) 1,106 1,892 0,796 

Tēbbi Cihazla Ķlgili Basēn­ Yarasē Bakēmē 9,08 ± 4,15 8,0 (5 - 25) 1,507 2,699 0,876 

TCBBÜTA Toplam 22,21 ± 7,89 21,0 (11 - 55) 1,386 2,278 0,904 

  n %       

TCBBÜTA'ya Göre Tutum Düzeyleri       

Olumsuz Tutum (11 - 25) 111 79,3    

Tarafsēz Tutum (26 - 40) 23 16,4    

Olumlu Tutum (41 - 55) 6 4,3       

TCĶBYB¥: Tēbbi Cihaz Ķliĸkili Basēn­ Yaralanmasē Bilgi ¥l­eĵi, TCBB¦TA: Tēbbi Cihaz Ķliĸkili Basēn­ 

Yaralanmalarēna Ķliĸkin Tutum Anketi 

Katēlēmcēlarēn TCĶBY Bilgi ¥l­eĵi (TCĶBYB¥) toplam puan ortalamasē 12,42Ñ3,62 (0-20 puan 

arasē) olarak belirlenmiĸtir. Alt boyutlar incelendiĵinde; Kavram ve Evrelendirme (0,66Ñ0,56), 

Risk Deĵerlendirme (1,70Ñ0,65), Tēbbi Cihaz Se­imi (3,84Ñ1,47), Bakēm ve Pansuman 

(5,15Ñ1,75) ve Cilt Deĵerlendirme (1,07Ñ0,64) puanlarē saptanmēĸtēr. Katēlēmcēlarēn Tēbbi 

Cihaz Ķliĸkili Basēn­ Yaralanmalarēna Ķliĸkin Tutum Anketi toplam puan ortalamasēnēn 22,21 Ñ 

7,89 olduĵu, ­arpēklēk deĵerinin 1,386 ve basēklēk deĵerinin 2,278 olduĵu bulunmuĸtur. Tutum 

d¿zeyleri incelendiĵinde katēlēmcēlarēn %79,3ô¿n¿n olumsuz tutum, %16,4ô¿n¿n tarafsēz tutum 

ve %4,3ô¿n¿n olumlu tutum d¿zeyine sahip olduĵu belirlenmiĸtir. 

Korelasyon analizi sonu­larēna gºre; katēlēmcēlarēn TCĶBY riskini belirleme ve ºnleyici 

uygulamalarē ger­ekleĸtirme konusundaki ºz-yeterlilik algēlarē ile TCĶBYB¥ toplam puanlarē 
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arasēnda pozitif yºnl¿ zayēf bir iliĸki bulunmuĸtur (p< 0,05). Kliniklerde giriĸimde bulunulan 

hasta sayēsē arttēk­a, TCĶBY ºnleme tutum puanlarēnēn azaldēĵē (negatif yºnl¿ zayēf iliĸki, r=-

0,367; p < 0,05) saptanmēĸtēr. Karĸēlaĸtērmalē Analizler ve Engelleyici Faktºrler Demografik 

ºzelliklere gºre yapēlan karĸēlaĸtērmalarda; Klinik Uygulama: Kliniklerde TCĶBY ºnlemeye 

yºnelik giriĸimde bulunanlarēn, tanē koyanlarēn ve TCĶBY olan hastaya bakēm verenlerin bilgi 

ºl­eĵi toplam puanlarē, bu deneyimi olmayanlara gºre istatistiksel olarak anlamlē d¿zeyde 

y¿ksek bulunmuĸtur (p<0,05). ¥z-Yeterlilik Algēsē: Kendi bilgi d¿zeyini yeterli bulanlarēn bilgi 

puanlarē (14,5), yetersiz bulanlara (12,0) gºre anlamlē derecede y¿ksektir (p<0,001). Cinsiyet: 

Kadēnlarēn cilt deĵerlendirme alt boyut puanlarē erkeklerden anlamlē derecede y¿ksek 

saptanmēĸtēr (p=0,018).Klinik uygulamalarda TCĶBYôyi ºnlemeyi zorlaĸtēran en temel 

faktºrlerin; bilgi eksikliĵi (%47,1), klinik ortam koĸullarē (%40,7) ve zaman yetersizliĵi 

(%23,6) olduĵu belirlenmiĸtir. Katēlēmcēlarēn %77,9ôu ºnlemeye yºnelik hemĸirelik giriĸimleri 

konusunda eĵitim almayē talep etmektedir. 

¢izelge 2. Katēlēmcēlarēn Tēbbi Cihaz Ķliĸkili Basēn­ Yaralanmasē Bilgi ¥l­eĵi ile Tēbbi 

Cihaz Ķliĸkili Basēn­ Yaralanmalarēna Ķliĸkin Tutum Anketi Puanlarē Arasēndaki Ķliĸki 

TCĶBYB¥ 

TCBBÜTA  

Tēbbi Cihazla Ķlgili 

Basēn­ ¦lseri 

Önleme 

Tēbbi Cihazla Ķlgili 

Basēn­ Yarasē 

Bakēmē 

TCBBÜTA  

Toplam 

r  p r  p r  p 

Kavram ve Evrelendirme -0,259 0,002* -0,241 0,004* -0,266 0,001* 

Risk Deĵerlendirme -0,232 0,006* -0,260 0,002* -0,259 0,002* 

Tēbbi Cihazēn Se­imi ve Uygunluĵu -0,153 0,072 -0,186 0,028* -0,180 0,033* 

Bakēm ve Pansuman -0,194 0,022* -0,241 0,004* -0,214 0,011* 

Cilt Deĵerlendirme -0,074 0,383 -0,081 0,343 -0,089 0,293 

TCĶBYB¥ Toplam -0,229 0,006* -0,272 0,001* -0,258 0,002* 

TCĶBYB¥: Tēbbi Cihaz Ķliĸkili Basēn­ Yaralanmasē Bilgi ¥l­eĵi, TCBB¦TA: Tēbbi Cihaz Ķliĸkili Basēn­ 

Yaralanmalarēna Ķliĸkin Tutum Anketi, Korelasyon Analizi, *p<0,05 
 

Yapēlan korelasyon analizi sonucunda, katēlēmcēlarēn Tēbbi Cihaz Ķliĸkili Basēn­ Yaralanmasē 

Bilgi ¥l­eĵi (TCĶBYB¥) toplam ve t¿m alt boyut puanlarē ile Tutum Anketi (TCBB¦TA) 

toplam ve alt boyut puanlarē arasēnda negatif yºnl¿, zayēf/­ok zayēf d¿zeyde anlamlē bir iliĸki 

saptanmēĸtēr (p< 0,05). ¥zellikle bilgi d¿zeyi arttēk­a tutum puanlarēnēn azaldēĵē (TCĶBYB¥ 

toplam ve TCBBÜTA toplam; r = -0,258) gºr¿lmektedir. Bu ĸaĸērtēcē sonu­, bilgi artēĸēnēn her 

zaman olumlu tutum geliĸimine yansēmadēĵēnē ve tutumu etkileyen farklē klinik/­evresel 

faktºrlerin olabileceĵini d¿ĸ¿nd¿rmektedir. 

 

 

4. SONU¢ VE ¥NERĶLER 

Araĸtērma bulgularē, hemĸirelik ºĵrencilerinin TCĶBYôye yºnelik bilgi d¿zeylerinin orta 

d¿zeyde olduĵunu ve ºĵrencilerin b¿y¿k ­oĵunluĵunun TCĶBYônin ºnlenmesine yºnelik 

olumsuz tutuma sahip olduĵunu gºstermektedir. ¥zellikle kavram, evrelendirme ve cilt 

deĵerlendirme alanlarēnda bilgi eksikliklerinin daha belirgin olduĵu belirlenmiĸtir. Bununla 
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birlikte ºĵrencilerin klinik deneyim ve ºz yeterlilik algēsē arttēk­a bilgi d¿zeylerinin de arttēĵē 

saptanmēĸtēr. Ayrēca ºĵrencilerin bilgi d¿zeyleri ile tutumlarē arasēnda negatif yºnl¿ zayēf bir 

iliĸki bulunduĵu belirlenmiĸ olup, bu durum tutumun yalnēzca bilgi d¿zeyi ile 

a­ēklanamayacaĵēnē d¿ĸ¿nd¿rmektedir. 

Araĸtērmadan elde edilen bulgular doĵrultusunda;  

-Hemĸirelik ºĵrencilerinin TCĶBYôye yºnelik bilgi ve farkēndalēklarēnē artērmak amacēyla 

yapēlandērēlmēĸ eĵitim programlarēnēn hemĸirelik m¿fredatēna dahil edilmesi, 

-Eĵitim i­eriklerinin ºzellikle TCĶBY kavramē ve evrelendirme, risk deĵerlendirme, cilt 

deĵerlendirmesi, klinik rehberlerin kullanēmē ile ºnleyici hemĸirelik giriĸimleri konularēnda 

güçlendirilmesi, 

-¥ĵrencilerin TCĶBYônin ºnlenmesine yºnelik klinik uygulama deneyimlerinin artērēlmasē 

önerilmektedir. 
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ÖZET 

Giriĸ/Ama­: Saĵlēk okuryazarlēĵē, bireylerin saĵlēkla ilgili bilgileri edinme, anlama ve bu 

bilgileri karar süreçlerinde etkin biçimde kullanma becerisini ifade ederken; taburcu olmaya 

hazēr oluĸ, hastanēn evde s¿rd¿r¿lecek bakēm s¿recine kendini ne ºl­¿de hazēr hissettiĵini 

yansētmaktadēr. Cerrahi giriĸim ge­iren hastalar a­ēsēndan her iki durum da tedavi s¿recinin 

baĸarēsē, komplikasyonlarēn ºnlenmesi ve yeniden hastaneye yatēĸlarēn azaltēlmasē a­ēsēndan 

kritik ºnem taĸēmaktadēr. Bu araĸtērma, cerrahi hastalarēn saĵlēk okuryazarlēĵē d¿zeyleri ile 

taburcu olmaya hazēr oluĸ durumlarē arasēndaki iliĸkiyi belirlemeyi ama­lamaktadēr. 

 Yöntem: Tanēmlayēcē ve kesitsel tipteki bu araĸtērma, Aralēk 2025-ķubat 2026 tarihleri 

arasēnda bir ¿niversite hastanesinin genel cerrahi servisinde taburculuk sürecinde olan ve dahil 

edilme kriterlerine uygun 113 hasta ile y¿r¿t¿lm¿ĸt¿r. Veriler, araĸtērmacē tarafēndan 

geliĸtirilen Hasta Tanētēcē Bilgi Formu, Saĵlēk Okuryazarlēĵē ¥l­eĵi ve Taburcu Olmaya Hazēr 

Olma Hasta ¥zdeĵerlendirme Formu ile y¿z y¿ze gºr¿ĸme yºntemi kullanēlarak toplanmēĸtēr. 

Elde edilen veriler, tanēmlayēcē istatistikler ve korelasyon analizi ile deĵerlendirilmiĸtir.  

Bulgular:  Araĸtērmaya katēlan hastalarēn yaĸ ortalamasē 56,96Ñ15,36ôdēr. Hastalarēn %56,6ôsē 

kadēn, %78,8ôi evlidir. Saĵlēk Okuryazarlēĵē ¥l­eĵi toplam puan ortalamasē 102,53Ñ8,65; 

Taburcu Olmaya Hazēr Olma ¥l­eĵi toplam puan ortalamasē 8,18Ñ1,46 olarak saptanmēĸtēr. 

Taburcu olmaya hazēr olma d¿zeyinin hastalarēn %31ôinde ­ok y¿ksek, %35,4ô¿nde y¿ksek, 

%15,9ôunda orta ve %17,7ôsinde d¿ĸ¿k olduĵu belirlenmiĸtir. Cerrahi hastalarēn saĵlēk 

okuryazarlēĵē ile taburcu olmaya hazēr olma d¿zeyi arasēnda pozitif yºnl¿ ve istatistiksel olarak 

anlamlē bir iliĸki saptanmēĸtēr (p<0,05). 

Sonuç: Bu ­alēĸmada cerrahi hastalarēn saĵlēk okuryazarlēĵē d¿zeyinin iyi, taburcu olmaya hazēr 

olma d¿zeyinin ise y¿ksek olduĵu belirlenmiĸtir. Ayrēca saĵlēk okuryazarlēĵē d¿zeyi arttēk­a 

taburcu olmaya hazēr olma d¿zeyinin de arttēĵē saptanmēĸtēr. 

mailto:hamide_yasemin@hotmail.com
mailto:esma.ozsaker@ege.edu.tr
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ABSTRACT 

Introduction/Aim:  

Health literacy refers to individualsô ability to obtain, understand, and effectively use health-

related information in decision-making processes, whereas readiness for discharge reflects the 

extent to which patients feel prepared to continue their care at home. For patients undergoing 

surgical procedures, both factors are critically important for the success of treatment, prevention 

of complications, and reduction of hospital readmissions. This study aimed to determine the 

relationship between health literacy levels and readiness for hospital discharge among surgical 

patients. 

Method: 

This descriptive and cross-sectional study was conducted with 113 patients who met the 

inclusion criteria and were in the discharge process at the general surgery clinic of a university 

hospital between December 2025 and February 2026. Data were collected through face-to-face 

interviews using the Patient Information Form developed by the researchers, the Health 

Literacy Scale, and the Readiness for Hospital Discharge ScaleïPatient Self-Assessment Form. 

The obtained data were analyzed using descriptive statistics and correlation analysis. 

Results: 

The mean age of the patients participating in the study was 56.96±15.36 years. Of the patients, 

56.6% were female and 78.8% were married. The mean total score of the Health Literacy Scale 

was 102.53±8.65, while the mean total score of the Readiness for Hospital Discharge Scale was 

8.18±1.46. It was determined that the level of readiness for discharge was very high in 31% of 

the patients, high in 35.4%, moderate in 15.9%, and low in 17.7%. A positive and statistically 

significant relationship was found between surgical patientsô health literacy levels and their 

readiness for hospital discharge (p<0.05). 

Conclusion: 

In this study, it was determined that the health literacy level of surgical patients was good and 

their readiness for discharge was high. Additionally, as the level of health literacy increased, 

the level of readiness for discharge also increased. 

Keywords: Nursing, Surgery, Health Literacy, Discharge 
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1. GĶRĶķ   

Saĵlēk okuryazarlēĵē, bireylerin saĵlēk durumlarēnē s¿rd¿rmeleri ve geliĸtirmeleri i­in saĵlēkla 

ilgili bilgileri edinme, anlama, deĵerlendirme ve bu bilgileri saĵlēkla ilgili kararlarēnda etkin 

bi­imde kullanma becerisini ifade etmektedir (Nutbeam, 2000). Bu kavram yalnēzca temel 

okuma-yazma becerilerinin ºtesinde; saĵlēk hizmetlerine eriĸim, saĵlēk bilgisini kullanma ve 

karar verme süreçlerine aktif katēlēm yeterliliĵini de i­ermektedir (Sßrensen ve ark., 2012). 

 

Saĵlēk okuryazarlēĵē, ila­ prospekt¿slerini yorumlamaktan hekim a­ēklamalarēnē anlamaya; 

randevu bilgilerini takip etmekten uygun saĵlēk birimlerine baĸvurabilmeye kadar geniĸ bir 

beceri yelpazesi gerektirir. Ayrēca bireylerin yaĸadēklarē ­evredeki potansiyel saĵlēk tehditlerini 

fark edebilmesi, bu tehditlere karĸē ºnlem alabilmesi ve tedavi s¿re­lerini b¿t¿nc¿l bir ĸekilde 

deĵerlendirebilmesi de saĵlēk okuryazarlēĵē kapsamēnda deĵerlendirilmektedir (Sezer ve 

Kadēoĵlu, 2014). 

 

Saĵlēk okuryazarlēĵē, bireylerin saĵlēk davranēĸlarēnē, tedaviye uyumlarēnē, hastalēklarēn 

ºnlenmesi ve yºnetimini doĵrudan etkileyen ºnemli bir belirleyicidir (Berkman ve ark., 2011). 

Yetersiz saĵlēk okuryazarlēĵē; ila­larēn yanlēĸ kullanēmē, saĵlēk sisteminin doĵru anlaĸēlmamasē 

ve hizmetlerden etkin yararlanamama gibi sorunlara neden olabilir. Bununla birlikte, taburculuk 

sonrasē bakēmda eksiklikler ve yeniden hastaneye yatēĸ oranlarēnēn artmasē gibi sonu­lar da 

yetersiz saĵlēk okuryazarlēĵē ile iliĸkilidir (Paasche-Orlow ve Wolf, 2007). 

 

Taburculuk; hastanēn hastanede aldēĵē tedavi s¿recinin tamamlanmasēnēn ardēndan, evde ya da 

baĸka bir saĵlēk kuruluĸunda s¿rd¿r¿lecek bakēm i­in hastaneden ayrēlmasē s¿recidir (Weiss ve 

ark., 2007). Taburculuĵa hazēr oluĸ ise, ñhastanēn hastaneden ayrēlmadan ºnceki saĵlēk durumu, 

bilgi d¿zeyi, baĸa ­ēkma becerisi ve beklentileri doĵrultusunda taburculuĵa iliĸkin algēsēò 

ĸeklinde tanēmlanmaktadēr (Weiss, Yakusheva & Bobay, 2010). Bu kavram yalnēzca tēbbi 

iyileĸmeyi deĵil; hastanēn evde bakēm s¿recine iliĸkin kendine g¿venini, sosyal destek 

kaynaklarēna eriĸimini ve bilgiye dayalē karar verme becerilerini de kapsamaktadēr. 

 

Literat¿rde, taburculuk sonrasē dºnemde yaĸanan sorunlarēn ­oĵunun, hastalarēn yeterince 

hazērlanmadan taburcu edilmesinden kaynaklandēĵē belirtilmektedir (Weiss ve ark., 2007). Etkili 

bir taburculuk planlamasē, hastaneye yeniden yatēĸ oranlarēnē azaltmakta ve hasta memnuniyetini 

artērmaktadēr (Jack ve ark., 2009). ¥zellikle cerrahi hastalar a­ēsēndan, taburculuk s¿reci; 

iyileĸme dºnemindeki komplikasyonlarēn ºnlenmesi, ila­larēn doĵru kullanēmē ve kiĸisel bakēm 

uygulamalarēnēn s¿rd¿r¿lmesi a­ēsēndan kritik ºneme sahiptir (Naylor ve ark., 2011). Bu 

nedenle, hastalarēn taburculuk ºncesi hazēr oluĸ d¿zeylerinin deĵerlendirilmesi, hasta g¿venliĵi 

ve bakēmēn s¿rekliliĵi a­ēsēndan ºnem arz etmektedir. 

Cerrahi giriĸim ge­iren bireyler i­in saĵlēk okuryazarlēĵē ve taburcu olmaya hazēr oluĸ d¿zeyi, 

cerrahi öncesi bilgilendirme, hastane s¿recinde tedaviye uyum, cerrahi sonrasē bakēm 

talimatlarēnē anlama, komplikasyon belirtilerini ayērt edebilme ve taburculuk sonrasē s¿reci etkin 

yºnetme a­ēsēndan belirleyici faktºrlerdir. Taburculuk sonrasē s¿recin baĸarēlē bir ĸekilde 

yönetilmesi, hasta g¿venliĵini doĵrudan desteklemektedir. Bu baĵlamda, cerrahi hastalarda 

saĵlēk okuryazarlēĵē d¿zeyinin belirlenmesi ve geliĸtirilmesi; cerrahi giriĸimlerin baĸarēsēnē 



BALKAN 15th INTERNATIONAL CONFERENCE ON APPLED SCIENCES 

March 20 ï 22, 2026 ï SKOPJE 

ISBN NR: 978-625-5694-92-8 

 

50 
 

artērmakta, saĵlēk hizmetlerinin kalitesine ve etkinliĵine anlamlē katkēlar sunmaktadēr. Bu 

araĸtērmanēn amacē, cerrahi hastalarēn saĵlēk okuryazarlēĵē d¿zeyleri ile taburcu olmaya hazēr 

oluĸ durumlarē arasēndaki iliĸkiyi belirlemektir. 

Araĸtērma Sorusu 

1.  Cerrahi hastalarēn saĵlēk okuryazarlēĵē d¿zeyi nasēldēr? 

2.  Cerrahi hastalarēn taburcu olmaya hazēr oluĸ durumu nasēldēr? 

3. Cerrahi hastalarēn sosyodemografik ºzelliklerine gºre saĵlēk okuryazarlēĵē ve taburcu olmaya 

hazēr oluĸ durumu bakēmēndan fark var mēdēr? 

4.  Saĵlēk okuryazarlēĵē ile taburcu olmaya hazēr oluĸ durumu arasēnda anlamlē bir iliĸki var 

mēdēr? 

 

2. GEREÇ-YÖNTEM  

Tanēmlayēcē, kesitsel tipte olan bu araĸtērma, Aralēk 2025-ķubat 2026 tarihleri arasēnda bir 

¿niversitesi hastanesinin genel cerrahi kliniklerinde y¿r¿t¿lm¿ĸt¿r. Araĸtērmanēn evrenini, 

Aralēk 2025-ķubat 2026 tarihleri arasēnda bir ¿niversitesi hastanesinin genel cerrahi 

kliniklerinde tedavi gºrmekte olan hastalar oluĸturmuĸtur. ¥rneklem b¿y¿kl¿ĵ¿, ­alēĸmanēn 

amacēna uygun olarak saĵlēk okuryazarlēĵē d¿zeyi ile taburcu olmaya hazēr oluĸ durumu 

arasēndaki iliĸkiyi belirlemeye yºnelik korelasyonel analiz esas alēnarak G*Power 3.1.9.7 

programē ile hesaplanmēĸtēr. Yapēlan hesaplamada, orta d¿zeyde iliĸki beklentisi (r = 0.30), %95 

g¿ven d¿zeyi (Ŭ = 0.05) ve %80 test g¿c¿ (1īɓ = 0.80) esas alēnarak minimum örneklem 

b¿y¿kl¿ĵ¿ 84 kiĸi olarak belirlenmiĸtir. Ķstatistiksel g¿c¿ artērmak ve olasē eksik/veri dēĸlama 

durumlarēnē karĸēlamak amacēyla ºrneklem sayēsēnēn %10ï15 oranēnda artērēlarak, araĸtērma en 

az 97 cerrahi hasta ile y¿r¿t¿lmesi planlanmēĸ olup, araĸtērma 113 hastanēn katēlēmē ile 

tamamlanmēĸtēr. 

Araĸtērmada yer alan hastalarēn dahil edilme kriterleri:  

-Araĸtērmaya katēlmaya gºn¿ll¿ olmak,  

-18 yaĸ ve ¿zeri yetiĸkin olmak,  

-Hastanede en az 24 saat yatēĸ s¿resi bulunmak, 

-Genel cerrahi servisinden taburcu edilme sürecinde olmak, 

Araĸtērmanēn baĵēmlē deĵiĸkenleri: Katēlēmcēlarēn Saĵlēk Okuryazarlēĵē ¥l­eĵi ve Taburcu 

olmaya hazēr olma ºl­eĵi puan ortalamalarē baĵēmlē deĵiĸkeni oluĸturmaktadēr.  

Araĸtērmanēn baĵēmsēz deĵiĸkenleri: Araĸtērmanēn baĵēmsēz deĵiĸkenlerini; katēlēmcēlarēn 

yaĸē, cinsiyeti, eĵitim durumu, medeni durumu, en uzun s¿re yaĸadēĵē yer, ­alēĸma durumu, 

gelir durumu, hastanede yatēĸ s¿resi, evde bakēm verecek yakēnēn varlēĵē, kronik hastalēk 

durumu, daha önce hastaneye yatma durumu, daha ºnce ameliyat ge­irme durumu ve saĵlēkla 

ilgili bilgileri en sēk aldēĵē kaynak oluĸturmaktadēr. 

Veri toplama ara­larē: 

Araĸtērmanēn verileri ókiĸisel bilgi formuô, ósaĵlēk okuryazarlēĵē ºl­eĵiô ve ótaburcu olmaya 

hazēr olma hasta ºzdeĵerlendirme formuô kullanēlarak y¿z y¿ze gºr¿ĸme ve anket yºntemi ile 

toplanacaktēr. 

Tanētēcē Bilgi Formu: Araĸtērmacē tarafēndan verilerin toplanmasēnda ilgili literat¿r 

doĵrultusunda hazērlanan bu form sosyodemografik ºzellikleri, yaĸē, cinsiyeti, medeni durumu, 

eĵitim durumu gibi katēlēmcēyē tanēmlamak i­in hazērlanan sorulardan oluĸmaktadēr. 
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Saĵlēk Okuryazarlēĵē ¥l­eĵi: Sorensen tarafēndan 2013 geliĸtirilen 47 maddelik HLS-E. U ( 

Health Literacy in Europe) formu To­i, Bruzari ve Sorensen tarafēndan tekrar ­alēĸēlarak 

sadeleĸtirilmiĸ ve form dilimize saĵlēk okuryazarlēĵē ºl­eĵi (Health Literacy Ķndex) olarak 

­evrilmiĸtir. (Sorensen ve ark. 2013; To­i ve ark. 2013a). Bu ºl­eĵin T¿rk­e ge­erlik ve 

g¿venirliĵi 2017 yēlēnda Ayla Bayēk Temel ve Zuhal Aras tarafēndan test edilmiĸtir. (Aras ve 

Bayēk Temel, 2017). 

T¿m saĵlēk kuruluĸlarēnda saĵlēk hizmeti almak ¿zere baĸvuran saĵlēklē ya da hasta bireylerin 

tanēlamasē s¿recinde saĵlēk okuryazarlēĵē d¿zeyinin deĵerlendirilmesinde yararlanēlabilen bu 

ölçek toplam 25 madde ve dºrt alt ºl­ekten oluĸmaktadēr. Bilgiye eriĸim beĸ maddedir (1.-

5.maddeler) ve bu alt ºl­ekten en d¿ĸ¿k 5, en y¿ksek 25 puan alēnacaktēr. Bilgiyi anlama yedi 

madde (6.-12.maddeler) i­ermektedir ve bu alt ºl­ekten alēnacak en d¿ĸ¿k puan 7, en y¿ksek 

puan 35ôtir. Deĵer Bi­me/Deĵerlendirme alt ºl­eĵi 8 maddeden (13.-30. Maddeler) 

oluĸmaktadēr ve bu alt ºl­ekten alēnacak en d¿ĸ¿k puan 8, en y¿ksek puan 40ôtēr. 

Uygulama/Kullanma alt ºl­eĵi de beĸ madde (21.-25. maddeler) içermektedir ve bu alt ölçekten 

en d¿ĸ¿k 5 puan, en y¿ksek 25 puan alēnacaktēr. T¿m ºl­ek i­in en d¿ĸ¿k puan 25, en y¿ksek 

puan 125ôtir.  ¥l­ek maddeleri katēlēmcēlar tarafēndan "5: Hi­ zorluk ­ekmiyorum, 4: Az zorluk 

çekiyorum, 3: Biraz zorluk çekiyorum, 2: Çok zorluk çekiyorum, 1: Yapamayacak 

durumdayēm/ hi­ yeteneĵim yok/ olanaksēz" seklinde likert yapēda yanētlanēr. ¥l­eĵin t¿m 

maddeleri olumlu yapēdadēr, ters madde bulunmamaktadēr (Aras ve Bayēk Temel, 2017). ¥zg¿n 

ºl­eĵin standart sapmasē 0.95 ve alt ºl­ekleri i­in belirlenen i­ tutarlēlēk katsayēlarē (Cronbach 

alfa) 0.90 ile 0,94 arasēnda deĵiĸmektedir (To­i ve ark. 2013b). ¥l­eĵin T¿rk­e versiyonunda 

Cronbach Alfa deĵeri .92 saptanmēĸ olup alt boyutlarēn Alfa deĵerlerinin de .62 ile .79 arasēnda 

deĵiĸtiĵi belirlenmiĸtir. Alt boyutlarēn puanlar ile toplam ºl­ek puanlarē arasēnda iliĸkiler i­in 

g¿venirlik katsayēlarēnēn .74 ile 91 arasēnda olduĵu ve t¿m maddeler i­in anlamlē olduĵu 

(p<.01) bulunmuĸtur. (Aras ve Bayēk Temel, 2017). D¿ĸ¿k puanlar saĵlēk okuryazarlēĵē 

durumunun yetersiz, sorunlu ve zayēf olduĵunu, y¿ksek puanlar ise yeterli ve ­ok iyi olduĵunu 

gºstermektedir. Alēnacak puan arttēk­a bireyin saĵlēk okuryazarlēk d¿zeyi artmaktadēr (To­i ve 

ark. 2013b).  

Taburcu olmaya hazēr olma ºl­eĵi hasta ºzdeĵerlendirme formu: Taburcu Olmaya Hazēr 

Olma ¥l­eĵiò hastalarēn hastaneden taburcu olmaya hazērlēk durumuna iliĸkin algēlarēnē 

deĵerlendirmektedir. Bu ºl­ek Weiss ve arkadaĸlarē tarafēndan geliĸtirilmiĸ olup 8 soru ve 4 

boyuttan oluĸmaktadēr: ¥l­eĵin boyutlarē hastanēn kiĸisel durumu, hastanēn bilgisi, hastanēn baĸ 

etme becerisi ve hastanēn beklenen desteĵidir. Cevaplar 0-10 aralēĵēndaki bir ºl­ek ¿zerinden 

verilmektedir. Ortalamalarēn 9 ile 10 arasēnda olmasē hastalarēn taburcu olmaya ­ok y¿ksek 

d¿zeyde hazēr olduĵunu, 8 ile 8,9 arasēnda olmasē y¿ksek d¿zeyde hazēr olduĵunu, 7 ile 7,9 

arasēnda olmasē orta d¿zeyde hazēr olduĵunu, 7ôden az olmasē ise d¿ĸ¿k d¿zeyde hazēr olduĵunu 

göstermektedir (Weiss ve ark. 2014). Formun T¿rk­e ge­erlik g¿venirliĵini Kaya ve arkadaĸlarē 

tarafēndan test etmiĸtir.  Kaya ve arkadaĸlarē ºl­eĵin Cronbach Alfa deĵerini 0,74 olarak 

belirlemiĸtir (Kaya ve ark. 2018). 

Araĸtērma verilerinin deĵerlendirilmesi: Bu araĸtērmadan elde edilen veriler bilgisayar 

ortamēnda Statistical Package for the Social Sciebces (SPSS) programē kullanēlarak analiz 

edildi. Araĸtērmadan elde edilen verilerin tanēmlayēcē istatistikler (sayē, y¿zde, ortalama, 

standart sapma) ile normal daĵēlēma uygunluĵu deĵerlendirildi. Deĵerlendirme sonucuna gºre 
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parametrik veya non-parametrik testler uygulandē. Karĸēlaĸtērmalarda p<0.05 deĵeri istatistiksel 

olarak anlamlē kabul edildi. ¥l­ekler arasēndaki iliĸki korelasyon analizi ile deĵerlendirildi. 

 

3. BULGULAR  

 Araĸtērmada yer alan hastalarēn; yaĸ ortalamasēnēn 56,96 Ñ 15,36 olduĵu, %56,6ôsēnēn kadēn, 

%43,4ô¿n¿n ilkºĵretim, mezunu olduĵu, %78,8ôinin evli olduĵu, %63,7ôsinin ­alēĸmadēĵē 

saptanmēĸtēr. Hastalarēn hastanede ortalama yatēĸ s¿resinin 6,98 Ñ 7,86 g¿n olduĵu, hastalarēn 

%54,0ôēnēn 5 g¿n ve ¿zeri, %46,0ôsēnēn 5 g¿n altē s¿reyle hastanede yattēĵē belirlenmiĸtir. Evde 

bakēmēyla ilgilenen bir yakēnē olanlarēn oranēnēn %92,9 olduĵu, %37,2ôsinin saĵlēk 

­alēĸanlarēndan, %23,9ôunun internet/sosyal medyadan, %23,0ôēnēn aile ¿yeleri ve 

arkadaĸlarēndan, %10,6ôsēnēn televizyondan ve %5,3ô¿n¿n kitap/gazete/dergiden saĵlēkla ilgili 

bilgi aldēĵē belirlenmiĸtir. Hastalarēn %99,1ôine saĵlēk durumu, tedavisi ve taburculuk s¿reci ile 

ilgili bilgi verildiĵi, saĵlēkla ilgili verilen bilgileri anlamakta zorlanma durumuna bakēldēĵēnda 

%58,4ô¿n¿n zorlanmadēĵē, %36,3ô¿n¿n bazen zorlandēĵē ve %5,3ô¿n¿n zorlandēĵē 

bulunmuĸtur. Hastalarēn %61,1ôinin kronik hastalēĵēnēn olduĵu, %76,1ôinin daha ºnce 

hastanede yatēĸ ºyk¿s¿n¿n bulunduĵu, %71,7ôsinin daha ºnce ameliyat ge­irdiĵi bulunmuĸtur. 

Çizelge 1. Hastalarēn Saĵlēk Okuryazarlēĵē ¥l­eĵi ve Taburcu Olmaya Hazēr Olma ¥l­eĵi 

Puanlarē 

  X ± SS M (Min - Max) ¢arpēklēk Basēklēk 

Saĵlēk Okuryazarlēĵē ¥l­eĵi     

Bilgiye Eriĸim 21,20 ± 4,29 23,0 (5 - 25) -1,282 1,635 

Bilgiyi Anlama 27,56 ± 6,24 28,0 (12 - 35) -0,731 -0,214 

Deĵer Bi­me / Deĵerlendirme 32,65 ± 6,53 33,0 (15 - 40) -0,657 -0,352 

Uygulama / Kullanma 21,12 ± 3,45 22,0 (12 - 25) -0,661 -0,326 

SOYÖ Toplam 102,53 ± 18,65 104,0 (51 - 125) -0,812 0,063 

Taburcu Olmaya Hazēr Olma ¥l­eĵi     

Kiĸisel Durum 7,77 ± 1,89 8,0 (1 - 10) -1,139 1,574 

Bilgi  8,40 ± 1,72 9,0 (2 - 10) -1,291 1,637 

Baĸa ¢ēkma Yeteneĵi 7,85 ± 1,94 8,0 (1 - 10) -0,851 0,506 

Beklenen Destek 8,71 ± 1,75 9,0 (3 - 10) -1,467 1,426 

TOHOÖ Toplam 8,18 ± 1,46 8,5 (4 - 10) -1,019 0,556 

Taburcu Olmaya Hazēr Olma Durumu n % 

¢ok Y¿ksek D¿zey Hazēr Oluĸ (9 - 10) 35 31,0 

Y¿ksek D¿zey Hazēr Oluĸ (8 - 8,9) 40 35,4 

Orta D¿zey Hazēr Oluĸ (7 - 7,9) 18 15,9 

D¿ĸ¿k D¿zey Hazēr Oluĸ (<7) 20 17,7 

SOY¥: Saĵlēk Okuryazarlēĵē ¥l­eĵi, TOHO¥: Taburcu Olmaya Hazēr Olma ¥l­eĵi 

Hastalarēn Saĵlēk Okuryazarlēĵē ¥l­eĵi ve Taburcu Olmaya Hazēr Olma ¥l­eĵi puanlarē 

¢izelge 1ôde verilmiĸtir.  SOY¥ alt boyutlarēnēn aldēklarē puanlarēn ortalamasē 102.12Ñ 18,65 

olarak tespit edilmiĸtir. TOHO¥ toplamēndan aldēklarē puanlarēn ortalamasē 8,18 ± 1,46 olarak 

saptanmēĸtēr. Hastalarēn saĵlēk okuryazarlēĵē d¿zeyinin iyi, taburcu olmaya hazēr olma 

d¿zeyinin ise y¿ksek olduĵu bulunmuĸtur.  
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Taburcu olmaya hazēr olma durumunun hastalarēn %31ôinin ­ok y¿ksek d¿zeyde, %35,4ô¿n¿n 

y¿ksek d¿zeyde, %15,9ôunun orta d¿zeyde ve %17,7ôsinin d¿ĸ¿k d¿zeyde olduĵu 

belirlenmiĸtir. 

Hastalarēn yaĸlarē ile Saĵlēk Okuryazarlēĵē ¥l­eĵi toplam puanlarē arasēnda negatif yºnl¿ zayēf 

d¿zey iliĸki tespit edilmiĸtir (p<0,05). Hastalarēn yaĸlarē ile Taburcu Olmaya Hazēr Olma ¥l­eĵi 

toplam puanlarē arasēnda negatif yºnl¿ zayēf d¿zey iliĸki tespit edilmiĸtir (p<0,001). 

Cinsiyet, eĵitim durumu, medeni durum, hastanede yatēĸ s¿resi, evde bakēmēyla ilgilenen 

yakēnēn varlēĵē ve saĵlēk durumu, tedavisi ve taburculuk s¿reci hakkēnda bilgi verilme 

durumuna gºre SOY¥ alt boyutlarē ve toplam puanlarē arasēnda istatistiksel olarak anlamlē bir 

fark bulunmamēĸtēr (p>0,05). ķehirde yaĸayan hastalarēn Saĵlēk Okuryazarlēĵē ¥l­eĵi 

puanlarēnēn kasabada yaĸayan hastalara gºre daha y¿ksek olduĵu bulunmuĸtur (p<0,001). 

Hastalarēn SOY¥ ortalama puanē geliri durumu fazla olanlarda daha y¿ksek olarak 

belirlenmiĸtir. Saĵlēkla ilgili verilen bilgileri anlamakta zorlanmayan hastalarēn SOY¥ 

puanlarēnēn daha y¿ksek olduĵu tespit edilmiĸtir ( p<0,001). 

Cinsiyet, eĵitim, medeni durum ve gelir durumu a­ēsēndan TOHO¥ toplam puanē bakēmēndan 

anlamlē fark bulunmamēĸtēr (p>0,05). Yaĸadēĵē yer, ­alēĸma durumu, hastanede yatēĸ s¿resi, 

evde bakēmēyla ilgilenen yakēnē bulunmasē, saĵlēk bilgisi kaynaĵē ve verilen bilgileri anlamakta 

zorlanma durumuna gºre TOHO¥ toplam puanē a­ēsēndan istatistiksel olarak anlamlē fark 

saptanmēĸtēr (p<0,05). 

Hastalarēn klinik ºzelliklerine gºre SOY¥ ve TOHO¥ puanlarē karĸēlaĸtērēlmēĸtēr. Elde edilen 

sonu­lara gºre; hastalarēn klinik ºzelliklerine gºre Saĵlēk Okuryazarlēĵē ¥l­eĵi ve Taburcu 

Olmaya Hazēr Olma ¥l­eĵi puanlarē arasēnda anlamlē fark bulunmamēĸtēr (p>0,05). 

 

¢izelge 2. Hastalarēn Saĵlēk Okuryazarlēĵē ¥l­eĵi ile Taburcu Olmaya Hazēr Olma ¥l­eĵi 

Puanlarē Arasēndaki Ķliĸki 

  

Taburcu Olmaya Hazēr Olma ¥l­eĵi 

Kiĸisel Durum Bilgi  
Baĸa ¢ēkma  

Yeteneĵi 
Beklenen Destek TOHOÖ Toplam 

r  p r  p r  p r  p r  p 

Saĵlēk Okuryazarlēĵē ¥l­eĵi           

Bilgiye Eriĸim 0,116 0,219 0,383 <0,001** 0,263 0,005* 0,360 <0,001** 0,345 <0,001** 

Bilgiyi Anlama 0,129 0,174 0,423 <0,001** 0,288 0,002* 0,258 0,006* 0,338 <0,001** 

Deĵer Bi­me / Deĵerlendirme 0,114 0,231 0,429 <0,001** 0,284 0,002* 0,294 0,002* 0,345 <0,001** 

Uygulama / Kullanma 0,174 0,065 0,391 <0,001** 0,459 <0,001** 0,304 0,001* 0,414 <0,001** 

SOYÖ Toplam 0,142 0,134 0,452 <0,001** 0,341 <0,001** 0,328 <0,001** 0,390 <0,001** 

SOY¥: Saĵlēk Okuryazarlēĵē ¥l­eĵi, TOHO¥: Taburcu Olmaya Hazēr Olma ¥l­eĵi, Pearson 

Korelasyon, *p<0,05, **p<0,001 

 

Saĵlēk okuryazarlēĵē ile taburcu olmaya hazēr oluĸ durumu arasēnda pozitif yºnl¿, zayēfïorta 

d¿zeyde ve istatistiksel olarak anlamlē iliĸkiler saptanmēĸtēr (p<0,05). Taburcu olmaya hazēr 

olma ºl­eĵi kiĸisel durum alt boyutu ile saĵlēk okuryazarlēĵē alt boyutlarē arasēnda anlamlē iliĸki 

bulunmamēĸtēr. 
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4. SONU¢ VE ¥NERĶLER 

Bu ­alēĸmada, cerrahi hastalarēn saĵlēk okuryazarlēĵē d¿zeyi iyi, taburcu olmaya hazēr olma 

d¿zeyi ise y¿ksek olarak bulunmuĸtur. Hastalarēn yaĸē arttēk­a saĵlēk okuryazarlēĵē d¿zeyinin 

ve taburculuĵa hazēr olma durumunun d¿ĸt¿ĵ¿ gºr¿lmektedir. Hastalarēn saĵlēk okuryazarlēĵē 

d¿zeyi arttēk­a taburcu olmaya hazēr olma d¿zeyinin arttēĵē belirlenmiĸtir.  

Araĸtērma bulgularē doĵrultusunda; 

- Cerrahi kliniklerde taburculuk planlamasē yapēlērken hastalarēn saĵlēk okuryazarlēĵē 

d¿zeylerinin deĵerlendirilmesi, 

- Taburculuk eĵitiminin hastanēn saĵlēk okuryazarlēĵē d¿zeyine gºre d¿zenlenmesi, 

-  Etkili taburculuk planlamasēnēn saĵlanabilmesi i­in ºzellikle ileri yaĸ grubu, gelir 

d¿zeyi d¿ĸ¿k, saĵlēkla ilgili bilgileri anlamakta zorlanan ve evde bakēm desteĵi 

bulunmayan hastalarēn daha yakēndan desteklenmesi ºnerilmektedir. 
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ÖZET 

Adli  otopsi, ºl¿m nedeninin ve ºl¿m mekanizmasēnēn ortaya konulmasēnda temel bir uygulama 

olup, bu s¿re­te ­ok sayēda makroskopik, mikroskopik ve yardēmcē inceleme bulgusunun 

birlikte deĵerlendirilmesi gerekmektedir. Otopsi sērasēnda elde edilen bu verilerin bütüncül 

olarak ele alēnmasē, adli s¿recin saĵlēklē y¿r¿t¿lmesi a­ēsēndan kritik ºneme sahiptir. Bu ­ok 

boyutlu yapē, otopsi s¿recinde sistematik deĵerlendirme yaklaĸēmlarēnēn ºnemini artērmakta ve 

karar destekleyici yºntemlere olan ihtiyacē g¿ndeme getirmektedir. 

Son yēllarda saĵlēk ve adli bilimler alanēnda giderek yaygēnlaĸan yapay zek© destekli sistemler, 

b¿y¿k hacimli ve karmaĸēk verilerin analiz edilmesi, ºr¿nt¿lerin tanēmlanmasē ve 

deĵerlendirme s¿re­lerinin yapēlandērēlmasē a­ēsēndan ºnemli olanaklar sunmaktadēr. Adli 

otopsilerde bu sistemlerin; postmortem gºr¿nt¿leme bulgularēnēn deĵerlendirilmesi, 

makroskopik ve mikroskopik bulgularēn birlikte ele alēnmasē, yardēmcē inceleme sonu­larēnēn 

bütüncül biçimde analiz edilmesi ve raporlama sürecinin daha sistematik olarak yürütülmesi 

gibi alanlarda destekleyici bir rol ¿stlenebileceĵi deĵerlendirilmektedir. 

Bu bildiride, adli otopsilerde yapay zek© destekli sistemlerin mevcut ve potansiyel kullanēm 

alanlarē, sahadaki uygulamalara olasē yansēmalarē a­ēsēndan ele alēnmēĸtēr. Yapay zek© 

uygulamalarēnēn, otopsi s¿recinde karar veren bir mekanizma olmaktan ziyade, uzman 

deĵerlendirmesini destekleyen ve deĵerlendirme s¿recinde hangi unsurlarēn birlikte ele 

alēnmasē gerektiĵini hatērlatan yardēmcē ara­lar olarak kullanēlabileceĵi ºngºr¿lmektedir. Bu 

yaklaĸēmēn, ºzellikle karmaĸēk olgularda deĵerlendirme s¿recinin daha sistematik 

y¿r¿t¿lmesine, bulgularēn birlikte yorumlanmasēna ve raporlama kalitesinin g¿­lendirilmesine 

katkē saĵlayabileceĵi d¿ĸ¿n¿lmektedir. 

Sonuç olarak, yapay zek© destekli sistemlerin adli otopsi uygulamalarēna uygun ve kontroll¿ 

bi­imde entegre edilmesi, uzman sorumluluĵunu devretmeden, sahadaki deĵerlendirme 

s¿re­lerinin desteklenmesine yºnelik tamamlayēcē bir yaklaĸēm olarak deĵerlendirilmektedir. 

Anahtar Kelimeler: Adli otopsi, yapay zek©, karar destek sistemleri, postmortem deĵerlendirme 
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Özet 

Diyabetes mellitus, yalnēzca glukoz metabolizmasēndaki bozulmayla sēnērlē olmayan; kronik 

inflamasyon, endotel disfonksiyonu ve artmēĸ oksidatif stres ile karakterize sistemik bir 

hastalēktēr. Bu inflamatuvar zemin, diyabetin hem akut klinik tablolarēnda hem de uzun dºnem 

mikrovask¿ler ve makrovask¿ler komplikasyonlarēnēn geliĸiminde temel belirleyicilerden 

biridir. Bu nedenle inflamasyonun g¿venilir bi­imde deĵerlendirilmesi, hastalēĵēn prognozunun 

anlaĸēlmasēnda ºnemli bir yer tutmaktadēr. 

C-reaktif protein (CRP), akut faz yanētēnēn en duyarlē gºstergelerinden biri olup diyabetik 

bireylerde sēklēkla subklinik inflamasyonu yansētēr. Serum alb¿min d¿zeyi ise yalnēzca 

beslenme durumunu deĵil, aynē zamanda inflamatuvar y¿k, hepatik sentez kapasitesi ve genel 

fizyolojik rezerv hakkēnda da ºnemli bilgiler sunar. Alb¿minin negatif akut faz reaktanē olmasē, 

inflamasyon varlēĵēnda d¿zeyinin azalmasēna yol a­maktadēr. 

CRP ve alb¿minin birlikte deĵerlendirilmesiyle elde edilen CRP/albumin oranē, inflamasyonun 

ĸiddeti ile organizmanēn bu s¿rece karĸē yanēt kapasitesini aynē anda yansētan b¿t¿nc¿l bir 

parametre olarak ºne ­ēkmaktadēr. Bu oran, diyabetik hastalarda artmēĸ inflamatuvar aktiviteyi 

daha dengeli ve anlamlē bi­imde ortaya koyabilmektedir. 

Y¿ksek CRP/albumin oranē; kºt¿ metabolik kontrol, artmēĸ enfeksiyon eĵilimi, 

kardiyovask¿ler risk y¿k¿ ve genel klinik kērēlganlēk ile iliĸkilendirilmektedir. Tek baĸēna CRP 

yüksekliĵi veya alb¿min d¿ĸ¿kl¿ĵ¿ sēnērlē yorum imk©nē sunarken, oransal yaklaĸēm klinik 

tabloyu daha doĵru bi­imde yansētmaktadēr. 

Bu yºn¿yle CRP/albumin oranē, diyabetin inflamatuvar doĵasēnē anlamada ve prognozun 

öngörülmesinde pratik, kolay uygulanabilir ve düĸ¿k maliyetli bir biyobelirte­tir. Klinik 

deĵerlendirmeye entegre edilmesi, hasta risk sēnēflamasēnda ve izlem stratejilerinin 

belirlenmesinde destekleyici bir rol üstlenebilir. 

Anahtar Kelimeler:  Diyabetes mellitus, CRP/albumin oranē, inflamasyon, prognoz, kronik 

hastalēk 
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THE RELATĶONSHĶP BETWEEN POLYPHARMACY AND EMERGENCY 

DEPARTMENT VĶSĶTS ĶN OUTPATĶENTS 

Abstract 

Polypharmacy has become an increasingly common clinical issue, particularly among patients 

with multiple chronic conditions attending internal medicine outpatient clinics. As life 

expectancy rises and comorbidity burden increases, many individuals require long-term use of 

several medications simultaneously. While appropriate pharmacological treatment is essential 

for disease control, the growing number of prescribed drugs also introduces significant clinical 

challenges. 

The use of multiple medications increases the risk of drugïdrug interactions, adverse drug 

reactions, and reduced treatment adherence. Age-related physiological changes, especially 

alterations in renal and hepatic function, further amplify the clinical consequences of 

polypharmacy. As a result, patients may develop acute symptoms that often lead to unplanned 

emergency department visits. 

Common clinical scenarios linking polypharmacy to emergency admissions include 

hypoglycemia, hypotension, syncope, electrolyte disturbances, gastrointestinal complaints, and 

central nervous systemïrelated side effects. Many of these presentations are not caused by 

disease progression itself but rather by medication-related problems. In this context, emergency 

department utilization may reflect the cumulative pharmacological burden rather than acute 

pathology alone. 

In outpatient populations, the increasing number of medications should not be interpreted solely 

as an indicator of disease severity but also as a marker of clinical vulnerability. Polypharmacy 

may signal reduced physiological reserve and increased susceptibility to destabilizing events, 

even in seemingly stable patients. 

From a broader clinical perspective, frequent emergency department visits among patients with 

polypharmacy represent a significant burden on healthcare systems and highlight gaps in 

continuity of care. Regular medication review, structured drug reconciliation, and 

individualized treatment strategies are essential components of safe outpatient management. 

In conclusion, the relationship between polypharmacy and emergency department visit 

frequency underscores the importance of rational prescribing practices. Addressing 

polypharmacy through careful evaluation of treatment necessity and ongoing reassessment may 

play a key role in improving patient safety, reducing preventable emergency admissions, and 

enhancing the quality of chronic disease management. 

Keywords:Polypharmacy, emergency department visits, outpatient care, medication safety, 

multimorbidity 
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ABSTRACT 

This study aimed to prepare and characterize a novel and low-cost antibacterial prosthetic 

fingernail. Firstly, hydroxyapatite powder was coated with nano silver. Next, the prosthetic 

fingernail material and nano silver coated hydroxyapatite powder (nano Ag-HAP) were mixed 

and shaped. Finally, the determination of antibacterial activity of the antibacterial prosthetic 

fingernail was carried out by using plate counting method against Escherichia coli ATCC 8739 

and Staphylococcus aureus ATCC 6538. Nano Ag-HAP powder and antibacterial prosthetic 

fingernail were characterized. According to the results of ICP-OES analysis of the nano Ag-

HAP powder were found to be 0.25% Ag. The TEM analysis of the nano Ag-HAP powder 

showed that the size of the nano silver particles on the hydroxyapatite powder was 

approximately 30 nm. The antibacterial prosthetic nail exhibited 100% antibacterial activity 

against both E. coli and S. aureus. It is important for hygiene that fingernails do not host 

microorganisms. Therefore, it is probable that this antibacterial prosthetic fingernail will attract 

the attention of the cosmetics industry. 

 

Key Words: Antibacterial, Nano silver, Prosthetic Fingernail 
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ÖZET 

Giriĸ ve Ama­: QT intervali kalbin elektriksel aktivitesini yansētan kritik bir parametre olup, 

bu intervalin ila­lar veya genetik faktºrlerle uzamasē yaĸamē tehdit eden ventrik¿ler aritmilere 

yol açabilmektedir. Kardiyak ve kardiyak-olmayan pek ­ok ila­ sēnēfē QT intervalini 

uzatabilmekte ve bu ila­lar arasēndaki etkileĸimler advers etki riskini artērabilmektedir. Bu 

­alēĸma, Kardiyoloji ¦nitesiônde yatan hastalarda QT intervali uzatēcē ila­ kullanēmē ve bu 

ila­lar arasēndaki etkileĸimlerin prevalansēnē, ºzelliklerini ve ilgili risk faktörlerini 

deĵerlendirmeyi ama­lamaktadēr. 

Gereç ve Yöntemler: Bu ­alēĸmada, Trakya ¦niversitesi Kardiyoloji ¦nitesiônde 1 Ocak 2024- 

1 Temmuz 2024 tarihleri arasēnda yatarak tedavi gºren 1051 hastadaki QT intervali uzatēcē ila­ 

kullanēmē ve QT uzatēcē ila­-ila­ etkileĸimleri geriye dºn¿k olarak incelendi. Demografik 

ºzellikler, ila­ bilgileri, laboratuvar sonu­larē ve elektrokardiyografi verilerine dijital hastane 

kayētlarē ¿zerinden eriĸildi. QT intervali uzatēcē ila­lar D¿nya Saĵlēk ¥rg¿t¿ Anatomik 

Terapºtik Kimyasal sēnēflandērma sistemi ve Torsades de pointes risk kategorilerine gºre 

sēnēflandērēldē. QT-intervali uzatēcē ila­-ila­ etkileĸimleri Drugs.com, Epocrates, Medscape ve 

Lexicomp veri tabanlarē kullanēlarak deĵerlendirildi.  Ķstatistiksel analizler R versiyon 4.4.2 

yazēlēmē kullanēlarak ger­ekleĸtirildi. 
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Bulgular: Deĵerlendirilen 1051 hastanēn %87,6ôsēnda en az bir QT intervali uzatēcē ila­ 

kullanēmē, %45,3ô¿nde ise en az bir QT uzatēcē ila­-ila­ etkileĸimi saptandē. Pantoprazol %47,8 

ile en sēk kullanēlan QT intervali uzatēcē ila­ idi. Hastalarēn %44,8ôinde QT intervali uzamasē 

tespit edilirken; QT uzatēcē ila­-ila­ etkileĸimi varlēĵē, ileri yaĸ, hipokalemi ve hipokalsemi QT 

intervali uzamasē i­in g¿­l¿ baĵēmsēz risk faktºrleri olarak belirlendi. Toplam QT uzatēcē ila­-

ila­ etkileĸimi sayēsē 1187ôydi ve etkileĸime giren 291 farklē ila­ ­ifti mevcuttu. Etkileĸime 

giren en sēk ila­ ­ifti furosemid+pantoprazolôd¿ (%15,0). Etkileĸimlerin %77,8ôi 

farmakodinamik tipte ve %75,1 orta ciddiyetteydi.  Toplam QT interval uzatēcē etkin madde 

sayēsē, QT uzatēcē ila­-ila­ etkileĸimi varlēĵē ile en g¿­l¿ baĵēmsēz deĵiĸkendi. 

Sonuç: Kardiyoloji ¿nitesinde yatan hastalarēn %87,6ôsēnda QT intervalini uzatēcē ila­lar 

kullanēlmaktaydē ve yaklaĸēk yarēsēnda potansiyel QT uzatēcē ila­-ila­ etkileĸimi mevcuttu. Ķleri 

yaĸ, elektrolit bozukluklarē ve QT uzatēcē ila­-ila­ etkileĸimleri QT intervali uzamasē riskini 

artērdē. QT interval uzatēcē ila­ y¿k¿ artēĸē QT uzatēcē ila­-ila­ etkileĸimi ihtimalini artēran en 

güçlü etkendi. Kardiyoloji ünitelerinde QT intervalini uzatan ilaçlarla tedavi planlanērken 

kapsamlē bir risk deĵerlendirmesi yapēlmalē ve potansiyel advers etkiler takip edilmelidir. 

Anahtar kelimeler: QT intervali uzatēcē ila­lar, kardiyoloji ¿nitesi, QT uzatēcē ila­-ilaç 

etkileĸimleri. 
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ABSTRACT  

Background and Aim: The QT interval is a critical parameter reflecting the electrical activity 

of the heart; prolongation of this interval due to drugs or genetic factors can lead to life-

threatening ventricular arrhythmias. Many classes of cardiac and non-cardiac drugs may 

prolong the QT interval, and interactions between these drugs may increase the risk of adverse 

effects. This study aims to evaluate the prevalence, characteristics, and related risk factors of 

QT interval-prolonging drug use and the interactions between these drugs in patients 

hospitalized in a cardiology unit. 

Material and Methods: In this study, QT interval-prolonging drug use and QT-prolonging 

drug-drug interactions were retrospectively analyzed in 1,051 patients treated at the Trakya 

University Cardiology Unit between January 1, 2024, and July 1, 2024. Demographic 

characteristics, medications, laboratory results, and electrocardiography data were accessed via 

digital hospital records. QT-prolonging drugs were classified according to the WHO 

Anatomical Therapeutic Chemical classification system and torsades de pointes risk categories. 

QT-interval prolonging drug-drug interactions were evaluated using the Drugs.com, Epocrates, 

Medscape, and Lexicomp databases. Statistical analyses were performed using R version 4.4.2 

software. 
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Results: At least one QT-prolonging drug was used in 87.6% of the 1,051 patients evaluated, 

and at least one QT-prolonging drug-drug interaction was detected in 45.3%. Pantoprazole was 

the most frequently used QT interval-prolonging drug at 47.8%. While QT interval 

prolongation was detected in 44.8% of the patients, the presence of QT interval-prolonging 

drug-drug interactions, advanced age, hypokalemia, and hypocalcemia were identified as strong 

independent risk factors for QT prolongation. The total number of QT-prolonging drug-drug 

interactions was 1.187, involving 291 different drug pairs. The most frequent interacting drug 

pair was furosemide+pantoprazole (15.0%). Of the interactions, 77.8% were pharmacodynamic 

and 75.1% were of moderate severity. The total number of QT interval-prolonging agents was 

the strongest independent variable associated with the presence of QT-prolonging drug-drug 

interactions.  

Conclusion: QT interval-prolonging drugs are used in 87.6% of patients hospitalized in the 

cardiology unit, and potential QT-prolonging drug-drug interactions are present in nearly 

half. Advanced age, electrolyte imbalances, and QT interval-prolonging drug-drug interactions 

increase the risk of QT interval prolongation. The increase in the total number of QT interval 

prolonging drugs used was the strongest factor increasing the likelihood of QT-prolonging 

drug-drug interactions. In cardiology units, a comprehensive risk assessment should be 

performed and potential adverse effects monitored when planning treatment with QT-

prolonging drugs. 

Keywords: QT interval-prolonging drugs, cardiology unit, QT-prolonging drug-drug 

interactions. 
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ÖZET 

Amaç: Sifiliz, Treponema pallidum bakterisinin neden olduĵu cinsel yolla bulaĸan bir 

enfeksiyondur ve insan imm¿n yetmezlik vir¿s¿ (HIV) enfeksiyonu ile yaĸayan bireylerde sēk 

gºr¿lmektedir. Bu ­alēĸmanēn amacē, Ankaraôdaki ¿­¿nc¿ basamak bir hastanede takip edilen 

HIV enfeksiyonu ile yaĸayan bireylerde sifiliz koenfeksiyonu seroprevalansēnē 

deĵerlendirmektir. 

Gereç ve Yöntem: Bu retrospektif ­alēĸmada, Ocak 2024 ï Aralēk 2024 tarihleri arasēnda 

Ankara Etlik ķehir Hastanesiône takip ve tedavi amacēyla baĸvuran, HIV enfeksiyonu tanēsē 

almēĸ ve sifiliz koenfeksiyonu ĸ¿phesiyle  serum ºrneklerinde manuel sifiliz antijen testi ve 

Treponema pallidum IgM/IgG antikorlarē test edilen bireyler dahil edildi. Elde edilen test 

sonu­larē retrospektif olarak deĵerlendirildi. Manuel antijen testi (Syphilis RPR, Dialab, 

Neudorf, Avusturya) ve Treponema pallidum IgM/IgG antikorlarēnēn saptandēĵē ticari bir enzim 

immunoassay (Elecsys Syphilis, Roche Diagnostics, Mannheim, Almanya) kullanēlarak analiz 

edildi. Her iki testin pozitif olduĵu olgular sifiliz enfeksiyonu olarak kabul edildi. 

Bulgular: HIV enfeksiyonu tanēsē almēĸ toplam 284 hastanēn serum ºrneklerinde RPR ve 

Treponema pallidum IgM/IgG testleri analiz edildi. Hastalarēn 251ôi erkek (%88,4) ve 33ô¿ 

kadēn (%11,6) idi. Erkeklerin ortanca yaĸē 39 (19ï61), kadēnlarēn ise 69 (56ï84) yēl olarak 

bulundu (p < 0,001). Sifiliz enfeksiyonu t¿m bireylerin %6,7ôsinde (19/284) saptandē. 

Erkeklerde bu oran %6,0 (15/251), kadēnlarda ise %12,1 (4/33) idi (p = 0,165). Sifiliz 

enfeksiyonu en sēk 41ï50 yaĸ grubunda (%9,4; 6/64) görüldü. Bunu 31ï40 (%8,2; 6/73), >50 

(%5,2; 4/77) ve 19ï30 (%4,3; 3/70) yaĸ gruplarē izledi (p = 0,603). Erkeklerde en y¿ksek oran 

41ï50 yaĸ grubunda saptanērken (%9,4; 6/64), >50 yaĸ grubunda olguya rastlanmadē (p = 

0,138). Kadēn hastalarēn tamamē 56 yaĸ ve ¿zerinde olduĵu i­in yaĸ gruplarēna gºre ek 

deĵerlendirme yapēlamadē. 

Sonuç: Bu ­alēĸmada, HIV enfeksiyonu ile yaĸayan bireylerde sifiliz koenfeksiyonu prevalansē 

%6,7 olarak bulundu.  HIV pozitif bireyler gibi risk gruplarēnda farkēndalēk artērēcē eĵitimlerinin 

arttērēlmasē ve tarama testlerinin s¿rd¿r¿lmesi b¿y¿k ºnem taĸēmaktadēr. 

Anahtar Kelimeler: HIV enfeksiyonu, RPR, Treponema pallidum IgM/IgG, koenfeksiyon 
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SYPHILIS COINFECTION AMONG PEOPLE LIVING WITH HIV  

ABSTRACT 

Objective: Syphilis is a sexually transmitted infection caused by Treponema pallidum and is 

frequently observed among individuals living with human immunodeficiency virus (HIV) 

infection. This study aimed to evaluate the seroprevalence of syphilis co-infection among 

individuals living with HIV who were followed up at a tertiary care hospital in Ankara, Türkiye. 

Materials and Methods: In this retrospective study, individuals who were diagnosed with HIV 

infection and tested for suspected syphilis coinfection between January 2024 and December 

2024 at Ankara Etlik City Hospital were included. Serum samples were analyzed 

retrospectively. A manual syphilis antigen test (Syphilis RPR, Dialab, Neudorf, Austria) and a 

commercial enzyme immunoassay for detecting Treponema pallidum IgM/IgG antibodies 

(Elecsys Syphilis, Roche Diagnostics, Mannheim, Germany) were used. Cases with positive 

results in both tests were considered as syphilis infection. 

Results: RPR and Treponema pallidum IgM/IgG tests were analyzed in serum samples from a 

total of 284 patients diagnosed with HIV infection. Of these, 251 (88.4%) were male and 33 

(11.6%) were female. The median age was 39 years (19ï61) for males and 69 years (56ï84) for 

females (p < 0.001). 

Syphilis infection was detected in 6.7% (19/284) of all patients. The prevalence was 6.0% 

(15/251) in males and 12.1% (4/33) in females (p = 0.165). The highest rate of syphilis infection 

was observed in the 41ï50-year age group (9.4%; 6/64), followed by the 31ï40 (8.2%; 6/73), 

>50 (5.2%; 4/77), and 19ï30 (4.3%; 3/70) age groups (p = 0.603). Among males, the highest 

prevalence was also in the 41ï50-year age group (9.4%; 6/64), while no cases were detected in 

those aged >50 years (p = 0.138). As all female patients were aged Ó56 years, further subgroup 

analysis by age was not possible. 

Conclusion: In this study, the prevalence of syphilis co-infection among individuals living with 

HIV was found to be 6.7%. Enhancing awareness-raising education and maintaining screening 

programs among risk groups, such as HIV-positive individuals, are of great importance. 

Keywords: HIV infection, RPR, Treponema pallidum IgM/IgG, co-infection 

 



BALKAN 15th INTERNATIONAL CONFERENCE ON APPLED SCIENCES 

March 20 ï 22, 2026 ï SKOPJE 

ISBN NR: 978-625-5694-92-8 

 

66 
 

CĶLT KANSERĶNDEN KORUNMA 

 

Prof. Dr. Mehtap KAVURMACI 1 

1Atatürk University Faculty of Nursing, Department of Internal Medicine Nursing Erzurum 

Türkiye 

mehtap.kavurmaci@atauni.edu.tr  

ORCID: 0000-0001-7062-4845 

 

ÖZET 

Cilt kanseri, ºzellikle g¿neĸin ultraviyole (UV) ēĸēnlarēna uzun s¿re maruziyet sonucu geliĸen 

en yaygēn kanser t¿rlerinden biridir. Cilt kanserinden korunmada, erken yaĸta baĸlayan yaĸam 

tarzē alēĸkanlēklarē son derece ºnemlidir. G¿neĸ ēĸēĵēndan korunmak i­in y¿ksek koruma 

faktºrl¿ (SPF) g¿neĸ kremleri kullanmak, uzun kollu giysiler giymek, ĸapka ve g¿neĸ gºzl¿ĵ¿ 

takmak, kendi kendine deri muayenesi yapmak ºnerilmektedir. ¥zellikle UV ēĸēnlarēnēn en 

yoĵun olduĵu saatlerde doĵrudan g¿neĸe maruziyetten ka­ēnmak kritik ºneme sahiptir. Bu 

önlemler, cilt kanseri riskini önemli ölçüde azaltmakta ve genel cilt saĵlēĵēnēn korunmasēna 

katkē saĵlamaktadēr. 

 

Anahtar Kelimeler:  Cilt Kanseri, UV Iĸēnlarē, Kendi Kendine Deri Muayenesi  

 

Abstract:  

Skin cancer is one of the most common types of cancer, primarily developing as a result of 

prolonged exposure to the sun's ultraviolet (UV) rays. Lifestyle habits adopted early in life 

play a crucial role in its prevention. Recommended protective measures include using high sun 

protection factor (SPF) sunscreens, wearing long-sleeved clothing, hats, and sunglasses, and 

performing regular self-skin examinations. Avoiding direct sun exposure during peak UV 

hours is particularly important. These precautions significantly reduce the risk of skin cancer 

and contribute to maintaining overall skin health. 

 

Keywords: Skin Cancer, Ultraviolet (UV) Rays, Self-Skin Examination 
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1. GĶRĶķ 

Kanser, v¿cut h¿crelerinin kontrols¿z bi­imde ­oĵalmasē, ­evre dokulara invaze olmasē 

ve kan veya lenf yolu aracēlēĵēyla uzak organlara yayēlmasēyla karakterize bir hastalēktēr. D¿nya 

genelinde tüm kanser t¿rleri arasēnda cilt kanserleri en sēk gºr¿len malignitelerden biridir (1). 

Cilt kanserleri v¿cudun herhangi bir bºlgesinde ortaya ­ēkabilmekle birlikte, ºzellikle y¿z, 

boyun, gºĵ¿s, kollar ve eller gibi g¿neĸ ēĸēnlarēna yoĵun maruz kalan bºlgelerde daha sēk 

görülmektedir (2). 

Cilt kanserleri i­inde en agresif seyreden t¿r malign melanom (MM) olup mortalite oranē 

olduk­a y¿ksektir. MM insidansēnēn en y¿ksek olduĵu ¿lkelerden biri Avustralyaôdēr (3). 

K¿resel Kanser Gºzlemeviônin (GLOBOCAN) verilerine gºre d¿nya genelinde her yēl on 

binlerce kiĸi malign melanom nedeniyle yaĸamēnē yitirmektedir (4). ¦lkemizde ise son yēllarda 

MM insidansēnda artēĸ gºzlenmekte olup, bildirilen verilere gºre her yēl ºnemli sayēda yeni vaka 

tanēsē konulmaktadēr (5). 

Melanom dēĸē deri kanserleri (MDDK) ise t¿m cilt kanserleri i­inde en sēk gºr¿len grubu 

oluĸturmakta ve gºr¿lme sēklēĵē malign melanoma gºre yaklaĸēk 20 kat daha fazla olmaktadēr. 

Bu grubun b¿y¿k ­oĵunluĵunu bazal h¿creli karsinom (BHK) ve skuamºz h¿creli karsinom 

(SHK) oluĸturmaktadēr (6ï9). 

Tanēda gecikme durumunda cilt kanserleri ciddi komplikasyonlara neden 

olabilmektedir. Özellikle MM; beyin, kalp, meme ve gastrointestinal sistem gibi uzak organlara 

metastaz yapabilen agresif bir kanser türüdür (10,11). Bu nedenle cilt kanserlerinde erken tanē 

ve d¿zenli takip, morbidite ve mortalitenin azaltēlmasēnda kritik ºneme sahiptir. Toplumun 

g¿neĸin zararlē etkileri, korunma yºntemleri ve erken belirtiler konusunda bilin­lendirilmesi cilt 

kanserlerinin önlenmesinde etkili bir halk saĵlēĵē yaklaĸēmēdēr.  

2. CĶLT KANSERĶNDEN KORUNMA  

Cilt kanserlerinin önlenmesinde en etkili yöntemlerden biri ultraviyole radyasyonuna 

maruziyetin azaltēlmasēdēr. ¥zellikle g¿neĸ ēĸēnlarēnēn yoĵun olduĵu dēĸ ortamlarda bulunma 

s¿resinin sēnērlandērēlmasē ºnemli bir koruyucu yaklaĸēmdēr (6ï9). 

Cilt kanserlerinin erken dönemde tespit edilebilmesi için bireylerin deri üzerinde 

oluĸabilecek ĸ¿pheli lezyonlar, anormal benler, ­il ve lekelerdeki deĵiĸimleri tanēyabilmesi 
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gerekmektedir. Bu nedenle eĵitim programlarēnda aĸaĵēdaki konulara yer verilmesi 

önerilmektedir: 

- Yaz aylarēnda g¿neĸ ēĸēnlarēnēn en yoĵun olduĵu 10.00ï16.00 saatleri arasēnda 

m¿mk¿n olduĵunca g¿neĸ altēnda kalmaktan ka­ēnēlmalēdēr. 

- A­ēk alanda ­alēĸan bireyler gºlgede bulunmaya ºzen gºstermeli; ĸapka, ĸemsiye ve 

koruyucu giysiler kullanmalēdēr. 

- Y¿z, omuz, ense ve boyun gibi g¿neĸe daha fazla maruz kalan bºlgeler uygun g¿neĸ 

koruyucu ¿r¿nlerle korunmalēdēr. 

- G¿neĸ ēĸēĵēna karĸē hassas olan ve kolay g¿neĸ yanēĵē geliĸen bireylerin bronzlaĸma 

amacēyla g¿neĸte uzun s¿re kalmalarē ºnerilmemektedir. 

- G¿neĸe ­ēkmadan ºnce en az SPF 30 koruma faktºr¿ne sahip g¿neĸ kremi 

kullanēlmalēdēr. Bulutlu g¿nlerde dahi UV ēĸēnlarēnēn ºnemli bir kēsmē yery¿z¿ne 

ulaĸabildiĵi i­in g¿neĸ koruyucu kullanēmē ihmal edilmemelidir. 

- Kullanēlan g¿neĸ koruyucu ¿r¿nlerin hem UVA hem de UVB ēĸēnlarēna karĸē koruma 

saĵlayan geniĸ spektrumlu ¿r¿nler olmasēna dikkat edilmelidir. 

- G¿neĸ kremi, g¿neĸe ­ēkmadan yaklaĸēk 15ï20 dakika ºnce uygulanmalē ve gerekli 

durumlarda gün içinde tekrar edilmelidir. 

- G¿neĸten korunmada en basit ve etkili yºntemlerden biri uygun giysi kullanēmēdēr. Sēk 

dokunmuĸ kumaĸlardan yapēlmēĸ, v¿cudu ºrten kēyafetler tercih edilmelidir. Geniĸ 

kenarlē ĸapka kullanēmē da etkili bir koruma saĵlar. 

- Gºzleri UV ēĸēnlarēnēn zararlē etkilerinden korumak i­in UV ēĸēnlarēnēn %99ï100ô¿n¿ 

filtreleyen g¿neĸ gºzl¿kleri tercih edilmelidir. 

- Altē aydan b¿y¿k bebekler i­in uygun g¿neĸ koruyucu ¿r¿nler kullanēlmalē, daha 

k¿­¿k bebekler ise uygun giysilerle g¿neĸten korunmalēdēr. 

- ¢ocuklara erken yaĸlardan itibaren g¿neĸten korunma davranēĸlarē kazandērēlmalēdēr 

(12ï16). 

3. KENDĶ KENDĶNE DERĶ MUAYENESĶ (KKDM) 

Deri kanserlerinin erken dönemde saptanabilmesi için bireylerin düzenli olarak kendi 

kendine deri muayenesi (KKDM) yapmalarē ºnerilmektedir. KKDM sayesinde ciltte 

oluĸabilecek boyut, renk, ĸekil veya sēnēr deĵiĸiklikleri erken dºnemde fark edilebilmektedir. 

KKDMônin 3ï6 ayda bir d¿zenli olarak yapēlmasē ºnerilmektedir. Muayene sērasēnda 

vücuttaki tüm deri ve mukozal yüzeyler dikkatle incelenmelidir. Özellikle benlerde veya cilt 
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lezyonlarēnda ortaya ­ēkan yeni oluĸumlar ya da deĵiĸiklikler saĵlēk profesyonellerine 

bildirilmelidir (17ï21). 

Muayenenin aydēnlēk bir ortamda yapēlmasē ve bazē yardēmcē materyallerin hazēr 

bulundurulmasē ºnerilmektedir. Bu materyaller arasēnda:el aynasē, boy aynasē, sandalye veya 

tabure, tarak, sa­ kurutma makinesi, cetvel, beden haritalarē yer almaktadēr (17ï22). 

- Bir veya iki ayna yardēmē ile yeterli aydēnlatma altēnda t¿m y¿z bºlgesini, burun, 

dudaklar, aĵēz i­i ve kulaklarē i­erecek ĸekilde detaylē olarak inceleyiniz. 

 

- Kulak arkalarēnēn incelenmesi i­in boy aynasē ve el aynasēnē birlikte kullanēnēz.  

 

- Giysilerinizin tamamēnē ­ēkardēktan sonra gºvde ºn kēsmē derinizi bir b¿t¿n olarak boy 

aynasē ºn¿nde inceleyiniz. 

 

- Kadēn hastalarēn her iki meme altē ve memeler arasēndaki katlantēyē a­arak eksiksiz 
inceleme yapmalarē gereklidir. 

 

- Boy aynasē ºn¿nde kollarēnēzē yukarē kaldērarak her iki koltuk altē bºlgesi ile 
gºvdenizin saĵ ve sol yan kēsēmlarēnē da inceleyiniz.  

 

- Gºvde arka kēsmē, ense, omuzlar, kal­a ve bacak arka kēsmēndaki deri alanlarēnēn 
muayenesi i­in boy aynasē ve el aynasēnē birlikte kullanēnēz.  

 

- Kafa derisini incelerken deri y¿zeyindeki deĵiĸikliklerin sa­larēn altēnda saklē 
kalmasēna izin verilmemelidir. Bu bºlgeyi incelerken tarak veya sa­ kurutma makinasē 

yardēmē ile sa­larēnēzē aralayabilirsiniz. Bir yakēnēnēzdan yardēm alabilirsiniz.  

 

- Kollarēnēzē dirsekleriniz seviyesinde kērarak saĵ ve sol ºn kolunuz ile kollarēnēzēn ºn 
ve arka kēsēmlarēnē tam olarak inceleyiniz. 

 

- Her iki elinizi; avu­ i­leri, el parmak aralarē ve tērnak altlarē dahil olacak ĸekilde 
kontrol etmeyi unutmayēnēz. 

 

- Bir sandalyeye oturarak, ayaklarēnēzē tabureye uzatēnēz. Bacaklarēnēzē, ayaklarēnēzēn 
ºn/¿st kēsēmlarēnē ve genital bºlgenizi inceleyiniz. 

 

- Her iki ayak tabanēnēz, topuklar ve ayak parmak aralarēnēz ile ayak tērnaklarēnēzē 
incelemeyi unutmayēnēz. Gerekirse bu bºlgeleri daha iyi gºrmek i­in bir el aynasē 

kullanēnēz. 
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ABSTRACT 

 

Background: Vitamin D (Vit D) deficiency is suggested to be a risk factor for several thyroid 

disorders, including autoimmune thyroid diseases and thyroid cancer in humans. Boron (B) 

supplementation has been shown to increase serum Vit D levels in animals and humans with 

Vit D deficiency. The purpose of this study was to demonstrate the effects of oral B and Vit D 

supplementation, separately and together, on blood thyroid hormone and insulin levels in rats. 
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Methods: A total of 28 male Wistar albino rats weighted 200-250 g body weight were 

randomly and equally divided into the following four groups: 1st; Control, 2nd; boron (B) = 20 

mg/kg boric acid, 3rd; vitamin D (Vit D) = 0.025 mg/kg vitamin D, 4th; B+Vit D = 20 mg/kg 

boric acid + 0.025 mg/kg Vit D groups. During the 30-day experimental period, all treatments 

were administered orally via gavage. The blood samples in rats of all groups were collected at 

31ôst day and obtained the serum samples by centrifuge. Free triiodothyronine (fT3), free 

thyroxine (fT4), thyroid stimulating hormone (TSH), Total triiodothyronine (TT3), total 

thyroxine (TT4) and insulin concentrations in the serum samples were analyzed by ELISA 

assay. 

Results: Analysis of thyroid hormone profile and insulin homeostasis revealed no statistically 

significant difference in fT3 and TT4 levels between the groups (p>0.05). However, fT4 

concentrations were significantly lower in the B, Vit D, and combined (B+Vit D) treatment 

groups compared to the control group (p<0.05). Total TT3 levels showed a significant increase 

only in the Vit D group compared to the control group (p<0.05), while the increase in the B and 

combined treatment groups did not reach a statistically significant level. TSH levels were 

significantly suppressed in the Vit D and B+Vit D groups compared to the control group 

(p<0.05), while B alone had no significant effect on TSH. While no direct effect of Vit D 

administration on insulin levels was detected, B supplementation decreased serum insulin 

concentration in rats compared to the combined group (p<0.05).  

Conclusion: Combined supplementation of B and Vit D has positive effects on thyroid function 

and increases serum insulin levels decreased by only boron supplementation in healthy rats. 

Keywords: Bor, Vitamin D, Insulin, TSH, T3, T4, Rat 

 

1. INTRODUCTION  

The thyroid gland is the primary endocrine gland that produces and secretes triiodothyronine 

(T3) and thyroxine (T4) hormones, which have significant effects on human growth, 

development, and metabolism. Synthesized in thyroid follicle cells, thyroid hormones are 

essential for normal development, growth, neural differentiation, and metabolic regulation. The 

thyroid gland, anterior pituitary gland, and hypothalamus form self-regulating circuits called 

the hypothalamic-pituitary-thyroid axis. Synthesis of T4 and T3 hormones in the thyroid gland 

occurs through stimulation by thyrotropin-releasing hormone (TRH) secreted from the 

hypothalamus, which in turn stimulates thyroid-stimulating hormone (TSH) secreted from the 

anterior pituitary gland. TRH, TSH, and T4 work synchronously to maintain proper feedback 

mechanisms and homeostasis. The effects of thyroid hormones include maintaining 

thermogenic and metabolic homeostasis, reducing body weight, and influencing muscle 

function (Taylor et al., 2013). Therefore, decreased blood levels of thyroid hormones negatively 

affect the well-being and quality of life of both humans and animals. Diet is a crucial element 

of a holistic approach to the treatment of patients with thyroid disorders, and a diet providing 

all necessary macronutrients and micronutrients can also reduce the risk of developing diet-

related diseases (Mikulska et al., 2022). Trace elements are reported to be essential for normal 

thyroid metabolism and the physiological functions of thyroid tissue (Fröhlich and Wahl, 2019). 

Indeed, it has been shown that blood thyroid hormone levels are affected by nutritional factors 

such as iodine, selenium, and iron (Hu et al., 2017). 

The effect of vitamin D on thyroid gland function is still not fully understood. However, studies 

in thyroid patients have observed low blood vitamin D levels (Safari et al, 2025). It is suggested 

that there is a relationship between genetic disorders related to vitamin D metabolism and an 
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increased risk of autoimmune thyroid diseases (Babiĺ Leko et al, 2023). This points to the 

importance of vitamin D in the context of proper thyroid gland function and hormonal balance. 

The presence of vitamin D receptors in most tissues and cells in the human and animal body 

has led to the idea that vitamin D may also affect thyroid function (Rayman, 2019). Indeed, it 

has been shown that vitamin D supplementation administered for 12 weeks in hypothyroid 

patients improved serum TSH and calcium concentrations compared to placebo, but did not 

alter serum T3, T4, ALP, PTH, and albumin levels (Talaei et al, 2018). Beyond its classic role 

in maintaining calcium homeostasis and bone health, vitamin D is a steroid hormone essential 

for various physiological processes in many different organs (Lips, 2006). Since diet is the 

primary source of new calcium intake, vitamin D's central role in maintaining calcium 

homeostasis lies in enhancing calcium absorption from the gut (Maretzke et al, 2020). 

Furthermore, it has been noted that vitamin D significantly increases serum calcium and 

phosphorus concentrations, while hypercalcemia suppresses TSH and thyrotropin-releasing 

hormone (TRH) production (Sowers et al, 1980). Vitamin D deficiency is suggested to be a risk 

factor for several thyroid disorders, including autoimmune thyroid diseases and thyroid cancer 

in humans (Babiĺ Leko et al, 2023), and therefore, vitamin D supplementation may be a 

protective prognostic factor against the development of thyroid diseases (Pakosinski et al, 

2025). 

Previous studies have suggested that a link between boron and vitamin D in combating vitamin 

D deficiency and extending its half-life (Naghii et al., 2011). Boron supplementation has been 

shown to increase serum vitamin D levels in animals (Dupre et al., 1994, Hunt et al., 1994) and 

humans (Miljkovic et al., 2009, Naghii et al., 2011) with vitamin D deficiency. Although the 

veterinary industry has long recognized the importance of boron in animal nutrition and its 

relationship with other minerals and vitamins in poultry and pigs (Kabu and Akosman, 2013), 

the role of boron supplementation in addressing vitamin D deficiency caused by chronic 

diseases and drug use in humans and animals has received less attention. It has also been 

suggested that boron may have an effect on thyroid hormone production (Kan and Kuçukkurt, 

2022). Indeed, a previous study on frog larvae (Fort et al., 2002) observed that T3 levels in 

larvae developing in a low-boron environment reached a 2.5-fold higher level with sufficient 

boron supplementation. The effects of boron supplementation with vitamin D on blood thyroid 

hormones have not been investigated until now. Therefore, in this study, the effects of oral 

boron and vitamin D supplementation, separately and together, on blood thyroid hormone and 

insulin levels in rats were investigated. 

 

2. MATERIALS AND METHODS 

2.1.Animal Material 

All procedures applied to the animals during the study were carried out in accordance with the 

rules determined by the Afyon Kocatepe University Local Ethics Committee for Experimental 

Animals and with the ethical committee approval dated 03. 02. 2026 and numbered 30. The 

care and housing of the animals were provided at the Afyon Kocatepe University Experimental 

Animals Application and Research Center. A total of 28 male Wistar albino rats, weighing 200ï

250 g and aged 12ï16 weeks, obtained from the same center, were used as animal material in 

the study. The rats were divided into four groups of 7 animals each using a random sampling 

method. The groups were planned as follows: The control group was given isotonic saline 

orally. The Boron (B) group was given boric acid orally at a dose of 20 mg/kg. The Vitamin D 

(Vit D) group was given Vitamin D orally at a dose of 0.025 mg/kg (å1000 IU/kg). In the Boron 

+ Vitamin D (B+Vit D) group, 20 mg/kg boric acid and 0.025 mg/kg (å1000 IU/kg) Vitamin D 

were administered orally. The animals were housed under standard laboratory conditions (22 ± 

2 °C temperature, 55 ± 5% humidity, 12-hour light/12-hour dark cycle) throughout the 
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experiment. Standard rat feed and drinking water were provided ad libitum. All treatments were 

administered via oral gavage during the 30-day experiment. 

2.2.Experimental Phase 

At the end of the 30-day trial period, within 24 hours following the last administration, blood 

was collected from rats using intracardiac methods under Ketamine (87 mg/kg, i.p.) and 

Xylazine (13 mg/kg, i.p.) anesthesia to de-anesthetize the animals. The collected blood samples 

were transferred to serum biochemistry tubes and centrifuged at 3500 rpm for 15 minutes to 

separate the serum. In the obtained serum samples, the levels of free triiodothyronine (fT3), 

free thyroxine (fT4), thyroid-stimulating hormone (TSH), total triiodothyronine (TT3), total 

thyroxine (TT4), and insulin were determined using commercial ELISA kits. ELISA analyses 

(TSH; Sunlong product code: SL0684RA, Free-T3; Sunlong product code: SL0296RA, T3; 

Sunlong product code: SL0712Ra, FT4 Sunlong product code: SL0295Ra, T4; Sunlong product 

code: SL0689Ra, insulin Sunlong product code: SL0373Ra) were performed according to the 

manufacturer's instructions, the ELISA kit procedure, and the device (Thermo multiscan go). 

2.3.Statistical Analysis 

Statistical analyses were performed using SPSS version 27.0 (SPSS Inc., Chicago, IL, USA). 

Graphical representations were created using GraphPad Prism version 9.05 (GraphPad 

Software, San Diego, CA, USA). Data were expressed as mean ± standard error (SEM). The 

normality of the data distribution was assessed using the ShapiroïWilk test, and the 

homogeneity of variance was assessed using the Levene test. One-way analysis of variance 

(ANOVA) was applied for multiple group comparisons if the parametric test assumptions were 

met. Duncan's multiple comparison (post-hoc) test was used to determine differences between 

groups. In all analyses, a p < 0.05 value was considered statistically significant. 

 

3. RESULTS 

In this study, thyroid hormone parameters were evaluated, and the results are presented in 

Figures 1-3. When free triiodothyronine (fT3) levels were examined, it was determined that 

there was no statistically significant difference between the Control, boron (B), vitamin D (Vit 

D), and boron + vitamin D (B+Vit D) groups (p>0.05). This result indicates that the applied 

boron and/or vitamin D supplements did not have a significant effect on serum fT3 levels under 

the experimental conditions. When free thyroxine (fT4) levels were evaluated, a statistically 

significant difference was found between the groups (p <0.05). It was determined that the fT4 

levels of the Control group were significantly higher compared to the B, Vit D, and B+Vit D 

groups. It was noted that fT4 levels showed a similar decreasing trend in all three experimental 

groups compared to the Control group. However, no statistically significant difference was 

observed between the B, Vit D, and B+Vit D groups (p>0.05). These results suggest that the 

administered supplements may have a suppressive effect on free T4 levels, although this effect 

does not appear to be reflected in free T3 levels. 
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Figure 1. Effects of boron (B) and vitamin D (Vit D) supplementation on thyroid hormone 

levels in rats. (a) Free triiodothyronine (fT3) levels. (b) Free thyroxine (fT4) levels. Data are 

presented as mean ± SEM (n = 7 per group). Different letters (a, b indicate statistically 

significant differences among groups as determined by one-way ANOVA followed by 

Duncanôs post-hoc test (p < 0.05). 

 

The results regarding total thyroid hormone levels in the study are presented in Figure 2. When 

total triiodothyronine (TT3) levels were evaluated, a statistically significant difference was 

determined among the groups (p<0.05). The Vit D group showed significantly higher TT3 

levels compared to the Control group. While TT3 levels showed an increasing trend in the B 

and B+Vit D groups compared to the Control group, this increase was not statistically 

significant (p>0.05). When total thyroxine (TT4) levels were examined, no statistically 

significant difference was found among the groups (p>0.05). It was observed that TT4 levels 

showed a similar distribution in all groups, and the administered boron and/or vitamin D 

supplements did not have a significant effect on total thyroxine levels. 

 

Figure 2. Effects of boron (B) and vitamin D (Vit D) supplementation on total thyroid hormone 

levels in rats. (a) Total triiodothyronine (TT3) levels. (b) Total thyroxine (TT4) levels. Data are 

expressed as mean ± SEM (n = 7 per group). Different letters (a, b) indicate statistically 

significant differences among groups as determined by one-way ANOVA followed by 

Duncanôs post-hoc test (p < 0.05). 

The findings regarding serum thyroid-stimulating hormone (TSH) and insulin levels are shown 

in Figure 3. Statistical analysis revealed a significant difference in TSH levels among the groups 

(p < 0.05). The Control group showed higher TSH levels, particularly compared to the Vit D 
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and B+Vit D groups. In the B group, TSH levels showed a tendency to decrease compared to 

the Control group, but this decrease was not statistically significant in all comparisons (p > 

0.05). In the Vit. D and B+Vit D groups, TSH levels were lower compared to the Control group 

(p < 0.05). Overall, vitamin D, whether administered alone or in combination with boron, had 

a decreasing effect on serum TSH levels. 

 

Figure 3. Effects of boron (B) and vitamin D (Vit D) supplementation on serum thyroid-

stimulating hormone (TSH) and insulin levels in rats. Data are presented as mean ± SEM (n = 

7 per group). Different letters (a, b) indicate statistically significant differences among groups 

as determined by one-way ANOVA followed by Duncanôs post-hoc test (p < 0.05). 

4. DISCUSSION 

In healthy rats, supplementation with boron, vitamin D, and boron + vitamin D for 4 weeks 

showed that vit D alone and B+vit D supplementation decreased blood TSH levels. This result 

may suggest that considering that TSH is a supportive factor for the thyroid gland, the reduced 

effect of vitamin D and the vitamin B+D supplementation on serum TSH concentration in this 

study could have a protective effect on thyroid volume. Vitamin D alone supplementation 

increased T3 levels. The treatments were found to decrease serum fT4 levels. These results 

were consistent with reports that vitamin D supplementation significantly reduced TSH levels 

in hypothyroid patients, but had no significant effect on T4 or T3 concentrations (Talaei et al, 

2018). These data suggest that there may be a significant relationship between blood levels of 

vitamin D and thyroid hormones. Indeed, a significant positive correlation has been reported 

between serum vitamin D levels and thyroid hormones, and a significant negative correlation 

with TSH levels (Mackawy et al, 2013). This may be because both vitamin D and thyroid 

hormone bind to similar receptors called steroid hormone receptors. Indeed, vitamin D has been 

shown to modulate pituitary TSH secretion by binding to specific binding sites (Sar et al, 1980). 

Smith et al (1989) found that vitamin D administration significantly suppressed basal TSH 

secretion. 

In euthyroid adults, a relationship has been shown between vitamin D levels and sensitivity to 

thyroid hormones (Zhou et al, 2023). During the transition from euthyroid to overt 

hypothyroidism, previously normal TSH levels may increase while free thyroid hormone (FT3 

and FT4) levels may decrease (Mikulska et al, 2022). Therefore, it is suggested that the ratio of 

free T3 (fT3) to free T4 (fT4) is a potential indicator of disease severity in thyroid diseases 

(Pakosinski et al, 2025). In this study, while no effect was observed on fT3 levels, all treatments 

decreased fT4 levels. This result may suggest to increased effectiveness of boron and vitamin 

D supplementation through changes in peripheral T4ŸT3 conversion or tissue sensitivity to 

thyroid hormones. These data suggest that boron and vitamin D supplementation may be 
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beneficial in increasing the fT3/fT4 ratio, which is used as a peripheral thyroid hormone 

sensitivity index in thyroid diseases (Zhou et al, 2023). Indeed, a decrease in the fT3/fT4 ratio 

has been reported to indicate decreased peripheral sensitivity to thyroid hormones (Zhou et al, 

2023).  

Boron supplementation not only improves blood and tissue vitamin D levels (Eryavuz et al, 

2026) but can also help prevent vitamin D deficiency and contribute to the preparation of an 

effective balanced diet, particularly for improving the quality of life of patients with thyroid 

disorders. This study found that boron supplementation did not affect serum TSH levels. This 

result differed from a report that serum TSH levels decreased in healthy women given a boron-

rich diet (more than 10 mg boron per day) for one month (Kuru et al, 2019) but was consistent 

with a report that oral administration of 10 mg/kg boron to rats did not affect serum TSH levels 

(Kan and Kucukkurt, 2022). A significant 25% decrease in TSH levels was observed at the end 

of one month with a boron-rich diet. Kan and Kucukkurt (2022) found that in rats given 10 

mg/kg boron, serum fT3 levels increased, fT4 levels showed no significant change, and the 

fT3/fT4 ratio increased. However, in the same study (Kan and Kucukkurt, 2022), it was 

observed that supplying the same level of boron to experimentally hypothyroid rats did not lead 

to a significant change in serum fT3 and fT4 levels. In this study, we found that boron 

supplementation did not affect serum fT3 levels but decreased fT4 levels and increased the 

fT3/fT4 ratio. These data support previous reports suggesting that boron supplementation may 

have an effect on thyroid hormone levels (Nielsen and Penland, 1999, Armstrong et al., 2001, 

Ibrahim et al., 2019). In a recent study (Pastacē ¥zsobacē et al., 2026), no statistically significant 

difference was found in serum T3, T4, and TSH levels in patients with Hashimoto's thyroiditis, 

caused by the attack of thyroid gland cells by immune system cells, compared to healthy 

controls. However, serum B12 levels were observed to be significantly higher in Hashimoto's 

thyroiditis patients compared to healthy controls (Pastacē ¥zsobacē et al, 2026). Further studies 

are needed to fully elucidate the effects of boron supplementation on thyroid hormones in 

thyroid disorders. It is important for patients with thyroid disorders to consume sufficient 

amounts of vitamins and minerals that play a significant role in the treatment process, support 

pharmacological treatment, and affect thyroid function (Mikulska et al, 2022). The data from 

this study suggest that boron may also be an important micronutrient for thyroid patients. 

The study observed that supplementing boron with vitamin D did not have an additional effect 

on thyroid hormones compared to supplementing them separately. However, further 

investigation is needed to determine the effects of supplementing boron with vitamin D on 

thyroid hormones in patients with thyroid disorders leading to vitamin D deficiency. Previous 

studies (Kuru et al., 2019) observed a decrease in serum insulin levels in women fed a high-

boron diet. Considering the report that boron supplementation increased hyperglycemia in 

experimentally diabetic rats (Alacabey et al., 2023), it can be assumed that boron 

supplementation lowering insulin blood levels in this study played a significant role in causing 

hyperglycemia in diabetic rats. In the present study, it was observed that together supplementing 

boron with vitamin D reversed the decrease in serum insulin levels caused by boron. This result 

suggests that supplementation of boron with vitamin D may be effective in preventing 

hyperglycemia observed in experimentally diabetic rats (Alacabey et al., 2023). 

 

5. CONCLUSION 

According to our research, this study is the first to evaluate the positive effects of combined 

supplementation of boron and vitamin D on thyroid function in healthy rats. However, it 

remains unclear whether combined supplementation of boron and vitamin D in patients with 

thyroid disorders will provide concrete clinical benefits, such as improvement in blood thyroid 

hormones or long-term thyroid function. Therefore, new studies are needed to determine the 
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effects of combined use of boron and vitamin D on the thyroid gland and hormones in patients 

with thyroid disorders. 
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Abstract:  

Cationic liposomes are crucial nanocarriers for targeted drug and nucleic acid delivery. Sterol 

components play a critical role in determining membrane stability, permeability, and payload 

release. While cholesterol is the gold standard, phytosterols such as stigmasterol possess unique 

structural featuresðincluding an extra double bond and a bulky ethyl side chainðthat can 

uniquely modulate membrane biophysics. This preliminary study aims to investigate the self-

assembly formation kinetics and structural dynamics of DOTAP/DOPE-based cationic 

liposomes across a systematic cholesterol-to-stigmasterol concentration gradient using in silico 

modeling. Coarse-Grained Molecular Dynamics (CG-MD) simulations were conducted using 

the GROMACS software with the Martini 2.2 force field. Five distinct formulations were 

constructed, maintaining fixed molar ratios of the cationic lipid DOTAP (50%), the fusogenic 

helper lipid DOPE (38.5%), and the steric stabilizer DSPE-PEG (1.5%). The remaining 10% 

total sterol fraction was systematically titrated from pure cholesterol to pure stigmasterol (10:0, 

7.5:2.5, 5:5, 2.5:7.5, and 0:10). For each system, 400 lipids were randomly dispersed in a 

15x15x15 nm solvated cubic box, and production runs were executed for 500 ns to observe 

spontaneous vesicle formation. Trajectory analyses visually and mathematically revealed that 

all mixed-lipid formulations successfully self-assembled into stable, closed spherical liposomes 

within the 200-240 ns timeframe. Subsequent biophysical characterizations, including Radius 

of Gyration (Rg), Solvent Accessible Surface Area (SASA), and mass density profiles, 

validated the structural integrity of the vesicles. Furthermore, Mean Square Displacement 

(MSD) calculations and bilayer thickness measurements indicated that higher stigmasterol 

concentrations significantly increased lateral diffusion and altered lipid packing, fine-tuning the 

overall membrane fluidity. In conclusion, this computational modeling confirms that 

stigmasterol titration serves as an effective thermodynamic tool to modulate the biophysical 

properties of cationic liposomes, providing a robust rational design framework for optimizing 

advanced nanocarriers prior to in vitro payload encapsulation. 
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Abstract 

Objective: Missing data in clinical databases lead to bias in predictive models and a subsequent 

loss of diagnostic power. This benchmarking study aims to compare the capacities of simple 

and multivariate imputation techniques to preserve diagnostic accuracy under the Missing at 

Random (MAR) mechanism. 

Methods: A synthetic clinical cohort (n=1000) reflecting biological correlations between age, 

BMI, and HbA1c was generated. MAR deficiency, conditioned on BMI levels, was injected 

into the HbA1c variable. Mean Imputation, k-Nearest Neighbors (k-NN, k=5), and Multivariate 

Imputation by Chained Equations (MICE-Random Forest) were evaluated. Performance was 

measured using RMSE and the AUC-ROC values of a logistic regression model (HbA1c > 5.7). 

A stress test was conducted across increasing missingness rates from 10% to 70% to assess 

robustness. 

Results: At a 30% missingness rate, k-NN outperformed both MICE (RMSE: 0.4067, AUC: 

0.9053) and Mean Imputation (AUC: 0.8944) by achieving the lowest error (RMSE: 0.3828) 

and the highest diagnostic accuracy (AUC: 0.9130). A critical breakdown threshold was 

identified at 40% in the stress test. Beyond a 50% missingness rate, the MICE algorithm 

experienced a dramatic collapse in performance, falling even below the Mean Imputation 

method. 

Conclusion: k-NN provides the most stable imputation strategy up to a 40% MAR threshold 

by preserving local phenotypic similarities in clinical data. While iterative models like MICE 

carry the risk of "learning from noise" under high data sparsity, Mean Imputation induces 

significant attenuation bias in clinical diagnostic models. 
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Predictive Modeling. 

1. Introduct on  

The prol ferat on of Electron c Health Records (EHR) and large-scale cl n cal databases 

over the last two decades has presented unparalleled opportun t es for med cal research and 

mach ne learn ng-dr ven cl n cal dec s on support systems. However, one of the most 

fundamental and nev table methodolog cal hurdles encountered n the analys s of these 

mass ve datasets s the problem of "m ss ng data" (1). In cl n cal pract ce, data may rema n 

ncomplete due to a w de array of reasons, such as b olog cal var at ons, pat ents be ng lost to 

follow-up, test l m tat ons stemm ng from soc oeconom c factors, or dev ce cal brat on errors 

(2). M ss ngness s not merely a "data preprocess ng" ssue; t s a b ostat st cal cr s s that 

d rectly d m n shes the stat st cal power of the analys s and comprom ses cln cal val d ty by 

ntroduc ng substant al b as nto the models (2). 

In the stat st cal l terature, m ss ng data mechan sms are categor zed nto three pr mary 

classes based on the nature of the m ss ngness: M ss ng Completely At Random (MCAR), 

M ss ng At Random (MAR), and M ss ng Not At Random (MNAR). The MAR mechan sm s 

the most frequently encountered scenar o, part cularly n observat onal cl n cal stud es (3). 

Under the MAR framework, the probab l ty of a var able be ng m ss ng (e.g., the absence of an 

HbA1c measurement) ma nta ns a systemat c relat onsh p w th other observed pat ent 

character st cs w th n the dataset, such as h gh Body Mass Index (BMI) or advanced age (3). 

Many class c stud es n med cal l terature employ "Complete Case Analys s" (L stw se 

Delet on), a method that ent rely excludes ncomplete observat ons from the analys s. However, 

under the MAR mechan sm, th s approach nduces select on b as by generat ng a skewed sub-

sample that fa ls to represent the target populat on and d sproport onately favors spec f c 

character st cs, such as younger and health er nd v duals (4). Conversely, frequently ut l zed 

un var ate methods, such as Mean/Med an Imputat on, art f c ally constr ct populat on var ance 

and d smantle the natural b olog cal correlat ons between var ables. In cl n cal d agnost c 

models, th s leads to ncreased false negat ve rates and the mask ng of pat ents' true r sk scores 

due to attenuat on b as (5). 

To overcome these l m tat ons, mach ne learn ng and terat ve stat st cal algor thms have 

been developed. Currently, one of the approaches cons dered the "gold standard" n the 

b ostat st cs commun ty s Mult var ate Imputat on by Cha ned Equat ons (MICE), where each 

var able s modeled by the others. When ntegrated w th robust est mators l ke Random Forest 

to capture non-l near relat onsh ps, MICE theoret cally prom ses near-opt mal results (6). On 

the other hand, the d stance-based k-Nearest Ne ghbors (k-NN) algor thm a ms to complete 

m ss ng data by leverag ng local phenotyp c s m lar tes (phenotyp c cluster ng) w th n cl n cal 

records (7). Nevertheless, the mpact of these advanced methods on d agnost c accuracy across 

vary ng m ss ngness dens t es (data spars ty) and the r respect ve "breakdown po nts" rema n a 

subject of debate n the l terature. 



BALKAN 15th INTERNATIONAL CONFERENCE ON APPLED SCIENCES 

March 20 ï 22, 2026 ï SKOPJE 

ISBN NR: 978-625-5694-92-8 

 

84 
 

The pr mary object ve of th s study s to exam ne the effects of d fferent mputat on 

strateg es (Mean, k-NN, and MICE-RF) on pred ct ve model performance through a 

benchmark ng approach us ng a r ch cl n cal dataset (spec f cally the nterplay between Age, 

BMI, and HbA1c) generated under the MAR mechan sm. D verg ng from ex st ng l terature, 

th s research evaluates mputat on success not merely through purely mathemat cal metr cs l ke 

Root Mean Square Error (RMSE), but d rectly v a the Area Under the Curve (AUC-ROC) 

metr c, wh ch reflects the cl n cal d agnost c power of a Log st c Regresson model. 

Furthermore, a comprehens ve "Stress Test" was conducted by ncrementally nject ng 

m ss ngness from 10% to 70% nto the dataset to dent fy the cl n cal rel ab l ty thresholds of 

these algor thms. 

Our hypothes s pos ts that n scenar os where nter-var able cl n cal correlat ons are 

preserved, mult var ate methods (MICE and k-NN) w ll s gn f cantly enhance d agnost c 

accuracy compared to s mple mean mputat on; however, should the m ss ng data rate exceed a 

cr t cal threshold, complex models w ll lose stat st cal val d ty by synthes z ng no se. 

2. Mater als and Methods 

2.1. Study Des gn and Synthet c Cohort Generat on 

The study s ze of 1,000 observat ons was determ ned to prov de suff c ent stat st cal 

power (>80%) to detect a m n mum AUC d fference of 0.05 between mputat on methods, 

assum ng a basel ne AUC of 0.90 at a 5% s gn f cance level. Th s study adheres to the 

TRIPOD+AI (Transparent Report ng of a mult var able pred ct on model for Ind v dual 

Prognos s Or D agnos s + Art f c al Intell gence) gu del nes to ensure complete and transparent 

report ng of the mach ne learn ng-based mputat on framework. 

Th s study s an n-s l co s mulated quant tat ve benchmark ng research. To evaluate the 

performance of the algor thms n an solated manner and to ut l ze complete data as a Gold 

Standard reference, a synthet c cohort of N=1000 observat ons was generated, reflect ng the 

cl n cal and demograph c character st cs of the Nat onal Health and Nutr t on Exam nat on 

Survey (NHANES) data structure. 

The b olog cal correlat ons between the populat on's age, Body Mass Index (BMI), and 

Glycated Hemoglob n (HbA1c) parameters were modeled us ng the follow ng probab l st c 

d str but ons and l near equat ons, adher ng to known ep dem olog cal relat onsh ps n the 

med cal l terature: 

Age D str but on: Pat ent ages were drawn from a normal d str but on w th a mean of 

55 and a standard dev at on of 12. 

Age~N(55,122) 

BMI D str but on: To reflect the var at ons n basal metabol c rate assoc ated w th 

ag ng, the BMI value was constructed as an age-dependent funct on: 

BMI = 22 + 0.1 *Age + N(5, 42) 
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HbA1c (Target Variable): HbA1c, an indicator of glucose metabolism, was 

formulated to maintain a strong positive correlation with both age and obesity (BMI). To 

represent clinical measurement noise, an error term (\epsilon) was integrated into the model: 

HbA1c = 3.5 + 0.04*BMI + 0.01* Age + ὑ 

In this context, the clinical noise was defined as B ὑ ~ N (0, 0.42). 

2.2. S mulat on of the M ss ng At Random (MAR) Mechan sm 

In th s study, the M ss ng At Random (MAR) mechan sm, wh ch s one of the most 

frequently encountered m ss ng data scenar os n cl n cal pract ce, was s mulated. Under the 

MAR assumpt on, the probab l ty of an observat on be ng m ss ng s not ent rely random; rather, 

t can be expla ned by other fully observed var ables w th n the dataset. 

In our cl n cal scenar o, t was hypothes zed that pat ents w th elevated obes ty levels 

exh b t lower compl ance w th laboratory test ng or present challenges dur ng blood spec men 

collect on. Accord ngly, the probab l ty of a pat ent's HbA1c value be ng m ss ng, P(M ss ng), 

was calculated to be d rectly proport onal to the pat ent's m n-max normal zed BMI value: 

P(M ss ng) =[(BMI - m n(BMI)) / (max(BMI) - m n(BMI))] *Target Rate*2 

Ut l z ng th s probab l ty funct on, structural M ss ng At Random (MAR) m ss ngness 

was njected nto the dataset at a rate of 30% for the basel ne analys s. 

2.3. Imputat on Algor thms 

To est mate the m ss ng HbA1c values and complete the dataset, three d st nct analyt cal 

approaches, rang ng from s mple to complex, were mplemented: 

Mean Imputat on (Basel ne Method): Each m ss ng HbA1c value was mputed us ng the 

ar thmet c mean of the observed HbA1c values. Although frequently employed n cl n cal 

research, th s method art f c ally constr cts var ance; therefore, t was pos t oned as a lower-

bound (basel ne) reference n our study. 

k-Nearest Ne ghbors (k-NN) Imputat on: Th s s an algor thm c approach that populates 

m ss ng observat ons us ng nformat on from the r nearest ne ghbors w th n the feature space. 

Eucl dean d stance was ut l zed as the d stance metr c, and the ne ghborhood hyperparameter 

was set to k=5. Th s method mputes the m ss ng cell w th the average HbA1c values of the f ve 

pat ents exh b t ng the most s m lar age and BMI prof les (local phenotyp c s m lar ty). 

Mult var ate Imputat on by Cha ned Equat ons (MICE): An terat ve stat st cal model that 

leverages mult ple cond t onal d str but ons among var ables. To effect vely model complex, 

non-l near relat onsh ps nherent n cl n cal data, a mach ne learn ng-based Random Forest 

Regressor was employed as the core est mator for the MICE algor thm. To prevent overf tt ng, 

the number of trees was conf gured to 10 (n_est mators=10), and to ensure the convergence of 
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the cha ned equat onsðwh ch operate on the pr nc ples of G bbs sampl ngðthe max mum 

number of terat ons was capped at 20 (max_ ter=20). 

2.4. Pred ct ve Model ng and Evaluat on Metr cs 

The success of the m ss ng data mputat on strateg es was evaluated across two d st nct 

b ostat st cal d mens ons: 

Imputat on Accuracy: The dev at on between the actual HbA1c values and the synthet c 

values ass gned by the algor thms was measured us ng the Root Mean Square Error (RMSE) 

metr c. The error was calculated exclus vely at the nd ces where m ss ngness was njected. 

Cl n cal Model Performance (D agnost c Val d ty): To assess the mpact of the mputat on 

methods on ult mate d agnost c dec s ons, an HbA1c level > 5.7 was coded as 

"Pred abetes/D abetes" (Pos t ve Class = 1) based on the Amer can D abetes Assoc at on (ADA) 

cr ter a, thereby formulat ng a b nary class f cat on problem. Us ng the completed datasets, 

Log st c Regress on models (max_ ter=1000) were tra ned, and the d scr m nat ve power of the 

models was quant f ed v a the Area Under the Rece ver Operat ng Character st c Curve (AUC-

ROC) metr c. 

2.5. Methodolog cal Stress Test (Sens t v ty Analys s) 

To determ ne the robustness and breakdown po nts of the algor thms under h gh data 

spars ty, a comprehens ve stress test was des gned. Ut l z ng the MAR mechan sm, the n t al 

10% m ss ngness rate was ncrementally ncreased n 10% steps up to 70% ( .e., 10%, 20%, ..., 

70%, respect vely). At each ncrement, the degradat on curves n the AUC-ROC performances 

of the k-NN, MICE, and Mean Imputat on methods were recorded and compared. 

3. Results 

3.1. Basel ne Character st cs and S mulated M ss ngness 

In the s mulated synthet c cl n cal cohort compr s ng 1000 observat ons, the mean age 

and mean BMI were calculated as 55.0 (SD = 12.0) and 27.5 (SD = 4.0), respect vely. W th n 

the gold standard dataset (complete data), the mean HbA1c level was measured at 5.15 (SD = 

0.5). Upon apply ng the M ss ng At Random (MAR) mechan sm, wh ch spec f cally targeted 

obese nd v duals w th a BMI greater than 30, exactly 30% (n = 300) of the HbA1c observat ons 

n the basel ne scenar o were masked to construct the m ss ng data pool. 

3.2. Imputat on Accuracy (RMSE Evaluat on) 

At the 30% m ss ngness rate w th n the dataset, pronounced algor thm c var at ons were 

observed when the d screpanc es between the synthet c values mputed nto the m ss ng cells 

by the algor thms and the actual laboratory values (Gold Standard) were quant f ed us ng the 

Root Mean Square Error (RMSE) metr c. 
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The analys s revealed that the ne ghborhood-based k-NN algor thm generated the lowest 

error w th an RMSE of 0.3828, thereby ach ev ng the mputat on closest to the cl n cal ground 

truth. The MICE (Random Forest) method, wh ch ut l zes mult ple cha ned equat ons, ranked 

second w th an RMSE of 0.4067. In contrast, the convent onal Mean Imputat on method y elded 

the h ghest error w th an RMSE of 0.4312, demonstrat ng the poorest performance n terms of 

mputat on accuracy (F gure 1). 

 

F gure 1. Scatter plots llustrat ng the accuracy of d fferent mputat on methods (Mean, 

k-NN, and MICE) compared to the actual HbA1c values (Gold Standard) at a 30% MAR 

m ss ngness rate. The red dashed l ne represents the l ne of perfect pred ct on. k-NN d splays 

the most compact cluster ng around the deal l ne, correspond ng to the lowest RMSE (0.383). 

 

3.3. D agnost c Val d ty and Pred ct ve Performance (AUC-ROC) 

The results of the b nary class f cat on (Pred abetes/D abetes: HbA1c > 5.7) Log st c 

Regress on models, constructed to evaluate the ult mate mpact of the mputat on methods on 

cl n cal dec s on support systems, are summar zed n Table 1. 

Table 1: Class f cat on Performances (AUC-ROC) of Log st c Regress on Models at a 

30% MAR M ss ngness Rate 

Dataset Cond t on        Imputat on 

Method 

Model Performance 

(AUC) 

            Complete 

Data 

Gold Standard (No 

M ss ng) 

0.9991 

Imputed Data k-NN Imputat on 

(k=5) 

0.9130 

Imputed Data MICE (Random 

Forest) 

0.9053 

Imputed Data Mean Imputat on 0.8944 
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At a 30% m ss ngness rate, k-NN ach eved the h ghest d agnost c retent on w th an AUC 

of 0.9130 (95% CI: 0.892ï0.934), s gn f cantly outperform ng Mean Imputat on (AUC: 0.8944; 

95% CI: 0.871ï0.917). The performance gap between k-NN and MICE-RF narrowed at lower 

m ss ngness rates but became more pronounced as the spars ty exceeded the 40% breakdown 

threshold. 

Wh le the model tra ned on the gold standard dataset ach eved near-perfect 

d scr m nat ve power (0.9991), a natural decl ne n th s capab l ty was observed follow ng the 

mputat on of m ss ng data. Nevertheless, n the comparat ve analys s of the methods, k-NN 

emerged as the most effect ve approach for preserv ng the model's d agnost c d scr m nat ve 

ab l ty, y eld ng an AUC score of 0.9130. Conversely, Mean Imputat on substant ally 

comprom sed the rel abl ty of the cl n cal model, reduc ng ts d agnost c power to 0.8944. 

3.4. Sens t v ty Analys s and Breakdown Thresholds (Stress Test) 

The "Stress Test" analys s, where n the m ss ng data rate was ncrementally ncreased 

from 10% to 70% to evaluate the robustness of the algor thms under h gh spars ty, clearly 

revealed the stat st cal breakdown thresholds. 

k-NN Robustness: Across the ent re m ss ngness spectrum (10% - 70%), the k-NN algor thm 

cons stently generated h gher AUC scores than ts counterparts, prov ng to be the most robust 

method. 

The 40% Threshold: Wh le the performance loss across all methods followed a relat vely 

l near trajectory between m ss ngness rates of 10% and 30%, t was observed that once the 

m ss ng data rate exceeded 40%, the d agnost c power of all models exper enced a logar thm c 

collapse (non-l near degradat on). 

The MICE Paradox: One of the most str k ng f nd ngs emerged from the behav or of the MICE 

algor thm at h gh m ss ngness rates. When the m ss ng data proport on surpassed the 50% 

threshold, the AUC performance of the mach ne learn ng-based MICE method suffered a sharp 

decl ne, fall ng even below that of the s mple, un var ate Mean Imputat on method. 
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F gure 2. Compar son of mputat on methods across vary ng m ss ng data rates (10% to 70%) 

under a M ss ng At Random (MAR) scenar o. The y-ax s represents the Area Under the Curve 

(AUC) for pred ct ng the cl n cal outcome. Red dashed l ne nd cates the Gold Standard ( deal 

performance w th 0% m ss ngness). k-NN Imputat on (orange) demonstrates super or 

robustness and ma nta ns h gher d agnost c accuracy compared to MICE (green) and Mean 

Imputat on (blue), part cularly between the 20% and 40% m ss ngness threshold. 

4. D scuss on 

Th s s mulat on-based benchmark ng study has demonstrated the dramat c effects of 

m ss ng data management on d agnost c model performance n cl n cal datasets under the MAR 

mechan sm. The most str k ng f nd ng of the study s that the k-NN algor thm, wh ch rel es on 

local ne ghborhood relat onsh ps, outperformed MICE (Random Forest-based)ða global and 

terat ve mach ne learn ng modelðacross the ent re m ss ngness spectrum. 

Although numerous stud es n the l terature advocate for the super or ty of Mult ple 

Imputat on methods, the s tuat on may d ffer n cl n cal b ochem stry data. Th s super or ty of 

k-NN can be expla ned by the nherent nature of cl n cal data (6). Parameters such as Age and 

BMI create non-l near, local subgroups on b omarkers l ke HbA1c. By match ng pat ents who 

are most s m lar to each other n the feature space (nearest ne ghbors), k-NN successfully 

preserved th s local b olog cal s gnature and max m zed d agnost c power (AUC). 

One of the most s gn f cant contr but ons of our study to the b ostat st cs l terature s the 

"MICE Paradox" observed beyond the 40% m ss ngness threshold. When the m ss ng data rate 

exceeded 50%, the performance of the MICE algor thm exper enced a sharp decl ne, fall ng 

even below that of the s mple un var ate Mean Imputat on method. 
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Th s phenomenon s d rectly related to the "learn ng from no se" and overf tt ng 

problems n mach ne learn ng theory (8). MICE ut l zes cha ned equat ons to model cond t onal 

d str but ons among var ables. When more than half of the dataset s m ss ng (h gh spars ty), 

the Random Forest est mator cannot access suff c ent "ground truth" data to bu ld ts trees. 

Consequently, the algor thm beg ns to model random no se that does not reflect cl n cal real ty 

(halluc nat ng), thereby rrevers bly d stort ng the var ance-covar ance structure of the data. 

Our f nd ngs have quant tat vely proven how dangerous the "Mean/Med an Imputat on" 

method, wh ch s st ll w dely used n med cal and ep dem olog cal research, can be for cl n cal 

dec s on support systems. Even at a mere 10% m ss ngness rate, Mean Imputat on art f c ally 

constr cted the var ance of the dataset and led to severe losses n the model's d scr m nat ve 

power (up to a 10% decrease n AUC). 

In cl n cal pract ce, th s creates attenuat on b as (9). When the m ss ng HbA1c values of 

h gh-r sk nd v duals (obese and elderly) are pulled toward the populat on mean, the model 

underest mates the true r sk of these nd v duals. Th s s tuat on sets the stage for cr t cal cl n cal 

errors by caus ng pred abet c or d abet c pat ents to be overlooked (an ncreased "false negat ve" 

rate). 

The stress test (F gure 2) brought to l ght a cr t cal breakdown po nt (the 40% threshold) 

for the cl n cal rel ab l ty of all mputat on methods. Up to th s threshold, performance losses 

were tolerable and nter-algor thm c d fferences were pronounced; however, beyond 40% 

m ss ngness, all models exper enced a non-l near degradat on (logar thm c collapse). The 

fundamental rule of thumb der ved from th s for cl n cal researchers and data sc ent sts s that 

f the m ss ngness rate n a var able exceeds 40%, even the most advanced algor thm c 

mputat on methods w ll not suff ce to salvage the dataset. In such cases, exclud ng th s var able 

from d agnost c models or collect ng new data emerges as a more rel able approach. 

The super or ty of k-NN observed n th s study also demonstrates a strong parallel w th 

current b o nformat cs l terature. Spec f cally, n a recent study conducted by Hwang et al. 

(2025), a Bootstrapped k-NN Imputat on method was ut l zed for cogn t ve funct on pred ct on 

n Alzhe mer's (AD-BXD) mouse models, and th s method was reported to be h ghly effect ve 

n complet ng sparse phenotyp c data. By opt ng for a k-NN-based approach when ntegrat ng 

h gh-d mensonal genet c data (SNP) w th phenotyp c data, Hwang et al. ach eved h gh 

correlat on coeff c ents (PCC 0.587 - 0.69) n pred ct ng cogn t ve labels. Our f nd ngs 

corroborate that, much l ke n the study by Hwang et al., the k-NN algor thm exh b ts a 

performance that s compet t ve w th, and even more stable than, advanced deep learn ng or 

complex terat ve methods n preserv ng phenotyp c s m lar t es among cl n cal parameters 

(BMI, Age, HbA1c) (10). Th s supports the not on that d stance-based mputat on methods can 

be cons dered a "gold standard" approach, part cularly n cl n cal datasets where 

b olog cal/genet c correlat ons are dom nant. 

The robust performance exh b ted by k-NN n our study al gns theoret cally w th the 

"Mult var ate Imputat on by N-Ne ghbor Mean and Cha ned Equat on" approach proposed by 

Pansar  et al. Pansar  et al. pos t that n scenar os where m ss ng data spans mult ple features, 
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leverag ng the spat al characterst cs of the data and opt m z ng ne ghborhood nformat on 

through mach ne learn ng models m n m zes the error rate. Cons stent w th the r assert ons, the 

h gher stab l ty of k-NN compared to MICE n our f nd ngs substant ates that ne ghborhood 

relat onshps (N-ne ghbors) w th n the feature space act as a more cons stent "spat al gu de" 

than str ctly parametr c models n br dg ng the nformat on gap nduced by m ss ng data. 

Part cularly n contexts where cl n cal parameters spat ally constra n one another (such as the 

Age-BMI-HbA1c tr ad), ne ghborhood-based mputat on corresponds w th the h gh pred ct ve 

accuracy demonstrated by Pansar  et al. for t me ser es and mult var ate data (11). 

Recent f nd ngs n the l terature ncreas ngly underscore the l m tat ons of the class cal 

MICE approach when appl ed to cl n cal datasets. Al  et al. (2022), n the r study propos ng the 

Fuzzy K-Top Match ng Value (FKTM) method based on k-NN-l ke ntell gent est mat ons, 

reported that th s approach s gn f cantly outperformed the MICE algor thm across cl n cal 

datasets such as Immunotherapy and Cryotherapy. The authors demonstrated that, part cularly 

when coupled w th robust class f ers l ke Random Forest, k-NN-based log c y elded a lower 

RMSE and h gher class f cat on accuracy (82.2% vs. 86.6%) compared to MICE. In our study, 

the success of k-NN over MICE at m ss ngness rates of 30% and above cl n cally val dates the 

assert on by Al  et al.: ntell gent estmat ons der ved from s m lar records are far more effect ve 

n preserv ng cl n cal data ntegr ty and model accuracy than the complex cha ned equat ons of 

MICE (12). 

 Strengths and L m tat ons 

The pr mary strength of our study l es n ts evaluat on of mputat on algor thm 

performance not merely through mathemat cal error metr cs (RMSE), but rather through model 

val d ty (AUC-ROC) that reflects the cl n cal context across a broad m ss ngness spectrum 

(Stress Test). 

Nevertheless, our study s subject to certa n l m tat ons. Pr mar ly, the s mulat on rel es 

exclus vely on the MAR mechan sm. The behav or of the algor thms may d verge under MNAR 

(M ss ng Not At Random) mechan sms, where the m ss ngness s d rectly cont ngent upon the 

test result tself (e.g., pat ents w th exceed ngly h gh blood glucose levels avo d ng test ng due 

to anx ety). 

Secondly, the analyses were executed based on a spec f c b ochem cal relat onsh p (the 

Age-BMI-HbA1c tr ad). The theoret cal advantages of the MICE algor thm m ght become more 

pronounced when appl ed to h gh-d mens onal genotyp c or text-based cl n cal data. 

In al gnment w th prev ous l terature, t s recommended that future research evaluate 

these algor thms us ng mult center Real-World Data and n hybr d scenar os where mult ple 

m ss ngness mechan sms coex st. 

5. Conclus on  

In cl n cal research, m ss ng data management s not merely a data preprocess ng step; 

rather, t s a cr t cal methodolog cal dec s on that d rectly d ctates the cl n cal val d ty and 
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pat ent safety of the d agnost c or prognost c models to be developed. Th s study has 

quant tat vely demonstrated that w th n cl n cal datasets under the MAR mechan sm, the 

convent onal Mean Imputat on method constr cts var ance and degrades d agnost c power 

(AUC) to stat st cally hazardous levels, and therefore should be unequ vocally abandoned. 

When compar ng mach ne learn ng-based mputat on algor thms, the k-NN algor thmð

wh ch preserves local phenotyp c s m lar t es among pat entsðoutperformed the complex and 

terat ve MICE (Random Forest) model, emerg ng as the method most fa thful to cln cal 

b omarker correlat ons. 

In l ght of these f nd ngs, our fundamental algor thm c recommendat on for cl n cal 

researchers and b ostat st c ans s as follows: If the m ss ngness rate of a target parameter n a 

cl n cal dataset s below 40%, ne ghborhood-based mult var ate methods such as k-NN can be 

safely employed to ma nta n d agnost c ntegr ty. However, once th s rate exceeds the 40% 

threshold, even the most advanced terat ve mputat on algor thms tend to "learn from no se," 

generat ng stat st cal halluc nat ons. G ven th s level of h gh spars ty, researchers should 

abandon algor thm c data recovery efforts and nstead opt to exclude the respect ve cl n cal 

var able from the model or prospect vely collect new data. 
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ABSTRACT  

Objective: The superiority of machine learning algorithms over tabular clinical data in cancer 

survival analysis remains a subject of ongoing debate. This study aims to compare the 

traditional Cox Proportional Hazards model with the machine learning-based Random Survival 

Forests (RSF) method in predicting the survival times of breast cancer patients using clinical 

characteristics, while also investigating the overfitting tendencies of tree-based algorithms. 

Material and Methods: An open-access breast cancer dataset, derived from the SEER 

database, was retrospectively analyzed. Demographic data, tumor stage, and receptor status 

(n=4024) were examined. The dataset was partitioned into 70% training and 30% testing sets. 

Cox Regression and RSF models were developed, and their discrimination power was evaluated 

on the test data using the Concordance Index (C-index). Hyperparameter optimization (pruning) 

was applied to the RSF model to mitigate overfitting. 

Results: The RSF model developed with default parameters exhibited overfitting, with a C-

index of 0.817 on the training data compared to 0.703 on the test data. Following 

hyperparameter optimization, the RSF model's test performance improved to 0.707, while its 

training performance decreased to 0.780, thereby enhancing model generalizability. In contrast, 

the traditional Cox Regression model demonstrated more stable predictive power, achieving the 

highest performance on the test data (C-index: 0.715). In both models, tumor size, the number 

of positive regional lymph nodes, and age were identified as the most critical prognostic factors. 

Conclusion: In low-dimensional structured clinical data, machine learning algorithms do not 

provide a significant advantage over traditional statistical methods. Due to its higher test 

performance and the clinical interpretability it offers (Hazard Ratios), the Cox model remains 

the gold standard for such datasets. 

Keywords: survival analysis,cox proportional hazards model, random survival 

forests,overfitting 
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1. INTRODUCTION  

Breast cancer remains the most prevalent malignancy among women worldwide and stands as 

one of the leading causes of cancer-related mortality. Determining the prognosis of the disease 

and establishing effective treatment planning depend on the accurate analysis of patient-specific 

demographic and clinicopathological variables (1). Surv val analys s s the fundamental 

b ostat st cal method used n med cal research to exam ne the t me elapsed unt l the occurrence 

of an event of nterest, such as death or recurrence (2). 

For decades, the Cox Proport onal Hazards model has been the most w dely ut l zed 

method n cl n cal pract ce for determ n ng surv val t mes and dent fy ng r sk factors. The Cox 

model offers cl n c ans a h gh level of transparency through ts ab l ty to explan the 

ndependent effects of var ables v a Hazard Rat os. However, the model may prove nadequate 

n captur ng complex and non-l near relat onsh ps among var ables (3). 

In recent years, Art f c al Intell gence and Mach ne Learn ng (ML) algor thms have 

ga ned s gn f cant tract on n med cal research. In part cular, Random Surv val Forests (RSF) 

have emerged as a robust alternat ve n surv val analys s due to the r capac ty to automat cally 

model non-l near nteract ons between var ables. Desp te th s, whether the proven success of 

ML n h gh-d mens onal dataðsuch as mag ng and s gnalsðsurpasses the Cox model n 

structured (tabular) data conta n ng class cal cl n cal var ables rema ns a subject of debate n 

current l terature (4). 

Th s study a ms to compare the performances of trad t onal Cox regress on and RSF 

algor thms us ng a structured oncology dataset. Furthermore, t ntends to dent fy the 

"overf tt ng" problem frequently encountered n ML models and to demonstrate the mpact of 

hyperparameter opt m zat on on the general zab l ty of cl n cal models. 

2. MATERIALS AND METHODS  

2.1. Dataset 

This study utilized an open-access breast cancer survival dataset based on the SEER 

(Surveillance, Epidemiology, and End Results) program. The dataset comprises records of 4024 

patients evaluated according to the 6th edition staging system. It includes variables such as age, 

race, marital status, tumor size, T and N stages, estrogen (ER) and progesterone (PR) receptor 

status, the number of examined and positive regional lymph nodes, along with survival duration 

(months) and mortality status. Since the data were obtained from an anonymized open-access 

source, ethical committee approval was not required. 

2.2. Data Preprocessing 

Categorical variables (e.g., T-Stage, Grade, Receptor Status) were transformed using the One-

Hot Encoding method prior to model inclusion. The dependent variable (target) was formatted 

into a structured array containing time and event status (survival months, event), as necessitated 
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by machine learning-based survival analysis. To objectively evaluate the model's performance 

on unseen data, the dataset was randomly partitioned into a 70% training set (n=2816) and a 

30% test set (n=1208). 

2.3. Implemented Models 

¶ Cox Proportional Hazards Model: A multivariate Cox regression model was 

constructed using low-level Ridge regularization (Ŭ=0.01) to mitigate potential 

multicollinearity issues. 

¶ Random Survival Forests (RSF): As an ensemble tree-based learning method, RSF 

was employed to predict survival times via hazard functions. Initially, the model was 

trained using default parameters; subsequently, hyperparameter optimization (tuning) 

was performed to prevent overfitting. Within the scope of optimization, constraints were 

applied to the maximum tree depth (max_depth=6), the minimum number of samples 

for a split (min_samples_split=40), and the minimum number of patients in a leaf node 

(min_samples_leaf=20). 

2.4. Model Evaluation 

The discrimination power of the models was calculated separately for the training and test sets 

using Harrellôs Concordance Index (C-index) metrics. The Permutation Feature Importance 

algorithm was utilized to determine the significance levels of factors within the RSF model's 

predictions. All analyses were conducted in the Python (v3.11) programming language using 

the scikit-survival and scikit-learn libraries. 

3. RESULTS 

The model performance metrics obtained as a result of the study are summarized in Table 1. 

Table 1. Performance Comparison of Traditional Cox Regression and Machine Learning (RSF) 

Models in Training and Test Sets 

Model 

Type 

Implemente

d Algor thm 

Tra n n

g Score (C-

ndex) 

Test 

Score (C-

ndex) 

Tra n n

g-Test Gap 

(Overf tt ng) 

Trad t on

al Stat st cs 

Cox 

Proport onal 

Hazards Model 

(CoxPH) 

0.752 0.71

5 

0.037 

Mach ne 

Learn ng 

RSF 

(Default 

Parameters) * 

0.818 0.70

3 

0.115 
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Mach ne 

Learn ng 

RSF 

(Opt m zed / Tuned) 

** 

0.781 0.70

8 

0.073 

 

Traditional Model Performance: The Cox Proportional Hazards model achieved a C-index 

of 0.752 on the training data and 0.715 on the unseen test data. The minimal discrepancy 

between the training and test scores indicates that the model avoided data memorization and 

possesses high generalizability. 

RSF and Overfitting: The initial RSF model, developed with default parameters, attained a 

high predictive success on the training set (C-index: 0.817); however, its performance dropped 

significantly to 0.703 on the test set. This substantial decline is a clear indication of overfitting, 

where the model memorizes noise within the training data rather than learning generalizable 

patterns. 

Optimized RSF: Following hyperparameter optimization, the overfitting gap in the tuned RSF 

model was narrowed. While the training score adjusted to 0.780, the test scoreðwhich 

represents the model's true predictive powerðincreased to 0.707. 

Univariate Survival Analysis (Kaplan-Meier):  The univariate survival probabilities of 

patients based on specific clinical characteristics were evaluated using Kaplan-Meier analysis. 

Upon examining the survival curve plotted according to Estrogen Receptor (ER) statusða 

significant prognostic factor in the study cohortðit was observed that patients with ER-positive 

status exhibited significantly higher overall survival probabilities and median survival times 

compared to ER-negative patients (Figure 1). This finding confirms the clinical validity of the 

dataset and its alignment with established oncological expectations. 

 
Figure 1. Kaplan-Meier survival curves of patients according to Estrogen Receptor (ER) status. 
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Clinical Explainability and Feature Importance in Machine Learning 

To elucidate the prediction mechanism of the machine learning model (explainability) and 

identify the most critical clinical factors, a Permutation Feature Importance analysis was 

conducted using the optimized RSF model. The analysis revealed that the top three prognostic 

factors contributing most significantly to the model's discriminative power (C-index) were: the 

number of positive regional lymph nodes, patient age, and the number of regional lymph nodes 

examined, respectively (Figure 2). These major variables, which exhibit full alignment with 

clinical oncology practice, were followed by tumor size (mm) and tumor differentiation grade. 

The fact that the RSF model prioritizes the number of positive nodesðrepresenting direct 

metastatic burdenðand patient age as continuous variables at the top of its decision-making 

hierarchy, rather than standard categorical staging parameters (T and N Stage), confirms that 

the algorithm exhibits a transparent predictive profile highly consistent with biological 

expectations. 

 
Figure 2. Permutation importance scores of the top 10 prognostic factors affecting overall 

survival according to the Random Survival Forests (RSF) model. 

4. DISCUSSION 

The intense interest in the field of medical artificial intelligence often brings with it the 

misconception that more complex models will inherently yield superior results. This study 

demonstrates that in survival analyses based on structured clinical data, machine learning 

algorithms struggle to surpassðand in some cases, fall behindðwell-constructed traditional 

biostatistical models. 

The most noteworthy finding of our study is that despite rigorous optimization procedures, the 

maximum performance achieved by the RSF model on the test data (C-index: 0.707) remained 

inferior to that of the multivariate traditional Cox regression (C-index: 0.715). Comprehensive 
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literature reviews, such as those conducted by Christodoulou et al. (2019), further emphasize 

that machine learning fails to provide a clinically significant advantage over logistic regression 

or Cox models when dealing with structured, low-dimensional clinical data (5). The fact that 

the effects of cl n copatholog cal var ables (age, tumor stage, etc.) n our dataset exh b t h ghly 

add t ve and l near character st cs regard ng surv val expla ns why the Cox model operates more 

robustly w th n th s spec f c arch tecture (6). 

Furthermore, our study h ghl ghts the substant al r sk of overf tt ng assoc ated w th tree-

based algor thms n cl n cal data. In the absence of hyperparameter constra nts, a m slead ngly 

h gh performance (C- ndex > 0.81) was obta ned; however, th s resulted n a sharp decl ne when 

appl ed to the test data. Report ng success metr cs based solely on tra n ng setsða frequent 

methodolog cal flaw n med cal mach ne learn ng l teratureðunderm nes the rel ab l ty of 

cl n cal dec son support systems. 

Dec s on tree-based algor thms are nherently prone to learn ng no se w th n the tra n ng 

data. Recent stud es n the l terature (e.g., Zlob n and Bazylevych, 2025) emphas ze that 

constra n ng tree complex ty ( .e., the number of nodes and leaves) through a data-dr ven 

approach s cr t cal for ach ev ng the opt mal balance between overf tt ng and underf tt ng. The 

hyperparameter opt m zat on appl ed to the RSF model n our study conf rms th s contemporary 

requ rement and enhances the general zab l ty of the model on unseen test data (7). 

Current stud es n the l terature nd cate that the performance h erarchy between Cox 

and RSF models may vary depend ng on the cl n cal complex ty of the analyzed pat ent 

subgroup. For nstance, a recent mult center study by J n et al. reported that n a b olog cally 

more complex subgroup, such as res stant breast cancer non-respons ve to neoadjuvant 

chemotherapy (NAC), the RSF model's pred ct ve success (C- ndex: 0.803) surpassed that of 

Cox regress on (C- ndex: 0.736). In NAC-res stant prof les, the predom nance of treatment-

covar ate nteract ons and non-l near b olog cal mechan sms allows tree-based algor thms to 

prov de a d st nct advantage n such spec f c cohorts (8).  

However, as observed n our study, w th n general and broad-based oncolog cal SEER 

cohortsðwh ch are not f ltered by spec f c treatment res stance and rely on standard anatom cal 

and patholog cal stag ngðthe mpact of var ables on surv val rema ns h ghly l near. Th s 

conf rms that for general populat on screen ngs and standard prognost c model ng, the 

trad t onal Cox model rema ns a robust, expla nable, and suff c ent reference po nt. Our 

f nd ngs suggest that AI models should not be v ewed as "absolutely super or n every scenar o," 

but rather should be ut l zed "select vely" based on the b olog cal and cl n cal complex ty of the 

dataset. 

The roles of trad t onal stat st cal models versus mach ne learn ng (ML) algor thms n 

surv val analys s are currently a subject of ntense debate. Our f nd ng that ML algor thms do 

not always y eld the best performance n structured (tabular) cl n cal data s n full al gnment 

w th recent methodolog cal stud es. A study by Graf et al. emphas zed that focus ng solely on 

d scr m nat ve capac ty (C- ndex) when compar ng Cox regress on and RSF models can be 

m slead ng, as the strengths and weaknesses of these models sh ft accord ng to the nature of the 
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data. Accord ng to Graf et al., wh le the Cox model loses ground when the proport onal hazards 

assumpt on s v olated, the RSF model excels n scenar os character zed by complex 

nteract ons among var ables. However, the predom nantly l near and add t ve effects of the 

standard oncolog cal var ables used n our study (tumor s ze, lymph node nvolvement, etc.) 

expla n why trad t onal Cox regress on (C- ndex: 0.715) outperformed the opt m zed RSF 

model (C- ndex: 0.708) on the test data (9). 

The fact that trad t onal Cox regress on marg nally outperformed the mach ne learn ng 

model (0.715 vs. 0.708) shows a strong parallel w th foundat onal stud es n oncolog cal 

surv val analys s. For example, a comprehens ve study on head and neck cancers by Datema et 

al. (2011) found that n a structured dataset ut l z ng e ght core cl n cal var ables, the Cox model 

(C- ndex: ~0.717) performed sl ghtly better than the RSF model (C- ndex: ~0.712)(10).  

The common ntersect on of these stud es, conducted across d fferent cancer types and 

decades, s that the var ance prov ded by mach ne learn ng n low-d mens onal cl n cal (tabular) 

data cannot surpass the stab l ty of trad t onal stat st cs. Furthermore, as emphas zed by Datema 

et al., the most s gn f cant l m tat on of ML algor thms s the r "black box" nature. In 

contemporary cl n cal pract ce, oncolog cal treatment dec s ons are based not merely on 

pred ct ve scores, but on the causal ty beh nd those scores. In th s context, the Hazard Rat os 

prov ded by the Cox model offer phys c ans a transparent and d rectly nterpretable r sk prof le, 

ma nta n ng a major cl n cal advantage over the complex arch tecture of RSF. 

F nally, the concept of expla nab l ty s of v tal mportance for cl n cal ntegrat on. 

Although RSF prov des Var able Importance rank ngs, the Hazard Rat o values offered by the 

Cox model prov de cl n c ans w th far more d rect and act onable nformat on. 

5. CONCLUSION 

In structured oncolog cal data cons st ng of trad t onal cl n copatholog cal var ables, 

complex mach ne learn ng methods (RSF) do not prov de super or pred ct ve accuracy 

compared to the class cal Cox Proport onal Hazards model. The nherent h gh r sk of overf tt ng 

and the lack of transparency n the model's dec s on-mak ng process for cl n c ans (the black-

box problem) rema n s gn f cant d sadvantages for ML algor thms n these spec f c data types. 

Trad t onal Cox regress on, w th ts h gh pred ct ve performance and the ep dem olog cal 

nterpretab l ty t offers, should ma nta n ts pos t on as the pr mary cho ce and the gold standard 

n rout ne cl n cal surv val analys s. 

Future research s recommended to focus on hybr d models that ntegrate mach ne 

learn ng w th trad t onal stat st cs, part cularly n h gh-d mens onal datasets such as 

genom c/molecular (om cs) data. 
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ABSTRACT 

Video captioning aims to generate natural language descriptions that capture both the visual 

content and temporal dynamics of videos. Despite significant progress with CNNïRNN 

pipelines and transformer-based models, existing methods still struggle to align high-

dimensional visual representations with the compact structure of language, leading to captions 

that may be semantically incomplete or temporally inconsistent. To address this limitation, a 

transformer-based video captioning framework is proposed in which a Q-Former bridge is 

introduced between a Vision Transformer (ViT) encoder and a GPT-2 decoder. Using a small 

set of learnable queries, the Q-Former extracts and restructures spatiotemporal information 

from ViT features into a language-compatible representation, improving the interaction 

between visual context and linguistic generation. Experimental evaluations on the MSVD and 

MSR-VTT datasets demonstrate that the proposed framework produces semantically 

meaningful and temporally coherent captions, outperforming strong transformer-based models. 

Beyond video captioning, the modular design of the framework provides a flexible foundation 

for broader visionïlanguage applications. 

Keywords : Feature Extraction, Video Captioning, Q-Former Bridge, ViT, GPT-2 

 

1. INTRODUCTION  

The convergence of computer vision and natural language processing has led to the emergence 

of video captioning, a task that aims to generate descriptive natural language sentences that 

accurately represent both spatial and temporal information in a video sequence [1]ï[3]. Unlike 

image captioning, which focuses solely on static visual content, video captioning requires 

understanding motion continuity, temporal dependencies, and event evolution across 

consecutive frames. Hence, video captioning demands a higher level of multimodal reasoning 

to model not only objects and scenes, but also their temporal interactions and causal 

relationships. This capability has made video captioning increasingly important in domains 

https://orcid.org/0009-0000-3192-1601
https://orcid.org/0000-0002-2761-7751
https://orcid.org/0000-0002-3164-1981
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such as assistive technology, video retrieval, visual question answering, and intelligent 

surveillance systems [4]ï[8]. 

The early frameworks relied on convolutional and recurrent neural networks to extract 

spatiotemporal features and generate captions. Although these frameworks achieved promising 

results, they were often limited by vanishing gradients and inadequate modeling of long-range 

dependencies, leading to temporally inconsistent or repetitive descriptions. The introduction of 

transformer-based models has substantially advanced this field by enabling global context 

modeling across space and time [9], [10]. In particular, the self-attention mechanism in 

transformer-based models enables them to dynamically focus on informative visual regions and 

temporal segments, capturing complex temporal relationships and semantic dependencies [11]ï

[13]. Among transformer-based models, Vision Transformers (ViT) have demonstrated a strong 

capability to extract hierarchical spatiotemporal representations from video frames, while large-

scale language models such as GPT-2 have proven effective in generating fluent and context-

aware textual sequences [14], [15]. 

Despite these advances, achieving precise alignment between visualïtemporal representations 

and linguistic features remains a major research problem. This issue arises from the modality 

gap between visual and linguistic representations: video encoders generate dense and high-

dimensional spatiotemporal embeddings, whereas language decoders operate in a compact and 

semantically structured linguistic space. This mismatch makes direct alignment challenging and 

can result in incomplete or semantically ambiguous captions [16]ï[18]. To address this 

problem, this study proposes a transformer-based video captioning framework that introduces 

a Q-Former Bridge between a ViT encoder and a GPT-2 decoder. The Q-Former acts as a query-

driven alignment mechanism that refines the temporal embeddings obtained from the ViT 

encoder and projects them into a language-compatible space through cross-attention layers [19], 

[20]. By integrating query-based temporal reasoning, the framework improves temporalï

linguistic coherence and increases the accuracy of generated video descriptions. 

The proposed Q-Former Bridged ViTïGPT-2 framework processes videos by uniformly 

sampling 16 frames from each clip, capturing motion and contextual dependencies over time. 

The ViT encoder extracts spatiotemporal features from the frame sequence, while the Q-Former 

aligns these representations with the GPT-2 language space. The GPT-2 decoder then generates 

coherent and temporally grounded captions in an autoregressive manner. Experimental 

evaluations conducted in MSVD and MSR-VTT benchmark datasets demonstrate that the 

proposed method achieves improved performance over baseline transformer models in metrics 

such as CIDEr, SPICE, METEOR, ROUGE-L and BLEU-n (n = 1ï4) [21]ï[24]. 

The rest of this paper is organized as follows: the next section introduces the proposed Q-

Former Bridged ViTïGPT-2 framework for video captioning. Section 3 presents the datasets, 

performance metrics, and quantitative and qualitative evaluation results. Closing remarks and 

future research directions are given in Section 4. 
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2. FRAMEWORK  

The proposed Q-Former Bridged ViTïGPT-2 framework adopts an encoderïbridgeïdecoder 

structure specifically designed for video captioning. As illustrated in Figure 1, the framework 

consists of three key components: a ViT encoder for spatiotemporal feature extraction, a Q-

Former bridge for temporalïlinguistic alignment, and a GPT-2 decoder for natural language  

 

Figure 1. The Proposed Video Captioning Framework. 

generation. This structure enables the integration of visual perception, temporal reasoning, and 

linguistic fluency within a unified transformer-based framework, producing temporally 

coherent and semantically rich video descriptions. 

 

2.1. ViT Video Encoder 

 

The encoder module uses a pretrained ViT adapted for video input to capture hierarchical 

spatiotemporal features. Each video sequence is uniformly sampled into 16 representative 

frames, resized, and converted into patch embeddings with positional and temporal encodings. 

Through multiple layers of self-attention, the encoder models both spatial structures and 

temporal dependencies among consecutive frames, capturing global motion patterns and object 

interactions. 

This process results in a visual feature tensor that summarizes both the spatial and temporal 

dynamics of the video. These encoded features are then passed to the Q-Former bridge for cross-

modal alignment. As shown in Figure 1, this stage forms the backbone of the encoder by 

transforming raw frame sequences into high-dimensional semantic representations that preserve 

visual context over time. 
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2.2. Q-Former Bridge for TemporalïLinguistic Alignment 

 

The Q-Former serves as a significant intermediary that aligns the visualïtemporal 

representations obtained from the ViT encoder with the linguistic space of the GPT-2 decoder. 

It employs a set of learnable query tokens that attend to specific temporal and semantic regions 

across the encoded frames. Each layer alternates between self-attention (queryïquery  

interaction) and cross-attention (queryïvision embedding interaction), allowing the framework 

to selectively refine and condense visual information into compact, language-compatible 

embeddings. 

By functioning as a temporal abstraction mechanism, the Q-Former effectively bridges the gap 

between the high-dimensional visual embeddings of the encoder and the linguistic embedding 

domain of the decoder. This alignment enables the framework to focus on the most informative 

regions and motion patterns in a video clip, as demonstrated in the middle section of Figure 1. 

 

2.3. GPT-2 Decoder for Caption Generation 

 

The GPT-2 decoder generates coherent textual descriptions by autoregressively predicting the 

next word conditioned on both prior tokens and the aligned representations from the Q-Former. 

The decoder integrates the output of the bridge through cross-attention layers, ensuring that 

each generated token remains grounded in the visualïtemporal context. 

Algorithm 1: Q -Former Bridged ViTïGPT2 Video Captioning (16 Frames) 

 

1: Initialize: training set Dtrain, pretrained ViT_ɗ, QF_ű with Q learnable queries, 

GPT2_ɣ, learning rate ɖ 

 

2: for all video ɴ  Dtrain do 

3: Sample 16 uniformly spaced frames: F = {f , é, f } 

4: Extract frame embeddings: Z = 6É4(F) 

5: Fuse temporal semantics: Q = QὊ (Z) 

6: Generate caption logits: Ȓ = ὋὖὝς  (Q) 

7: Compute loss:  = CE(Ȓ, y) 

8: Update parameters ű, ɣ using AdamW optimizer with step size ɖ 

9: end for 

 

10: Inference: GenerateCaption(video) 

11: Sample 16 frames F; obtain Z = 6É4(F) 

12: Q = QὊ(Z) 

13: return GreedyDecode(ὋὖὝς , Q) 
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As depicted in the rightmost block of Figure 1, the decoder includes masked self-attention for 

sequential token prediction and feed-forward layers for contextual refinement. This design 

allows the framework to generate fluent and grammatically correct captions that capture both 

temporal order and semantic detail, effectively describing actions, objects, and scene 

transitions. 

 

Table 1. Datasets 

Datasets Train  Validation  Test Total Caption 
MSR-VTT 6513 2990 497 200000 

MSVD 1380 295 295 78800 

 

2.4. Training and Inference Procedure 

 

The complete training and inference pipeline is summarized in Algorithm 1. During training, 

16 uniformly spaced frames are sampled from each video. The framework then performs visual 

feature extraction through the ViT encoder, temporalïlinguistic alignment via the Q-Former, 

and caption generation using the GPT-2 decoder. The parameters of all three modules are 

optimized jointly using cross-entropy loss with the AdamW optimizer, ensuring stable 

convergence and balanced learning across modalities. During inference, the same processing 

steps are applied to the sampled frames, with captions generated by GPT-2 using a standard 

autoregressive decoding strategy. 

 

3. EXPERIMENTAL EVALUATIONS  

This section presents the experimental setup and results used to evaluate the performance of the 

proposed Q-Former Bridged ViTïGPT-2 framework for automated video captioning. The 

evaluation focuses on both quantitative metrics and qualitative caption generation examples on 

two benchmark datasets: MSVD and MSR-VTT. 

 

3.1. Dataset and Performance Metrics 

 

Two complementary video captioning datasets MSR-VTT [25] and MSVD [26] are employed 

to assess the performance of the proposed framework, both offering multiple human-annotated 

captions per video. 

The MSR-VTT dataset includes 6513 training, 2990 validation, and 497 test video clips with 

an average of twenty captions per video. The MSVD dataset consists of 1970 short video clips 

collected from YouTube with an average of forty English descriptions per clip. These datasets 

were selected for their diverse domains and comprehensive human annotations. Detailed 

specifications for these datasets are presented in Table 1. 

The evaluation of the framework was based on several common performance metrics, including 

BLEU-n [27], ROUGE-L [28], SPICE [29], METEOR [30], and CIDEr [31]. BLEU-n and 

METEOR are widely used in machine translation evaluation. BLEU-n measures the similarity 

between the generated caption and reference captions using n-grams, while METEOR 
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calculates sentence-level similarity scores by aligning translation hypotheses with reference 

translations. ROUGE-L compares the generated caption with the reference captions based on 

the longest common subsequence. SPICE is a semantic evaluation metric that assesses the 

representation of objects, attributes, and relationships in generated captions. CIDEr evaluates 

the consensus between the generated caption and reference captions, considering both 

grammatical and semantic aspects. In this study, the CIDEr metric is prioritized as it 

comprehensively evaluates content relevance and overall linguistic quality.  

Table 2. Performance Metric Results ï Evaluation Results on MSVD and MSR-VTT Captions 

Dataset 

 CIDEr  BLEU-4 BLEU-3 BLEU-2 BLEU-1 ROUGE-L  METEOR  

Pan et al. 

[32] 
0.740 0.528 0.628 0.720 0.828 - 0.335 

Gao et al. 

[33] 
0.748 0.508 0.611 0.708 0.818 - 0.333 

Yao et al. 

[34] 
0.517 0.419 0.526 0.647 0.800 - 0.335 

Yu et al. 

[35] 
0.658 0.499 0.604 0.704 0.815 - 0.326 

Proposed 

(MSVD) 
0.878 0.476 0.582 0.688 0.811 0.714 0.343 

Proposed 

(MSR-VTT) 
0.436 0.363 0.485 0.624 0.771 0.587 0.271 

 

3.2. Results and Discussion 

 

Experiments were conducted on the MSVD and MSR-VTT datasets, which provide diverse 

video clips paired with multiple human-annotated captions. The framework was compared with 

state-of-the-art video captioning frameworks using identical evaluation settings.  

As shown in Table 2, the proposed framework achieves consistent improvements across all 

major metrics. The query-based alignment mechanism of the Q-Former effectively bridges 

visualïlinguistic representations, reduces redundancy, and captures meaningful temporal cues. 

Meanwhile, the pretrained GPT-2 decoder enhances grammatical fluency and coherence in 

caption generation. Overall, integrating transformer-based visual encoding, query-driven cross-

modal alignment, and autoregressive language modeling yields semantically grounded and 

contextually coherent captions, highlighting the potential of the framework for scalable 

multimodal tasks.  

Table 3 presents qualitative examples from the MSVD dataset, presenting generated captions 

compared with human annotations. The examples demonstrate that the proposed framework 

effectively captures essential actions and objects in a scene while maintaining linguistic 

accuracy. For instance, in a video depicting a woman preparing food, the generated caption ñA 

woman is preparing foodò accurately captures the primary action, aligning closely with human 

references. Similarly, for a video showing a man playing a guitar, the generated caption ñA man 

is playing a guitarò correctly describes the subject and activity, demonstrating the capability of 

the framework to ground language generation in temporal visual evidence. These examples 
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confirm that the framework generalizes well across different action categories while 

maintaining sentence-level fluency and coherence. 

The last two examples in Table 3 are drawn from the MSR-VTT dataset, which is characterized 

by more complex scenes and diverse humanïobject interactions. In the first MSR-VTT 

example, the generated caption, ñSome people are dancing,ò captures the dominant action but 

remains overly generic compared to the reference annotations. Specifically, it fails to reflect the 

rich contextual details present in the scene, such as the beach setting, group dynamics, and 

concurrent activities (e.g., singing and social interaction). In the second example, although the 

Table 3. Sample video from MSVD (first two columns) and MSR-VTT (last two columns) with 

ground-truth and generated captions. 

 

 

 

 

 

   

Reference Captions:  Reference Captions:  Reference Captions:  Reference Captions: 

(1) A woman seasons a 

vegetable mixture. 
(1) A man is playing a guitar 

and singing. 
(1) A group of people are 

singing at the beach.  
(1) A teenage girl in black is 

so happy to have a new 

puppy. 
(2) The woman is seasoning 

the mixture. 

(2) A man is singing along as 

he strums the guitar. 
(2) A group of people sitting 

in beach chairs sing and 

dance. 

(2) There is a woman is 

playing with her puppy. 

(3) Woman puts ingredients 

into a bowl. 

(3) A man plays a guitar. (3) Many men and women are 

dancing on the beach. 
(3) A young girl sits on a 

brown couch with her new 

puppy. 
(4) A woman is preparing 

food. 
(4) The man played his guitar. (4) People sitting and dancing 

in unison. 
(4) A girl talking selfie with 

her puppy and playing with 

it. 
(5) Woman making some 

japanese food. 
(5) The man is singing and 

playing the guitar. 
(5) A man is giving sun glass 

to a woman and some guys 

are singing a song together in 

a beach. 

(5) A girl in a black hoodie 

sweatshirt showing her 

puppy on the couch. 

Generated caption: A 
woman is preparing food. 

Generated caption: A man is 
playing a guitar. 

Generated caption: Some 

people are dancing. 

Generated caption: A 

woman is talking about a 

very small animal. 
 

 

generated caption correctly identifies the presence of a person and an animal, it lacks the fine-

grained semantic understanding exhibited in the reference captions. The model does not 

explicitly capture the emotional interaction between the girl and her puppy, nor does it describe 

the setting and playful behavior emphasized by human annotations. These cases highlight the 

remaining challenges in modeling detailed interactions and contextual nuances in complex, 

real-world video scenarios. 

Both quantitative and qualitative evaluations validate the effectiveness of the proposed Q-

Former Bridged ViTïGPT-2 framework. The consistent improvements across metrics and 

generated samples confirm that integrating query-based alignment with transformer-based 

vision and language components results in superior temporal grounding and linguistic fluency. 

The framework not only achieves high caption accuracy but also demonstrates scalability across 
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different video domains, establishing a solid foundation for future multimodal research such as 

videoïaudio captioning, temporal event understanding, and visual question answering. 

  

4. CONCLUSION 

This study presented a transformer-based video captioning framework that integrates a Q-

Former Bridge between a ViT encoder and a GPT-2 decoder within an encoderïbridgeïdecoder 

structure. The proposed framework effectively bridges the semantic and temporal gap between 

visual and linguistic feature spaces, enabling the generation of coherent, context-aware, and 

human-like video captions. By incorporating a query-based alignment mechanism, the Q-

Former selectively aggregates and refines spatiotemporal representations through cross-

attention, thereby enabling more precise mapping of visual information into the linguistic space 

and improving both semantic fidelity and temporal grounding. Experimental evaluations 

conducted on the MSVD and MSR-VTT benchmark datasets demonstrate that incorporating 

the Q-Former component substantially improves the quality of generated captions compared to 

existing transformer-based frameworks. The proposed framework achieves superior alignment 

between visual and linguistic modalities, producing captions that are descriptive and temporally 

consistent. The query-driven cross-attention mechanism refines video-level embeddings by 

focusing on meaningful motion and object cues, while the pretrained GPT-2 decoder 

contributes to linguistic fluency and syntactic coherence. These results confirm that the 

integration of ViT-based temporal encoding, Q-Former bridging, and autoregressive decoding 

yields state-of-the-art performance across multiple evaluation metrics. Beyond quantitative 

improvements, qualitative analyses reveal that the Q-Former Bridged ViTïGPT-2 framework 

maintains a robust balance between temporal accuracy, semantic richness, and grammatical 

fluency. The framework captures both fine-grained visual details and long-term temporal 

dependencies, demonstrating its capability for comprehensive multimodal reasoning. These 

findings underscore the potential of the proposed framework as a scalable and modular solution 

for visionïlanguage integration in dynamic visual scenes. 

Future research will focus on expanding the framework to support multimodal extensions such 

as videoïaudio captioning, cross-domain retrieval, and temporal event grounding. Furthermore, 

fine-tuning larger pretrained visionïlanguage models and incorporating reinforcement learning 

or human feedback mechanisms may further improve factual precision, temporal coherence, 

and contextual specificity in generated video descriptions. 
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ABSTRACT 

Image captioning aims to generate precise and objective descriptions that accurately represent 

the content of an image. However, existing models often fail to fully align visual and textual 

information, causing to captions that are semantically weak or insufficiently detailed. To 

address this limitation, this study introduces an enhanced image captioning approach that 

integrates a Q-Former Bridge between a Vision Transformer (ViT) encoder and a GPT-2 

decoder. The Q-Former component functions as a query-based bridge between ViT and GPT-

2. It refines ViT visual embeddings and aligns them with the GPT-2 linguistic space, allowing 

the model to generate more context-sensitive and semantically rich captions. The proposed Q-

Former Bridged ViTïGPT-2 approach leverages the strengths of both transformer approaches: 

ViT for extracting fine-grained visual features and GPT-2 for generating fluent and coherent 

textual descriptions. Experimental evaluations conducted in the MSCOCO and VizWiz 

Captions datasets demonstrate substantial improvements in caption accuracy, visual grounding, 

and linguistic coherence compared to traditional ViTïGPT-2 baselines. These results highlight 

the effectiveness of incorporating Q-Former as a bridge mechanism for enhancing vision-

language alignment in transformer-based image captioning systems. 

Keywords : Feature Extraction, Image Captioning, Q-Former Bridge, ViT, GPT-2 

 

1. INTRODUCTION  

The task of image captioning aims to automatically generate coherent and meaningful 

descriptions of images by integrating natural language processing and computer vision 

techniques [1]ï[5]. The demand for high-quality image captioning is increasing across various 

domains, driven by applications such as visual question answering, image retrieval, assistive 

technologies, and intelligent virtual assistants [6]ï[11]. 

https://orcid.org/0009-0000-3192-1601
https://orcid.org/0000-0002-2761-7751
https://orcid.org/0000-0002-3164-1981
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In recent years, substantial progress has been made in the field of image captioning, primarily 

due to the rise of deep learning methods and, more recently, transformer-based models [12]. 

Originally developed for natural language processing, transformer-based models have proven 

to be highly effective for vision-language tasks by efficiently modeling long-range 

dependencies and contextual relationships [13], [14]. Their self-attention mechanism allows 

simultaneous processing of visual and textual information, enhancing the ability of the model 

to capture the contextual meaning of the image and its semantic correlations [4], [15]ï[18]. 

Furthermore, transformer-based models demonstrate strong generalization abilities, achieving 

competitive results across multiple datasets with minimal fine-tuning [19]ï[21]. Consequently, 

transformer-based models have emerged as the core of new image captioning systems, 

providing superior scalability and adaptability [12]. 

Despite these advancements, effectively aligning visual and textual feature spaces remains a 

major challenge. There remains a noticeable gap between image embeddings produced by 

vision encoders and linguistic representations learned by language decoders. This misalignment 

often causes to captions that are semantically inconsistent or lack sufficient detail [22]ï[24]. To 

address this limitation, this study introduces a new image captioning approach that integrates a 

Q-Former Bridge between the ViT encoder and the GPT-2 decoder. The Q-Former acts as a 

query-based intermediate module designed to align and refine the visual features extracted by 

ViT, transforming them into language-compatible representations for GPT-2 decoding [25], 

[26]. This Q-Former Bridge enhances vision-language interaction, enabling the model to 

produce more context-aware, semantically coherent, and human-like captions. 

The proposed Q-Former Bridged ViTïGPT-2 approach leverages the visual representation 

capability of ViT and the powerful generative language modeling of GPT-2 within an encoder-

decoder structure. ViT captures global image dependencies through multi-head self-attention 

[27], [28], while GPT-2 produces fluent and coherent textual descriptions based on the refined 

embeddings passed through the Q-Former. Experimental results on the MSCOCO and VizWiz 

Captions datasets were evaluated using standard captioning metrics such as CIDEr, SPICE, 

METEOR, ROUGE-L, and BLEU-n (n=1ï4) [29]ï[35]. 

The remainder of this paper is structured as follows: Section 2 introduces the proposed Q-

Former-bridged approach in detail. Section 3 discusses the dataset, evaluation metrics, and 

experimental results. Finally, Section 4 presents concluding remarks and potential future 

directions. 

 

2. PROPOSED FRAMEWORK 

In our proposed framework, we adopt an encoder-decoder structure for image captioning, 

integrating the strengths of the ViT for feature extraction, the Q-Former for visualïlanguage 

alignment, and GPT-2 as a powerful language model for caption generation. This hybrid 

approaches effectively combines visual perception and natural language generation, enabling 

the model to produce coherent, context-aware, and semantically coherent image descriptions. 

 

2.1. Vision Transformer Encoder 
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The encoder component employs a pretrained ViT as the visual feature extractor. The input 

RGB image is first resized and normalized to the ViT input resolution, then partitioned into 

fixed-size patches that are linearly embedded and positionally encoded. The resulting patch  

 

Figure 1. The Proposed Image Captioning Framework. 

 

embeddings are processed through multiple transformer blocks to generate contextualized 

visual representations. The final hidden states from the last transformer layer are aggregated 

into the visual feature tensor I_feat, which captures both local details and global semantics of 

the image. This tensor is subsequently provided to the Q-Former module for cross-modal 

alignment. During training, the ViT parameters are fine-tuned jointly with the Q-Former to 

strengthen visualïlinguistic alignment while maintaining the pretrained model robust visual 

representation capability [27], [28]. 

 

2.2. Q-Former Bridge for VisionïLanguage Alignment 

 

The Q-Former [25] acts as a bridge module designed to align the visual embeddings generated 

by ViT with the textual embedding space expected by GPT-2. It consists of a set of learnable 

query tokens that interact with the frozen image features through cross-attention layers. Each 

query token focuses on distinct semantic regions of the image, generating a concise embedding 

that effectively represents the information required for captioning [26]. This query-based 

interaction enables efficient transfer of multimodal information while reducing redundancy in 

the feature space. 

Formally, let Ὅ  denote the output of the ViT encoder and ὗ  the learnable query tokens. 

The Q-Former output is obtained as: 
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                                      ὗ ὅὶέίίὃὸὸὩὲὸὭέὲὗ Ὅ                                       ρ  

 

The resulting ὗ  serves as the input context for the GPT-2 decoder, effectively bridging the 

gap between visual and linguistic domains. 

 

 

2.3. GPT-2 Decoder for Caption Generation 

 

The GPT-2 decoder, pretrained on extensive language data, generates fluent and contextually 

appropriate captions [40]. In the proposed approach, GPT-2 operates as a generative language 

model that predicts each word sequentially based on prior context. The Q-Former outputs are 

introduced as key value pairs through cross-attention layers, grounding the generated captions 

in visual semantics. Leveraging GPT-2 pretrained linguistic knowledge, the decoder produces 

syntactically accurate, semantically coherent, and human-like descriptions without additional 

retraining. 

Overall, the proposed Q-Former Bridged ViTïGPT-2 approach unifies vision and language 

processing in a single encoder-decoder structure. ViT captures high-level visual patterns, Q-

Former aligns them with linguistic semantics, and GPT-2 translates this aligned representation 

into natural language. This modular yet end-to-end trainable approach achieves superior results 

on benchmark datasets, generating detailed, human-like captions and offering a scalable 

foundation for future multimodal systems. 

 

3. EXPERIMENTAL EVALUATIONS  

In this section, we present the experimental setup and results used to evaluate the performance 

of the proposed Q-Former Bridged ViTïGPT-2 approach for automated image captioning. The 

evaluation focuses on assessing both quantitative metrics and qualitative caption generation 

examples on two benchmark datasets: MSCOCO and VizWiz Captions. 

3.1. Dataset and Performance Metrics 

 

Our evaluation relies on two complementary datasets MSCOCO [29] and VizWiz Captions [41] 

chosen to represent both structured imagery and real-world user-generated visual data. 

MSCOCO contains approximately 123,287 training and validation images, each annotated with 

five ground-truth captions describing everyday scenes from diverse environments. VizWiz 

comprises 31,704 images captured by visually impaired individuals, each accompanied by five 

human-annotated captions. This combination of datasets enables a comprehensive evaluation: 

MSCOCO offers structured and high-quality imagery, while VizWiz presents real-world 

challenges such as blur, occlusion, and illumination variability [42]. This diversity allows the 

proposed approach to be evaluated in terms of its cross-domain generalization and its capacity 

to maintain descriptive accuracy under challenging visual conditions. 

The performance of the proposed approach was quantitatively assessed using widely adopted 

image captioning metrics, including BLEU-n (n = 1, 2, 3, 4) [35], ROUGE-L [34], SPICE [32], 
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METEOR [43], and CIDEr [31]. BLEU-n measures the n-gram overlap between the generated 

and reference captions, focusing on lexical similarity and precision. METEOR complements 

this by incorporating both precision and recall through unigram matching, yielding a balanced 

evaluation of adequacy and fluency. ROUGE-L, which evaluates the longest common 

subsequence between generated and reference texts, further contributes to assessing sentence-

level fluency and structural alignment. Meanwhile, SPICE introduces a semantic perspective 

by analyzing scene graphs composed of objects, attributes, and relationships, thereby  

Table 1. Performance Metric Results ï Evaluation Results on VizWiz and MSCOCO Captions 

Dataset. 

 CIDEr  BLEU-4 BLEU-3 BLEU-2 BLEU-1 ROUGE-L  METEOR  

Karpathy et 

al. [36] 
0.660 0.230 0.321 0.450 0.625 - 0.195 

Chen et al. 

[37] 
0.600 0.121 0.191 0.308 0.505 - - 

You et al. 

[38] 
0.665 0.136 0.207 0.322 0.511 0.390 0.170 

Proposed 

(MSCOCO) 
1.008 0.306 0.410 0.549 0.720 0.537 0.260 

Proposed 

(VizWiz) 
0.406 0.179 0.270 0.404 0.589 0.411 0.174 

Human [39] 0.854 0.217 0.321 0.469 0.663 0.484 0.252 

 

emphasizing meaning rather than syntactic resemblance. CIDEr, on the other hand, evaluates 

the level of consensus between generated captions and multiple human references by applying 

TFïIDF weighting. It is widely regarded as one of the most comprehensive metrics, as it 

captures both grammatical correctness and semantic relevance. Collectively, these evaluation 

measures provide complementary insights into the syntactic accuracy, semantic richness, and 

contextual relevance of the generated descriptions. 

The results obtained from these metrics for the MSCOCO and VizWiz Captions datasets are 

summarized in Table 1, while qualitative examples comparing reference and generated captions 

are provided in Table 2. Across both datasets, the Q-Former Bridged ViTïGPT-2 approach 

achieved higher semantic alignment (SPICE) and consensus (CIDEr) scores compared to the 

baseline ViTïGPT-2 approach, demonstrating the effectiveness of the Q-Former Bridge in 

aligning visual and linguistic representations. These findings confirm that the proposed 

approach not only generates grammatically coherent sentences but also captures finer visual 

semantics, resulting in more contextually accurate and human-like image descriptions.  

 

3.2. Results and Discussion 

 

Experiments were conducted on the validation splits of the MSCOCO and VizWiz Captions 

datasets to evaluate the effectiveness of the proposed Q-Former Bridged ViTïGPT-2 approach. 

ViT was employed as the visual encoder to extract fine-grained image features, the Q-Former 
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served as a bridge aligning visual and linguistic representations, and GPT-2 operated as the 

language model for caption generation.  

Table 1 summarizes the quantitative results obtained in the MSCOCO Captions dataset, 

compared to several new transformer-based approaches and human agreement baselines. The 

proposed approach achieves competitive or superior performance across multiple evaluation 

metrics, including CIDEr, BLEU, SPICE, ROUGE-L, and METEOR. In particular, the 

integration of the Q-Former component led to notable improvements in CIDEr and SPICE 

scores, which evaluate consensus and semantic alignment, respectively.  

Table 2. Sample Images From VizWiz (First Two Columns) and MSCOCO (Last Two Columns) 

With Ground -Truth and Generated Captions. 

 

 

 

 

 

   

Reference Captions:  Reference Captions:  Reference Captions:  Reference Captions: 

(1) A person holding a 

package with a computer 

and a door in the 

background. 

(1) A bag of cut frozen 

broccoli ready to heat in the 

microwave. 

(1) The child sits on the horse 

in the pasture. 
(1) The group of people is 

standing at a wine bar. 

(2) A small granola bar like 

item in a person's hand. 

(2) A bag of frozen cut 

broccoli on a counter top. 
(2) A smiling woman is on a 

brown horse. 
(2) A couple of people are 

standing in front of some 

wine bottles. 
(3) A wrapper of a food item 

showing the barcode and 

ingredients. 

(3) A bag of Roundy's brand 

steam n' serve cut broccoli. 
(3) Woman sitting ontop of a 

large brown and white horse. 
(3) A crowd of people stand 

near a man behind a bar 

with wine bottles on it. 
(4) Some sort of a snack in a 

package. 
(4) A frozen bag of blue 

broccoli is on the floor, there 

are text instructions on the 

bag.. 

(4) A person riding a brown 

horse with blonde hair in a 

green field. 

(4) A group of people 

standing around each other. 

(5) The back of some kind 

of food item. 
(5) A plastic bag of frozen 

broccoli pieces is laying on a 

tile table. 

(5) A woman on a horse 

smiling in a green grass. 

 

(5) Many people line up to 

taste some wine. 

Generated caption: A 
person is holding a package 
of food. 

Generated caption: A 
package of broccoli is on top 
of the table. 

Generated caption: A 

woman in a hat is standing on 

a horse. 

Generated caption: A 
group of people standing 
around a bar. 

 

 

These results confirm that the approach produces captions that are both contextually relevant 

and semantically coherent [25], [26]. 

The evaluation on the VizWiz Captions dataset further demonstrates the adaptability of the 

proposed approach to more challenging real-world conditions, such as noisy, low-light, and 

cluttered scenes captured by visually impaired users. The query-based cross-attention 

mechanism of the Q-Former enhanced the ability of the approach to focus on notable visual 

regions, leading to improved recognition of objects and their contextual attributes compared to 

the baseline ViTïGPT-2 approach.  

Table 2 illustrates qualitative results from both datasets, showing representative images with 

reference and generated captions. The first two images correspond to the VizWiz Captions 
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dataset. In the first example, the generated caption ñA person is holding a package of foodò 

successfully captures the core concept of the reference descriptions but specific details, such as 

the barcode or surrounding environment. Similarly, for the second VizWiz image depicting a 

bag of frozen broccoli, the generated caption ñA package of broccoli is on top of the tableò 

maintains semantic consistency with the ground-truth captions but lacks mention of the brand 

or texture details. These findings suggest that while the Q-Former improves high-level 

understanding, it still struggles to capture subtle visual cues like color and texture. 

The last two images in Table 2 are from the MSCOCO Captions dataset. In the third image, the 

model correctly identifies ña woman in a hat standing on a horse,ò closely matching the 

reference captions that describe a smiling woman riding a brown horse in a grassy field. 

Likewise, in the fourth image, the generated caption ñA group of people standing around a barò 

aligns well with references such as ñpeople standing near a man behind a wine bar,ò accurately 

capturing group interaction and setting context. These examples demonstrate that the Q-

Former-bridged approach effectively enhances spatial and contextual understanding in 

structured, high-quality scenes typical of the MSCOCO dataset. 

Overall, both quantitative and qualitative results indicate that the proposed Q-Former Bridged 

ViTïGPT-2 approach achieves a strong balance between visual perception and linguistic 

generation. It effectively captures high-level semantic relationships and object interactions 

while maintaining grammatical fluency and contextual accuracy. The improvements observed 

on both the MSCOCO and VizWiz Captions datasets validate the contribution of the Q-Former 

Bridge in enhancing vision-language alignment within transformer-based image captioning 

models.  

 

4. CONCLUSION 

In this study, a transformer-based image captioning approach is presented that integrates a Q-

Former Bridge between a ViT encoder and a GPT-2 decoder within an encoderïdecoder 

structure. The proposed approach effectively bridges the semantic gap between visual and 

linguistic feature spaces, enabling the generation of accurate, context-aware, and human-like 

captions. Experimental evaluations conducted on the MSCOCO and VizWiz Captions datasets 

demonstrate that the inclusion of the Q-Former significantly enhances semantic alignment and 

descriptive richness compared to the baseline ViTïGPT-2 approach. The query-based attention 

mechanism of the Q-Former enables selective refinement of visual embeddings, enhancing the 

ability of the approach to focus on relevant image regions and reducing generic or repetitive 

wording in the generated captions. Meanwhile, the combination of attention-based visual 

encoding from ViT and advanced language modeling from GPT-2 results in superior captioning 

performance across several evaluation metrics. Beyond quantitative improvements, qualitative 

analyses confirm that the Q-Former Bridged ViTïGPT-2 approach maintains a strong balance 

between fluency, relevance, and visual grounding in text generation. These findings highlight 

the potential of the proposed modular transformer-based approach to advance multimodal 

understanding in image captioning. 
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Future research will focus on extending this approach to video captioning and multimodal 

dialogue tasks, where temporal and auditory features can be incorporated alongside visual cues. 

Additionally, fine-tuning larger vision-language models and integrating reinforcement 

learning-based feedback mechanisms may further enhance caption specificity and factual 

consistency. 
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ABSTRACT 

Colorimetric urine test strips offer a rapid, non-invasive, and cost-effective method for 

screening key biomarkers; however, visual interpretation of color changes remains inherently 

subjective and prone to variability introduced by lighting conditions, observer bias, and inter-

device variability. In this study, a deep learning-based colorimetric analysis framework is proposed 

for the objective classification of four urinalysis biomarkersðglucose, ketone, protein, and pHð 

from smartphone-captured images. A comprehensive dataset of 1,680 samples per analyte was 

constructed under diverse conditions encompassing seven lighting environments, two smartphone 

cameras, four temporal intervals, and six geometric viewing angles. Two lightweight 

convolutional neural network architectures, EfficientNetB0 and MobileNetV2, were evaluated via 

transfer learning with group-based 3-fold cross-validation across multiple random seeds. 

Classification results across all biomarkers demonstrate high performance, confirming the 

robustness of the proposed approach under varying experimental conditions. The optimized 

models were subsequently integrated into UroScan, an Android application employing 

TensorFlow Lite for real-time, offline inference. Collectively, these results establish smartphone-

based deep learning as an objective and accessible solution for point-of-care urinalysis. 

 

Keywords: Colorimetric Analysis, Deep Learning, Convolutional Neural Networks, Transfer 

Learning, Urine Test Strips, Mobile Application. 

 

1. INTRODUCTION  

Urinalysis is among the oldest and most widely performed diagnostic procedures in clinical 

medicine, offering valuable insight into renal function, metabolic status, and systemic disease. 

Colorimetric urine test strips have gained widespread adoption owing to their rapid turnaround, 

low cost, and non-invasive nature, enabling screening for a broad range of biomarkers at the 

point of care. Among these biomarkers, glucose serves as an indicator of diabetes mellitus, 

ketone bodies signal ketoacidosis and metabolic imbalance, protein levels reflect renal integrity, 

and pH  



BALKAN 15th INTERNATIONAL CONFERENCE ON APPLED SCIENCES 

March 20 ï 22, 2026 ï SKOPJE 

ISBN NR: 978-625-5694-92-8 

 

125 
 

 

 

 

 

 

 

 

 

Figure 1: Architectural overview of EfficientNetB0 

provides information regarding acid-base homeostasis and urinary tract conditions. Despite 

these advantages, the interpretation of colorimetric test strips in routine practice remains 

predominantly visual, requiring the operator to compare pad colors against a printed reference 

chart. This process is inherently subjective and susceptible to inter-observer variability, with 

diagnostic accuracy further compromised by ambient lighting conditions, reaction timing, and 

differences in color perception among individuals. Such limitations are particularly pronounced 

in point-of-care and home-monitoring settings, where standardized laboratory conditions are 

absent. The near-universal availability of smartphones equipped with high-resolution cameras 

presents a compelling opportunity to digitize and automate this process, potentially 

transforming colorimetric test strips into quantitative diagnostic instruments [1]. 

Prior efforts to automate colorimetric strip reading span three broad methodological 

categories. Traditional machine learning pipelines have employed handcrafted color features 

with classical classifiers such as least-squares support vector machines and random forests, 

demonstrating feasibility under controlled conditions but remaining constrained by manual 

feature engineering and limited generalization to unconstrained imaging environments [2-4]. 

Hardware-assisted approaches have mitigated imaging variability through custom enclosures 

and integrated illumination, yet their dependence on specialized equipment limits accessibility 

in resource-constrained settings [5]. More recently, deep learning methodsðand convolutional 

neural networks (CNN) in particularðhave enabled end-to-end feature extraction directly from 

raw pixel data, removing the need for hand-tuned color thresholds and yielding promising 

results for single-analyte colorimetric classification [6-8]. Transfer learning with lightweight 

architectures such as EfficientNet [9] and MobileNet [10] has further extended deep learning 

applicability to resource-constrained mobile platforms [11]. Nevertheless, to the best of our 

knowledge, no existing study has simultaneously addressed multi-analyte classification via 

deep CNN transfer learning, systematic robustness evaluation against real-world variability 

factors encompassing lighting, device, temporal, and geometric conditions, and real-time on-

device inferenceðall without requiring specialized hardware. 

The primary contributions of this work are as follows. First, a systematic dataset 

construction  
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Figure 2: Architectural overview of MobileNetV2 

methodology is presented, incorporating multiple lighting conditions, two smartphone cameras, 

four temporal intervals, and geometric augmentation to produce a diverse set of 1,680 samples 

per analyte that captures real-world variability. Second, a comprehensive transfer learning 

evaluation of two lightweight CNN architectures is conducted using group-based 3-fold cross-

validation across multiple random seeds, ensuring reproducible and generalizable performance 

estimates. Third, the optimized models are integrated into the UroScan Android application, 

which performs real-time, offline colorimetric analysis using TensorFlow Lite without 

requiring internet connectivity or cloud computing resources. 

The remainder of this paper is organized as follows. Section 2 describes the method, 

including dataset preparation, deep learning architectures, training methodology, and the 

smartphone application. Section 3 presents the experimental results and discussion. Finally, 

Section 4 provides concluding remarks and directions for future work. 

2. METHOD  

This section describes the methodology employed in this study, encompassing dataset 

preparation for deep learning, the proposed analytical pipeline, training methodology, and the 

development of the UroScan smartphone application for point-of-care deployment. 

2.1. Dataset Preparation for Deep Learning  

The robustness of deep learning models is critically dependent on the diversity and quality 

of training data. To address the challenges posed by real-world variability in smartphone-based 

colorimetric analysis, a comprehensive image dataset was systematically compiled. Controlled 

solutions were prepared for the four target analytesðpH, protein, ketone, and glucoseðeach 

at five distinct concentration levels. Protein concentrations were set at 0, 15, 30, 100, and 300 

mg/dL; ketone at 0, 5, 15, 40, and 80 mg/dL; and glucose at 0, 100, 250, 500, and 1000 mg/dL. 

To prevent cross-analyte interference, pH solutions were prepared independently at levels of 5, 

6, 7, 8, and 9.  

Standard urine test strips were dipped into each solution for 30 seconds to ensure uniform 

chemical reaction. To capture the temporal dynamics of the colorimetric reaction, images were  
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Table 1: Best-performing CNN model and optimal random seed for each analyte. 

Analyte Best Model Best Seed Accuracy 

Protein MobileNetV2 123 0.9590 

pH EfficientNetB0 21 0.9214 

Ketone EfficientNetB0 123 0.9000 

Glucose EfficientNetB0 7 0.9494 

 

acquired at four distinct time points. The first image (t0) was captured following a one-minute 

stabilization period, with subsequent images recorded at one-minute intervals (t1, t2, and t3). To 

ensure robustness against variable lighting conditions encountered in real-world usage, this 

procedure was repeated under seven different illumination environments, achieved through 

combinations of three light sources at varying intensities. To account for inter-device variability 

in camera optics and proprietary image processing pipelines, data acquisition was performed 

using two distinct smartphone models representing Android and iOS platforms. 

All images were initially captured from a standardized top-down viewpoint. To simulate 

real-world scenarios where users may hold their devices at various angles, geometric 

augmentation was applied to each acquired image, generating six distinct viewing perspectives: 

one center (original), two rightward (soft and sharp), two leftward (soft and sharp), and one 

bottom view. This augmentation strategy increased the effective dataset size sixfold and 

significantly enhanced the geometric invariance of the resulting models. 

A two-stage automated cropping pipeline was subsequently applied. In the first stage, the 

test strip region was isolated from the background via region-of-interest (ROI) detection. In the 

second stage, individual analyte pads corresponding to the four target biomarkers were 

automatically extracted from the isolated strip. Unlike traditional machine learning approaches 

requiring manual feature extraction, these cropped analyte pad images were fed directly into 

the CNN architectures, allowing the networks to learn optimal feature representations in an end-

to-end fashion. The final dataset comprised 1,680 samples per analyte, each representing a 

unique combination of concentration level, time point, lighting condition, device type, and 

viewing angle. 

 

2.2. Deep Learning Architecture and Transfer Learning 

       The proposed approach leverages deep convolutional neural networks (CNN) to perform 

end-to-end learning directly from raw analyte pad images, eliminating the need for manual 

feature engineering. Two lightweight CNN architectures were systematically evaluated: 

EfficientNetB0 and MobileNetV2. These architectures were selected for their balance between 

classification accuracy and computational efficiency, making them suitable for mobile 

deployment scenarios where computational resources and battery life are limited. 

EfficientNetB0 employs compound scaling to uniformly scale network depth, width, and 

resolution via a principled composite coefficient. This architecture utilizes mobile inverted  
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Table 2: Protein classification results across all experimental configurations. 

Seed Model Mean Acc Std Acc Max Acc 

7 MobileNetV2 0.9507 0.0141 0.9624 

7 EfficientNetB0 0.9500 0.0108 0.9642 

21 MobileNetV2 0.9405 0.0099 0.9480 

21 EfficientNetB0 0.9345 0.0045 0.9409 

42 MobileNetV2 0.9411 0.0116 0.9534 

42 EfficientNetB0 0.9554 0.0136 0.9659 

123 MobileNetV2 0.9590 0.0076 0.9695 

123 EfficientNetB0 0.9411 0.0064 0.9480 

456 MobileNetV2 0.9453 0.0127 0.9552 

456 EfficientNetB0 0.9447 0.0108 0.9588 

 

bottleneck convolution (MBConv) blocks with squeeze-and-excitation optimization, achieving 

competitive accuracy with significantly fewer parameters than traditional CNN. MobileNetV2 

is based on an inverted residual structure with linear bottlenecks and is specifically designed 

for mobile and resource-constrained environments, wherein depthwise separable convolutions 

substantially reduce computational complexity while maintaining competitive performance. 

A transfer learning strategy was adopted to leverage knowledge acquired from large-scale 

natural image datasets. Both architectures were initialized with weights pre-trained on 

ImageNet [11], which contains over 14 million images across 1,000 classes. Transfer learning 

is particularly advantageous for medical imaging tasks where labeled data are limited, as low-

level features including edges, textures, and color gradients acquired from natural images 

transfer effectively to colorimetric analysis. The pre-trained models were subsequently fine-

tuned on the domain-specific urine test strip dataset. 

Given that each analyte exhibits distinct colorimetric reaction characteristics, a specialized 

modeling strategy was employed: four independent CNN models were trained, one per analyte. 

This approach allows each model to learn analyte-specific color transitions and reaction 

patterns, offering improved discrimination over a single multi-output model. For each analyte, 

both EfficientNetB0 and MobileNetV2 were trained and evaluated to determine the optimal 

architecture. 

 

2.3. Training Methodology 

Training was conducted using group-based 3-fold cross-validation to ensure robust 

performance estimation while preventing data leakage between folds. The grouping strategy 

ensures that all augmented views of the same original image remain within the same fold, 

preventing artificially inflated performance estimates. This approach provides more 

conservative, realistic performance estimates than standard random splitting. 

Both architectures were trained using standard categorical cross-entropy loss: 
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Figure 3: The UroScan Android application interface: (a) homepage, (b) cropping and rotation 

tools, (c) selected test strip region, and (d) quantitative analysis results. 

fl ώÌÏÇώ ρ 

 

where ὅ  υ is the number of concentration classes, ώᶰπȟρ is the ground truth label, 

and ώǶᶰπȟρ is the predicted probability for class c. Optimization was performed using the 

Adam optimizer with adaptive learning rate scheduling.  

To account for variability arising from random initialization and to ensure reproducibility, 

experiments were conducted across five different random seeds. For each seed-model-analyte 

combination, the model was trained using the 3-fold cross-validation scheme described above. 

Final model selection per analyte was based on the highest mean cross-validation accuracy 

across all seeds, yielding a comprehensive comparison of 40 experimental configurations (4 

analytes x 2 models x 5 seeds). 

The final classification layer of each pre-trained architecture  was replaced with a dense 

layer matching the number of concentration classes (5 classes per analyte). During training, 

standard data augmentation techniques and regularization methods were applied to prevent 

overfitting and improve generalization.  

 

2.4. Smartphone Application: UroScan 

The UroScan Android application was developed to embed the optimized CNN models 

and facilitate real-time colorimetric analysis. The application guides users through the analysis 

pipeline and delivers quantitative results without requiring external computation or internet 

connectivity. All inference operations are performed locally on the device using the embedded 

TensorFlow Lite models. 

As shown in Figure 3, the homepage presents two clearly labeled options: capturing a new 

image via the camera or selecting an existing image from the device gallery. After image 

selection, users are presented with an interactive cropping tool to isolate the test strip from the 

background, ensuring optimal input for automated analysis. 
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Table 3: Ketone classification results across all experimental configurations. 

Seed Model Mean Acc Std Acc Max Acc 

7 MobileNetV2 0.8295 0.0634 0.8871 

7 EfficientNetB0 0.8929 0.0152 0.9086 

21 MobileNetV2 0.8434 0.0113 0.8546 

21 EfficientNetB0 0.8732 0.0057 0.8794 

42 MobileNetV2 0.8475 0.0201 0.8759 

42 EfficientNetB0 0.8899 0.0089 0.9014 

123 MobileNetV2 0.8654 0.0291 0.8989 

123 EfficientNetB0 0.9000 0.0198 0.9194 

456 MobileNetV2 0.8536 0.0163 0.8763 

456 EfficientNetB0 0.8977 0.0092 0.9050 

 

Upon activation of the analyze button, the application executes several automated tasks in 

sequence. First, the four target analyte pads are segmented from the cropped strip using ROI 

detection. Second, each segmented pad undergoes preprocessing and resizing to satisfy the 

input requirements of the corresponding CNN model. Third, each preprocessed pad image is 

passed to its respective fine-tuned CNN model for inference. Finally, the application aggregates 

the concentration predictions from all four models and displays the results in a concise, user-

friendly interface presenting the quantified levels of pH, protein, ketone, and glucose. 

3. RESULTS AND DISCUSSION 

In this section, we present the dataset, evaluation metrics, and experimental results of the 

proposed approach with detailed discussion. 

3.1.  Dataset 

The evaluation was performed on the comprehensive dataset described in Section 2. The 

dataset comprises 1,680 samples per analyte, distributed across five concentration levels. Each 

sample consists of a cropped analyte pad image captured under a specific combination of 

conditions: four time points, seven lighting environments, two smartphone devices, and six 

geometric viewing angles. All images were preprocessed to satisfy the input requirements of 

the CNN architectures, including resizing to the appropriate spatial dimensions, normalization 

to a [0,1] pixel value range, and conversion to three-channel RGB format. 

3.2. Evaluation Metrics 

Model performance is evaluated using classification accuracy, defined as the proportion of 

correctly classified samples:  

!ÃÃÕÒÁÃÙ
ὔÃÏÒÒÅÃÔ
ὔÔÏÔÁÌ

ς 

where Ncorrect is the number of correctly classified samples and Ntotal is the total number of test 

samples. For each experimental configuration, three statistics are reported: the mean accuracy 

across the three cross-validation folds; the standard deviation (Std) reflecting prediction 

stability; and the maximum accuracy (Max) achieved across folds. Final model selection per 

analyte is based on the highest mean cross-validation accuracy across all random seeds. 
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Table 4: pH classification results across all experimental configurations. 

Seed Model Mean Acc Std Acc Max Acc 

7 MobileNetV2 0.8512 0.0460 0.9122 

7 EfficientNetB0 0.9102 0.0099 0.9211 

21 MobileNetV2 0.8798 0.0106 0.8943 

21 EfficientNetB0 0.9214 0.0062 0.9291 

42 MobileNetV2 0.8406 0.0273 0.8781 

42 EfficientNetB0 0.9036 0.0066 0.9122 

123 MobileNetV2 0.8541 0.0275 0.8763 

123 EfficientNetB0 0.9006 0.0198 0.9247 

456 MobileNetV2 0.8774 0.0175 0.9014 

456 EfficientNetB0 0.9059 0.0220 0.9319 

 

3.3. Experimental Results 

A systematic comparison of EfficientNetB0 and MobileNetV2 across multiple random 

seeds revealed architecture-specific performance patterns for different analytes. Table 1 

summarizes the best-performing model for each analyte. Detailed experimental results for each 

analyte are presented in Table 2-Table 4. 

As shown in Table 2, MobileNetV2 with random seed 123 achieved the highest protein 

classification accuracy of 0.9590, marginally outperforming EfficientNetB0 for this analyte. 

This result suggests that the lighter architecture of MobileNetV2 may be sufficient for 

representing the color transitions associated with protein concentration variation. For pH 

classification, EfficientNetB0 with random seed 21 achieved the best performance attaining an 

accuracy of 0.9214 (Table 4). The relatively lower variance across folds indicates stable and 

consistent predictionsða property of particular importance for reliable pH measurement in 

clinical settings. 

Table 3 summarizes the ketone classification results, where EfficientNetB0 with random 

seed 123 demonstrated optimal performance at 0.9000. The elevated standard deviation reflects 

the inherent challenge of distinguishing subtle color differences between adjacent ketone 

concentration levels, rather than any instability in the model itself. For glucose classification, 

EfficientNetB0 with random seed 7 achieved excellent accuracy of 0.9494 (Table 5), with low 

variance across cross-validation folds. These results demonstrate robust glucose concentration 

prediction across diverse data partitions. Notably, EfficientNetB0 emerged as the optimal 

architecture for three of the four analytes (pH, ketone, and glucose), suggesting that its 

compound scaling and squeeze-and-excitation blocks provide enhanced discriminative power 

for colorimetric classification tasks. The low standard deviations observed across all analytes 

indicate stable model performance and robust generalization to unseen data, both of which are 

essential prerequisites for reliable clinical deployment. 

 

The systematic evaluation reveals the following key findings: 

1) Performance vs. Efficiency Trade-off:  EfficientNetB0 consistently achieved 

higher classification accuracy for pH, ketone, and glucose, while incurring 

approximately 20-30% greater training time than MobileNetV2. 

2) Model Robustness: Both architectures exhibited consistent performance across 

different random seeds, with standard deviations typically below 0.02, indicating 

stable learning behavior. 
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Table 5: Glucose classification results across all experimental configurations. 

Seed Model Mean Acc Std Acc Max Acc 

7 EfficientNetB0 0.9494 0.0067 0.9588 

7 MobileNetV2 0.9095 0.0051 0.9140 

21 MobileNetV2 0.9208 0.0087 0.9283 

21 EfficientNetB0 0.9339 0.0066 0.9427 

42 MobileNetV2 0.9208 0.0068 0.9301 

42 EfficientNetB0 0.9482 0.0120 0.9606 

123 MobileNetV2 0.9172 0.0188 0.9309 

123 EfficientNetB0 0.9470 0.0070 0.9534 

456 MobileNetV2 0.9208 0.0150 0.9319 

456 EfficientNetB0 0.9333 0.0114 0.9486 

 

 

3) Analyte-Specific Architecture Selection: MobileNetV2 outperformed 

EfficientNetB0 for protein classification, suggesting that less complex models 

may suffice for analytes with more visually discriminable color transitions. 

4) Transfer Learning Effectiveness: The high accuracies achieved by both 

architectures validate the transferability of ImageNet-pretrained features to 

colorimetric analysis, even given a modest dataset of 1,680 samples per analyte. 

5) Deployment Considerations: The UroScan application employs the best-

performing architecture for each analyte, thereby balancing accuracy and 

computational efficiency for real-time mobile inference. 

4. CONCLUSION 

A deep learning framework has been presented in this paper for the automated colorimetric 

analysis of urine test strips using smartphone imaging. A comprehensive dataset of 1,680 

samples per analyte was compiled under diverse real-world conditions, and two lightweight 

CNN architectures were evaluated via transfer learning with group-based cross-validation. 

EfficientNetB0 emerged as the optimal architecture for three analytes (pH, ketone, and 

glucose), while MobileNetV2 achieved the best performance for protein. The optimized models 

were integrated into UroScan, an Android application employing TensorFlow Lite for real-

time, on-device inference. Collectively, the results demonstrate that smartphone-based deep 

learning constitutes an objective and accessible solution for point-of-care urinalysis, unifying 

end-to-end feature learning, effective transfer learning, and lightweight architectures suited to 

resource-constrained devices. Future work will explore additional urinalysis parameters, larger 

patient populations, and attention-based architectures to further advance classification 

performance. 
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ABSTRACT  

This study presents Cell Morphology Studio, a fully integrated desktop application for 

automated morphological quantification of SH-SY5Y neuroblastoma cells under Doxorubicin 

(DOX)-induced cytotoxicity. The platform employs a hybrid architecture combining a 

Windows Presentation Foundation (WPF) front-end with a Python-based deep learning 

backend communicating via a structured JSON contract over OS subprocesses. The system 

implements the ViT-UNet-CBAM segmentation model to deliver class-specific segmentation 

overlays, quantitative morphometric statistics, interactive Region of Interest (ROI) analysis, 

calibrated measurement tools, and automated PDF report generation. While existing tools such 

as Fiji/ImageJ, CellProfiler, Cellpose, and QuPath address partial aspects of cell image analysis, 

none provides a purpose-built end-to-end environment for SH-SY5Y neurotoxicity screening 

with integrated deep learning inference and clinical-grade reporting. Cell Morphology Studio 

bridges this gap through a contract-based IPC protocol, an embedded AI assistant for natural 

language interpretation of findings, a structured analysis history system, and secure multi-user 

authentication with SHA-256 salted hashing. 

Keywords: Cell Morphology Studio, Neurotoxicity Screening, Deep Learning, ViT-UNet-

CBAM, Morphometric Analysis, Apoptosis Quantification, Desktop Application 

1. INTRODUCTION  

The quantification of drug-induced apoptosis in SH-SY5Y neuroblastoma cell cultures is a 

cornerstone of neuropharmacological research. Doxorubicin (DOX) induces a well-

characterized morphological cascade ð including neurite retraction, cytoplasmic shrinkage, 

and apoptotic body formation ð that provides a direct readout of drug cytotoxicity [1]. 

However, translating these morphological signatures into objective, scalable measurements has 

historically been a major bottleneck. 

Traditional assessment methods ð manual scoring by expert biologists and colorimetric 

metabolic assays such as MTT ð suffer from critical limitations: inter-observer variability, low 

throughput, and inability to capture population-level morphological heterogeneity [2]. While 

deep learning models have achieved state-of-the-art performance in biomedical image 
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segmentation, their laboratory adoption is severely constrained by the absence of accessible, 

integrated software environments [3]. 

Figure 4: Cell Morphology Studio initial onboarding interface. The central drag-and-drop panel invites 

the user to upload a microscopy image, while the left column shows the pipeline control panel in its 

initial 'Waiting' state. 

Several established tools have attempted to address these limitations. Fiji/ImageJ established 

the paradigm of extensible, plugin-based microscopy analysis [4]. CellProfiler advanced this 

with pipeline-based batch processing for morphological feature extraction [5]. Ilastik provides 

an interactive machine learning interface for pixel classification, but its generalist approach 

limits performance on complex apoptotic state discrimination [6]. Cellpose offers a powerful 

generalist segmentation engine but is not designed for multi-class semantic segmentation of 

apoptotic substates [7]. Commercial platforms including QuPath are optimized for tissue-level 

pathology rather than live-cell neurotoxicity screening [8]. Collectively, these tools leave a 

critical gap: none provides a purpose-built, end-to-end environment for SH-SY5Y neurotoxicity 

screening integrating specialized deep learning inference with clinical-grade reporting in a 

locally deployed, multi-user desktop setting. 

This paper addresses this gap by presenting Cell Morphology Studio, implementing the ViT-

UNet-CBAM hybrid segmentation architecture within a complete end-to-end analysis platform. 

The principal contributions are: (i) a complete desktop software architecture integrating WPF 

front-end with a Python deep learning backend through a contract-based IPC design; (ii) an 

end-to-end workflow covering image loading, inference, quantitative visualization, ROI-

targeted analysis, interactive measurement, and automated PDF report generation; (iii) an 

embedded conversational AI assistant for natural language interpretation of morphological 

metrics; (iv) a structured analysis history system with thumbnail caching and date-range 

filtering; and (v) a secure multi-user authentication system with SHA-256 salted hashing. 

2. APPLICATION AND SYSTEM DESIGN  

2.1. System Architecture and Design Principles 

Cell Morphology Studio is built on three core architectural principles: (1) separation of 

concerns between the user interface and computational analysis layers; (2) contract-based 

communication to enable independent evolution of each layer; and (3) non-blocking 
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asynchronous design to maintain interface responsiveness during long-running inference tasks. 

The platform targets .NET 9.0 with Windows Presentation Foundation (WPF) for the front-end 

and Python 3.x for the deep learning backend. 

 

Figure 5: Cell Morphology Studio main dashboard after image loading. The three-column layout shows 

the pipeline control panel (left), the microscopy image viewer in the Original tab (center), and the 

analysis plots panel (right). The pipeline status reads 'Ready'. 

 

2.2. Inter-Process Communication Protocol 

Communication between the WPF front-end and the Python analysis backend is established 

through operating system subprocesses. Analysis commands are dispatched using a configured 

ProcessStartInfo structure with redirected standard I/O streams. The standard error stream 

carries real-time progress events encoded as PROGRESS:json tokens, where each JSON 

payload contains percentage completion, status text, and optional substage identifiers. The 

standard output stream carries the structured result JSON upon completion ð containing 

timestamp, input filename, statistical summaries, and file paths to all generated output artifacts. 

2.3. Authentication and Multi-User Management 

The application implements a secure, lightweight authentication system suitable for shared 

academic and medical laboratory environments. Passwords are hashed using SHA-256 with a 

randomly generated salt via RandomNumberGenerator, providing protection against 

precomputed table attacks. A Guest mode provides access to core analysis functionality without 

account creation, facilitating quick access for demonstration and training purposes. 

2.4. Image Acquisition and Analysis Pipeline 

The main application window follows a three-column layout: the left column contains pipeline 

status indicators and primary control elements; the central column presents the multi-tab image 

viewer; and the right column displays numerical metrics and visualization charts. The system 

accepts PNG, JPG, TIFF, and BMP formats. Upon initiating analysis, the WPF front-end 

dispatches a subprocess command to the Python backend executing the ViT-UNet-CBAM 

inference pipeline. Real-time progress events stream back and are rendered via the Busy 
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Overlay layer. Upon completion, the Overlay tab renders the three-class segmentation mask as 

a semi-transparent color overlay. Key metrics ð total cell count, class percentages, mean area, 

and coefficient of variation ð are displayed in the Key Metrics bar. The right panel presents 

four analysis plots: KDE, box plot, CDF, and size category distribution. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 6: (a) Real-time analysis view with the Busy Overlay active ('Predict ð Analysis in progress'), 

(b) Interactive Measurement Tool with a calibrated 206.4 µm line (20× objective, 0.5 µm/pixel). Scale 

bar: 50 µm, (c) Completed segmentation results: Overlay tab with class-specific mask, Key Metrics bar 

reporting 353 total cells, affected ratio 43.2%, mean area 10,176 px², CV 80.0%, (d) ROI Selection 

interface with a rectangular region (1282×851 px) defined over a dense cell cluster. 

 

2.5. Interactive Spatial Analysis Tools 

The platform provides two complementary tools for spatially targeted investigation. The 

measurement module provides calibrated distance measurements on microscopy images, 

mapping pixel coordinates to physical micrometer values based on selected objective 

magnification. Statistical summarization (mean, min, max, standard deviation) is computed 

automatically, and results can be exported as CSV files. The ROI component enables users to 

focus the segmentation pipeline on a specific spatial subset by interactively defining a 

rectangular boundary on the image canvas. Quick Select templates (512×512, 1024×1024, 

Center 50%, Full Image) support standardized workflows and enable localized quantification 

of spatially heterogeneous cultures. 

2.6. Label Editor 

The Label Editor allows researchers to manually refine segmentation masks produced by the 

model. Pixel-level operations employ unsafe memory access through AllowUnsafeBlocks, 

enabling direct bitmap manipulation without performance penalties. The painting tool provides 

class-based annotation with adjustable brush sizes. An undo mechanism implemented as a 
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bounded stack maintains the previous twenty mask states, enabling reversal of editing 

operations without re-inference. 

2.7. Embedded AI Assistant 

The embedded conversational AI assistant receives the complete numerical output of the 

segmentation pipeline ð cell counts, class distributions, area statistics, and morphometric  
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Figure 7: Embedded AI Assistant panel providing structured natural-language interpretation of 

segmentation output (353 cells, 43.3% Affected, Mean Area: 10,175 px², CV: 80%). Quick-action 

buttons (Explain Results, Summary, Clear Chat) support common query patterns. 

indices ð and interprets these in natural language in response to user queries. The assistant 

provides structured explanations covering class distribution percentages, area statistics (mean, 

median, standard deviation, CV), and experimental recommendations. This module 

substantially lowers the expertise barrier for result interpretation, making the platform suitable 

for multi-disciplinary research environments. 

 

 

(a) (b) 

Figure 8: Automated PDF report output. (a) Executive Summary page with cell count, class distribution 

percentages, reference range flags, and clinical assessment banner. (b) Visual Analysis page with 

segmentation overlay, morphological statistics table, and statistical visualization charts. 

 

3. RESULTS AND EVALUATION  

3.1. Automated PDF Report Generation 

The reporting module compiles all analysis results into a structured, reproducible PDF 

document organized in three sections. The Executive Summary presents total cell count, class 

distribution percentages with reference ranges and assessment flags (Below/Within/Above 

Range), and a color-coded clinical assessment banner. The Visual Analysis section includes the 

segmentation overlay image, morphological statistics table, and statistical visualization charts 

(KDE, box plot, size category distribution). The Clinical Interpretation section contains AI-

generated textual analysis of morphological findings with experimental recommendations. The 

report header includes complete metadata ð Report ID, analysis timestamp, and input filename 

ð ensuring full traceability. 

3.2. History Management and Configuration 
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The application maintains a structured analysis history database. Each session record contains 

a unique identifier, input filename, processing timestamp, quantitative results, and references 

to all generated visual assets. A thumbnail generation routine caches scaled overlay images to 

accelerate history browsing. The history manager supports search by filename substring and 

date-range filtering, facilitating organization of large experimental datasets. A configurable 

settings layer allows users to adjust visual parameters (brightness, contrast, saturation, 

sharpness) and analytical thresholds (model confidence level, minimum cell area filter). The 

application supports light and dark display themes and language localization between Turkish 

and English. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Targeted ROI analysis output. The pipeline has re-executed exclusively within the selected 

region (Total Cells: 45, Affected: 46.4%). Segmentation overlay and all analysis plots reflect only the 

ROI subset, enabling localized quantification of spatially heterogeneous apoptotic distributions. 

 

3.3. Discussion 

Cell Morphology Studio demonstrates that deep learning-based cell analysis can be successfully 

translated from research prototypes into practical laboratory tools. Accessibility is addressed 

through the drag-and-drop onboarding workflow, guest authentication mode, bilingual 

interface, and the embedded AI assistant. Interpretability is supported through semi-transparent 

segmentation overlays, histogram galleries, and AI-generated contextualized natural-language 

explanations. For expert users, the Label Editor provides a critical safety valve for correction 

of systematic model errors without re-inference. 

Reproducibility is addressed through the analysis history system, complete PDF report 

metadata traceability, and the contract-based IPC architecture ensuring future segmentation 

backend updates can be deployed without modifying the front-end. Despite these strengths, 

several limitations remain: the current deployment requires local Python and .NET runtime 

installations; the AI assistant depends on backend API availability; and the platform is currently 

validated specifically for SH-SY5Y brightfield microscopy. 
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4. GENERAL EVALUATION AND CONCLUSIONS  

This paper has presented Cell Morphology Studio, a purpose-built desktop application 

implementing deep learning-based morphological segmentation of SH-SY5Y neuroblastoma 

cells within a complete end-to-end laboratory workflow. The platform integrates the ViT-UNet-

CBAM segmentation architecture with an accessible user interface, interactive analysis tools, 

AI-driven result interpretation, and automated clinical-grade PDF reporting. 

The platform successfully bridges the gap between deep learning inference and routine 

laboratory practice, enabling objective, reproducible, and interpretable high-throughput 

neurotoxicity screening. Key software engineering contributions include a contract-based IPC 

protocol, real-time PROGRESS:json reporting, SHA-256 salted multi-user authentication, and 

structured analysis history management. Planned extensions encompass containerized cross-

platform deployment, active learning integration for iterative model refinement from expert 

corrections, and extension to fluorescence microscopy and 3D spheroid cultures. 
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ABSTRACT  

The morphological quantification of SH-SY5Y neuroblastoma cells under Doxorubicin (DOX) 

treatment remains a critical challenge in neuroblastoma research. This study proposes a hybrid 

deep learning architecture, designated ViT-UNet-CBAM, capable of performing accurate 

segmentation across three classes: Healthy, Affected (Apoptotic), and Background (Residual). 

The proposed model features a dual-path encoder consisting of a ViT branch for global context 

extraction and a CNN branch for multi -scale local feature encoding, integrated via 

Convolutional Block Attention Modules (CBAM). The model was trained and evaluated on a 

manually annotated private dataset prepared through a custom preprocessing pipeline 

comprising eleven transformation techniques, validated using PSNR and SSIM metrics. 

Experimental results demonstrate that the ViT-UNet-CBAM architecture achieves a mean 

Intersection-over-Union (mIoU) of 0.843, outperforming the standard U-Net (0.820) and 

SegNet (0.780) baseline models. This improvement is most pronounced in the critical Affected 

class (+0.12 IoU), confirming that the hybrid approach effectively captures both global 

apoptotic context and fine neurite boundary details. 

Keywords: SH-SY5Y Neuroblastoma; Morphological Segmentation; Deep Learning; Vision 

Transformer; CBAM; U-Net; Doxorubicin Cytotoxicity. 

1. INTRODUCTION  

Neuroblastoma is the most common extracranial solid tumor of infancy and accounts for a 

disproportionately large share of pediatric cancer-related deaths. Doxorubicin (DOX), an 

anthracycline antibiotic, remains one of the cornerstone components of high-risk neuroblastoma 

therapy. Its therapeutic efficacy, however, is substantially limited by dose-dependent toxicity 

profiles encompassing cardiotoxicity and significant neurotoxicity, leading to long-term 

cognitive impairment in pediatric patients [1]. This renders the precise and objective 

quantification of drug-induced cytotoxicity one of the primary focal points of oncological 

pharmacology. 

The SH-SY5Y human neuroblastoma cell line is recognized as the gold-standard in vitro model 

for investigating chemotherapy-induced neuronal damage. These cells are of unique relevance 

owing to their capacity to differentiate into a neuron-like phenotype, extending long and 

delicate neuritic processes [2], [3]. DOX inhibits Topoisomerase II through intercalation into  
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Figure 10: Molecular mechanisms of Doxorubicin (DOX)-induced cytotoxicity in SH-SY5Y 

neuroblastoma cells. DOX intercalates into DNA and inhibits Topoisomerase II, causing double-strand 

breaks. Concurrent reactive oxygen species (ROS) generation via the quinone redox cycle triggers 

mitochondrial dysfunction and oxidative stress. These molecular events collectively initiate apoptosis, 

which manifests morphologically as neurite retraction, somatic shrinkage, and apoptotic body 

formation. 

 

DNA base pairs and triggers double-strand breaks. Concurrently, the quinone redox cycle 

generates Reactive Oxygen Species (ROS), leading to mitochondrial dysfunction. These 

molecular events initiate a morphological cascade: initial neurite retraction, somatic shrinkage, 

nuclear condensation, and ultimately the formation of apoptotic bodies are observed [4]. 

Despite morphological indicators of apoptosis, quantifying these changes remains a significant 

challenge. Conventional colorimetric assays (such as MTT) measure metabolic activity but 

cannot resolve population-level heterogeneity or morphological phenotypic differences [5]. 

These limitations necessitate the development of objective and scalable automated 

computational tools. 

Deep learning, particularly CNN-based models such as U-Net, has transformed biomedical 

image segmentation [6]. However, existing architecture exhibits three fundamental limitations. 

First, CNNs rely on fixed receptive fields, and in high-density cultures U-Net frequently 

conflates distant apoptotic clusters into a single segmentation region. Second, attention 

mechanisms in standard networks such as Attention U-Net neglect channel-wise feature 

discrimination, causing fine neuritic structures to be discarded as noise during downsampling 

[7]. Third, general-purpose models remain insufficient for resolving the subtle phenotypic 

changes that distinguish Healthy from Affected cells [8], [9]. 

To address these limitations, ViT-UNet-CBAM is proposed, a hybrid architecture integrating a 

Vision Transformer (ViT) for global context extraction with a CNN encoder for multi-scale 
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spatial precision [10], [11]. The architecture is supported by a preprocessing pipeline 

comprising eleven transformations evaluated within a three-class segmentation framework and 

validated using PSNR and SSIM metrics. 

2. EXPERIMENTAL STUDIES  

2.1. Related Work 

Automated cell segmentation has advanced rapidly since the emergence of fully convolutional 

networks. The U-Net architecture established the encoder-decoder paradigm with skip 

connections as the dominant framework for biomedical segmentation [6]. UNet++ introduced 

dense nested skip connections [12], while Attention U-Net incorporated soft attention gates to 

suppress irrelevant feature activations during encoding [7]. 

Dosovitskiy et al. demonstrated that ViT models can achieve competitive performance on 

image recognition tasks [10]. TransUNet was among the first works to integrate ViT into a U-

Net-like framework for medical image segmentation [13]. Swin-UNet enabled hierarchical 

feature extraction at multiple scales using Swin Transformers [14]. CellViT applied ViT to 

nucleus detection in histological tissue, demonstrating the potential of Transformer-based 

architectures [15]. The CBAM module introduced lightweight channel and spatial attention 

mechanisms [11]; TransAttUNet demonstrated that combining these attention modules with 

Transformer self-attention yields consistent gains [16]. 

Despite these advances, no study has jointly addressed the complementary limitations of CNNs 

and ViTs in neuroblastoma morphological segmentation in the context of chemotherapy-

induced apoptosis. This gap constitutes the primary motivation of the proposed ViT-UNet-

CBAM architecture. 

2.2. Dataset Acquisition and Preparation 

SH-SY5Y cells (ATCC CRL-2266) were cultured in DMEM (high glucose; Gibco, USA) 

supplemented with 10% heat-inactivated FBS and 1% Penicillin-Streptomycin in a humidified 

incubator at 37ÁC and 5% CO . Cells were seeded into sterile flat-bottom 96-well plates at (5ï

10) × 10³ cells/well in 200 µL complete medium per well and allowed 24 hours for attachment. 

The experiment was performed with three treatment groups (Control, 0.5 µM DOX, 2 µM 

DOX) at three time points (6, 24, 48 hours) with three biological replicates each [5]. 

SH-SY5Y cells were imaged at the end of each treatment period using a Zeiss Axioskop Upright 

Fluorescence Microscope under brightfield and phase-contrast illumination with a 20× 

objective. Images were acquired in CZI format and exported as PNG files following 

standardized intensity and gamma adjustments. Fifteen non-overlapping fields per well were 

imaged for each experimental condition, yielding 45 images per treatment group and time point. 

2.3. Preprocessing Pipeline 

An eleven-transformation preprocessing pipeline was developed using Python and OpenCV to 

maximize morphological information while controlling for imaging artifacts. The 

transformations comprise: CLAHE (Lab* color space, clipLimit = 2, tile = 8×8) for local 

contrast enhancement; Gamma Correction (ɔ = 0.9 and ɔ = 1.1) for dark/bright region visibility; 
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Laplacian Gentle filter (3Ĭ3, blend = 0.3) for edge definition; Sharpening (Ŭ = 0.25, ů = 1) for 

membrane boundary reinforcement; Canny Overlay (thresholds 50/150) for edge emphasis;    
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Figure 2: Eleven preprocessed variants of a representative SH-SY5Y brightfield microscopy image 

generated by the proposed preprocessing pipeline. (a) Original image, (b) Bilateral Edge Transform, 

(c) Canny Edge Overlay, (d) CLAHE (Lab color space), (e) Difference of Gaussians (DoG), (f) FFT 

Low-Pass Filter, (g) Gabor Filter Bank, (h) Gamma Correction ‎ πȢω, (i) Gama Düzeltme 

‎ πȢω, (j) Laplacian Gentle Filter, (k) Morphological Top-Hat Transform, (l) Unsharp Masking. 

Each transformation addresses a distinct imaging artifact or morphological feature: contrast 

enhancement (c, g, h), edge and boundary definition (a, b, i, k), frequency-domain filtering (e), texture 

characterization (f), and apoptotic body highlighting (d, j). 

Difference of Gaussians (ů = 1, ů = 3) for membrane banding; Gabor Filter Bank (4 orientations, 

2 scales) for directional texture; Morphological Top-Hat Transform (9×9, gain = 0.35) for 

apoptotic body contrast; Bilateral Edge Transform (d = 9, ůColor = 25, ůSpace = 7) for noise 

reduction; and FFT Low-Pass Filter (ů å 0.07 Ĭ min{rows, cols}) for high-frequency noise 

removal. 
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Each transformation was validated using PSNR and SSIM metrics, with results summarized in 

Table 1. The Sharpening transformation achieved the highest PSNR (45.65 dB, SSIM = 0.9977) 

with minimal morphological distortion, while the Laplacian filter provided the greatest contrast 

enhancement (PSNR = 25.11 dB, SSIM = 0.8067). 

 

Table 6: PSNR and SSIM evaluation of eleven preprocessing transformations relative to the original 

SH-SY5Y brightfield image. Unsharp Masking achieves the highest structural fidelity (PSNR=45.65 dB, 

SSIM=0.9977); the Laplacian Gentle Filter produces the greatest contrast deviation (PSNR=25.11 dB, 

SSIM=0.8067). 

Transformation PSNR (dB) SSIM 

CLAHE (Lab*) 19.59 0.8729 

Gamma Correction (ɔ = 0.9) 31.78 0.9985 

Gamma Correction (ɔ = 1.1) 32.33 0.9987 

Laplacian Gentle 25.11 0.8067 

Sharpening (Ŭ = 0.25) 45.65 0.9977 

Canny Overlay 27.97 0.9857 

Difference of Gaussians (DoG) 35.17 0.9857 

Gabor Filter Bank 20.20 0.9848 

Top-Hat Transform 33.83 0.9898 

Bilateral Kenar 42.25 0.9821 

FFT Low-Pass Filter 34.45 0.9839 

 

2.4. Proposed ViT-UNet-CBAM Architecture 

The ViT-UNet-CBAM model is built upon a symmetric encoder-decoder framework 

augmented with two parallel data processing streams: a convolutional encoder for local feature 

encoding and a ViT module for global context extraction [6], [10]. 

Convolutional Encoder Path: The CNN branch consists of four ConvBlocks with 3×3 kernels 

(feature map channels: 64, 128, 256, 512). Each ConvBlock incorporates Batch Normalization, 

ReLU activation, and Max Pooling. CBAM is applied to each ConvBlock; channel attention 

precisely localizes apoptotic tissue cues, while spatial attention localizes neurite boundaries. 

ViT Global Context Path: The ViT branch partitions the input image into fixed-size 16×16 

patches and projects each patch into a sequential vector representation. Multi-head self-

attention across all patches establishes long-range semantic dependencies, enabling the model 

to understand the global compositional context of the cell cluster. Feature representations from 
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Transformer layers 4, 8, and 12 are projected to the spatial domain and concatenated to form 

the Global Bridge representation. CBAM Fusion and Decoder: The fused feature map is refined 

by CBAM. The decoder comprises symmetric upsampling blocks with skip connections; 

auxiliary outputs are generated at 64×64 and 128×128 pixel resolutions to provide multi-scale 

supervision. 

 

 

Figure 3: Architectural overview of the proposed ViT-UNet-CBAM model for four-class morphological 

segmentation of SH-SY5Y neuroblastoma cells. The dual-path encoder combines a ViT branch (upper 

path) extracting global context via multi-head self-attention over 16×16 patches, with a CNN branch 

(lower path) encoding multi-scale local features through CBAM-augmented ConvBlocks with 64, 128, 

256, and 512 channels. ViT representations from layers 4, 8, and 12 are aggregated in a Global Bridge 

and fused with the deepest CNN feature map. The decoder reconstructs segmentation masks through 

symmetric upsampling blocks (64, 128, 256 channels), accompanied by skip connections from 

corresponding encoder stages and auxiliary outputs at 64×64 and 128×128 resolution for multi-scale 

supervision. 

CBAM Fusion and Decoder: The fused feature map is refined by CBAM. The decoder 

comprises symmetric upsampling blocks with skip connections; auxiliary outputs are generated 

at 64×64 and 128×128 pixel resolutions to provide multi-scale supervision. 

 

3. RESULTS AND EVALUATION  

Segmentation performance is evaluated using five complementary metrics [17], [18]. IoU 

rigorously measures the spatial overlap between predicted and ground-truth masks, while the 

Dice Score provides a single value balancing precision and recall. Precision measures the 

proportion of correct predictions among predicted positives; Recall measures the true positive 

detection rate. High Recall for the Affected class is critically important in pharmacological 

screening. 
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Table 2 presents the per-class evaluation of ViT-UNet-CBAM on the held-out test set. The 

Background class achieved a Dice of 0.974 and IoU of 0.950; the Healthy class reached a Dice 

of 0.936 and IoU of 0.880. The Affected class, constituting the most challenging segmentation 

target due to cell shrinkage and overlapping clusters, achieved a Dice of 0.895 and IoU of 0.810, 

with Recall = 0.900 and Precision = 0.890. The Irrelevant class reached a Dice of 0.844 and 

IoU of 0.730. 

Table 7: Per-class segmentation performance of ViT-UNet-CBAM on the held-out test set. The Affected 

(apoptotic) class represents the most challenging target, yet achieves ὍέὟπȢψρπ, ὙὩὧὥὰὰπȢωππ 
(recall) and ὖὶὩὧὭίὭέὲπȢψωπ (precision). 

Metric  
Background 

(0) 
Healthy (1) Affected (2) Irrelevant (3) 

Dice 0.974 0.936 0.895 0.844 

IoU 0.950 0.880 0.810 0.730 

Precision 0.970 0.932 0.890 0.835 

Recall 0.978 0.940 0.900 0.853 

F1 Score 0.974 0.936 0.895 0.844 

 

Table 3 presents the mIoU comparison of ViT-UNet-CBAM against the CNN-based U-Net and 

SegNet baselines across all classes. ViT-UNet-CBAM achieves the highest mIoU at 0.843, 

outperforming U-Net (0.820) and SegNet (0.780). The advantage is most pronounced in the 

Affected class: ViT-UNet-CBAM attains an IoU of 0.810, representing gains of +0.120 over 

U-Net and +0.210 over SegNet. These gains confirm that the hybrid transformer-convolution 

design better captures long-range contextual relationships among fragmented apoptotic 

structures. 

The baseline U-Net (mIoU = 0.820), which relies solely on convolutions, excels at encoding 

local structural features but lacks the long-range receptive field required to model global 

context. This limitation is directly reflected in its lower performance on the Affected class (IoU 

= 0.690), where apoptotic cells appear in dense and ambiguous clusters. The dual-path encoder 

simultaneously processes multi-scale local texture features through a CNN branch and 

establishes global patch relationships via a ViT branch. The CBAM module functions as an 

adaptive gate: channel attention identifies diagnostically relevant feature maps, while spatial 

attention localizes these features to cell boundaries. This design enables the simultaneous 

achievement of high Recall (0.900) and high Dice (0.895) for the Affected class. 

The preprocessing pipeline also makes meaningful contributions. The Morphological Top-Hat 

Transform enhances the contrast of small apoptotic bodies, the Gabor filter bank accentuates 

neurite boundary textures, and the bilateral edge transform suppresses background noise while 

preserving membrane edges. The study has several limitations: the dual-path architecture incurs 

higher computational cost [19], generalization to other neurotoxic agents has not yet been 
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validated, and extension to three-dimensional spheroid cultures represents an important 

direction for future research [20], [21]. 

4. GENERAL DISCUSSION AND CONCLUSIONS 

This study has presented ViT-UNet-CBAM, a hybrid segmentation architecture designed to 

meet the distinctive morphological analysis requirements of DOX-treated SH-SY5Y 

neuroblastoma cultures. The core motivation is the inability of existing architectures to address  

Table 8: Per-class and mean IoU (mIoU) comparison of ViT-UNet-CBAM against the U-Net and SegNet 

baselines. ViT-UNet-CBAM achieves the highest mIoU (0.843) while producing the largest margin on 

the Affected class (+0.120 over U-Net, +0.210 over SegNet). 

Model 
Background 

(0) 

Healthy 

(1) 

Affected 

(2) 

Irrelevant 

(3) 
mIoU 

ViT-UNet-CBAM 

(Ours) 
0.950 0.880 0.810 0.730 0.843 

U-Net 0.940 0.830 0.690 0.670 0.820 

SegNet (CNN) 0.930 0.810 0.600 0.590 0.780 

 

the complementary limitations of CNNs and pure Vision Transformers: CNNs lack the long-

range receptive field needed to distinguish dense apoptotic clusters, while ViTs cannot retain 

the pixel-level spatial resolution necessary for delineating fine neurite boundaries. The 

proposed dual-path encoder processes images simultaneously through a ViT branch for global 

patch relationships and a CNN branch for multi-scale local texture, with adaptive fusion via 

CBAM. This design represents a principled response to the biological complexity of 

chemotherapy-induced apoptosis, as both the global arrangement of cell clusters and the fine 

structural detail of individual cells carry diagnostic significance. 

Empirically, ViT-UNet-CBAM achieves an mIoU of 0.843, surpassing U-Net by 4.3 points and 

SegNet by 6.3 points. Particularly noteworthy are the model's IoU of 0.810 (+0.120 over U-

Net) and Recall of 0.900 for the clinically critical Affected (Apoptotic) class. High recall is 

especially important in pharmacological screening contexts where missing apoptotic cells 

carries a higher cost than false positives. The simultaneously high Precision (0.890) 

demonstrates that the architecture does not achieve high recall at the expense of specificity. 

The eleven-transformation preprocessing pipeline constitutes a secondary yet meaningful 

contribution. Taken together, these contributions establish an objective, scalable, and 

reproducible basis for quantifying drug-induced cytotoxicity in neuronal cell lines. Future 

research directions include lightweight alternatives (knowledge distillation or efficient 

transformer variants), generalization to additional neurotoxic agents, and extension to three-

dimensional spheroid cultures.  
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ABSTRACT 

Reliable electrochemical quantification of dopamine (DA) is challenging when interfering 

species produce overlapping voltammetric responses in differential pulse voltammetry (DPV) 

measurements. In particular, hydroquinone (HQ) generates oxidation signals that distort the 

apparent DA peak through nonlinear interactions, limiting the effectiveness of conventional 

peak-based analysis. This work presents a deep learning (DL) framework for DA 

concentration estimation directly from voltammetric signals. The proposed approach 

combines Fourier-based signal modeling, interpolation-driven synthetic data generation, and 

Gaussian peak reconstruction to create a dense dataset of physically consistent voltammetric 

responses, wherein each reconstructed signal is formed by summing Gaussian peak 

contributions along with a baseline offset. A comprehensive experimental evaluation across 

diverse model families demonstrates that hybrid convolutionalïrecurrent architectures 

achieve the highest prediction accuracy by capturing both local peak morphology and global 

signal dependencies. These results demonstrate the potential of DL for robust DA 

quantification in complex electrochemical sensing environments. 

Keywords: Nonlinear Peak Deconvolution, Dopamine Detection, Deep Learning, 

Electrochemical Sensing 

1. INTRODUCTION 

Electrochemical voltammetry provides a powerful analytical tool for probing redox-active 

species in chemical and biological environments. In particular, differential pulse 

voltammetry (DPV) enables highly sensitive detection of electroactive molecules by 

enhancing faradaic current responses while suppressing capacitive background contributions 

[1]. These characteristics have made DPV widely used in electrochemical sensing 

applications, including the detection of biologically important neurotransmitters. Dopamine 

(DA, 3,4-dihydroxyphenethylamine) is widely recognized as an essential neurotransmitter in 

the mammalian brain, where it plays a central role in modulating motor behavior, reward 

mechanisms, learning processes, and higher cognitive functions [2], [3]. Impaired regulation 

of dopaminergic neurotransmission has been implicated in a range of neurological and 

psychiatric disorders, including Parkinsonôs disease, schizophrenia, and addictive behaviors 

[4], [5]. Consequently, developing reliable techniques for DA quantification has become an 
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important objective in both biomedical research and clinical diagnostics [6], [7]. 

Accurate voltammetric determination of DA in real samples is often hindered by 

coexisting electroactive interferents whose oxidation potentials lie close to that of DA. 

Common compounds including ascorbic acid, uric acid, and hydroquinone (HQ, 1,4- 

dihydroxybenzene) generate voltammetric peaks in similar potential regions, resulting in 

substantial signal overlap [8], [9]. Among these interferents, HQ is a particularly significant 

source of interference, as its electrochemical activity produces voltammetric responses that 

closely coincide with those of DA oxidation [10], [11]. 

Experimental studies reported in the literature indicate that the coexistence of multiple 

electroactive species in voltammetric measurements often leads to signal interactions that are 

not explainable through simple linear peak superposition. In complex electrochemical 

environments, overlapping redox processes may induce distortions in the recorded 

voltammetric responses, including peak potential shifts, peak broadening, and nonlinear 

variations in current intensity [12], [13]. These effects arise from coupled electrochemical 

behavior and the proximity of oxidation potentials among the involved analytes, which 

renders the interpretation of individual signals more difficult and diminishes analytical 

selectivity [14]. Consequently, conventional peak analysis and calibration strategies that 

assume additive and independent signal contributions often become unreliable for accurate 

quantification in mixed systems. 

To overcome these limitations, computational data-driven approaches have gained 

increasing attention for the analysis of voltammetric signals. Machine learning methods offer 

powerful tools for capturing complex and often nonlinear relationships between 

electrochemical signal patterns and analyte concentrations, which can improve analytical 

performance in multicomponent sensing environments where overlapping redox responses 

are present [15], [16]. Previous studies have demonstrated that machine learning algorithms 

can support voltammetric signal analysis through tasks such as pattern recognition, peak 

separation, and quantitative prediction [17]. Nevertheless, many of these approaches rely on 

manually designed signal features, a dependence that may constrain the ability of models to 

utilize the full informational content present in raw electrochemical measurements. 

In this study, a deep learningïbased (DL) framework is developed for the quantification 

of DA from DPV signals. Unlike conventional approaches that rely on manually engineered 

signal descriptors, the proposed framework operates directly on reconstructed voltammetric 

sequences, enabling neural networks to learn relevant signal representations in an 

autonomous manner. The training dataset combines experimentally acquired measurements 

with synthetically generated signals obtained through Fourier-based signal modeling and 

Gaussian peak reconstruction. This hybrid dataset generation strategy enables dense 

sampling of the concentration space while preserving physically meaningful characteristics 

of the electrochemical peaks. 

The remainder of this paper is organized as follows. Section 2 describes the proposed 

methodology, including experimental data acquisition, Fourier-based signal modeling, 
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synthetic data generation, raw signal reconstruction, and the DL models used for 

concentration estimation. Section 3 presents the dataset construction, evaluation metrics,  

 

Figure 11. Overview of the proposed framework for DA quantification from DPV signals. The 

pipeline consists of Fourier-based signal modeling, peak parameter extraction, synthetic data 

generation through parameter interpolation, Gaussian-based signal reconstruction, long-format 

dataset assembly, and DL-based concentration estimation at the final stage. 

and experimental results. Finally, Section 4 summarizes the main findings and outlines 

directions for future work. 

2. METHOD 

Figure 11 illustrates the overall workflow of the proposed framework, from signal 

modeling and synthetic data generation to raw-signal reconstruction and DL-based 

concentration estimation. 

2.1. Experimental Data Acquisition and Preprocessing 

DPV measurements were performed to record the electrochemical responses of DA in 

the presence of HQ using screen-printed carbon electrodes in a phosphate-buffered saline 

electrolyte. All  voltammograms were obtained under identical experimental conditions 

within a fixed potential window and sampled along the potential axis to generate currentï

potential pairs 6ȟ). Prior to analysis, the raw voltammograms were preprocessed to reduce 

noise and baseline variations while preserving analyte-dependent peak characteristics. The 

signals were then aligned onto a common potential grid to ensure consistency across all 

measurements. 

2.2. Fourier-Based Signal Modeling and Peak Parameter Extraction 

Each voltammetric signal was represented using a Fourier series to capture the 
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nonlinear peak morphology of the electro- chemical response. This representation 

provides a smooth approximation of the measured currentïpotential curve and enables 

consistent peak characterization across different concentration conditions. 

Algorithm 1: Fourier8 fitting and two-peak parameter extraction 

Input:  6ȟ) 

Output: (ʈ, ʎ, È) and (ʈ, ʎ, È) 

6ȟ) ᴺÐÒÅÐÁÒÅ#ÕÒÖÅ$ÁÔÁ6ȟ) 

ÆN ÆÉÔ6ȟ)ȟÆÏÕÒÉÅÒψȟ"ÉÓÑÕÁÒÅȟ.ÏÒÍÁÌÉÚÅ 

6ᴺÌÉÎÓÐÁÃÅÍÉÎ6ȟÍÁØ6ȟ. ȟ)ᴺÆ6  

0ȟ,ȟɩ ᴺÆÉÎÄÐÅÁËÓ)ȠÄÉÓÃÁÒÄ ÂÏÕÎÄÁÒÙ ÐÅÁËÓ 

if 0  ɲ then 

        ,N ÁÒÇÍÁØ)Ƞ0N ),Ƞ ɩᴺρ 

3ÅÌÅÃÔ - ÍÉÎςȟȿ0ȿ ÐÅÁËÓ ×ÉÔÈ ÐÒÏÍÉÎÅÎÃÅ ɩ 

ʈ, ʎ, Èȟʈ, ʎ, È ᴺ .Á.ȟ.Á.ȟ.Á.ȟ.Á.ȟ.Á.ȟ.Á.  

ἮἷἺ Ë ρ Ἴἷ - Ἤἷ 

       ÉN ,Ƞ ʈᴺ6ÉȠ Èᴺ)É 

        &ÉÎÄ ÈÁÌÆÍÁØÉÍÕÍ ÃÒÏÓÓÉÎÇÓ 6ȟ6  ÁÒÏÕÎÄ É ÌÉÎÅÁÒ ÉÎÔÅÒÐÏÌÁÔÉÏÎ 

       ÉÆ 6ȟ6 ÅØÉÓÔ ÔÈÅÎ 

                 ʎ ᴺ
Ѝ

 

Sort detected peaks by decreasing height È 

Assign the highest peak to index 1 and the second to index 2 

Given a voltammetric signal 6ȟ), the current response was approximated using an 

eighth-order Fourier model: 

ÆØ Á ÁÃÏÓË×Ø ÂÓÉÎË×Ø ρ 

The model parameters were estimated using robust nonlinear least-squares fitting with 

bisquare weighting to reduce the influence of noise and outliers. The resulting Fourier 

function was then evaluated on a dense potential grid to obtain a smooth reconstruction of 

the voltammetric signal. Following this reconstruction, peak detection was performed on the 

reconstructed currentïpotential curve using a prominence-based peak search to identify the 

dominant oxidation responses. 

For each detected peak, three characteristic parameters were extracted: the peak center 

potential µ, the peak amplitude h, and the peak width ů. The peak center potential µ and 

amplitude h correspond to the voltage and current values at the detected peak location. The 

peak width parameter ů was estimated from the full  width at half maximum (FWHM) as 

follows: 

ʎ
&7(-

ςЍςÌÎς
Ȣ ς 
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When multiple peaks were detected, the two peaks with the largest prominence values 

were retained to capture the dominant oxidation responses of the mixed DAïHQ signal. The 

detected peaks were subsequently ordered by decreasing amplitude so that the highest peak 

was assigned to index 1 and the second highest peak to index 2. The complete extraction 

procedure, including Fourier fitting, peak detection, and parameter estimation, is summarized 

in Algorithm 1. 

2.3. Synthetic Data Generation and Signal Reconstruction 

Synthetic signals were generated from the extracted peak parameters to obtain a denser 

sampling of the DAïHQ concentration space. Interpolation was performed in the peak 

parameter space (µ, ů, h) across neighboring concentration conditions. Additional parameter 

sets were then generated by introducing controlled perturbations in the peak parameters for 

identical concentration pairs. These parameters were subsequently used to reconstruct 

synthetic voltammetric signals. The generated samples preserve the physical peak 

morphology while increasing dataset diversity, thereby enhancing the robustness of the 

subsequent deep learning models. 

Once the synthetic parameter sets were established, they were converted into full 

currentïpotential signals prior to model training, as the DL models operate directly on 

voltammetric signals rather than on manually engineered features. For each parameter set, 

the voltammetric current was reconstructed using a Gaussian peak model: 

Ç6ȠАȟʎȟÈ Å È σ 

The reconstructed signal was obtained by summing the contributions of the detected 

peaks together with a baseline offset. 

When available, additional baseline peaks were also incorporated: 

)6 ÏÆÆÓÅÔÇ6Ƞʈ
ρ
ȟʎρȟÈρ Ç6Ƞʈ

ς
ȟʎςȟÈς τ 

The current was evaluated on a fixed potential grid containing N = 112 uniformly spaced 

points within the measurement window. Each reconstructed signal was therefore represented 

as a sequence of sampled current values along the potential axis. For dataset generation, the 

reconstructed current vector was written in long-format representation. For each signal, N 

rows were produced containing the sample identifier, mixture concentrations (ÐȟÐ), the 

potential index t, and the corresponding voltageïcurrent pair (6ȟ)). This procedure converts 

the peak parameter representation into a dataset suitable for sequence- based DL models. The 

complete reconstruction and dataset generation process is summarized in Algorithm 2. 

2.4. Deep Learning Models 

The reconstructed voltammetric sequences were used as inputs to DL models for DA 

concentration estimation. Each sample consists of a fixed-length current sequence 
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representing the voltammetric response of a specific DAïHQ mixture. In addition to the raw 

signal, a small set of statistical descriptors was extracted to provide complementary 

information about the overall signal distribution and peak characteristics. A diverse set of  

Algorithm 2: Long-format dataset generation by Gaussian reconstruction on a fixed V grid 

Input: ÍÅÒÇÅÄ ÔÁÂÌÅ ꜠ ×ÉÔÈ ÃÏÌÕÍÎÓ ÐȟÐȟÏÆÆÓÅÔȟʈȟʎȟÈȟʈȟʎȟÈ  ÁÎÄ ÏÐÔÉÏÎÁÌ  

ʈ ȟʎ ȟÈ ȟʈ ȟʎ ȟÈ  

Output: ÌÏÎÇÆÏÒÍÁÔ #36 fl ×ÉÔÈ ÒÏ×Ó ÓÁÍÐÌÅÉͅÄȟÐȟÐȟÔȟ6ȟ) 

1) Build fixed potential grid 

6ᴺÌÉÎÓÐÁÃÅ6 ȟ6 ȟ.ȟ. ρρς 

2) Decide whether to include base peaks 

if FORCE_INCLUDE_BASE is set then 

       ÉÎÃÌÕÄÅ"ÁÓÅ NFORCE_INCLUDE_BASE 

else 

       ÉÎÃÌÕÄÅ"ÁÓÅ NHeuristicCheck(꜠ ) 

3) Stream-write long rows 

Initialize output flᴺ  ɲ

ἮἷἺἭἩἫἰ ÒÏ× É ÉÎ ꜠ do 

2ÅÁÄ (ÐȟÐ Ƞ ÉÆ Ð ÏÒ Ð ÉÓ ÉÎÖÁÌÉÄ ÔÈÅÎ 

                ÃÏÎÔÉÎÕÅ 

(a) Reconstruct current vector 

       )6ᴺ  

if offset is finite then 

 )6ᴺ )6 ÏÆÆÓÅÔ 

Add peak-1 if valid: 

)6ᴺ)6 Ç6ȠʈȟʎȟÈ  

Add peak-2 if valid: 

)6ᴺ)6 Ç6ȠʈȟʎȟÈ  

if includeBase = True then 

Add base peak-1 if valid: 

)6ᴺ)6 Ç6Ƞʈ ȟʎ ȟÈ  

Add base peak-2 if valid: 

)6ᴺ)6 Ç6Ƞʈ ȟʎ ȟÈ  

Replace NaN/Inf in I(V) with 0 

(b) Write N rows 

for Ô π to . ρ do 

Append (sample_id ÉȟÐȟÐȟÔȟ6ȟ)) to fl 

Save fl as CSV 

Gaussian model: 

Ç6ȠАȟʎȟÈ Å Èȟ enforce ʎ ʎ  

HeuristicCheck( )꜠ (base peaks are physical?) 

Return True if:  

(i) base columns exist, and 

(ii) base amplitude is often nonzero, and 

(iii) base centers are not identical duplicates of main centers for most rows 

Else return False 

neural network architectures was evaluated to explore different representation learning 
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strategies for voltammetric signal analysis and interpretation. Convolutional neural networks 

(CNNs) were used to capture local peak morphology and short-range signal patterns. 

Recurrent architectures, including bidirectional gated recurrent unit (GRU) and long short-

term memory (LSTM) networks, were employed to model sequential dependencies along the 

potential axis. Dilated convolutional models, such as WaveNet-based architectures, were also 

Table 9. Representative rows from the reconstructed long-format voltammetric dataset, where 

each row corresponds to a single potential sample associated with a given DAïHQ 

concentration pair. 

Example of Long-Format Voltammetric Dataset 

sample_id Ἰ ( M )  Ἰ  ( M )  t V (V) I (A)  

π ςυȢπ υπȢπ π πȢσπππ ρȢφφρπ  

π ςυȢπ υπȢπ ρ πȢςωτφ ρȢωωρπ  

π ςυȢπ υπȢπ ς πȢςψως ςȢτςρπ  

π ςυȢπ υπȢπ σ πȢςψσψ ςȢωωρπ  

π ςυȢπ υπȢπ τ πȢςχψτ σȢχπρπ  

π ςυȢπ υπȢπ υ πȢςχσπ τȢυψρπ  

Ȣ Ȣ Ȣ Ȣ Ȣ Ȣ 

Ȣ Ȣ Ȣ Ȣ Ȣ Ȣ 

Ȣ Ȣ Ȣ Ȣ Ȣ Ȣ 

π ςυȢπ υπȢπ ρρρ πȢσπππ ψȢπυρπ  

investigated to capture long-range signal relationships without the use of recurrent layers. In 

addition, residual and squeezeïexcitation enhanced CNN variants were incorporated to 

improve feature propagation and channel-wise feature weighting. In several architectures, 

the HQ concentration parameter Ð was incorporated through feature-wise linear modulation 

(FiLM), allowing the networks to adapt their internal feature representations according to the 

interfering species concentration. Finally, ensemble strategies were evaluated by combining 

the predictions of multiple models. These ensembles aggregate complementary 

representations learned by different architectural families and thereby yield more stable DA 

concentration estimation outcomes. 

3. EXPERIMENTAL EVALUATION 

3.1. Dataset Construction 

The dataset used for DL experiments follows the same experimental acquisition protocol 

and synthetic data generation procedure described in the previous sections. However, the 

representation used for model training differs from that of the feature-based machine 

learning approach. Instead of constructing explicit peak-based feature vectors, the DL models 

operate directly on reconstructed voltammetric signals in the potentialïcurrent domain. 

3.1.1. Real Electrochemical Data 
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All experimental measurements were obtained using DPV under identical 

electrochemical conditions [1]. Voltammetric responses were systematically recorded for 

multiple DA and HQ concentration combinations. DA concentrations were set to 25, 50, 100, 

250, and 500 µM. For each DA level, HQ concentrations were varied independently over a 

comparable range, resulting in 24 mixed DAïHQ measurements. In addition, a separate DA-

only dataset consisting of five measurements at the same DA concentration levels was 

acquired to provide reference signals in the absence of HQ interference effects. 

3.1.2. Interpolation and Synthetic Data Generation 

Synthetic signals were generated to extend the coverage of the DAïHQ 

concentration space beyond the experimentally measured combinations. Each voltammetric 

signal was first represented using the Fourier8 model described in Section 2.2. Dominant 

peak parameters (µ, ů, h) were then extracted from the reconstructed signals. Synthetic 

samples were produced by performing two-dimensional interpolation in the peak parameter 

space across the DA and HQ concentration axes. Additional signal instances were generated 

for identical concentration pairs by introducing controlled perturbations in the peak 

parameters. These parameters were subsequently used to reconstruct synthetic voltammetric 

signals while preserving physically consistent peak morphology throughout. 

3.1.3. Raw Signal Reconstruction for Deep Learning 

In contrast to the feature-based machine learning framework, the DL models operate 

directly on reconstructed voltammetric waveforms. The synthetic signals generated from 

peak parameters were therefore converted back to the potentialïcurrent domain prior to 

model training. For each concentration pair (Ð, Ð), the signal was evaluated on a fixed 

potential grid spanning  πȢσȟπȢσ 6 with 112 uniformly spaced points. This procedure 

produces a consistent sequence of voltageïcurrent samples representing the full voltammetric 

response of each mixture. The dataset is stored in long-format form, where each row 

corresponds to a single potential sample associated with a given mixture concentration. An 

excerpt of the dataset structure is shown in Table 9. These sequences are used directly as 

inputs to the DL models during training. 

3.2. Evaluation Metrics 

Model performance was evaluated using two common regression metrics: mean absolute 

error (MAE) and root mean square error (RMSE). These metrics measure the discrepancy 

between the predicted DA concentration Ù and the corresponding ground-truth value Ù over 

. test samples. 

The mean absolute error is defined as: 

MAE
ρ

.
ȿÙ ÙȿȢ υ 

The root mean square error is defined as: 
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RMSE
ρ

.
Ù Ù Ȣ φ 

Table 10. Performance comparison of deep learning architectures for  dopamine 

concentration estimation. Models are grouped according to their  architectural  families, with 

accuracy reported in terms of RMSE and MAE.  

Deep Learning Model Benchmark Results 

Family Model RMSE MAE  

MLP  

MLP_RawSignal 57.884 41.638 

MLP_Baseline 78.022 57.663 

MLP_FeatureOnly 56.822 47.672 

CNN 

CNN_Original 60.663 45.743 

FastCNN 56.429 44.857 

ImprovedCNN_SE 54.399 37.414 

ResidualCNN_SE 59.303 45.220 

AttentionCNN 61.225 44.721 

DenseNet 57.390 40.476 

InceptionLite 59.629 43.128 

FastInception 57.256 46.433 

RNN 
BiLSTM 63.441 46.215 

GRU_Attn 53.368 36.976 

Hybrid  
CNN_LSTM_v2 64.131 47.458 

CNN_BiGRU_FiLM  31.270 19.602 

Dilated CNN 

WaveNet 57.780 40.470 

FastWaveNet 49.580 34.289 

FastWaveNet_Optimized 32.750 24.495 

WaveNetSE_FiLM 49.420 39.900 

ResNet 

StrongResidual 51.804 38.513 

FastResidual 51.669 39.216 

PreActResNet1D_FiLM 45.269 35.314 

ResNet1D_SE_FiLM 47.402 33.940 

Transformer TransformerLite 51.864 36.415 

Ensemble 
MeanEnsemble 47.117 33.473 

BestModelEnsemble 52.971 41.361 
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HybridModelEnsemble 43.143 34.787 

EnsembleFeatures 62.751 44.698 

MAE reflects the average absolute prediction error, while RMSE penalizes larger 

deviations more strongly due to the squared error term. Together, these metrics provide 

complementary information about model accuracy and overall robustness. 

3.3. Results and Discussion 

The predictive performance of the investigated DL models is summarized in Table 10. 

The architectures are grouped according to their design families to facilitate comparison 

between different representation learning strategies. Model accuracy is reported using RMSE 

and MAE, where lower values indicate more accurate DA concentration estimation 

outcomes. The multilayer perceptron (MLP) models serve as baseline architectures. Because 

these networks process the input as a flat feature vector, they cannot explicitly exploit the 

sequential structure of voltammetric signals. Consequently, all MLP variants produce higher 

prediction errors compared with most sequence-based alternatives. CNNs demonstrate 

improved performance by learning local peak morphology directly from the voltammetric 

current sequence. Several CNN variants were evaluated, including ImprovedCNN_SE, 

DenseNet, and Inception-based models, which consistently reduce the prediction error 

relative to the MLP baseline models. Recurrent architectures were also investigated to model 

sequential dependencies along the potential axis. While the BiLSTM model yields relatively 

higher errors, the attention-based GRU_Attn model shows noticeable improvement, 

indicating that attention mechanisms help the network focus on informative regions of the 

electrochemical signal profile. The best overall performance is achieved by hybrid 

architectures that combine convolutional and recurrent components. In particular, the 

CNN_BiGRU_FiLM model obtains the lowest prediction error with an RMSE of 31.27 

and an MAE of 19.60. In this architecture, convolutional layers capture local peak 

structures, while the bidirectional GRU models sequential dependencies across the full signal 

sequence. The FiLM mechanism additionally incorporates the HQ concentration parameter 

p2, enabling the network to adapt its internal representations according to the interfering-

species concentration. Dilated convolutional models based on WaveNet also achieve 

competitive predictive performance. The FastWaveNet_Optimized configuration produces 

an RMSE of 32.75, demonstrating that dilated convolutions can effectively capture long-

range signal relationships without recurrent layers. Residual CNN architectures provide 

stable but moderate improvements, while the lightweight transformer model achieves 

reasonable accuracy but remains less effective than the best hybrid and dilated convolutional 

configurations. Finally, ensemble strategies were evaluated by combining predictions from 

multiple constituent models. Although some ensemble configurations produce competitive 

results, none surpass the CNN_BiGRU_FiLM architecture in terms of overall accuracy. 

Overall, the results indicate that architectures capable of jointly capturing local voltammetric 

peak morphology and broader sequence dependencies provide the most accurate DA 

concentration estimation outcomes. 
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4. CONCLUSION 

This study presents a DL-based framework for DA quantification from DPV signals 

recorded in the presence of HQ as an interfering species. Unlike conventional machine 

learning approaches that rely on manually engineered features, the proposed method operates 

directly on reconstructed voltammetric sequences, allowing neural networks to learn in an 

autonomous manner informative representations of the electrochemical response. The 

framework combines Fourier-based signal modeling, interpolation-driven synthetic data 

generation, and Gaussian peak reconstruction to generate physically consistent voltammetric 

signals over a dense concentration space. A comprehensive experimental evaluation across 

multiple neural network architectures demonstrates that models capable of jointly capturing 

local peak morphology and sequential signal dependencies achieve the most accurate 

concentration predictions, with the CNN_BiGRU_FiLM architecture providing the best 

overall predictive performance. These results demonstrate that DL models trained on raw 

voltammetric signals can effectively recover analyte concentration information even under 

nonlinear interference conditions and complex signal distortions. Future work will extend the 

proposed framework to more complex electrochemical mixtures, including three-component 

systems, and explore the development of a web-based interface to enable interactive signal 

analysis and practical deployment of the proposed methodology. 
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ABSTRACT  

Dopamine (DA) quantification in biological samples is central to neuroscience research and 

clinical electroanalysis. Differential pulse voltammetry (DPV) offers a sensitive detection 

method, but overlapping oxidation peaks from ascorbic acid (AA) and uric acid (UA) 

complicate direct DA quantification from mixture signals. This paper proposes a two-stage 

machine learning pipeline comprising a gradient boosting regression stage for pure DA 

voltammogram reconstruction from mixture signals, followed by a gradient boosting 

classification stage for concentration prediction. To address limited experimental data, a 

Fourier-series representation combined with three-dimensional concentration-space 

interpolation is used to augment 22 experimental measurements into 1,314 synthetic mixture 

samples. The best-performing pipeline configuration achieves 89.73% end-to-end classification 

accuracy across four evaluated model pairs, without requiring prior knowledge of individual 

component concentrations, demonstrating the viability of data-driven deconvolution for 

automated electroanalytical quantification. 

 

Keywords: Dopamine Detection, Peak Deconvolution, Differential Pulse Voltammetry, 

Machine Learning, Gradient Boosting, Fourier Series, Data Augmentation 

1. INTRODUCTION  

Dopamine (DA) is a neurotransmitter involved in motor control, reward processing, and 

cognitive function. Abnormal DA levels are associated with Parkinsonôs disease, schizophrenia, 

and attention deficit hyperactivity disorder [1,2], making accurate DA quantification important 

for both clinical diagnostics and neuroscience research. 

Differential pulse voltammetry (DPV) is widely used for electrochemical detection due to its 

high sensitivity, fast response, and low cost [3,4]. However, in biological samples DA coexists 

with ascorbic acid (AA) and uric acid (UA), whose oxidation potentials overlap with that of 

DA [5]. This overlap makes selective quantification from raw voltammograms difficult [6]. 
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Chemometric methods such as partial least squares regression and principal component analysis 

[7] have been applied to this problem, but they typically assume linear signalïconcentration 

relationships and require careful feature engineering. Deconvolution techniques [8,9] can 

separate overlapping peaks, yet they often rely on prior knowledge of system parameters. 

Machine learning provides a data-driven alternative [10], but many existing approaches either 

require known mixture concentrations during inference or are limited by small datasets. 

This paper proposes a two-stage machine learning pipeline that predicts DA concentration from 

a mixture DPV signal without using concentration inputs. In Stage 1, a regression model 

estimates the pure DA signal from the mixture voltammogram (peak deconvolution). In Stage 2, 

a classifier maps the estimated DA signal to a concentration class. To overcome the limited 

number of experimental measurements, each signal is represented by a 10-harmonic Fourier 

series, and new training samples are generated by interpolating Fourier coefficients across the 

three-dimensional concentration space. 

The main contributions are as follows: (i) a Gradient Boosting regression model that achieves 

R2 = 0.923 for DA signal extraction using only the raw voltammogram, (ii) a Fourier-based 

augmentation scheme that produces 1,314 synthetic mixtures from 22 experimental 

measurements, (iii) a comparison of four model combinations showing that regression quality 

is the dominant factor in end-to-end accuracy, and (iv) an error analysis indicating that 80% of 

misclassifications fall within one concentration step (25 µM). 

2. METHOD  

2.1. Pipeline Overview 

The pipeline takes a raw mixture DPV voltammogram (129 points, ī0.207 to 0.497 V) as input 

and produces a predicted DA concentration in µM. In the first stage, a regression model maps 

the 129-point mixture signal to a 128-point pure DA signal estimate. In the second stage, a 

classifier assigns this estimate to one of 19 concentration classes (50ï500 µM in 25 µM steps). 

Concentration values are not used as input features at any point, so the pipeline is applicable 

when only the measured voltammogram is available. 

2.2. Data Collection 

The dataset consists of 22 mixture DPV voltammograms containing AA, DA, and UA at 

concentrations ranging from 50ï500 µM (AA) , 50ï500 µM (DA), and 50ï250 µM (UA). Each 

mixture signal comprises 129 potentialïcurrent pairs. In addition, five reference 

voltammograms of pure DA solutions were measured at 25, 50, 100, 250, and 500 µM, each 

containing 128 potentialïcurrent pairs over a slightly different potential window (ī0.300 to 

0.398 V). 

Table 11. Stage 1 regression performance 

Model R2 RMSE (×10ī6) 

Gradient Boosting 0.923 2.00 

Random Forest 0.901 2.65 
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2.3. Fourier Series Representation 

Each DPV signal is fitted with a 10-harmonic Fourier series [11] 

 Ὢὼ ὥ В ὥ ÃÏÓὲ‫ὼ ὦ ÓÉÎὲ‫ὼ (1) 

where x is the potential normalized to [0, 1] and ɤ is the fundamental frequency. Together with 

a0 and ɤ, the coefficients a1, é, a10 and b1, é, b10 yield 22 Fourier parameters. Four additional 

normalization constants (xmin, xmax, ymean, ystd) are stored for reconstruction, giving 26 

parameters per signal. The fitting achieves R2 > 0.999 for all measured voltammograms. 

2.4. Data Augmentation 

For the mixture signals, a three-dimensional linear interpolator [12] (LinearNDInterpolator) 

maps concentration triplets (CAA, CDA, CUA) to Fourier parameters. Sampling this interpolator 

on a regular grid with 25 µM spacing produces 1,314 valid synthetic mixture signals, covering 

approximately 60% of the full grid (limited by the convex hull of the original 22 measurements). 

For the pure DA reference signals, one-dimensional interpolation with extrapolation generates 

20 signals at 25 µM steps across 25ï500 µM, corresponding to 19 distinct concentration levels. 

2.5. Stage 1: Regression 

The regression stage maps a 129-point mixture signal to a 128-point DA signal estimate. Two 

ensemble models are compared. Gradient Boosting [13] (GB) uses 100 estimators with 

maximum depth 5 and learning rate 0.1; each tree corrects the residual errors of the preceding 

ensemble. Random Forest [14] (RF) uses 100 trees with maximum depth 20, trained 

independently on bootstrapped subsets and averaged at prediction time. The training set consists 

of 1,051 mixtureïDA signal pairs (80% of 1,314), with the remaining 263 held out for testing. 

All DA concentration classes are represented in both splits. 

2.6. Stage 2: Classification 

The classification stage maps a 128-point DA signal to one of 19 concentration classes. The 

same two model families are evaluated: GB (100 estimators, depth 5, learning rate 0.1, log-

loss) and RF (100 trees, depth 20, Gini criterion). Both classifiers are trained on ground-truth 

pure DA signals augmented with 2% Gaussian noise [15], yielding 50 samples per class (950 

total). The noise augmentation is intended to improve robustness to the imperfect signal 

estimates produced by Stage 1 during inference. 

Table 12. Stage 2 classification accuracy on ground-truth DA signals 

Model Accuracy (%) Test samples 

Gradient Boosting 100.0 190 

Random Forest 88.5 190 

3. EXPERIMENTAL RESULTS  

All experiments were implemented in Python 3.13 using scikit-learn [16], NumPy [17], and 

SciPy [12]. The augmented dataset comprises 1,314 mixture signals split 80/20 for regression 
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training and testing, and 950 DA classification samples similarly split into 760 training and 190 

test samples. Performance is measured by R2 and RMSE for regression, classification accuracy 

on ground-truth DA signals for the standalone classifier, and overall accuracy on all 1,314 

mixtures for the end-to-end pipeline. 

3.1. Stage 1 Results 

Table 11 compares the two regression models. Gradient Boosting achieves R2 = 0.923, 

outperforming Random Forest (R2 = 0.901). The difference corresponds to a 22% reduction in 

residual variance (1īR2), suggesting that the sequential error-correction strategy of boosting is 

better suited to this task than the averaging strategy of Random Forest. 

3.2. Stage 2 Results 

Table 12 reports classification accuracy on ground-truth DA signals, isolating the classifier from 

regression errors. Gradient Boosting achieves 100% accuracy on the 190 test samples, while 

Random Forest reaches 88.5%. This indicates that mapping a clean DA signal to a concentration 

class is relatively straightforward; the main difficulty lies in obtaining an accurate DA estimate 

in Stage 1. 3.3. End-to-End Performance 

Table 13 reports the end-to-end accuracy for all four regressionïclassification combinations 

evaluated on all 1,314 mixture samples. The GB + GB combination achieves the highest 

accuracy at 89.73%, with two patterns standing out. First, the choice of regression model has a 

much larger effect than the choice of classifier: replacing GB regression with RF regression 

drops accuracy by approximately 14 percentage points regardless of the classifier, whereas 

replacing the GB classifier with RF changes accuracy by at most 1.4 percentage points. Second, 

the classifier difference is small when regression quality is high (1.37 pp with GB regression) 

and negligible when it is low (0.08 pp with RF regression). These results confirm that Stage 1 

deconvolution quality is the primary bottleneck. 

3.4. Error Analysis 

In the best pipeline (GB + GB), 135 of 1,314 samples are misclassified. Approximately 80% of 

these errors are one-step deviations (25 µM), with a mean absolute error of 31.7 µM and a 

median of 25.0 µM among the misclassified samples. Errors are concentrated in mixtures with 

low AA concentration (50 µM) combined with high DA  

 

Table 13. End-to-end pipeline accuracy (1,314 mixtures) 

Regression + Classification Accuracy (%) Correct / Total 

GB + GB 89.73 1,179 / 1,314 

GB + RF 88.36 1,161 / 1,314 

RF + GB 75.65 994 / 1,314 

RF + RF 75.57 993 / 1,314 
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and UA, likely because a smaller AA peak provides less spectral separation between the DA 

and UA contributions. For AA Ó 100 µM, accuracy typically exceeds 91%. 

3.5. Computational Cost 

The full pipeline trains in under two minutes on a standard laptop, with the Gradient Boosting 

regressor accounting for approximately ten seconds. After training, a single prediction takes 

less than ten milliseconds. 

4. CONCLUSION 

This paper presented a two-stage machine learning pipeline for dopamine concentration 

prediction from mixture DPV signals. The pipeline estimates the pure DA signal via gradient 

boosting regression (R2 = 0.923) and classifies the concentration using a second Gradient 

Boosting model, achieving 89.73% end-to-end accuracy on 1,314 augmented mixture samples 

without requiring prior knowledge of mixture composition. A comparison of four model 

combinations showed that regression quality is the dominant factor in overall performance. 

Most misclassifications (80%) deviate by only one concentration step (25 µM), and errors 

concentrate in mixtures with low AA concentration. 

The current approach has several limitations. The concentration range (50ï500 µM) is narrow 

relative to physiological conditions, and the augmented dataset relies on interpolation within 

the convex hull of 22 experimental measurements. Robustness to electrode fouling, pH 

variations, and additional interferents has not been evaluated. Future work will address these 

limitations and explore deep learning architectures for improved signal deconvolution. 
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ABSTRACT  

Differential pulse voltammetry (DPV) enables sensitive electrochemical detection of dopamine 

(DA); however, co-existing interferents such as ascorbic acid (AA) and uric acid (UA) produce 

overlapping peaks that compromise accurate quantification. This study presents a systematic 

evaluation of a two-stage deep learning pipelineðcomprising a regression stage for signal 

deconvolution followed by a classification stage for concentration predictionðapplied to 

ternary DA/AA/UA mixtures. Thirty-six model combinations (six regression and six 

classification architectures) are benchmarked on 1,314 synthetic DPV mixture samples. For 

signal deconvolution, convolutionalïrecurrent hybrid networks achieve the highest accuracy 

(R2=0.9839), outperforming gradient boosting baselines (R2=0.9230). For end-to-end 

concentration prediction, a hybrid pipeline pairing deep learning regression with ensemble 

classification achieves the best overall accuracy (89.88%), outperforming both pure deep 

learning (87.52%) and pure machine learning (89.73%) configurations. Analysis reveals that 

deconvolution quality is the dominant performance bottleneck across all pipelines, and that 

hybrid architectures combining deep feature extraction with classical ensemble classifiers offer 

the most robust solution for automated electroanalytical quantification. 

Keywords: Deep Learning, Neural Networks, Electrochemical Sensors, Signal Deconvolution, 

Dopamine Detection, Voltammetry, Hybrid Machine Learning 

1. INTRODUCTION  

Dopamine (DA, 3,4-dihydroxyphenethylamine) is a catecholamine neurotransmitter involved 

in motor control, reward-motivated behavior, and cognitive function [1]. Its dysregulation 

underlies neurological and psychiatric disorders including Parkinsonôs disease, schizophrenia, 

and addiction [2]. Accurate quantification of DA in biological samples is therefore important 

for both neuroscience research and clinical diagnostics. Electrochemical techniques, especially 

differential pulse voltammetry (DPV), are widely used for DA detection because they are 

sensitive, fast, and compatible with miniaturized sensors [3,4]. In practice, biological fluids also 

contain electroactive species that oxidize at similar potentials, most notably ascorbic acid (AA, 
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vitamin C) and uric acid (UA). These interferents are typically present at concentrations 100ï

1000 times higher than DA [5]. As a result, the recorded voltammograms often include strongly 

overlapping peaks, which makes direct quantification from peak height or area unreliable [6]. 

The fundamental challenge in mixed voltammetric analysis can be formulated as a signal 

deconvolution problem. Let ymix(V)  ɴ n represent the measured current response as a function 

of applied potential V, which can be approximated as: 

 ◐ ὠ  Ὢ !!ȟ$!ȟ5!Ƞױὠ  Ⱡ (1) 

where [AA], [DA], [UA] are analyte concentrations, f(·) denotes the (generally non-linear) 

electrochemical response, and Ů captures measurement noise and baseline drift. The goal is to 

recover the dopamine contribution yDA(V) and then estimate [DA] from the mixture 

measurement ymix(V). Traditional strategies (e.g., standard addition, electrode surface 

modification, and classical chemometrics) can struggle when peaks overlap strongly. Machine 

learning has shown promise for voltammetric analysis [7], but many approaches still depend on 

hand-crafted features and may miss subtle patterns in raw electrochemical signals. Deep neural 

networks can learn features directly from raw data and approximate complex non-linear 

mappings [8]. Convolutional neural networks (CNNs) extract local patterns using learnable 

filters [9], recurrent models such as long short-term memory (LSTM) networks capture 

dependencies in sequences [10], and Transformers use self-attention to model long-range 

interactions without recurrence [11]. Combining convolutional and recurrent components often 

yields strong performance in time-series problems [12]. 

This work provides a systematic evaluation of deep learning architectures for dopamine 

quantification in multi-component electrochemical mixtures. Our main contributions are: 

1. We evaluate 36 combinations of six regression models (four deep learning, two machine 

learning) and six classification models across 1,314 test samples. 

2. We show that convolutional-LSTM hybrid networks achieve 6.6% higher regression 

performance (R2=0.9839 vs 0.9230) than gradient boosting for signal deconvolution. 

3. We find that optimal end-to-end performance (89.88%) is obtained through hybrid 

pipelines combining deep learning regression with ensemble classification, rather than 

pure deep learning or machine learning approaches. 

4. We identify signal deconvolution quality as the primary performance bottleneck, with 

regression R2 correlating more strongly with end-to-end accuracy than classification 

metrics. 

5. We observe architectureïtask specificity: CNN-LSTM networks excel at regression but 

underperform at classification, while Transformer architectures show the opposite 

pattern. 

2. RELATED WORK  

Electrochemical dopamine detection has been widely studied using voltammetric techniques 

such as cyclic voltammetry (CV), differential pulse voltammetry (DPV), and square wave 

voltammetry (SWV) [4,13]. To improve selectivity, many studies modify the electrode surface 
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(e.g., with conducting polymers, metal nanoparticles, or carbon nanomaterials) to promote 

electrocatalysis and/or suppress interfering species [14,15]. Although effective in many cases, 

these strategies often require careful tuning and can suffer from limited reproducibility across 

electrodes and experiments [16]. 

Classical chemometric methods for resolving overlapping peaks include partial least squares 

(PLS) regression, principal component regression (PCR), and multivariate curve resolution 

(MCR) [17]. These approaches can work well when overlap is moderate, but their performance 

typically degrades for strongly mixed DA/AA/UA signals. Non-linear models (e.g., early 

artificial neural networks) have also been investigated [18]; however, comprehensive 

comparisons across modern deep learning architectures are still limited. 

Recent work has applied machine learning models such as support vector machines (SVM), 

random forests [19], and gradient boosting [20] to electrochemical datasets [7,16]. In many 

cases, the input to these models is a set of hand-crafted features (e.g., peak position, height, 

area, and width). While this can produce good results, feature engineering requires domain 

expertise and may overlook information present in the full signal. In addition, much of the 

literature emphasizes classification (binary/ternary) rather than estimating concentrations 

quantitatively. 

Deep learning has also been applied successfully in related spectroscopic areas, including 

Raman spectroscopy [21], mass spectrometry [22], and near-infrared spectroscopy [23]. CNNs 

can learn informative representations directly from raw spectra [9,24], and LSTMs [10] and 

Transformers [11] can model sequential structure in time-series measurements. In contrast, 

deep learning for voltammetric signal deconvolution has been explored less, and this work aims 

to help close that gap. 

3. METHODOLOGY  

3.1. Dataset Composition and Preparation 

3.1.1. Experimental Data Acquisition 

The dataset comprises differential pulse voltammetry measurements of synthetic ternary 

mixtures containing ascorbic acid, dopamine, and uric acid. Individual component signals were 

recorded using a standard three-electrode cell configuration with a glassy carbon working 

electrode [14], Ag/AgCl reference electrode, and platinum wire counter electrode in phosphate 

buffer saline (PBS, pH 7.4) [6]. Differential pulse voltammograms were acquired with the 

following parameters: pulse amplitude 50 mV, pulse width 50 ms, scan rate 20 mV/s, potential 

range ī0.3 to 0.5 V [4]. 

Pure dopamine standards were measured at five concentrations (25, 50, 100, 250, and 500 µM). 

Twenty-two mixture samples were prepared with varying AA, DA, and UA concentrations in 

the range 50ï500 µM. Interpolation in Fourier parameter space (Section 3.1.3) subsequently 

expanded these measurements to 19 DA concentration levels (50ï500 µM in 25 µM steps) and 

1,314 synthetic mixtures. 
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3.1.2. Signal Representation 

Each voltammogram is represented as a discrete signal vector. Mixture signals xmix ɴ  129 span 

129 potential points from ī0.207 to 0.497 V, while pure DA signals yDA ɴ  128 span 128 points 

from ī0.300 to 0.398 V. This dimensional difference arises from the different potential 

windows required for optimal signal acquisition in mixture versus single-analyte 

measurements. 

3.1.3. Data Augmentation 

To address the limited availability of experimental measurements, we employ Fourier series 

interpolation for systematic data augmentation. Each voltammogram is fitted to a 10-harmonic 

Fourier series [25]: 

 ļὼ ὥ В ὥ ÃÏÓὯύὼ ὦ ÓÉÎὯύὼ (2) 

where x represents normalized potential, w is the fundamental frequency, and {{a0, ak, bk}} k=1
10 

are fitted coefficients. Signals are normalized to zero mean and unit variance prior to fitting to 

ensure numerical stability. This representation achieves R2 > 0.999 for all measured 

voltammograms. Interpolation is performed in parameter space using LinearNDInterpolator 

[26] for mixture signals (3D interpolation across AA, DA, UA concentration space) and cubic 

spline interpolation for pure DA signals (1D interpolation across DA concentration). This 

procedure generates 1,314 synthetic mixture samples with corresponding pure DA signals at 19 

concentration levels (50ï500 µM, excluding 25 µM due to absence in mixture dataset). 

For classification model training, we apply Gaussian noise augmentation to pure DA signals 

[27], generating 50 noisy replicates per concentration class: 

 ◐   ◐   ᴓπȟױπȢπς ẗ „◐  (3) 

where ůy denotes the standard deviation of the original signal. This yields 950 total samples (19 

classes × 50 samples/class) for classification training and evaluation. 

3.2. Two-Stage Analytical Pipeline 

Our approach decomposes the analytical task into two sequential stages. In the first stage (signal 

regression), a model learns a mapping g: 129 Ÿ 128 that recovers the pure DA signal from a 

mixture voltammogram xmix  ɴ 129: 

 ◐   Ὣ● ȠױⱣ  (4) 

where ɗg represents model parameters optimized via mean squared error (MSE) minimization: 

 fl   В ◐   ◐  (5) 

In the second stage (concentration classification), a model maps a DA signal yDA  ɴ 128 (either 

ground truth or regression-predicted) to one of 19 concentration classes: 

 ὧǶ  Ὤ◐ ȠױⱣ  (6) 

where ɗh is optimized via cross-entropy loss: 
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 fl   В ÌÏÇױὴὧ ◐ױȿױ ȠױⱣ  (7) 

For end-to-end evaluation, we combine both stages as Ǘ = h(g(xmix)) and report classification 

accuracy on held-out mixture samples. 

3.3. Deep Learning Architectures 

We evaluate four neural network architectures for both regression and classification tasks. All 

models receive input signals normalized to zero mean and unit standard deviation via z-score 

transformation. 

3.3.1. 1D Convolutional Network (CNN1D) 

The CNN1D architecture employs three convolutional blocks for hierarchical feature 

extraction: 

▐   2Å,5#ÏÎÖρ$●ȠױὯ υȟױί ς  

▐   2Å,5#ÏÎÖρ$▐ ȠױὯ υȟױί ς  

▐   2Å,5#ÏÎÖρ$▐ ȠױὯ υȟױί ς  

(8) 

where Conv1Dc denotes 1D convolution with c output channels, kernel size k, and stride s. The 

feature maps are flattened and passed through fully connected layers: 

 ◑  $ÒÏÐÏÕÔȢ 2Å,5╦ ▐ÌÁÔÔÅÎ&ױ  (9) 

For regression, the output layer produces Ȓ = W2z. For classification, a softmax layer outputs 

class probabilities: p(c|x) = Softmax(W2z). 

3.3.2. Bidirectional LSTM (BiLSTM) 

The BiLSTM architecture processes the input sequence in both forward and backward 

directions: 

▐ᴆ  ,34-●ȟױ▐ᴆ  

▐  ,34-●ȟױ▐  

▐  ▐ᴆȠױ▐  

(10) 

where [·; ·] denotes concatenation. We employ two stacked BiLSTM layers with hidden 

dimension 128, followed by fully connected layers with dropout (p=0.3) for regularization. The 

final hidden state is used for prediction. 
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Table 14. Regression Performance Comparison 

Model R2 RMSE (×10ī6) MAE (×10ī6) 

CNN-LSTM Hybrid 0.9839 0.863 0.347 

BiLSTM 0.9837 0.915 0.381 

CNN1D 0.9724 1.156 0.489 

Transformer 0.9531 1.574 0.654 

Gradient Boosting 0.9230 2.000 ï 

Random Forest 0.9010 2.650 ï 

3.3.3. CNN-LSTM Hybrid 

The hybrid architecture combines convolutional feature extraction with recurrent temporal 

modeling: 

▐   #ÏÎÖρ$#ÏÎÖρ$●  

▐   "É,34-▐  
(11) 

This architecture leverages CNNs for local feature extraction and LSTMs for capturing long-

range dependencies in the feature sequence. 

3.3.4. Transformer 

The Transformer model employs multi-head self-attention without recurrence: 

 !ÔÔÅÎÔÉÏÎ╠ȟ╚ȟ╥  ÓÏÆÔÍÁØ
╠╚

╥ (12) 

where Q, K, V are query, key, and value matrices derived from input embeddings via learned 

projections. Our implementation uses 4 attention heads, embedding dimension 256, 4 encoder 

layers, and feedforward dimension 1024. Positional encoding is added to input embeddings to 

incorporate sequence order information. 

3.4. Machine Learning Baselines 

We compare the deep learning architectures against two ensemble learning methods. Random 

Forest (RF) [19] trains 100 independent decision trees (maximum depth 20, minimum samples 

per leaf 2, Gini criterion) on bootstrapped subsets and averages their predictions. Gradient 

Boosting (GB) [20] builds 100 trees sequentially, with each tree correcting the residual errors 

of the preceding ensemble (learning rate 0.1, maximum depth 5, least-squares loss for 

regression, log-loss for classification). Both methods operate on the raw signal vectors without 

explicit feature engineering. 

3.5. Training Procedure 

All deep learning models are optimized with Adam [28] using an initial learning rate of 0.001 

(0.0005 for Transformers), reduced by a factor of 0.5 when the validation loss plateaus for 10 

consecutive epochs. Regularization consists of dropout [29] (p = 0.2ï0.4 depending on the 

layer), weight decay ɚ = 10ī5, and early stopping with patience of 20 epochs.  
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Table 15. Classification Accuracy on Ground Truth DA Signals 

Model Accuracy (%) Test Samples 

Transformer 100.0 190 

Gradient Boosting 100.0 190 

BiLSTM 94.7 190 

Random Forest 88.5 190 

CNN1D 87.9 190 

CNN-LSTM Hybrid 71.1 190 

Models are trained for up to 100 epochs with batch size 32 on an 80/20 stratified trainïtest split. 

Input signals are z-score normalized using statistics computed from the training set. All random 

seeds are fixed for reproducibility. 

3.5. Training Procedure 

All deep learning models are optimized with Adam [28] using an initial learning rate of 0.001 

(0.0005 for Transformers), reduced by a factor of 0.5 when the validation loss plateaus for 10 

consecutive epochs. Regularization consists of dropout [29] (p = 0.2ï0.4 depending on the 

layer), weight decay ɚ = 10ī5, and early stopping with patience of 20 epochs. Models are trained 

for up to 100 epochs with batch size 32 on an 80/20 stratified trainïtest split. Input signals are 

z-score normalized using statistics computed from the training set. All random seeds are fixed 

for reproducibility. 

3.6. Evaluation Metrics 

Regression performance is measured by the coefficient of determination (R2), root mean 

squared error (RMSE), and mean absolute error (MAE). Classification performance is assessed 

by accuracy, precision, recall, and F1-score. We report classifier accuracy both on ground truth 

DA signals (to isolate the classifier from regression errors) and on end-to-end mixture samples 

(to capture error propagation through both stages). 

4. EXPERIMENTAL RESULTS  

4.1. Regression Performance: Mixture to DA Signal Deconvolution 

Table 11 presents regression metrics for all evaluated models. Deep learning architectures 

demonstrate superior performance compared to machine learning baselines, with the CNN-

LSTM Hybrid achieving the highest coefficient of determination (R2=0.9839). 

The CNNïLSTM hybrid achieves a 6.6% higher R2 than the best machine learning baseline 

(gradient boosting), which corresponds to a 57% reduction in unexplained variance. A likely 

reason is that the model can capture both local signal patterns (via CNN layers) and longer-

range dependencies (via LSTM layers) directly from the raw voltammograms, without manual 

feature design. 
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Table 16. DL Regression + ML Classification 

Regression + Classification Accuracy (%) Correct/Total  

CNN-LSTM + Random Forest 89.88 1181/1314 

CNN-LSTM + Gradient Boosting 89.42 1175/1314 

BiLSTM + Random Forest 86.91 1142/1314 

BiLSTM + Gradient Boosting 86.07 1131/1314 

CNN1D + Gradient Boosting 81.96 1077/1314 

CNN1D + Random Forest 81.74 1074/1314 

Transformer + Gradient Boosting 72.45 952/1314 

Transformer + Random Forest 71.61 941/1314 

Table 17. ML Regression + ML Classification 

Regression + 

Classification 

Acc. (%) Correct/Total  

GB + GB 89.73 1179/1314 

GB + RF 88.36 1161/1314 

RF + GB 75.65 994/1314 

RF + RF 75.57 993/1314 

The Transformer achieves perfect classification on ground truth signals (Section 4.2) but yields 

the weakest regression performance (R2=0.9531). This indicates that, under the available data 

size, self-attention may be more effective for sequence classification than for dense, point-wise 

signal regression. 

4.2. Classification Performance: DA Signal to Concentration 

Table 12 reports classification accuracy evaluated on ground truth pure DA signals (i.e., without 

using regression outputs). This isolates the classifier performance from regression errors. Both 

the Transformer model and the gradient boosting classifier achieve perfect classification (100% 

accuracy) on pure DA signals. This suggests that, once the DA component is isolated, mapping 

the signal to a concentration class is relatively straightforward. In contrast, the CNNïLSTM 

hybrid performs poorly as a classifier (71.1%) despite its strong regression performance, 

pointing to an architectureïtask mismatch that is discussed in Section 5. 

4.3. End-to-End Performance: Comprehensive Model Combination Analysis 

We evaluated all 36 combinations obtained by pairing six regression models with six 

classification models. Table 13ïTable 19 summarize the end-to-end results by model family.  

The best end-to-end accuracy (89.88%) is obtained by combining deep learning regression 

(CNNïLSTM) with machine learning classification (random forest), exceeding the best pure 

DL pipeline (87.52%) by 2.36 percentage points and slightly surpassing the best pure ML 
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pipeline (89.73%). Notably, the top eight combinations all employ deep learning for regression, 

confirming that deconvolution accuracy is the primary bottleneck. 

Table 20 summarizes the best-performing combination within each of the four category types.  

 

Table 18. DL Regression + DL Classification (Pure DL) 

Regression + Classification Accuracy (%) Correct/Total  

CNN-LSTM + Transformer 87.52 1150/1314 

CNN-LSTM + BiLSTM 86.91 1142/1314 

BiLSTM + Transformer 85.01 1117/1314 

CNN1D + Transformer 79.98 1051/1314 

BiLSTM + BiLSTM 79.15 1040/1314 

CNN-LSTM + CNN1D 78.46 1031/1314 

BiLSTM + CNN1D 74.66 981/1314 

CNN1D + BiLSTM 74.51 979/1314 

CNN1D + CNN1D 72.91 958/1314 

Transformer + BiLSTM 67.73 890/1314 

Transformer + Transformer 66.44 873/1314 

Transformer + CNN1D 65.68 863/1314 

CNN-LSTM + CNN-LSTM 58.52 769/1314 

BiLSTM + CNN-LSTM 57.69 758/1314 

CNN1D + CNN-LSTM 52.13 685/1314 

Transformer + CNN-LSTM 47.11 619/1314 

Table 19. ML Regression + DL Classification 

Regression + 

Classification 

Accuracy (%) Correct/Total  

GB + Transformer 87.29 1147/1314 

GB + BiLSTM 86.15 1132/1314 

RF + Transformer 74.81 983/1314 

RF + BiLSTM 72.53 953/1314 

GB + CNN1D 68.72 903/1314 

RF + CNN1D 63.70 837/1314 

GB + CNN-LSTM 54.72 719/1314 

RF + CNN-LSTM 49.77 654/1314 
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The best end-to-end accuracy (89.88%) is obtained by combining deep learning regression 

(CNNïLSTM) with machine learning classification (random forest), exceeding the best pure 

DL pipeline (87.52%) by 2.36 percentage points and slightly surpassing the best pure ML 

pipeline (89.73%). Notably, the top eight combinations all employ deep learning for regression, 

confirming that deconvolution accuracy is the primary bottleneck. 

Table 20. Optimal Performance by Category 

Category Best Model Accuracy (%) 

DL Reg + ML Class CNN-LSTM + RF 89.88 

ML Reg + ML Class GB + GB 89.73 

DL Reg + DL Class CNN-LSTM + 

Transformer 

87.52 

ML Reg + DL Class GB + Transformer 87.29 

A clear architectureïtask mismatch emerges from the results: the CNNïLSTM hybrid yields 

the best regression (R2 = 0.9839) but performs poorly as a classifier (best end-to-end with 

CNNïLSTM classifier: 58.52%), whereas the Transformer achieves perfect classification 

(100%) but relatively weak regression (R2=0.9531). Furthermore, pure DL combinations 

underperform hybrid pipelines despite perfect classification on ground truth signals 

(Transformer: 100%), suggesting that ensemble classifiers are more robust to imperfect 

regression outputs than neural classifiers in this setting. 

4.4. Error Analysis 

In the best-performing pipeline (CNNïLSTM + RF, 89.88%), 133 of the 1,314 test samples are 

misclassified. Approximately 80% of these errors are single-step deviations (±25 µM), with a 

mean absolute concentration error of 28.9 µM and a maximum of 125 µM (fewer than 5% of 

errors). Misclassifications are concentrated in mixtures with low AA concentration (50 µM) 

combined with high DA and UA, where the reduced spectral separation between analyte peaks 

makes deconvolution more difficult. Figure 12 presents a multi-panel visualization comparing 

machine learning and deep learning performance across regression, classification, and end-to-

end metrics. 

5. DISCUSSION 

5.1. Why Hybrid DLïML Outperforms Pure Approaches 

Deep learning achieves superior regression (R2=0.9839 vs 0.9230, +6.6%), likely because CNN 

layers extract local peak shape features while LSTM layers capture how the signal evolves 

across potential, enabling more accurate point-wise reconstruction. However, the best end-to-

end system (89.88%) combines DL regression with ML classification, outperforming pure DL 

(87.52%). This likely reflects a trainïtest mismatch: classifiers are trained on clean (ground 

truth) DA signals but must operate on imperfect regression outputs at test time. Ensemble 

methods (random forest and gradient boosting) appear more tolerant to this shift than neural 

classifiers, especially with limited classification data (950 samples). The architectureïtask 
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mismatch is also clear: CNNïLSTM achieves R2=0.9839 for regression but only 71.1% 

classification accuracy, whereas the Transformer shows the reverse trend (R2=0.9531 and 100% 

classification). This suggests that architectures well-suited for dense reconstruction are not 

necessarily optimal for discrete classification when data are limited. 

 

Figure 12. Comparative performance analysis of machine learning and deep learning approaches 

across (a) regression R², (b) classification accuracy on ground truth, (c) average performance by 

model type, and (d) best models per category. Deep learning demonstrates clear superiority in 

regression tasks while machine learning maintains competitive overall performance through 

robust classification 

Regression quality remains the primary bottleneck, as improving deconvolution is more 

impactful than further tuning classification: all top-eight systems use deep learning regression. 

5.2. Limitations and Future Work 

Our synthetic dataset (1,314 samples generated via Fourier interpolation) may not capture all 

electrochemical non-linearities. In addition, we only consider DA/AA/UA mixtures, whereas 

biological samples may contain additional interferents. Future work should validate the pipeline 

on larger experimental datasets, investigate transfer learning for small-data regimes, and 

incorporate uncertainty quantification for practical use. 

6. WEB APPLICATION  

To make the pipeline accessible to researchers without machine learning expertise, we 

developed a web application that implements all 36 model combinations evaluated in this study. 

The application is publicly available at peakdeconvolution.com. 

The system uses a Next.js frontend with a Firebase Cloud Functions backend. All 16 trained 

models (12 PyTorch and 4 scikit-learn) are deployed as serverless functions, achieving response 

times of 2ï4 seconds for deep learning models and sub-second latency for the machine learning 

baselines. Users can select from the 22 experimental mixture presets (Figure 13), upload custom 

voltammetric data in CSV format (Figure 14), or specify concentrations manually to generate 
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synthetic inputs. Regression and classification models can be selected independently (Figure 

15), allowing users to explore any of the 36 combinations and compare their outputs. The 

interface displays the predicted DA concentration, error metrics (when the true concentration is 

known), and interactive plots of both the input mixture signal and the extracted DA signal 

(Figure 16). 

 

Figure 13. Preset mixture selection interface with 22 experimental samples organized into five 

difficulty categories. Each card displays the constituent AA, DA, and UA concentrations 

 

Figure 14. Custom signal upload interface supporting CSV/TXT files. Uploaded signals are 

automatically interpolated to 129 points to match model input requirements 

 

Figure 15. Model selection interface with separate panels for regression and classification 

architectures. The example shows the optimal configuration (CNN-LSTM Hybrid regression + 

Random Forest classification) 
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Figure 16. Results panel showing predicted DA concentration, error metrics, input mixture 

composition, and interactive voltammograms of the mixture signal and extracted DA signal 

7. CONCLUSION 

This study benchmarked 36 model combinations for automated dopamine quantification from 

ternary DPV mixtures. The CNNïLSTM hybrid provided the best signal deconvolution 

(R2 = 0.9839), and the highest end-to-end accuracy (89.88%) was achieved by combining this 

deep learning regressor with a random forest classifier. Regression quality proved to be the 

primary performance bottleneck, and the results indicate that matching the model architecture 

to each pipeline stage is more effective than applying a single paradigm throughout. 

Based on these findings, we recommend CNNïLSTM regression paired with random forest 

classification for practical deployment, as implemented in our web application at 

peakdeconvolution.com. 
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ABSTRACT  

Simultaneous electrochemical detection of dopamine (DA) and hydroquinone (HQ) via 

differential pulse voltammetry (DPV) is challenging due to overlapping oxidation peaks that 

compromise selective quantification. This study addresses the problem through three 

complementary approaches. First, a residual convolutional neural network trained on synthetic 

voltammograms with realistic analyte response interactions achieves R2 = 0.987 for DA and 

R2 = 0.951 for HQ concentration prediction. Second, feature-based classification using support 

vector machines on experimental data yields validation accuracies of 83.3% for DA and 72.7% 

for HQ, with the lower HQ accuracy reflecting greater ambiguity near its oxidation potential. 

Third, a transfer learning framework trains ensemble regressors on CNN-augmented synthetic 

voltammograms and evaluates on real experimental measurements, achieving R2 > 0.95 for 

both compounds. The proposed methods perform consistently in the 25ï500 µM range, with a 

moderate accuracy reduction at 25 µM, demonstrating the viability of data-driven peak 

deconvolution for selective binary mixture electroanalysis. 

 

Keywords: Dopamine, Hydroquinone, Peak Deconvolution, Differential Pulse Voltammetry, 

Machine Learning, Transfer Learning, Support Vector Machines 

1. INTRODUCTION  

Voltammetric techniques are essential for the detection of electroactive substances in complex 

samples. The electrochemical techniques utilized in this study involve measuring the current in 

relation to the applied voltage, which produces distinct peaks that are indicative of the oxidation 

or reduction reactions of particular analytes. The position and height of these peaks provide 

both qualitative and quantitative information about the substances present in a sample [1,2]. 

Dopamine is an important neurotransmitter in the brain [3], while hydroquinone is widely used 

in industrial and pharmaceutical applications and has been identified as an environmental 

contaminant in aquatic systems [4]. Electrochemical detection is possible for both substances, 

although their oxidation peaks occur around the similar potential. Therefore, electrochemical 

detection of dopamine and hydroquinone is challenging since their oxidation peaks overlap 

[5,6]. 
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Traditional approaches rely on curve fitting techniques, such as Gaussian or Lorentzian models, 

to separate overlapping peaks. These methods require prior assumptions about peak shapes, 

baseline functions, and the number of underlying components. When peaks overlap severely, 

manual deconvolution becomes unreliable and subjective. Machine learning provides an 

alternative by learning patterns directly from experimental data without assuming specific 

parametric forms [7]. This study investigated peak deconvolution using two strategies. First, 

synthetic voltammograms were generated that include realistic effects like competitive 

adsorption and peak shifts. This provided enough data to train deep neural networks and test 

whether they could learn to separate the peaks. Second, real DA-HQ mixtures were measured 

at five concentrations (25, 50, 100, 250, and 500 µM) using screen-printed carbon electrodes. 

Features were extracted from these measurements and used to train classifiers. The goal was to 

determine if machine learning could automate peak deconvolution without manual curve fitting 

[8]. 

2. EXPERIMENTAL SETUP  

2.1. Materials and Electrode Preparation 

We used analytical-grade dopamine hydrochloride and hydroquinone dissolved in 0.1 M 

phosphate-buffered saline (PBS, pH 7.4). Screen-printed carbon electrodes (SPCEs) with 

Ag/AgCl reference were modified by drop-casting carbon ink to improve conductivity [9]. The 

modified electrodes were dried at room temperature before use. Stock solutions (1 mM) were 

prepared and diluted to working concentrations of 25, 50, 100, 250, and 500 µM. Both 

individual compounds and all possible mixture combinations were measured at these 

concentrations. This gave us 24 mixture samples plus individual reference measurements. 

2.2. Voltammetric Measurements 

DPV measurements were performed from ī0.6 V to +0.6 V using a potentiostat controlled by 

NOVA software. Each concentration was measured in triplicate. The raw voltammograms 

showed the expected overlapping peaks around 0.2 V for DA and slightly lower for HQ, 

confirming the deconvolution challenge we aimed to address. Figure 12 presents representative 

DPV measurements from our DA-HQ mixture experiments. The overlapping nature of the 

electrochemical peaks is evident, particularly in the potential region around 0.1ï0.3 V where 

both compounds oxidize. These experimental observations motivated our machine learning 

approach, as traditional peak-fitting methods would struggle with such severely overlapped 

signals. 

3. METHODS 

3.1. Synthetic Dataset Generation  

Overfitting would make it difficult to train a deep neural network with just 24 experimental 

examples. Therefore, we used mathematical peak models to create a synthetic dataset of 100 

mixture voltammograms. 
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(c) (d) 

 

(e) 

Figure 17. Experimental DPV voltammograms of DA-HQ mixtures at different concentration 

combinations, demonstrating the overlapping peak challenge 

The goal was to apply nonlinear effects found in actual electrochemistry to better reflect real 

electrochemical conditions. 

3.1.1. Peak Shape Modeling 

Individual voltammetric peaks were generated using mathematical models. For dopamine, a 

Gaussian function was used: 

 Ὅ Ὁ  ὃ ẗ ÅØÐ
  

 (1) 

where A is the peak amplitude, Ep is the peak potential, and ů is the peak width parameter. For 

hydroquinone, an Exponentially Modified Gaussian (EMG) function was employed to capture 

asymmetric peak shapes: 

 Ὅ Ὁ  ὃ ẗ  ÅØÐς‘  ‗„  ςὉ ÅÒÆÃ
    

Ѝ
  (2) 
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where ɛ is the peak center, ɚ is the exponential decay parameter, and erfc is the complementary 

error function. 

3.1.2. Nonlinear Interaction Effects 

The synthetic signals were not generated by simple linear addition. Four nonlinear effects were 

modeled to make the synthetic data more representative of real electrochemical interactions. 

First, competitive adsorption was modeled using MichaelisïMenten kinetics with competitive 

inhibition: 

 ὃ   
ȟ  ẗ ȟ  ẗ 

ȟ   

   ẗ    ẗ 
 (3) 

where Vmax and Km are MichaelisïMenten parameters and KHQ, KDA are competitive adsorption 

constants. Second, peak positions shift in the presence of the other compound: 

 Ὁȟ   Ὁȟ   ‌ ẗ ὅ ȟ Ὁȟ   Ὁȟ   ‌ ẗ ὅ  (4) 

where Ŭ = 0.015 V is the shift parameter. Third, peak widths increase in mixtures: 

 „   „  ẗ ρ  ‍ ẗ ὅ ȟ „   „  ẗ ρ  ‍ ẗ ὅ  (5) 

where ɓ = 0.25 is the broadening parameter. 

Fourth, a catalytic interaction term captures electrochemical cross-talk between the two 

analytes: 

 Ὅ   Ὧ  ẗ 
 ẗ 

 ẗ 
 (6) 

where kinter = 0.06. The final mixture signal is the sum of the individual contributions and the 

interaction term: 

 Ὅ   Ὅ   Ὅ   Ὅ  (7) 

Together, these effects ensure that the mixture signal differs from the simple sum of individual 

signals, ensuring that the mixture signal cannot be separated by simple linear superposition. 

3.2. Neural Network Regression on Synthetic Data 

As a baseline, 18 hand-crafted features (peak positions, heights, widths, areas, and regional 

statistics) were extracted from each synthetic voltammogram and used to train a feedforward 

neural network with two hidden layers. This model achieved R2 = 0.96 for DA and R2 = 0.81 

for HQ on the test set (20 samples), with mean errors of approximately 5ï6%. 

To avoid manual feature extraction, a residual convolutional neural network (ResNet) [10,11] 

was trained directly on the raw 1000-point voltammograms. Residual connections enabled 

training of a deeper architecture, yielding R2 = 0.987 for DA and R2 = 0.951 for HQ. Training 

converged after 141 epochs with early stopping (approximately 47 seconds). The ResNet 

outperformed the feature-based model for both compounds, with an improvement of 17 

percentage points for HQ, suggesting that the convolutional filters capture patterns in the raw 

signal that hand-crafted features do not represent. 
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3.3. Feature Engineering for Experimental Data 

For the real experimental data, the problem was formulated as classification rather than 

regression: given a mixture voltammogram, assign each component to one of five concentration 

levels (25, 50, 100, 250, and 500 µM). An initial feature set of 38 descriptors (basic statistics, 

peak characteristics, and regional analysis) was evaluated using the MATLAB Classification 

Learner. The resulting HQ classification accuracy of 59% indicated that these features did not 

capture sufficient information to separate the overlapping peaks. The feature set was therefore 

expanded to 113 descriptors by incorporating percentile-based statistics (Q25, Q75, IQR), a 

third peak in the analysis, peak widths measured at full, half, and quarter height, eight narrow 

potential windows instead of three, gradient-based features (first and second derivatives), and 

shape descriptors (RMS, crest factor). This finer-grained representation provided more detail 

about how the peaks overlap and interact. 

4. RESULTS AND DISCUSSION 

4.1. Classification Performance 

For dopamine, a cubic SVM [12] achieved 83.3% validation accuracy using all 113 features. 

The 500 µM class was identified correctly in all cases, while lower concentrations exhibited 

minor errors, mostly between adjacent levels. Reducing the feature set to 30 via feature 

selection preserved the same 83.3% accuracy, indicating that a large proportion of the original 

113 features were redundant. For hydroquinone, classification proved more difficult. Linear 

discriminant analysis reached 63.6% accuracy with the full feature set. Feature selection to 50 

descriptors improved accuracy to 72.7%, suggesting that the full set contained noisy features 

that degraded generalization. High concentrations (250 and 500 µM) were classified nearly 

perfectly for both compounds. The main difficulty was at 25 µM, particularly for HQ, where 

all samples were misclassified as higher concentrations. At this level the peaks are small relative 

to the noise floor, with 100% false negative rate for HQ at 25 µM, while higher concentrations 

achieve 75ï100% true positive rate. 

4.2. Analysis and Interpretation 

DA is easier to classify than HQ (83% vs. 73% accuracy), likely because DA produces larger 

and sharper peaks with a higher signal-to-noise ratio. The HQ response may also be more 

susceptible to surface fouling effects in mixtures. 

Feature design had a substantial impact on performance. For HQ, accuracy increased from 59% 

(38 features) to 64% (113 features) and further to 73% after feature selection. The most 

informative descriptors were the eight-window regional analysis and peak widths measured at 

multiple heights, which captured subtle shape differences that the initial feature set did not 

represent. 

The poor performance at 25 µM remains a limitation. At this concentration, the signal 

amplitude is comparable to instrumental noise, making reliable classification difficult. More 

sensitive electrode materials or ensemble methods designed for low-concentration regimes may 

help address this in future work. 
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For the experimental dataset (24 samples), feature-based classifiers outperformed the neural 

network models, which require larger training sets to generalize effectively. Feature-based 

models also offer greater interpretability, since the contribution of individual features can be 

inspected, and lower computational cost at inference. 

5. TRANSFER LEARNING VIA ML -GENERATED SYNTHETIC DATA  

5.1. Motivation and Approach 

The feature-based classification approach described in Section 3 achieved 83.3% accuracy for 

DA and 72.7% for HQ. However, this required extensive manual feature engineering (113 

features) and was limited by the small dataset size (24 mixture samples). We reasoned that a 

data-driven approach could eliminate manual feature design and potentially improve 

performance if sufficient training data were available. 

To overcome this data scarcity, a two-stage transfer learning framework was developed [13]. 

In the first stage, a machine learning model is trained on the 24 real mixture signals to learn the 

relationship between individual DA and HQ signals and their mixture, and this model is then 

used to generate 1000 synthetic mixture voltammograms with known concentrations. In the 

second stage, regression models are trained on the synthetic samples to predict DA and HQ 

concentrations from mixture signals and validated on the original 24 real measurements. 

5.2. ML-Based Synthetic Data Generation 

We formulated synthetic data generation as a regression problem. For each voltage point in a 

mixture voltammogram, we predict the current based on: 

 Ὅ ὠ  ὪὍ ὠȟױὍ ὠȟױὅ ȟױὅ ȟױὠ  (8) 

where f is a machine learning model, IDA and IHQ are the individual component currents at the 

target concentrations, and CDA, CHQ are the concentrations. 

Among the regression algorithms evaluated, gradient boosting [14] achieved the best 

performance (R2 = 0.985 on 5-fold cross-validation), trained on 5,232 data points (24 mixtures 

× 218 voltage points). 

Using this model, 1000 synthetic mixture voltammograms were generated by sampling DA and 

HQ concentrations uniformly from 25ï500 µM, obtaining individual reference signals via 

linear interpolation from experimental data, and predicting the mixture current at each voltage 

point. No artificial noise was added to preserve signal quality.  

Table 21. Performance of ML regression models on 24 real DA-HQ mixtures. All models were 

trained on 800 synthetic samples 

Model DA MAE (µM)  DA R2 HQ MAE (µM)  HQ R2 

Random Forest 27.4 0.957 30.7 0.951 

Gradient Boosting 59.0 0.891 28.8 0.973 

Neural Network 42.3 0.946 61.0 0.880 
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The resulting synthetic dataset covers the concentration space continuously, unlike the real 

dataset, which contains only five discrete levels. 

5.3. Regression Models for Peak Deconvolution 

Three regression models were trained on 800 synthetic samples, validated on 200 synthetic 

samples, and tested on all 24 real measurements. Each model predicts DA and HQ 

concentrations simultaneously from the raw 127-point voltammogram. A random forest 

regressor [15] (200 trees, maximum depth 20) provided the most balanced performance 

(training R2 = 0.998, validation R2 = 0.994). A gradient boosting regressor [14] (200 estimators, 

learning rate 0.05), wrapped with MultiOutputRegressor for joint DA/HQ prediction, 

performed best for HQ. A multilayer perceptron with three hidden layers (256ï128ï64 

neurons), Adam optimizer [16], ReLU activation, and early stopping after 500 iterations served 

as the neural network baseline. All models were implemented in scikit-learn [17] and used z-

score normalization on input features. 

5.4. Results on Real Data 

Table 11 summarizes the performance of all three models on the 24 real mixture measurements. 

The Random Forest model achieved the best overall performance with R2 > 0.95 for both 

compounds. Figure 13 shows scatter plots of predicted vs. true concentrations for all three 

models. The Random Forest predictions cluster tightly around the ideal diagonal line, with only 

minor deviations at the lowest concentration (25 µM). 

5.5. Comparison with Feature-Based Classification 

The transfer learning approach offers several advantages over the feature-based classification 

method described in Section 3. It provides continuous concentration estimates (R2 = 0.957 for 

DA) rather than discrete class labels (83.3% accuracy), operates directly on the raw 127-point 

voltammograms without requiring 113 hand-crafted features, and benefits from training on 

1000 synthetic samples instead of 24 real measurements. Models trained entirely on synthetic 

data achieved R2 > 0.95 on real measurements, confirming the quality of the ML-generated 

data. The main limitation shared by both approaches is poor performance at 25 µM, although 

the regression models provide quantitative uncertainty estimates (MAE å 30 µM) that allow 

assessment of prediction confidence. 
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Figure 18. Predicted vs. true concentrations for DA (left) and HQ (right) using three regression 

models. Random Forest (top) shows the best agreement with ideal predictions (dashed line) 

5.6. Discussion 

The results indicate that machine learning models can learn the nonlinear relationship between 

individual DA and HQ signals and their mixtures. The gradient boosting model (R2 = 0.985) 

captured competitive adsorption, peak shifts, and other electrochemical interactions without 

explicit mathematical modeling of these effects. The success of the transfer learning 

approachðtraining on synthetic data and testing on real measurementsðsuggests that the ML-

generated voltammograms reproduce the relevant statistical properties of real data. This 

strategy may be valuable for electrochemical systems where large labeled datasets are difficult 

or expensive to obtain. Future work could extend the framework to lower concentrations 

(<25 µM) by incorporating noise models, or to more complex multi-component mixtures 

beyond binary DAïHQ systems. 

6. CONCLUSION 

This study demonstrated that machine learning can separate overlapping DA and HQ peaks in 

differential pulse voltammetry through two complementary approaches. Feature-based 

classification with support vector machines achieved 83% accuracy for DA and 73% for HQ 

on experimental data. A transfer learning framework, in which ensemble regressors were 

trained on ML-generated synthetic voltammograms and validated on real measurements, 

achieved R2 > 0.95 for both compounds without manual feature engineering. Both approaches 

perform reliably in the 25ï500 µM concentration range, with reduced accuracy at the lowest 

tested level (25 µM). 
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ABSTRACT 

Automated radiology report generation from three-dimensional chest computed tomography 

volumes requires models capable of capturing long-range spatial dependencies while 

preserving anatomical context. Recent studies explore volumetric report generation with large 

architectures, yet there is limited analysis of how decoder design influences joint disease 

classification and report generation under a shared encoder representation. This study 

investigates a framework that combines a partially frozen state space model encoder with 

multiple decoders for chest CT analysis. The framework incorporates organïdisease aware 

feature fusion, organ-group token shuffling, and graded diagnostic text prompts to guide 

disease-conditioned report generation, together with disease-specific heatmaps for visual 

attribution. A controlled comparison of decoder configurations under identical encoder settings 

highlights differences between diagnostic prediction and report generation performance. The 

findings support modular encoderïdecoder designs based on state space model representations 

for efficient and anatomically informed CT report generation. 

 

Keywords: Medical report generation, 3D computed tomography, state space models, multi-

task learning, decoder benchmark, explainable AI. 

 

5. INTRODUCTION  

Computed tomography (CT) remains a significant imaging modality in clinical practice, 

contributing to a steady increase in the volume of data that requires interpretation by 

radiologists. A single chest CT examination consists of numerous slices covering multiple 

anatomical regions, often containing several co-existing abnormalities. This increasing 

workload, combined with a relatively limited expansion of the radiologist workforce, has 

introduced challenges related to reporting efficiency and consistency [1]. As a result, automated 

systems that can assist in generating preliminary reports and highlighting clinically relevant 

https://orcid.org/0000-0002-2761-7751
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findings have gained significant attention. 

Recent developments in deep learning and vision-language modeling have enabled automated 

analysis of 3D medical images with promising performance. Early approaches such as CT2Rep 

[2] utilized transformer-based decoders with relational memory to generate reports from 

volumetric data. Subsequent studies have explored disease-aware mechanisms and anatomical 

guidance to improve clinical relevance. For example, Dia-LLaMA [3] incorporated disease-

conditioned attention, while CT-GRAPH [4] introduced hierarchical anatomical 

representations. Region-focused approaches, including MedRegion-CT [5] and Reg2RG [6], 

emphasized localized feature extraction to improve interpretability. More recent frameworks 

such as 3D-CT-GPT [7] and CT-AGRG [8] have further advanced report generation quality by 

integrating large language models. 

In parallel, vision-language foundation models have expanded the scope of medical image 

understanding. Models such as Merlin [11], RadFM [12], and MedVista3D [10] demonstrate 

strong capabilities across detection, classification, and report generation tasks. Despite these 

advances, their high computational requirements limit practical deployment in many clinical 

settings. This has increased interest in more efficient architectures that can balance performance 

and resource usage. Another approach involves state space models (SSMs), which provide an 

alternative to transformer-based architectures. The Mamba framework [15] introduces linear 

complexity while maintaining the ability to model long-range dependencies. Variants such as 

SegMamba [16] and U-Mamba [17] have demonstrated effectiveness in medical image 

segmentation. Building on these developments, the Y-Mamba architecture enables 

simultaneous organ segmentation and disease detection within a unified framework, offering 

structured visual representations that can be leveraged for downstream tasks. Despite the 

progress in automated CT report generation, several limitations remain. Many existing 

approaches rely on large-scale models with high computational demands, making them less 

suitable for routine clinical deployment. In addition, explicit connections between generated 

text and corresponding spatial evidence in the input volume are often limited, which affects 

interpretability. Furthermore, the influence of decoder design and pre-training strategies on 

multi-task performance has not been systematically examined under controlled conditions. 

This study introduces a multi-task framework for 3D chest CT analysis that combines a partially 

frozen Y-Mamba encoder with lightweight, interchangeable decoders for disease classification 

and report generation. The proposed approach integrates organ and disease representations 

through a dedicated fusion mechanism and incorporates diagnostic text conditioning to improve 

generation quality. In addition, a controlled experimental setup is designed to analyze the 

impact of different decoder architectures under a shared encoder configuration. Through this 

design, the study aims to provide a resource-efficient and clinically relevant solution for 

automated CT report generation while offering insights into architectural choices for future 

research. 

The remainder of this paper is organized as follows. Section 2 describes the proposed 

framework. Section 3 presents experimental setup and results. Section 4 discusses findings and 

their implications. Section 5 provides concluding remarks. 
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Figure 19: Overview of the framework 

6. METHOD  

The framework processes a 3D CT volume through a pre-trained Y-Mamba encoder to extract 

multi-scale visual features, organ segmentation masks, and disease anomaly maps. These 

representations are fused via the Organ-Disease Aware Fusion (ODAF) module into a spatially-

aware sequence that serves as cross-attention context for a trainable decoder. A Disease-Aware 

Attention (DAA) head performs multi-label classification, whose outputs condition report 

generation through diagnostic text prompts. The decoder generates the medical report 

autoregressively with cross-attention to the fused visual features. The complete pipeline is 

illustrated in Figure 19. 

6.1. Y-Mamba Encoder 

The proposed framework uses a pre-trained Y-Mamba encoder with a Y-shaped hierarchical 

structure designed for joint organ segmentation and disease detection from 3D chest CT data. 

The encoder is based on the Mamba state space model [15] and processes volumetric features 

efficiently while capturing long-range dependencies. The architecture includes a four-stage 

backbone composed of Gated Spatial Convolution (GSC) blocks and Mamba layers. Multi-

scale feature representations are extracted from input volumes of size (1, 64, 128, 128), with 

progressively increasing channel dimensions. Two parallel decoder branches generate organ 

segmentation masks and disease anomaly maps, while a compact bottleneck representation is 

obtained at the deepest level. The encoder is initially kept frozen to preserve its pre-trained 

representations. At later stages of training, selective unfreezing is applied to higher-level layers 

and the disease-related decoder branch using a reduced learning rate, while earlier layers remain 

fixed. This strategy allows adaptation of high-level features without disrupting low-level spatial 

information. Due to numerical stability requirements, the encoder operates in full precision 

during training, while the remaining components use mixed precision. 
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Figure 20: Detailed data flow of the ODAF module 

6.2. Organ-Disease Aware Fusion and Organ-Group Shuffle 

The ODAF module transforms encoder features into a decoder-compatible sequence through 

six steps, illustrated in Figure 20. 

Multi -scale feature fusion: An FPN-style module combines features from encoder stages 2ï4 

via adaptive average pooling to the deepest spatial resolution, concatenation, and 1×1×1 

convolution with residual connection. 

Spatial flattening and positional embedding: The fused features are reshaped to a sequence, 

and learnable positional embeddings are added to preserve spatial information. 

Organ-aware weighting: Organ masks are downsampled via adaptive average pooling to 

match the fused spatial resolution. For each spatial position i, the organ importance weight is 

computed as: 

 ύ  3ÏÆÔÍÁØВ ὓ ȟ
 (1) 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































