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MESSAGE OF ORGANIZING COMMITTEE

Dear Respectful Academicians, Scientists and all Participants,

On behalf of the Organizing Committee, we want to thank you for attending the 2" INTERNATIONAL
CONGRESS OF UPDATES IN BIOMEDICAL ENGINEERING on September 18 — 19, 2020 held with the
collaboration of both Izmir Demokrasi University and Association of Biomedical Engineers with the
sponsorship of EPS Fragrances.

Due to situation with Covid 19 pandemic, this year the 2nd Congress of Updates in Biomedical Engineering
was performed in a virtual format, that aimed to informing our attendee about invited speaker’s substantial
works and paper presentations of researchers using Microsoft Teams communication platform.

We hope that you found the conference informative and worthwhile. Please note that, if there are any
sessions you'd like to look over again, you may reach all sessions via the congress Youtube channel given
below;

Youtube Channel Name and Address: IDU Biyomedikal Miihendisliginde Yenilikler Kongresi
https://www.youtube.com/channel/UCPMyJgq4EAwSH9h3kghvvew/

Thank you very much again for your interest and contribution. We hope to meet you next year in Izmir

physically.

Kind Regards,

Congress of Updates in Biomedical Engineering Organizing Committee
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Ozet

Ahsap, stirdiiriilebilir ormancilik faaliyetleriyle 6zenle yetistirilen agaclardan titizlikle temin edilen kaynagi
yenilenebilir tiikkenmez bir dogal malzeme olup lifli ve gézenekli yapisiyla organik bir malzemedir. Insanlik
tarihi boyunca giinlik hayatin olagan akisi igerisinde ortaya ¢ikan ihtiyaglarin karsilanmasinda ve
gereksinimlerin giderilmesinde, dogrudan veya dolayli olarak, tek basina ya da bagka malzemelerle birlikte
tiim toplumlarda ayni1 veya benzer sekilde kullanilan ¢ok yonlii ve islevsel bir malzeme olan ahsap,
anatomik yapisi ile kimyasal bilesimi ve fiziksel 6zellikleri ile mekanik 6zellikleri dahilinde, medeniyetin
gelisip yaygmlasmasima ve insanligin ilerlemesine biiyiik katki1 saglamistir. Ozde siirdiiriilebilir bir dogal
malzeme olarak ihtiva ettigi estetik kurgusuyla doganin bir yansimasi olan ahsap, kendine 6zgii malzeme
ozellikleriyle degisik amaglar i¢in oldukg¢a genis bir {iriin yelpazesiyle envaigesit esya ve arag-gereg ile
uygulama tiplemesiyle farkli ¢6ziim secenekleri saglayarak hayati kolaylastiran ve yasam kalitesini arttiran
degerli bir nesnedir, iletisim-etkilesim orgiisii uyarinca birbirleriyle iletisim halinde bulunan insanlarin
birbirlerinden etkilenerek benzesik bir yasam algis1 olusturmalarinda bagdastirict ve pekistirici rol oynayan
onemli bir varliktir, insanlarin tutum ve davraniglar ile duygu ve diislincelerini olumlu yonde etkileyen
seckin bir kiiltiirleraras: etkilesim aracidir. Boyle bakildiginda, surasi agik ki, ahsap; ¢ok yonliiliigii ve
islevselligi itibariyle bireysel ve toplumsal kullanislilik potansiyeliyle, dogas1 geregi sahip oldugu essiz
mevcudiyetiyle, sicakligiyla, cevre dostu dokusuyla, giizelligiyle, albenisiyle, glindelik yasami destekleyen
oznelligiyle, organik yasam tarzi mantalitesi perspektifinde gerceklestirilmesi dngdriilen diizenlemelere
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elverisli i¢selligiyle herkesin esdes bir yaklasimla igtenlikle benimseyip kaniksadigi evrensel bir degerdir.
Sonsuzluga uzanan derinlikli ve kapsamli kurgusuyla ge¢misten giinlimiize biitlin insanliga
yadsimamayacak faydalar saglayan ahsap, saglik ve saglikli yasam konularinda da insanlarin kendisinden
istifade ettigi bir malzeme olarak 6ne ¢ikmistir. Ahsap, dyle bir varliktir ki, dogalligiyla ve organik yapistyla
memnuniyeti esas alan sihhat ve mutluluk odaginda hayati anlamlandirarak ve giizellestirerek insanlarin
refahini saglar ve toplumun kalkinmasina katkida bulunur. insanligin temel gayesinin “hayat: anlamli hale
getirmek” oldugu goz oniine alindiginda, ahsabin tamamlayici ve biitlinleyici misyonuyla insanlarin her
zaman yani basinda durdugu asikardir. Bu noktada, kendine 6zgii 6zellikleriyle hayatimiza siirekli katkilar
saglayan ahsabin, dogallig1 ve siiriidiiriilebilirligi ile herkesin mutluluguna imkan taniyan biricikliginin
acikca ortaya koyularak ahsap konusunda farkindaligin olusturulmasi ve toplum bilincinin arttirilmasi
gerekir. Bu calismada, ahsap ve saglik iligkisi nedensellik iliskilendirmesi yapilarak aciklanmaya
calisilmistir.

Anahtar Kelimeler: Ahsap, Dogal ve Organik Malzeme, Kiiltiirleraras1 Etkilesim, Saglik.

Abstract

Wood is an inexhaustible natural material that is meticulously procured from trees that are carefully grown
with sustainable forestry activities, and it is an organic material with its fibrous and porous structure. Wood,
which is a versatile and functional material that is used in the same or similar way in all societies, directly
or indirectly, alone or in combination with other materials, in meeting the needs and requirements that arise
in the ordinary course of daily life throughout human history, made a great contribution to the development
and spread of civilization and the progress of humanity within the scope of its anatomical structure,
chemical composition, physical properties and mechanical properties. In essence, wood, which is a
reflection of nature with its aesthetics as a sustainable natural material, is a valuable object that facilitates
life and improves the quality of life by providing a wide range of products for different purposes with a
wide range of goods and equipment and applications, is an important entity that plays an integrating and
reinforcing role in the interaction of people who are in communication with each other creating a similar
perception of life by influencing each other in accordance with the communication-interaction pattern, and
is a distinguished intercultural interaction tool that positively affects people’s attitudes and behaviors, as
well as their feelings and thoughts. Looking like this, it is abundantly clear that wood, with its individual
and social usefulness potential referring to its versatility and functionality, with its inherently unique
presence, with its warmth, with its environmentally friendly texture, with its beauty, with its charm, with
its subjectivity that supports daily life, with its inheritress suitable for the regulations envisaged to be
realized in the perspective of organic lifestyle mentality, is a universal value that everyone sincerely adopts
and takes for granted with an identical approach. Providing undeniable benefits to all humanity from past
to present with its deep and comprehensive identity extending to eternity, wood has also come to the fore
as a material that people benefit from in health and healthy life issues. Wood is such an entity that it ensures
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the welfare of people and contributes to the development of society by making meaning and beautifying
life in the focus of health and happiness based on satisfaction with its naturalness and organic structure.
Considering that the main purpose of humanity is “to make life meaningful”, it is obvious that wood always
stands by people with its complementary and integrative mission. At this point, it is necessary to create
awareness about wood and increase public awareness by clearly demonstrating the uniqueness of wood,
which makes continuous contributions to our lives with its unique features, which allows everyone to be
happy with its naturalness and sustainability. In this study, the relationship between wood and health is tried
to be explained by making causality association.

Keywords: Wood, Natural and Organic Material, Intercultural Interaction, Health.
1. GIRI$

Esas itibartyla, insanlik tarihi boyunca, birbiriyle biitiinlesik iki kavram olan ahsap ve saglik,
birbiriyle drtiisen ve birbirini pekistiren bir biitiinliikle ele alinmasi gereken 6nemli bir konudur.

Ahsap; lignoseliilozik bir malzeme olarak agaclardan temin edilen dogal ve organik bir malzeme
olup kolay islenebilir lifli ve gézenekli yapisina atfen ¢ok yonliiliigl ve islevselligi ile diinya kuruldu
kurulali ihtiyaglarin karsilanmasi ve gereksinimlerin giderilmesi mahiyetinde, sayisiz amagclar igin, tim
insanlar tarafindan yaygin sekilde kullanilagelen onemli bir malzemedir. Buna gore, siirdiiriilebilir
ormancilik faaliyetleriyle yetistirilen agaclardan elde edilen kaynagi yenilenebilir tiikenmez bir dogal
malzeme olan ahsap, anatomik yapisi ve kimyasal bilesimi ile fiziksel 6zellikleri ve mekanik 6zellikleri
sayesinde sahip oldugu kendine 6zgii mevcudiyetiyle medeniyetin gelisip yayginlagsmasina ve insanligin
ilerlemesine biiylik katkilar saglayan essiz bir malzemedir.

Saglik, insanligin baslangicindan itibaren her seyin temelinde yer alan biricik bir olgudur. Oyle ki,
bireylerin saglikli olmast ve saglikli bir ¢evre i¢inde yasamasi, bireysel ve toplumsal yasam kalitesinin
temel gostergelerinden biri olarak degerlendirilir. Saglik; genel geger bir ifadeyle sdylenecek olursa,
bedensel ve ruhsal yonden bireyin tam bir iyilik durumunda olmas1 demek olup kisisel mahiyette viicudun
ve ruhun diinyada huzur ve esenlik i¢cinde olusunu gosterir. Bu ¢ercevede, hastalik veya rahatsizlik karsiti
bir konu olan saglik; sihhat, afiyet, saadet ve selamet pekistirmesiyle birey onceliginde 6ne ¢ikan ¢ok
boyutlu i¢sellige sahip bir kavram olarak kabul edilir. Boyle bakildiginda, saglik; “esen olma” veya “esenlik
icinde bulunma” ilkesiyle, bireysel emniyeti ve mutlulugu biinyesinde barindiran mutlak bir gerceklik olup
rahat ve huzurlu bir hayat yasamay1 saglamak iizere gergeklestirilen faaliyetler biitiintidiir ve toplumu
olusturan biitlin bireyler i¢in her tiirlii endise ve tehlikeden uzak olmay siirekli temin etmeye yonelik
cabalar ile i¢ icedir.

Yukaridaki aciklamalara gore, doganin yansimasi olan “ahsap” malzeme ile yasamin 6zinii
Olusturan “saglik” olgusunun insan(lar)in refahin1 merkeze alan bir anlayista kesistigi dikkate alindiginda,
yasam boyu siiren bir birliktelik olan ahsap ve saglik iliskisinin baglamsal unsurlarla iliskilendirilerek
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biitlinciil ve derinlemesine bir incelemeyle degerlendirilmesi geregi agiktir. Dolayisiyla, bu yazida,
ihtiyaclarin karsilanmasinda ve gereksinimlerin giderilmesinde insan(lar)a sonsuz faydalar saglayan dogal
ve organik bir malzeme olan “ahsap” ile bedensel ve ruhsal bakimdan birey(ler)in tam iyilik icerisinde
bulunmasi demek olan “saglik” arasindaki nedensellik iligkisi agiklanmaya ¢aligilmistir.

Bu perspektifte, ahsap ve saglik temasina odaklanmis olan bu makale, Usta (2014, 2015, 2016, 2017,
2018, 2019)’nin ¢aligmalar1 kapsaminda hazirlanmistir.

2. AHSAP VE SAGLIK iLiSKiSi

Ahsap, lifli ve gbozenekli yapisiyla dogay1r hayatin i¢ine tasiyan harikulade bir malzemedir ve
kendine 6zgli dogastyla ihtiyaclarin karsilanmasi ve gereksinimlerin giderilmesi baglaminda tarih boyunca
cok genis bir yelpazede kullanim alanina sahip olan ender malzemelerden biridir. Ahsabin ihtiyaglar ve
gereksinimler gozetilerek esya veya arag-gerec ya da uygulama tiplemesiyle kurgulanmasinda, yiiz binlerce
yildir aynt veya benzer sekilde kullanilmakta oldugunu gosteren sayilamayacak kadar ornek vardir.
Bunlardan sadece birkaginin bile neden-sonug iligkisine gore agiklanmaya calisilmasi i¢in sayfalarca yazi
yazilabilir, ahsabin bir olgu veya bir kuram ya da bir konu ile olan olast muhtemel nedensellik
iliskilendirmesi hakkinda saatlerce konusulabilir. Ciinkii mahiyeti itibariyle disiplinleraras1 bir bakis
gerektiren ahsabin ¢ok yonlii ve islevsel bir malzeme olarak sinirsiz ¢éziim olanaklariyla birey(ler)e ve
toplum(lar)a sagladig: faydalar1 yadsinamayacak kadar fazladir. Bu acidan bakildiginda, ahsap ve saglik
iligkisi, tizerinde durulmasi gereken miistakil bir konu olarak karsimiza ¢ikmaktadir.

Insanligin baslangiciyla birlikte tecriibelerle veyahut bilim ve teknolojiye ilaveten egitim ve kiiltiirle
birlikte sanat ve edebiyat esliginde gerceklesen evrilme siirecinde, agiga cikarilan veya lretilen bilginin
teknolojiye  doniistiiriiliip topluma aktarilmasiyla gelisen medeniyet c¢evrimi icinde hem
sirdiirtilebilirligiyle ve dogalligiyla hem de birbirleriyle iletisim halinde bulunan insanlar arasinda
kiiltlirleraras1 etkilesimi saglayan igselligiyle onemli bir malzeme olarak 6ne ¢ikan ahsap, ihtiyaglarini
karsilayarak ve gereksinimlerini gidererek hayatin kolaylagmasimna ve yasam Kkalitesinin artmasina
odaklanmis insan(lar)in her zaman en biiyilk yardimcis1 olmustur. Bdylece, insanlik tarihinin
baslangicindan beri ahsap ile yasam hi¢bir zaman ayrilmayacak sekilde birbirine kenetlenirken, yasamin
0ziinli olusturan saglik ve doganin yansimasi olan ahsap, bireylerin ve toplumun huzur ve mutlulugunu
onceleyen saglikli yasam ve kaliteli bir hayat odaginda kesismistir. Bu noktada, insanlarin hayat kalitesini
bilingli bir c¢abayla yiikseltmek {izere, ahsapsever yaklasim ile gergeklestirilen tasarim ve imalat
faaliyetleriyle ortaya konulan envaigesit ahsap iiriin itibariyle, dogal ve organik bir malzeme olan ahgsabin
huzur ve refah dolu bir hayat olgusunu gelistiren ve pekistiren degerli bir varlik hiiviyetiyle belirgin sekilde
one ciktig1 giin gibi asikardir. Zira, ihtiyaglar ve gereksinimler ¢ergcevesinde dogal ve organik bir malzeme
olan ahsabi itinayla kullanarak hayati kolaylastirmay1 ve insanlarin mutlu olmasini amaglayan biitiinciil bir
anlayis olarak ahsapseverlik, doga ve cevre esliginde insanlarin refahin1 esas almak suretiyle, hayatin
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tamamiyla ilgili evrensel bir bakis a¢isini igerir ve tiim insanligin yararina yonelik sonsuz ¢oziimleri
bilinyesinde barmdirir.

Suras1 muhakkak ki, siirdiirtilebilir ormancilik yaklasimiyla yetistirilen agaglardan elde edilen
kaynag1 yenilenebilir tiikenmez bir dogal malzeme olan ahsap, esya/arag-gere¢/uygulama bigiminde
muazzam ¢esitlilikte {irlin tiplemesiyle tim insanlik tarihinde ¢ok mithim bir konuma sahiptir. Nitekim,
dogas1 geregi sahip oldugu anatomik yapisi ile kimyasal bilesimi ve fiziksel o6zellikleri ile mekanik
ozellikleri ¢ergevesinde, giinlilk hayatin olagan akisi igerisinde ortaya ¢ikan ihtiyaclarin karsilanmasi ve
gereksinimlerin giderilmesi baglaminda, sonsuz {iriin se¢enekleriyle ¢esitli bicimlerde kurgulanip takdim
edilmek suretiyle bireysel ve/veya toplumsal mahiyette farkli amaglarla degisik sekillerde kullanilabilen
ahsap, cok yonliiliigiiyle ve islevselligiyle biitiin insanliga sayisiz faydalar sagladigi icin, diinden bugiine
ve yarina, tiim insanligin biricik malzemesidir. Esasen lifli ve gézenekli dogasiyla kolay islenebilir dogal
ve organik bir malzeme olan ahsap, insanlarin birbirleriyle iletisim kurarak hayat tarzi ve yasami
anlamlandirma bakimindan birbirlerinden etkilenmelerinde segkin bir kiiltiirleraras: etkilesim araci
hiiviyetiyle olduk¢a onemli bir rol oynarken, bilim ve teknoloji onde gelmek iizere tim disiplinlerle
dogrudan dogruya veya dolayli bir sekilde bagdasarak uygarligin gelismesine ve yayilmasina biiyiik katki
saglamistir. Bu perspektifte, bireysel ve kitlesel agidan sagladigi yararlar itibariyle beynelmilel boyutta
“Oonemli bir malzeme ve degerli bir varlik” ifadelendirmesiyle nitelendirilen ahsabin farkliligi ve essizligi,
kendine 0Ozgii oOzellikleriyle yakindan iligkilidir. Ahsap, ge¢misten giiniimiize devam edegelen
stirekliligiyle, hemen her tiirlii olguyla ve kuramla 6yle ya da bdyle bir sekilde bagdasirken, tiim insanliga
hitap eden genis 6l¢ekli bir olgu durumundaki saglikla ayrilmaz bir biitiinliik i¢inde bulunur. Oyle ki, ahsap,
glinlimiiziin 6nde gelen dogaci ve ¢evreci yaklasimi olan organik yasam felsefesinin temel bilesenlerinden
biridir ve hayatin biitiinii igerisinde dogallig1 ger¢eklestirme gabasinin temelini olusturur. Ahsabin derinlikli
dogasiyla ve pek cok konuyu kapsayan kullanim cesitliligiyle, saglikli yasami pekistirdigi aciktir.

Insanligin baslangicindan beri yasam orgiisii dahilinde tek ve yegane ideal olan kesintisiz huzur ve
mutluluk, sevgi-saygi-hosgorii duygusuyla kendi varligini fark eden birey(ler)in 6z farkindaligina eriserek
doganin biitiinlestirici giicliyle var olmanin hazzin1 yasamasi oldugu i¢in, dogayla 6zdesim kurmak ve
devaminda dostluk-kardeslik-baris haykirmasiyla evrensel degerlerin 151831nda herkesi kucaklayarak biitiin
evrenle 6zdeslesmek bitmez tiikenmez bir ¢aba olarak insan(lar)in 6ziinde vardir. Nihayetinde, giinliik
yasamda dogayla i¢ ice olmak ve dogayr hayatin i¢ine tasimak bunun somut bir gostergesi olarak
gortilebilir. Hayat1 gilizellestiren ve anlamli hale getiren temel dayanak noktasi, hayatin olabildigince
dogayla bezenmesi ve dogayla desteklenmesi olduguna gore, dogal ve organik i¢selligiyle doganin tipik bir
yansimasi olan ahsabin hayatin bizzat i¢inde yer almasi, bu acidan O6nemli bir husustur. Buradan
bakildiginda, dogalligiyla ve organik mevcudiyetiyle ahsabin organik yasam tarzini sembolize eden
varliginin, huzur ve mutluluk ile esenligin temin edilmesinde ve insan(lar)in refahinin saglanmasinda hatir
say1ilir bir katkis1 s6z konusudur.

Ozii itibariyle umumi bir kabul olarak bakildiginda, bir mekandaki veya bir ortamdaki ahsap gorsel
yogunlugu ya da ahsap esya ile arag-gere¢c ve uygulama miktari, orasi i¢cin dogayla olan yakinsaklik
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mesafesine isaret eder ve tabii ki dogalligin ne kadar 6ziimsenip kaniksandig1 hakkinda bir fikir verir. Buna
dair herkesge bilinen genel gecer bir Ornekleme yapilacak olursa; mutfaktaki bazi alet edevatin
saplariin/tutamaklarinin veya kulplarinin ahsap olusu, bir ¢ok kap kacagin kismen veya tamamen ahsaptan
imal edilmis olusu, calisma tiggeni i¢erisinde bulunan yemek hazirlama alaninda, sogan 6nde gelmek tizere
sebze dograma ile ekmek kesme ve et-balik-tavuk hazirlama/harmanlama islemlerinin ahsap kesme tahtasi
izerinde yapiliyor olusu, kapaklariyla ve ¢ekmeceleriyle mutfak dolaplarinin ve ayrica ¢ogu kez mutfak
tezgahinin ahsap [veya ahsap esasli malzeme(ler)den] yapilmis olusu, lifli ve gézenekli dokusunun yani
sira puriizlii ve hareli/damarli deseniyle ahsap malzeme yiizeylerinin mutfaklarda ¢okga yer alisi, dylesine
rastgele olusan tesadiifi bir durum degildir. Ahsap, buradaki kurgusuyla, agacglardan temin edilen dogal ve
organik bir malzeme olarak, kolay islenebilir lifli ve gozenekli yapisiyla, sicak ve ¢evre dostu olusuyla,
giizelligiyle ve estetik durusuyla, mutfagi dogayla biitiinlestirirken, saglikli yasamin mutfakla
biitiinlesmesinde Oncii bir gorev iistlenmektedir. Benzer sekilde, manavlarda ve marketlerin sebze-meyve
reyonlarinda meyvelerin ve sebzelerin ahsap kutular/sandiklar/sepetler igerisinde veya ahsap tepsiler
tizerinde sergileniyor olusu, firinlarda ekmeklerin ve boreklerin, pastanelerde tatlilarin ve unlu mamullerin
ahsap raflarda veya ahsap yiizeylerde sunuluyor olusu, kafelerde ve restoranlarda/lokantalarda yiyecek-
icecek ve yemeklerin ahsap esliginde takdim ediliyor olusu, her tiirlii gida maddesinin tanitimini igeren
iiretici veya satici brosiirleri ile reklamlarinin ahsap gorsellerle birlikte diizenleniyor olusu, saglikli yagsami
sembolize eden organik yasam tarzinin dogayla ve dogallikla iliskilendirilmesinde ahsabin ne denli heybetli
oldugunu gozler oniine seren bariz bir husus olarak ortadir. Bu hususiyeti, diinden bugiine intikal eden ve
bugiinden yarina aktarilacak kararli bir tutum ve davranis olarak, hayatin biitiiniinii i¢ine alacak bigimde,
oldukca farkli alanlarda ve cok degisik boyutlarda nice sayisiz 6rnekle aciklayabiliriz.

Bir yemek hazirlama siirecinde yaygin bigimde kullanilan kesme tablasinin ahsap olusu, onun
esasen kesme tahtasi olarak adlandirilmasina neden olurken, yemege dahil edilmek iizere kesilecek olan
seyin Ozellikle ahsap tabla {izerinde kesilmesi olagan bir yaklasim olup hem biinyesinde bakteri
barindirmayan ahgabin hijyeni saglayici yoniiyle iligkilendirilir hem de kesme isleminin kaginilmaz bir
sonucu olarak ahsaptan yapilmis kesme tahtasi yilizeyinde olusan kesiklere istinaden ortaya ¢ikan kirintilarin
ahsabin seliiloz ihtiva etmesi nedeniyle dogallig1 destekleyici boyutuyla degerlendirilir.

Bir hamur agma isleminde hamurun ahsaptan yapilmis oklava veya merdane ile inceltilerek
sekillendirilmesinde, hamur agmanin ve hamur sekillendirme isleminin kolayca yapilmasi hem lifli ve
gozenekli yapisiyla dogal ve organik bir malzeme olan ahsaptan yapilmis oklavaya/merdaneye hamurun
yapismiyor olusuyla ilgilidir hem de ahsabin 6z kiitlesi itibariyle diisiik yogunluklu hafif bir malzeme
olmasina istinaden el yordamiyla uygulanan kuvvete bagli olarak oklavanin/merdanenin eksenel yonde
hareket ettirilisinin ¢ok kolay olusuyla alakalidir.

Bir unlu mamuliin tas firinda pisirilmesinde ahgaptan yapilmis firincr kiireginin kullanilmasi hem
lifli ve gdzenekli yapisina atfen 6z kiitlesi diisiik bir malzeme olan ahsap kiirege hamurun yapigsmamastyla
ve ahsap esash kiiregin hafif olusuyla hem de diger malzemelerle kiyaslandiginda 6z 1sisiin yiiksek
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olmasina binaen 1s1y1 sogurma yetkinligine sahip sicak bir dogal malzeme olan ahsabin lifli ve gézenekli
dogasiyla yeknesak bir dokuya sahip olmayisindan 6tiirii cabuk 1sinmiyor olusuyla ilgili bir durumdur.

Bir i¢li ekmegin veya pidenin pisirilmesi akabinde firindan ¢ikartilarak bir ahsap tabla lizerinde veya
ahgaptan imal edilmis bir tabaga konularak ikram edilmesi hem dogal ve organik igsellikte bir ikramin ahsap
yordamiyla yapilmasinin tabii bir hadise olarak kabul edilisiyle hem de icli ekmegin veya pidenin firin
disina alinmasini miiteakip pisirme sicakliginin tesiriyle kizgin buhar iceren hamurun oda sicakligi ile bagil
nem kosullandirmasina maruz kalarak buharlagsma etkisiyle yiizeyden iceriye dogru kurumaya baslamasiyla
yiyecegin alt tarafinda olusan yogusmaya bagli 1slanma ve civima riskinin lifli ve gdzenekli yapisiyla ahsap
tarafindan Onlenebilir olusuyla ve ahsabin 1s1y1 soguran biinyesiyle sicak haldeki yiyecegin ¢abucak
sogumasina engel olusuyla agiklanabilir.

Bir ag1z muayenesinde ahsap bir cubuk esliginde dilin ag1z boslugunda alt damaga dogru iteklenerek
bogazin ve bademciklerin gozle tetkik edilmesi tibbi bir yaklagim olup agiz muayene ¢ubugu veya dil basi
cubugu adlandirmasiyla tek kullanimlik bir gere¢ olan bu ¢ubuk yordamiyla agiz muayenesinin yapilmasi
hem dilin epitel dokusunun viicut 1sisina yakin bir sicaklikta bulunan ahsabin liflerine tutunup
gozeneklerine dolarak istem dist irkilme refleksiyle gerilip bogazin kapatiimasinin ahsap sayesinde
Onlenisiyle hem de ahsapla biitlinlesen dilin parmak kuvvetiyle basi uygulanarak bir miktar disariya
cikartilip agizin incelenmesinin ahsapla olanakli hale gelisiyle izah edilebilir.

Bir ¢ubuklu dondurma uygulamasinda dondurmanin sapli veya tutamakli olarak bir ahsap ¢ubukla
tedarik edilmesi hem dondurma maddesinin organik bir malzeme olan ahsabin liflerine tutunarak ve
gozeneklerine yerleserek ¢ubuk ylizeyinden kaymamasini temin edigiyle hem de sapli/tutamakli kisimdan
tutularak dondurmanin yenilmesinde yiiksek 6z 1sisiyla sicak bir dogal malzeme olan ahsabin parmaklari
isiitmeyisiyle iliskilendirilebilir.

Bir egitici arag olarak, 0-6 yas (0-72 ay) aras1 okul 6ncesi donem onde gelmek tizere, ahsap oyuncak
ile ¢ocugun oynamast hem viicutta biriken statik elektrik yiikiiniin lifli ve gozenekli yapisiyla dogal ve
organik bir malzeme olan ahsap tarafindan nétrlestirilmesiyle etkisiz hale getirilerek ortadan kaldirilmasi
suretiyle ¢ocukta bir rahatlamanin meydana gelisiyle hem de doganin tipik bir yansimasi durumunda olan
ahsabin albeni iceren lifli ve gozenekli estetik dokusuyla ¢ocugun binbir gesit giizelligi biinyesinde
barindiran dogay1 fark etmesine katki saglayisiyla degerlendirilebilir.

Bir sa¢ tarama isleminde saglarin ahsap tarak veya ahsap firca ile taranmasi hem ahsabin lifli ve
gozenekli yapist sayesinde statik elektrigin notrlestirilerek saglarin diiz bir sekilde kolaylikla taranmasini
saglayisiyla hem de agaglardan temin edilen dogal ve organik bir malzeme olan ahsap taragin/fir¢canin
sapinin elle tutulmasina bagli olarak ahsabin dogalligiyla ve organik igerigiyle viicutta biriken negatif
enerjiyi kendi biinyesine almak suretiyle kisiyi rahatlatisiyla agiklanabilir.

Bir istenmeyen durumun/olayin olma olasiligi karsisinda giiclii bir tepki gostermek amaciyla
“tahtaya vur” sdyleyisle bir elin kulaga gotiiriiliip getirilerek parmaklarin avug igine kivrilip tersiyle isaret
parmaginin veya orta parmagin bir tokmak gibi ahsap ylizeyine {li¢ kez vurulmasi, parmaklarin yerine sert
ve hizli olmak tizere avug i¢iyle vurmanin da 6rneklendigi evrensel bir davranis tiplemesi olup tigleme
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yapilarak ahsabin yiizeyinin 0rselenmesi hem dogal ve organik niivesi itibariyle esasen bir ahsap olan
tahtanin Oncelenerek istenmeyen bir duruma iliskin ihtimal endisesinin ahsabin lifli ve goézenekli
mevcudiyetiyle ortadan kaldirilacagina yonelik inanisin etkisiyle psikolojik bir rahatlamanin gerceklesiyor
olusuyla hem de avug i¢i veya parmaklar yordamiyla ahsapla temasa gecilmesine atfen viicutta biriken
mevcut statik enerji yilikiinlin tensel dokunugla nétrlesmesi ve dolayisiyla negatif enerjinin yok olmasiyla
fizyolojik yonden bir rahatlayisin ortaya ¢ikisiyla betimlenebilir.

Bir bahge diizenleme ve/veya ¢icek yetistirme faaliyetinde degisik amaglarla kullanilan farkli el
aletlerinin neredeyse tamamina yakininin ahsap sapli olmasi hem bahge diizenleme ve/veya ¢igek yetistirme
siirecinde halihazirdaki el aletinin ayn1 elde uzunca bir siire tutulmasina bagli olarak avug icinin terlemesi
nedeniyle ortaya ¢ikan eldeki ter 1slakliginin dogal ve organik bir malzeme olan ahsabin lifli ve gozenekli
yapist tarafindan miimkiin oldugunca emilerek eldeki 1slanma miktarinin azaltilmasi sonucunda
mevzubahis bahge diizenleme ve/veya cicek yetistirme aletinin parmaklarla daha iyi kavranarak
tutulabiliyor olusuyla hem ahsaba temas etmenin tabii bir neticesi olarak viicutta biriken statik elektrik
yikiiniin ahgabin lifli ve goézenekli dokusuyla ndtrlestirilmesiyle viicuttaki elektrigin bosaltilmasina
istinaden ger¢eklesen rahatlamayla birlikte yenilenme ve tazelenme hissiyle i¢ huzura erisilmesinin ahsap
vasitasiyla kendiliginden meydana gelisiyle hem de mevcut el aletinin toplam agirlig1 kapsaminda lifli ve
gozenekli dogasiyla yogunlugu diisiik bir dogal malzeme olan ahsabin yekiin agirlig1 arttirict bir etki
yapmayisindan otiirli s6z konusu aletin agirlik¢a hafif olmasini teminen bahge diizenleme ve/veya cicek
yetistirme ile ilgili is ve islemlerin bir yorulma ve bikkinlik olmadan keyifle gerceklestirilen faaliyetler
olarak mutluluga katki saglayisiyla drneklenebilir.

Burada sadece birkag1 kisaca zikredilen orneklere bakildiginda, kendine 6zgii lifli ve gézenekli
dogasiyla dogal ve organik bir malzeme olan ahsabin hayati kolaylastiran ve yasam kalitesini yiikselten
ozellikleriyle insanlarin huzurlu ve mutlu yagamasina katkida bulundugu apacgik ortadadir. Giinliik hayatin
olagan akis1 igerisinde birbirinden farkli binlerce kullanim alan1 bulunan ahsabin, ihtiyag¢larin karsilanmast
ve gereksinimlerin giderilmesi mahiyetinde, tarth boyunca sinirsiz ¢dziimler sunan ig¢selligiyle hayal giicii
ve yaraticilig1 kucaklayan alelade gergekligi g6z oniine alindiginda, huzur ve mutluluk odaginda saglik ile
biitiinleserek organik yasam tarzini temsil ettigi asikardir. Nihayetinde ahsap, lifli ve gozenekli
mevcudiyetiyle dogayla 6zdesim kurmak suretiyle, hayata sikica tutunarak yasiyor olma sevincinin ve
siirdiiriilebilirlik odaginda yasamla bag kurmanin disa vurumudur.

Tabii ki bu gercekligin ahsabi birey(ler)in huzur ve refahi ile mutlulugunu teminen esenlikle
biitlinlesik bir olgu olan saglikli yasam1 destekleyici ve pekistirici bir konuma getirdigi ortadadir.
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3. SONUC

Insanligin baslangicindan beri giinliik hayatin iginde var olan ahsap, anatomik yapisi ile kimyasal
bilesimi ve fiziksel Ozellikleri ile mekanik ozellikleri ¢ergevesinde sahip oldugu essiz dogasiyla ve
benzersiz varligiyla, bireysel ve toplumsal fayda saglayan niteligiyle, insanlhigin ilerlemesinde ve
medeniyetin gelisip yayginlagsmasinda biiyiik rol oynayan dogal ve organik bir malzeme olup bireylerin ve
toplumun esenlik i¢cinde yasamasi gayesiyle huzuru ve mutlulugu merkezine alan saglik ile milkemmel bir
sekilde biitiinlesen ve saglikli yasama cabasini destekleyen Onemli bir varliktir. Boyle bakildiginda,
gliniimilizde yaygin sekilde kendini gdsteren bir anlayis olan organik yasam tarzi mantalitesi uyarinca
insan(lar)in dogayla biitiinlesmesinde, dogalligiyla ve organik yapisiyla olduk¢a dnemli bir pekistirici
olarak 6ne ¢ikan ahsap, lifli ve gozenekli yapisina atfen kendine has dogasiyla hayatin tiim evrelerinde
zengin bir lriin ¢esitliligiyle degisik amaclarla kullanilmaya miisait seckin bir malzemedir ve yasamin her
alaninda kullanilabilirligiyle biitiin insanlik i¢in degerli bir varliktir.

“Ahsap ve Saglik iliskisi” temasi dahilinde hazirlanmis olan bu yazi, Hacettepe Universitesi Segmeli
Dersler Birimi nezdinde, Prof. Dr. ilker Usta tarafindan verilmekte olan “Kiiltiirleraras: Etkilesimde
Ahsabin Onemi” dersi kapsaminda yapilan ahsap tasvirlerini icermekte olup &zgiin betimlemelerle
pekistirilmis kompozisyonlarda bahsi gegen mesleki ve/veya teknik konular hakkinda, asagidaki kaynaklara
ilaveten pek ¢ok degisik kaynaktan ayrintili bigimde bilgi temin edilebilir.

TESEKKUR

Bu calisma, 18-19 Eyliil 2020 tarihleri arasinda Izmir’de diizenlenen 2. Uluslararas1 Biyomedikal
Miihendisligi’nde Yenilikler Kongresi’nde sunulmustur. “Ahsap ve Saglik iliskisi” konusunda tematik
konusma yapmak iizere, bizi bu kongreye davet eden Izmir Demokrasi Universitesi’ne tesekkiir ederiz.

KAYNAKLAR

1. Usta, Ilker. “Ahsap Uzerine Betimlemeler: Kiiltiirleraras: Etkilesim Aract Olan Ahsabin “Degerli
Bir Nesne Olarak Kabul Edilip Oziimsenmesi” (Ahsap Dogaldir)”. Yap: Diinyasi, 224-225 (2014):
12-25.

2. Usta, Ilker. “Ahsap Uzerine Betimlemeler: Kiiltiirleraras1 Etkilesim Aract Olan Ahsabin “Degerli
Bir Nesne” Olarak Kabul Edilip Oziimsenmesi (Ahsap Giizeldir)”. Mesleki Bilimler Dergisi, 4/2
(2015): 39-54.

3. Usta, Ilker. “Ahsap Uzerine Betimlemeler: Kiiltiirleraras: Etkilesim Araci Olan Ahsabim “Degerli
Bir Nesne” Olarak Kabul Edilip Oziimsenmesi (Ahsap Vazge¢ilmez bir Tutkudur)”. Yap: Diinyast,
228-229 (2015): 19-32.

: eps

FRAGRANCES




Natural & Applied Sciences Journal Volume: Special Issue: 2nd International Congress of Updates in Biomedical Engineering 2020

10.

11.

12.

13.

14.

Usta, Ilker. “Ahsap Uzerine Betimlemeler: Kiiltiirleraras1 Etkilesim Arac1 Olan Ahsabin “Degerli
Bir Nesne” Olarak Kabul Edilip Oziimsenmesi (Ahsabin Evrenselligi)”. Selcuk Teknik Dergisi,
UMK Ozel Sayisi-1 (2015): 185-212.

Usta, Ilker. “Ahsap Uzerine Betimlemeler: Kiiltiirleraras1 Etkilesim Araci Olan Ahsabin “Degetli
Bir Nesne” Olarak Kabul Edilip Oziimsenmesi (Ahsabin Onemi)”. Orman’dan Endiistriye,
Agustos-Eyliil-Ekim (2015): 15-19.

Usta, Ilker. “Ahsap Uzerine Betimlemeler: Kiiltiirleraras1 Etkilesim Araci Olan Ahsabin “Degerli
Bir Nesne” Olarak Kabul Edilip Oziimsenmesi (Ahsap Kiiltiirii)”. Yap: Diinyasi, 236-237 (2015):
12-20.

Usta, Ilker. “Depictions on Wood: Acceptation and Internalization of Wood, which is an
intercultural interaction tool, as “A Valuable Object” (Wood is Good)”. Paper presented at the 46th
Annual Meeting of the International Research Group on Wood Protection, Document No: IRG/WP
1540694, Vina del Mar, Chile, May 10-14, 2015.

Usta, Ilker. “Depictions on Wood: Acceptation and Internalization of Wood, which is an
intercultural interaction tool, as “A Valuable Object” (Wood is Beautiful and Versatile Material)”.
Paper presented at the 27th International Conference Research For Furniture Industry, Ankara,
Turkey, September 17-18, 2015.

Usta, Ilker. “Ahsap Uzerine Betimlemeler: Kiiltiirleraras1 Etkilesim Araci Olan Ahsabin “Degerli
bir Nesne” Olarak Kabul Edilip Oziimsenmesi (Ahsapsever Olmak)”. Yap: Diinyasi, 240-241
(2016): 8-16.

Usta, Ilker. “Ahsap Uzerine Betimlemeler: Kiiltiirleraras1 Etkilesim Araci Olan Ahsabin “Degerli
Bir Nesne” Olarak Kabul Edilip Oziimsenmesi (Lifli ve Gozenekli Yapisiyla Ahsap
Miikemmeldir)”. Yapt Diinyasi, 244-245 (2016): 8-16.

Usta, Ilker. “Ahsap Uzerine Betimlemeler: Kiiltiirleraras1 Etkilesim Araci Olan Ahsabin “Degerli
Bir Nesne” Olarak Kabul Edilip Oziimsenmesi (Ahsap Gelecegin Malzemesidir)”. Yap: Diinyast,
246-247 (2016): 8-16.

Usta, Ilker. “Ahsap Uzerine Betimlemeler: Kiiltiirleraras1 Etkilesim Araci Olan Ahsabin “Degerli
Bir Nesne” Olarak Kabul Edilip Oziimsenmesi (Ahsap Medeniyettir)”. Yap: Diinyasi, 248-249
(2016): 15-23.

Usta, Ilker. “Depictions on Wood: Acceptation and Internalization of Wood, which is an
intercultural interaction tool, as “A Valuable Object” (Wood is Life)”. Paper presented at the 47th
Annual Meeting of the International Research Group on Wood Protection, Document No: IRG/WP
16-40719, Lisbon, Portugal, May 15-19, 2016.

Usta, Ilker. “Depictions on Wood: Acceptation and Internalization of Wood, which is an
intercultural interaction tool, as “A Valuable Object” (WoodLover Approach)”. Paper presented at
the 47th Annual Meeting of the International Research Group on Wood Protection, Document No:
IRG/WP 16-40720, Lisbon, Portugal, May 15-19, 2016.

" eps
Biyomed .

RAGRANCES



Natural & Applied Sciences Journal Volume: Special Issue: 2nd International Congress of Updates in Biomedical Engineering 2020

15

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

. Usta, Ilker. “Depictions on Wood: Acceptation and Internalization of Wood, which is an
Intercultural Interaction Tool, as “A Valuable Object” (Wood is Valuable)”. Mugla Journal of
Science and Technology, 2/2 (2016): 139-149.

Usta, Ilker. “Ahsap Uzerine Betimlemeler: Kiiltiirleraras1 Etkilesim Araci Olan Ahsabin “Degerli
Bir Nesne” Olarak Kabul Edilip Oziimsenmesi (Ahsap Katiksiz Bir Dosttur)”. Yap: Diinyasi, 250-
251 (2017): 17-25.

Usta, Ilker. “Ahsap Uzerine Betimlemeler: Kiiltiirleraras: Etkilesim Araci Olan Ahsabin “Degerli
Bir Nesne” Olarak Kabul Edilip Oziimsenmesi (Ahsap Siirdiiriilebilir ve Yenilenebilir
Malzemedir)”. Yap: Diinyasi, 252-253 (2017): 8-14.

Usta, Ilker. “Ahsap Uzerine Betimlemeler: Kiiltiirleraras1 Etkilesim Arac1 Olan Ahsabin “Degerli
Bir Nesne” Olarak Kabul Edilip Oziimsenmesi (Ahsap ile Yaraticilikta Smir Yoktur)”. Mesleki
Bilimler Dergisi, 6/3 (2017): 588-599.

Usta, Ilker. “Ahsap Uzerine Betimlemeler: Kiiltiirleraras1 Etkilesim Araci Olan Ahsabin “Degerli
Bir Nesne” Olarak Kabul Edilip Oziimsenmesi (Ahsap hemen her sey icin Tercih Edilen bir
Malzemedir)”. fleri Teknoloji Bilimleri Dergisi, 6/3 (2017): 61-72.

Usta, llker. “Ahsap Uzerine Betimlemeler: Kiiltiirleraras1 Etkilesim Araci Olan Ahsabmn “Degerli Bir
Nesne” Olarak Kabul Edilip Oziimsenmesi (Ahsap Her Seydir)”. Yapi Diinyasi, 260-261 (2017): 9-14.
Usta, ilker. “Depictions on Wood: Acceptation and Internalization of Wood, which is an
intercultural interaction tool, as “A Valuable Object” (Wood is a Symbol of Civilization)”. Paper
presented at the 48th Annual Meeting of the International Research Group on Wood Protection,
Document No: IRG/WP 17-40776, Ghent, Belgium, June 04-08, 2017.

Usta, ilker. “Genglerin Ahsap Hakkindaki Algilar1”. Bilecik Seyh Edebali Universitesi Sosyal
Bilimler Enstitiisti Dergisi, 2/2 (2017): 568-6009.

Usta, Ilker. “Ahsap Uzerine Betimlemeler: Kiiltiirleraras1 Etkilesim Araci Olan Ahsabin “Degerli
Bir Nesne” Olarak Kabul Edilip Oziimsenmesi (Ahsap Soyut ve Somut Etkileyicilik Performansiyla
Olaganiistiidiir)”. Yap: Diinyast, 262-263-264-265 (2018): 9-18.

Usta, Ilker. “Depictions on Wood: Acceptation and Internalization of Wood, which is an
intercultural interaction tool, as “A Valuable Object” (Wood is the Material of Endless
Possibilities)”. Paper presented at the 49th Annual Meeting of the International Research Group on
Wood Protection, Document No: IRG/WP 18-40837, Johannesburg, South Africa, April 29 & May
03, 2018.

Usta, ilker. “Ahsap Uzerine Betimlemeler: Kiiltiirleraras1 Etkilesim Araci Olan Ahsabin “Degerli
Bir Nesne” Olarak Kabul Edilip Oziimsenmesi (Ahsab1 Tanimak Gerekir)”. Yap: Diinyast, 266-267-
268-269 (2018): 8-13.

Usta, Ilker. “Depictions on Wood: Acceptation and Internalization of Wood, which is an
intercultural interaction tool, as “A Valuable Object” (The Discovery of Wood is not Over Yet)”.

: eps
Biyomed .

RAGRANCES



Natural & Applied Sciences Journal Volume: Special Issue: 2nd International Congress of Updates in Biomedical Engineering 2020

Paper presented at the International Forest Products Congress [ORENKO 2018], Trabzon, Turkey,
September 26-29, 2018.

27. Usta, Ilker. Ahsap Uzerine Betimlemeler: Kiiltiirleraras1 Etkilesim Araci Olan Ahsabin “Degerli Bir
Nesne” Olarak Kabul Edilip Oziimsenmesi (Ahsap Organik bir Malzemedir)”. V. Uluslararasi
Mobilya Kongresi’nde Sunulan Bildiri, Eskisehir, Tiirkiye, Kasim 01-04, 2018.

28. Usta, Ilker. “Ugiincii Kisi Etkisi Baglamida “Ahsap Gibisi Var mi?” Sdyleminin
Degerlendirilmesi”. Bitlis Eren Universitesi Sosyal Bilimler Enstitiisii Dergisi, 7/2 (2018): 898-906.

29. Usta, Ilker. “Ahsap Tasvirleri: Ahsap Herkesindir”. Avrasya Sosyal ve Ekonomi Arastirmalar:
Dergisi, 6/2 (2019): 171-178.

30. Usta, Ilker. “Ahsabin Islenmesi Ve Bir Faydaya Déniistiiriilmesi I¢in Gergeklestirilen Ozgiin Bir
Faaliyet Olarak Marangozluk”. Mesleki Bilimler Dergisi, 8/1 (2019): 41-49.

31. Usta, ilker. “Ahsap Gibisi Var m1?” Séylemi Baglaminda Ahsabin Evrenselligi ve Benzersizligi”.
Avrasya Sosyal ve Ekonomi Arastirmalart Dergisi, 6/5 (2019): 445-463.

32. Usta, Ilker. “Ahsapsever Yaklasim Temelinde Ahsapseverlik Olgusu”. Avrasya Sosyal ve Ekonomi
Aragtirmalart Dergisi, 6/8 (2019): 179-195.

33. Usta, Ilker. “Ahsapseverlik”. Mesleki Bilimler Dergisi, 8/2 (2019): 92-115.

34. Usta, Ilker. “Wood is Present for all Humanity with Its Unique Existence”. The Eurasia Proceedings
of Educational & Social Sciences, 15 (2019): 114-120.

35. Usta, Ilker. “The Value and Functionality of Wood as a Sustainable and Inexhaustible Renewable
Natural Material”. Paper presented at the 29th International Conference Research for Furniture
Industry, Ankara, Turkey, September 19-20, 20109.

36. Usta, Ilker. “Kiiltiirleraras1 Etkilesimde Ahsabin Onemi”. Avrasya Sosyal ve Ekonomi Arastirmalart
Dergisi, 6/12 (2019): 275-284.

37. Google. “Culture”. Erisim 28 Nisan, 2017. https://en.wikipedia.org/wiki/Culture.

38. Google. “Intercultural Communication”. Erisim 28 Nisan, 2017.
https://en.wikipedia.org/wiki/Intercultural communication.

39. Google. “Wood”. Erisim 28 Nisan, 2017. https://en.wikipedia.org/wiki/Wood.

40. Tirk Dil Kurumu. “Tiirk Dil Kurumu Sozliikleri”. Erisim 21 Subat, 2020. https://sozluk.gov.tr.

) : eps

RAGRANCES


https://en.wikipedia.org/wiki/Culture
https://en.wikipedia.org/wiki/Intercultural_communication
https://en.wikipedia.org/wiki/Wood

Natural & Applied Sciences Journal Volume: Special Issue: 2nd International Congress of Updates in Biomedical Engineering 2020

NATURAL & APPLIED SCIENCES | yormes
IDUNAS

]OURNAL Special

Issue, No:2

Nerve Guidance Conduits for Spinal Cord Injury

Melda Biiyiikoz'"
1 Care of Elderly Program, Health Services Vocational School, izmir Democracy University, Izmir, Turkey

Author E-mails

melda.buyukoz@idu.edu.tr

*Correspondance to: Melda Biiyiikoz, Care of Elderly Program, Health Services Vocational School,
Izmir Democracy University, Izmir, Turkey

Abstract

Every year, between 250,000 and 500,000 people become spinal cord injured worldwide. Since no effective
therapeutic plan, injuries result in life-long disability and a broad range of secondary complications. The
spinal cord as a part of the central nervous system (CNS) has a limited regeneration capacity compared with
that of the peripheral nervous system. CNS axons do not regenerate appreciably in their native environment
because of an impermeable glial scar formation and blocked synaptic target. The current therapeutic
approach to SCI patients mainly aims at eliminating further damage to the spinal cord. Much of the research
effort in this area has focused on nerve guidance conduits to enhance regeneration across nerve gaps. Nerve
guidance conduits are predominantly fabricated as hollow tubes or as porous foam rods because of the ease
in the manufacturing of these devices. Recently, multi-channeled conduit is very promising because of its
guidance capacity and mimicking natural tissue. A combination of multi-channel structure with nanofibrous
matrix was also shown that the physical structure of the basement membrane of the neural matrix and
nanofibrous structure of the nerve conduit has facilitated the differentiation of NSCs into neurons. However,
very attractive innovative technologies were adapted in the nerve guidance conduits production, significant
improvements are still required for the advancement of therapeutic strategy to clinical practice.

Keywords: nerve tissue engineering, multi-channel conduit, nanofibrous matrix.
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1. INTRODUCTION

A spinal cord injury can be described as damage to the spinal cord that causes loss of sensation and
motor control which affect the social, personal, professional, and psychological life of patients (Anon n.d.).
The reasons for spinal cord injury can be listed as auto and motorcycle accidents (50%), falls (31%), acts
of violence (13%), and sports injury (10%), and some diseases like tumors (Chen et al. 2013). Injuries result
in life-long disability and a broad range of secondary complications. In the spinal cord injury, timing,
location, and severity of the injury are important parameters. After damage, SCI has stages like the acute
phase (seconds to minutes), subacute phase (minutes to weeks), and chronic phase (months to years). In
subacute and chronic phases, the central part of the spinal cord contains cyst filled with fluid, astrocytes.
Astrocytes are the capability of releasing some extracellular matrix and inhibitory molecules and leads to
glial scar formation. A glial scar is a complicated form of cells and inhibitory molecules which is known as
a barrier for neuroregeneration and synaptic transmission to the target cells (Tsintou, Dalamagkas, and
Seifalian 2015).

2. TREATMENT STRATEGIES FOR SCI

The current therapeutic approach for SCI is conditioning the injury site with the strategies that aim
to reduce cell death and minimize the extent of the injury and to eliminate further damage to the spinal cord
(Tsintou, Dalamagkas, and Seifalian 2015). Recently, there are some promising approaches to SCI. One of
them is cell-based therapy compromise the stem cells transplantation or injection to the injured site (Mothe
and Tator 2012). In this concept, stem cells seem very promising because of their differentiation potential
to the desired cell types. As a part of the central nervous system, neural stem/progenitor cells have been
used as treatment investigation frequently. The other cell types investigated in SCI are mesenchymal stem
cells, embryonic stem cells, and induced pluripotent stem cells. All types of cells have their own advantages
and disadvantages for the treatment. The limiting factor for stem cell transplantation for SCI is based on
inhospital environment around the injury and the absence of an integration surface for the stem cell
attachment. It was also determined that free injection to the cells inside to the lesion causes unexpected
results like tumor formation, rosettes, teratomas, and cellular masses because of the host response (Li and
Lepski 2013). Another strategy for SCI treatment is biomolecular delivery with bioactive molecules. One
of the examples of the bioactive molecules is the growth factor which has a trophic effect on the cells
(Tsintou, Dalamagkas, and Seifalian 2015). Besides, cell-based and bioactive molecule-based strategies,
scaffold-based or/and combinational based therapies seem very promising in nerve tissue regeneration. In
the case of SCI, scaffold-based treatment concentrated on hydrogels and nerve guidance conduits. The
investigation on hydrogel for SCI is based on their injectable and resorbable nature with the advantages of
application and fill the cavity of the injured site (Courtine and Sofroniew 2019). The hydrogels also support
the axonal growth inside of them but their poor mechanical properties after a certain time and in the case of
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collapse forms of the degraded material can be destructive for the newly regenerated axons and axonal
outgrowth (Tang-Schomer et al. 2014). Guidance is an important parameter for nerve tissue engineering
because of the support the nerve tissue regeneration to the end of the regeneration process.

3. NERVE GUIDANCE CONDUITS

Nerve guidance conduits are another scaffold-based strategy used in SCI. The nerve guidance
channels are very attractive forms of biomaterials in peripheral nerve tissue regeneration. Some commercial
form of them was also used in the clinic. In the case of SCI treatment, there was no clinically approved
form of nerve guidance channels. Various bioengineered nerve conduits have been developed different
biomaterials approved for clinical use, such as type | collagen, polyglycolic acid (PGA), poly-DL-lactide-
cocaprolactone (PLCL), and polyvinyl alcohol (PVA) (Nectow, Marra, and Kaplan 2012). Much of the
research effort has focused on nerve guidance conduits to enhance regeneration across nerve gaps. The ideal
properties of a nerve guidance channel can be summarized as nerve guidance channel should promote
axonal growth, neurotrophic factor release, target tissue innervation and also prevent scar tissue formation
(Manoukian et al. 2020). Up to now, different forms of the nerve guidance conduit were prepared with their
specific properties like biodegradability and porosity, controlled release of some bioactive components,
electrical activity, intraluminal channel structure, cell incorporated conduits, and oriented matrix structure
(Straley, Foo, and Heilshorn 2010).

The methods for the production nerve guidance conduits are generally traditional methods like
electrospinning, injection molding, phase separation, freeze-dry, and lyophilizing and wire heating
processes which are adapted to the form of conduit (Huang and Huang 2006). Investigation showed that
multi-channeled conduit was very promising because of their guidance capacity of mimicking natural tissue
and advantages of axonal growth and functional restoration after spinal cord injury (SCI) (Sun et al. 2019).
In the next section, some successful approaches to the multi-channel conduit investigation were
summarized.

4. MULTI-CHANNEL NERVE GUIDANCE CONDUITS DESIGNED FOR SPINAL CORD INJURY

The most important properties of the multi-channel conduit are its mimicking tubular microstructure
of the spinal cord. Based on this advantage, in spinal cord injury treatment, researches were concentrated
on optimizing the best conduit structure. For this aim, (Thomas et al. 2013) were investigated the effect of
the channel density and porosity of micro-channeled conduit on axonal growth after spinal cord injury.
They were determined that the axon density within the bridge increased with the increase in the channel
number. Increasing the bridge porosity increased the number of axons, which correlated with the extent of
cell infiltration throughout the bridge. Channels and bridge porosity influence the re-growth of axons
through the injury.
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Another investigation was performed with the combination of the methods of phase separation and
molding techniques to mimic micro/nano architecture of the spinal cord with the using synthetic polymer
poly-(L-Lactic acid) (Sun et al. 2019). In this approach, molding was used to mimic the tubular
microstructure of the spinal cord, and phase separation was used to obtain a nanofiber matrix which was
the properties of the natural extracellular matrix. The combination of a multichannel structure with a
nanofibrous matrix was shown that the physical structure of the basement membrane of the neural matrix
and nanofibrous structure of the nerve conduit was facilitated the differentiation of NSCs into neurons.
Compared to the ladder-like nerve conduits, the extracellular matrix (ECM)— mimicry nanostructures in the
NNCs promoted directional nerve fiber growth within the channels. The in vivo performance of nanofibrous
and multichannel conduits showed that nanofibrous nerve conduit implants possess great potential in the
future application for SCI treatment and nerve regeneration (Zeng et al. 2014).

The usage of the natural polymer collagen to mimic the nanofibrous architecture of the extracellular
matrix was performed with electrospinning technique (Liu et al. 2012). They obtained an electrospinning
membrane and rolled around it and insert membrane inside a tubular membrane and obtained multi-channel
collagen conduit with aligned fibers. The in vitro experiments showed that aligned fibers resulted in
elongated astrocytes and directed the orientation of neurite outgrowth from DRGs along fiber axes. In vivo
performance of this conduit with a rat hemisection model was shown that cellular penetration was regardless
of fiber orientation but aligned fibers appeared more structurally intact to surrounding tissue on day 30. In
the treatment strategy with this collagen electrospun conduit, astrocytes were found only at the boundary
of the lesion site, and no astrocyte accumulation was observed in the implantation area at any time point.
They concluded that this finding indicates the feasibility of fabricating 3D spiral constructs using
electrospun collagen fibers and demonstrated the potential of these scaffolds for SCI repair.

Another combinational approach is the addition of some bioactive factors to functionalize conduit
since it was known that bioactive factors have a specific effect on cell behavior. One of them was the
addition of the laminin to an electrospun silk nano-fibers matrix (You et al. 2020). In vitro performance of
the bioactive factor, laminin and nanofiber silk combination were observed as directional neurite extension
of PC12 cells which was provided by bioactive stimulus and physical guidance, respectively. In a spinal
cord injury model in vivo, showed that bio-functionalized conduits displayed superior integration with the
host tissue due to enhanced cell infiltration and tissue ingrowth. Compared to a single-channel conduit, the
multichannel conduit improved spinal cord regeneration by tissue ingrowth and axonal regeneration which
indicated that the conduit architectures play critical roles in spinal cord regeneration.

As a new technique, a 3D printed multi-channel conduit model was also adopted to spinal cord
regeneration studies (Koffler et al. 2019). With the using microscale continuous projection printing method,
a complex CNS structure for the spinal cord injury was created from polyethylene glycol—gelatin
methacrylate (PEG-GelMA\). In this study, also the combination of the neural progenitor cells (NPCs)
inside the conduit was performed to support axon regeneration and form new ‘neural relays’ across sites of
complete spinal cord injury in vivo in rodents. Results were showed that injured host axons regenerate into
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3D biomimetic scaffolds and synapse onto NPCs implanted into the device. With the implantation of the
NPCs, the extensions of axons out of the scaffold and into the host spinal cord were observed which were
important for synaptic transmission and functional outcomes.

5. CONCLUSION

Spinal cord injury is a complex and life-quality-disrupting condition. Today, there is no effective treatment
strategy; the best choice is to aim to reduce cell death and minimize the extent of the injury and to eliminate
further damage to the spinal cord. Biomaterial approaches to SCI repair are slowly but steadily advancing.
Although the combinational approach seems very promising, significant improvements are still required to
apply in clinical practice.
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Ozet

Ali Riza ve arkadaslar1 (2013) yiirtikleri bu caligmada farkli birimlerdeki goriintiileme sistemlerinin elde
ettigi gorsel verilerin bir mekanda arsivlenmesine ve gerektiginde farkli noktalardaki kullanicilara
aktarilmasina olanak saglayan bir arsivleme sistemi olan PACS’1n bir siire¢ iyilestirme teknigi olarak bir
hastane uygulamasi ile etkinligini irdelemistir. Bu sistemin uygulanmasi ve sonuclart ile ilgili
degerlendirmede dnemli bir siireg iyilestirme 6rnegi olarak hastane ve miisterilere olumlu katkilar sagladig:
sonucuna ulagilmistir.

Ali Riza ve arkadaslar yaptiklart bu ¢alismada bir hizmet isletmesi olarak hastanede gergeklestirilen siire¢
tyilestirme caligmas1 maliyet, zaman, teknik, kalite ve miisteri memnuniyeti boyutlarinda ele almislardir.
Maliyet olarak siire¢ iyilestirme galismasi, en basta sabit maliyet getirmis ancak 9 yil veya daha kisa bir
siire i¢cinde yapilan yatirimi karsilayacagini tespit edilmistir. Zaman agisindan vakit kayiplarini 6nledigini
goriilmiistiir. Kalite agisindan sistemin uygulanmasi ile birlikte hem ¢ekilmis olan filmler direkt olarak
bilgisayar ortamina aktarildigindan kalite kayiplar1 yasanmamis hem de goriiniirlik kalitesinden
kaynaklanan film tekrarlarinda biiyiik bir azalma oldugunu tespit edilmistir.

Teknoloji anlaminda biiylik gelisme sagladigi bilgisine agik¢a ulagilmistir. PACS sayesinde ¢evrimigi
sistemdeki veriler, kolay islenebilir, veri kaybi olmadan aktarilabilir, bozulmadan yillarca saklanabilir hale
geldigi ¢alismalar sonucunda sdylenmistir. Miisteri beklentileri boyutunda ise énceki sisteme oranla daha
memnun oldugunu calismalar sonucunda goriilmiistiir.
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Ali Riza ve arkadaglarimi yiiriittiikleri bu ¢alisama sonucun da PACS gibi farkli yeni uygulamalar ve is
stirelerinin iyilestirmesi ile filmin depolanmasi bunlarin kaybolmasii engelleyebilir; hastanelerin bilgi
sistemlerinin birlestirilmesi yolu ile de bir hastanin degisik zamanlarda ¢ekilmis olan filmleri sistemde
goriilebilir hale geldigi goriilmiistiir. Bu yolla hem gereksiz ¢ekimleri ortadan kaldirmak, hem bunlarin
zaman ve maliyetlerini en alt seviyeye diisiirmek miimkiin oldugu gorilmiistiir.

Anahtar Kelimeler: PACS, Hastane, IHE

1. GIRiS

Teknolojinin ilerlemesi ile birlikte saglik c¢alisanlarmin hastaliklar1 teshisi kolaylagmistir. Bu
gelismeyi saglik sektoriinde dnemli bir yere sahip tibbi cihazlar sayesinde saglamislardir. Bu cihazlarin
basinda teshisi kolaylastiran, doktorlarin erken miidahale etmesini saglayan goriintilleme cihazlar
gelmektedir. MR, rontgen, tomografi gibi cihazlarin hastaliklarin teshisinde kullanilmasiyla hastalik erken
teshisi saglanmig ve 6liim oranlarinda gozle goriilen azalmalar gergeklesmistir.

Tibbi goriintiileme cihazlarmin saglik sektoriinde yer almasiyla beraber bu cihazlardan elde edilen
gorlintiilerin islenmesi, arsivlenmesi ve saglik calisanlarina aktarilmasi gerekli olmustur. Bu ihtiyag
dogrultusunda PACS yazilimi ortaya ¢ikmistir. PACS (Picture Archiving and Communication System),
saglik merkezlerindeki goriintiileme cihazlarinda ¢ekilen rontgen, MR (Manyetik Rezonans), BT
(Bilgisayarl1 Tomografi) gibi tibbi goriintiilerin sayisal olarak saklanmasin1 ve doktorlar, radyologlar gibi
kullanicilarin bu goriintiileri istasyonlarinda goriintiilemesini saglayan sistemlerin biitiiniine verilen addir.
PACS sistemleri, dijital veri formati olarak DICOM( Digital Imaging and Communications in Medicine)’u
kullanmaktadir. Ayrica PACS ile hastane enformasyon sistemi, klinik laboratuvar sistemleri, kurumsal
sistemler gibi saglik bakim sistemleri igin gelistirilmis bagimsiz bir standart bulunmaktadir. HL7 protokolii
olarak adlandirilan bu standart, PACS diinyasinda HIS(Hospital Information System)/RIS(Radiological
Information System) ile PACS arasindaki komiinikasyon i¢in kullanilmaktadir.

PACS iizerine yazilim yapmakta olan firmalarin, uluslararasi standartlara uygun olarak yazilimlarini
gelistirmesi ve saglik kuruluslari arasindaki bilgi paylasimini saglamak amaciyla kurulmus olan Integrating
the Healthcare Enterprice(IHE) organizasyonu ile PACS yazilimlar belirli bir standarda kavusmustur.
[HE'ye uygun olarak gelistirilen sistemler birbirleriyle daha iy1 iletisim kurar, uygulamasi daha kolaydir ve
bakim saglayicilarin, bilgileri daha etkin kullanmalarini saglanmais olur.

Bu calismada; Tirkiye’de IHE Standartlarina uygun olarak PACS yazilimi gelistiren farkl
firmalarin yazilimlarinin incelenmesi, pazar analizlerinin yapilmasi ve bakim saglayicilarindan alinan geri
bildirimlerinin degerlendirilmesi {izerine ¢alisilmakta, bu calismalar dogrultusunda PACS sistemlerinin
gelistirilmesine yardimci olacak verilerin toplanmas1 amaglanmaktadir.
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2. MATERYAL VE YONTEM

Bu ¢alismada T.C. Saglik Bakanligi Kayit Tescil Birimi’ne kayith, PACS yazilim {ireticileri aktif
yazilim listesinde bulunan 34 adet kayith firma arasindan kamu ve 6zel kuruluslarda yazilimi kullanilmakta
olan baglica 3 firma secilmistir. Bu firmalarin tercih edilmesi asamasinda 7 bdlgenin her birinden rastgele
2 farkli ildeki bir adet 6zel ve bir adet kamu hastanesi se¢ilmis ve kullandiklar1 PACS sistemi yazilimi
tercihleri 6grenilmistir ve bakim saglayicilarin verdikleri cevaplar dogrultusunda iizerinde ¢alisilacagi firma
tercihi yapilmistir.

# frasayls & SeeHarn % Saghk Sig Sislernler Genel Madirig!

T.C. SAGLIK BAKANLIGI 000
KAYITTESCIL BIRIMI : Vil

Anasayfa | Mevzuat | Dokiimanlar | Haberer = Duyurular | llefisim

#Anasayls » ARG PACSIRIS Listesi

0000 A AT

Aktif PACS/RIS Listesi

1. AGERSOFT BILISIN TEKNOL UTI El[ D;s TIC. SAN. LTD. §TI

3 INTERPACS S LIK CD_.'\ [LERI $A%. VE TIC.1TD. §T1
9 KARDELEN BILGISAYAR INS. REK ORM TIC.LTD. 5TL

Sekil 1. T.C. Saglik Bakanligi Kayit Tescil Birimi Aktif PACS Yazilim Uretici Ekran1.

Secilen firmalarin ilk olarak IHE’de kayitli olup olmadigi kontrol edilmistir. Kontroller sonrasi
firmalarin IHE’de kayitli oldugu goriilmiistiir. Firmalarin yazilimlar incelendiginde ¢ogu standartlarinin
ayni oldugu goriilmiistiir. Firmalarin yazilimlar arasinda ufak tefek farkliliklar tespit edilmistir.

Firma tercihi yapildiktan sonra, ilk olarak Tiirkiye genelinde firmalarin PACS yazilimlarmin hangi
hastanelerde kullanildig1 tespit edilmistir. Bunun i¢in uygun olunan sehirlerde hastaneler birebir ziyaret
edilmis ve hangi firmanin yazilimini kullandiklar tespit edilmistir. Birebir ziyaret edilemeyen hastanelerde
bakim saglayicilar telefon ile aranarak kullandiklar1 yazilimlar 6grenilmistir. Boylelikle secilen 3 firmanin
yazilimlarinin Tiirkiye genelinde tercih edildi sehirler ve hastane sayilar1 tespit edilmistir.

Hastaneler tespit edildikten sonra bakim saglayicilar ile tekrar iletisime gecilmis ve kullandiklar
PACS yazilimlart hakkinda geri doniisler alinmistir. Bu geri doniisler olumlu ve olumsuz olarak kategorize
edilmistir. [HE Standartlarim1 karsilayan firmalarin degerlendirilmesi yapilmis ve kullanicilarin bu
yazilimlar1 neden tercih ettikleri hakkinda veriler toplanmustir.
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Sekil 2. Tletisim Baglant: Noktalar1 ve Is Akis1 Topolojisi.

3. SONUC

Yiiriitilen bu calisma sonucun da 3 farkli firmanin IHE standartlarina gore farkliliklarinin oldugu
goriilmiistiir. Buna ragmen Tiirkiye’de yaklasik olarak esit dagilim gosterdigi tespit edilmistir. Bakim
saglayicilarin tercihlerini standartlardan ¢ok sistemin kullanim kolaylig1 ve kullanict aliskinliklarina gore
sekillendigi goriilmiistiir. Firmalarin tercih edilme nedenleri arasinda firmanin kuruldugu ve iletisim olarak
gliclii oldugu bolgelerde daha fazla kullanildigina dikkat edilmistir. Yani kullanicilarin tercihlerini
yazilimlarin 6zelliklerinden ¢ok duygusal yaklagimlarinin etkiledigi sonucuna varilmistir. Yapilan bu
calisma sonucunda elde edilen PACS sistemlerine ait pozitif ve negatif geri dontislerin incelenen firmalara
geri bildirim olarak verilmesi ve boylelikle Tiirkiye’de PACS sistemi yazilimlarinin gelistirilmesine katk1
saglayacagi sonucuna varilmistir.

29 e S

FRAGRANCES

Biyomed



Natural & Applied Sciences Journal Volume: Special Issue:

2nd International Congress of Updates in Biomedical Engineering 2020

Sekil 3. 3 Farkli Firmanin Tiirkiye’de Sehir Bazli Dagilimi.

4. TARTISMA

Urfa 1Sisoft KHB 15 Kayseri 2 Akgin KHB 16 Balikesir |3 Fonet KHB 20
Erzurum 1Sisoft KHB 15 Giresun 2 Akgiin KHB 13 Bilecik 3 Fonet KHB 5
Ordu 1Sisoft KHB 13 Trabzon 2 Akgiin KHB 13 Burdur 3 Fonet KHB 5
Afyonkarahi |1Sisoft KHB 10 Bayburt 2 Akgiin KHB 11 Denizli 3 Fonet KHB 11
Canakkale [1Sisoft KHB 10 Konya 2 Akgiin KHB 1/2 10 Eskisehir |3 Fonet KHB 5
Tokat 1Sisoft KHB 8 Corum 2 Akgiin KHB 9 Hatay 3 Fonet KHB 14
Kutahya 1Sisoft KHB 7 Artvin 2 Akgiin KHB 7 Malatya |3 Fonet KHB 9
Mus 1Sisoft KHB 7 Yozgat 2 Akgiin KHB 7 Kahraman |3 Fonet KHB 5
Amasya 1Sisoft KHB 5 Samsun 2 Akgiin KHB 1/2 7 Samsun |3 Fonet 1/2 7
Kars 1Sisoft KHB 5 Osmaniye |2 Akgiin KHB 6 Usak 3 Fonet KHB 5
Bitlis 1Sisoft KHB 7 Elazig 2 Akgiin KHB 4 Aksaray |3 Fonet KHB 5
Nevsehir 1Sisoft KHB 3 Erzincan 2 Akgiin KHB 4 Batman |3 Fonet KHB 3
Ardahan 1Sisoft KHB 3 Gumiushan |2 Akgiin KHB 4 Bilecik 3 Fonet KHB 5
Kilis 1Sisoft KHB 2 Rize 2 Akgiin KHB 4 Sivas 3 Fonet 7
Yalova 1Sisoft KHB 4 Cankiri 2 Akguin KHB 2 Ankara  |Ankara Fizik Tedavi ve Rehabilitasy 1
Kastamonu |1Sisoft KHB 12 Karabuk |2 Akgin KHB 1 Ankara |Ankara Numune Egitim ve Arastirn| 1
Tekirdag 1Sisoft KHB 3 izmir M.Enver Senerdem TorbaliDey 1 Ankara |Giilhane Egitim ve Arastirma Hastd 1
Bitlis 1Sisoft 8 izmir Bayindir Devlet Hastanesi 1 Ankara [Beypazari Devlet Hastanesi 1
Sirnak 1Sisoft 7 izmir Gaziemir Nevvar Salih isgéren| 1 Ankara  |DrHulusi Alatas ElImadag devletHq 1
Siirt 1Sisoft 6 izmir Kiraz Devlet Hastanesi 1 Ankara  |Kizilcahamam Devlet hastanesi 1
Tunceli 1Sisoft 2 Ankara Ankara Kegioren Egitim ve 1 Ankara [Nallihan develet Hastanesi 1
Bingol 1Sisoft 5 Ankara Atatlrk Gogus Hastaliklarive 1 Ankara |Golbasi Hasvak Devlet Hastanesi 1
Mugla Bodrum Devlet Hastanesi 1 Ankara Yildinm Beyazit Hastanesi 1 istanbul |istanbul Kartal Kosuyolu Yiiksek ih] 1
Mugla Fethiye Devlet Hastanesi 1 Ankara Polatlidevlet Hastanesi 1
Ankara Ankara Gazi Mustafa Kem 1 istanbul  |istanbul Bayrampasa Devlet H{ 1
Ankara Ankara Ulucanlar Goz 1 Manisa Akhisar devlet Hastanesi 1
Ankara Kazan hamdi Eris devlet H 1 Antalya Kumluca Devlet Hastanesi 1
Ankara Kizilcahamam develet Has| 1 Manisa Akhisar devlet Hastanesi 1
Aydin Didim devlet 1 Mugla Aydin Atatiirk Devlet Hastaned 1
Aydin Nazilli Devlet 1 Mugla Cine Devlet 1
Karaman |Karaman Devlet Hastanes 1 Karaman |Ermenenk Devet Hastanesi 1

Isparta Isparta Sehir Hastanesi 1

Yozgat Yozgat sehir Hastnesi 1

Aydin Aydin Atatlrk Devlet Hastaned 1

Aydin Cine Devlet 1

Karaman |Ermenenk Devet Hastanesi 1

Sisoft hastane Toplami 166 138 Fonet Hastane Toplami| 115
Hastne Firmailk 3 419

Tibbi goriintiileme cihazlarindan bagimsiz diisiiniilemeyen PACS yazilimlarinin incelendigi bu
caligmada Tiirkiye’de yazilim iiretici olan 3 firma ele alinarak yazilimlar standartlara uygunluk ve kullanici
memnuniyeti agisindan degerlendirilmistir.

Yapilan ¢alisma sonucunda aragtirmanin Tiirkiye geneline yayilarak daha genis capli verilerin toplanmast
ile daha saglikli sonuglara ulasilacagi sonucunu varilmaktadir. Ayni1 zamanda segilen {i¢ firmanin aktif liste
yer alan firmalar g6z Oniine alinarak genisletilmesinin daha dogru verileri elde etmede 6nemli bir rol
oynayacagi saptanmistir.
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Aragtirma sonucunda toplanan veriler sayesinde firmalara geri doniitler verilerek Tiirkiye’de PACS
yazilimmin standartlarinin  artirilabilecegine ve diinya geleninde IHE standartlarina daha da
yaklagilabilecegi goriilmiistiir.

Dogru PACS sistemlerinin tercih edilmesiyle hem hastanelerde bakim saglayicilarina kolaylik
saglanacak hem de doktorlarin dogru teshis koymasinin kolaylasmasi saglanacagi tespit edilmistir.
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Ozet

Yeme igme aligkanliklarina bagli olarak giderek artan obezite ve asir1 kilo giliniimiizde bir¢ok kisinin
uykuda solunum yollarinin tikanarak, horlama seklinde kendini gosteren uyku apnesi sendromuna
yakalanmasina yol agmaktadir. Klinik ve radyolojik muayene gibi teshis araglar1 bulunmasina ragmen bu
hastaliga teshis koymada altin standart Ol¢lim ydntem, polisomnografidir. Polisomnografide; kisi
hastanedeki uyku laboratuvarinda bir gece misafir edilerek, EKG, EEG, EMG, EOG, agiz veya burundaki
hava akimi, gogiis kafesi ve diyaframindaki genisleyip daralmalar gibi bir¢ok fizyolojik parametrenin
Ol¢iimii ve uzman bir doktor tarafindan degerlendirilmesi ile teshis konmaktadir. Kisinin hastane ortaminda
uyumakta zorlanmasi, tetkiki yapan laboratuvarlarin sayisinin az, tetkikin pahali olmasi gibi dezavantajlar
sebebi ile yeni arayislara girilmistir. Bu ¢alismada polisomnografiye alternatif olarak gelistirilen yeni
yontemlerin gozden gecirilmesi ve kiyaslanmasi yapilmistir. Polisomnografiye alternatif olarak Once
kisinin kendi evinde sadece birka¢ parametreyi kendisinin 6lgmesine dayanan yontemler Onerilmistir.
Sadece solunum sinyallerinin, EKG’nin, foto pletismografik veya pals oksimetrik sinyallerinin bir veya
birkacinin kaydi ile apne tespitine doniik bir¢ok ¢alisma yapilmistir. Bu yontemler hastanin kendi kendine
kayit yapmasindaki zorluklar sebebi ile beklenen klinik kullanim seviyesine ulasmamistir. Bu sorunun
istesinden gelmek iizere, kisiye elektriksel bir temas gerektirmeyen kisinin termal goriintiileme veya
ultrasonik sensorlar ile takibine dayanan yontemler Onerilmistir. Tiim gece boyunca hastanin takibini
gerektiren bu yontemlere alternatif olaraksa, kisi uyanikken hastane ortaminda alinan birka¢ dakikalik
konusma sesi kayitlarindan apne tespiti konusundaki ¢alismalar ortaya ¢ikmustir. Incelenen makalelerin
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cogundaki ortak caligma protokolii; kaydedilen sinyallerden 6z nitelik denilen apne tespitinde kullanilacak
ayirt edici parametrelerin tespiti ve bunlarin simiflandirict adi verilen yapay zeka uygulamalarina
Ogretilmesi ve bu uygulamalarin apne tespiti yapilmak istenen kisinin verilerine gore apne var/yok veya
apnenin seviyesinin tespiti seklinde karar iiretmesidir. Polisomnografiye alternatif olarak onerilen, kiginin
kendi evinde uyumasi sirasindaki kayitlar1 kullanilan yontemler ile %90°1n, hasta uyanikken yapilan ses
kayitlarindan ise %80’in lizerinde bir basari ile apne tespiti yapilabildigi goriilmiistiir. Sonug olarak, kisi
uyanikken yapilacak birka¢ dakikalik ses kaydindan apnenin saptanmasinin alanda biiylik kolaylik
saglayacagl ancak yontemin performansinin artirilmasi ve kapsamli klinik ¢alismalarla dogrulanmasi
gerektigi degerlendirildi.

Anahtar Kelimeler: Uyku apnesi, polisomnografi, elektrofizyolojik sinyaller, konusa sesleri

Abstract

Nowadays, increasing obesity and overweight due to eating and drinking habits cause many people to have
sleep apnea syndrome, which manifests itself in the form of snoring, by obstructing the airways during
sleep. Although there are diagnostic tools such as clinical and radiological examination, the gold standard
measurement method for diagnosing this disease is PolySomnoGraphy (PSG). For the diagnosis of sleep
apnea with polysomnography, while the patient is sleeping in the sleep laboratory in the hospital, many
physiological parameters such as ECG, EEG, EMG, EOG, air flow in the mouth or nose, the chest and
diaphragm circumference should be measured and evaluated by a specialist. Due to disadvantages such as
patients who have difficulty sleeping in the hospital environment, small number of laboratories performing
the test and the cost of the test, a new quest has begun. In this study, new methods developed as an
alternative to polysomnography were reviewed and compared. As an alternative to polysomnography,
Firstly, the methods based on measuring only a few physiological parameters in one's own home have been
proposed. Many studies have been conducted to detect apnea by recording one or more of the respiratory
signals, ECG, photoplethysmography, or pulse oximetry signals. These methods did not reach the expected
clinical usage level due to the difficulties in the patient's self-enrollment. To overcome this problem,
methods based on thermal camera or ultrasonic tracking, of the person that do not require electrical contact
to the person have been proposed. As an alternative to these methods that require follow-up of the patient
throughout the night, studies on apnea detection from speech voice recordings taken in the hospital
environment for a few minutes while the person is awake have emerged. Similar study protocols were
conducted in most of the articles reviewed. The methods generally include determination of features from
the recorded signals, applying them to classifiers, deciding as to whether the person has apnea or the level
of apnea. Among the alternative methods to polysomnography; it has been observed that apnea detection
can be achieved with a success rate of over 90% with the methods that use physiological signal recordings
during the person’'s sleep at home. On the other hand, a success of around 80% has been achieved in apnea
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detection studies from voice recordings made when the person was awake. As a result, it was evaluated that
the detection of apnea from voice recordings of a few minutes while the person was awake would provide
great convenience for the field, but its performance should be increased, and it should be confirmed by
extensive clinical studies.

Keywords: Sleep apnea, polysomnography, electrophysiologic signals, speak sounds
1. GiRig

Modern toplumlardaki bireylerin yeme aliskanliklarindaki bozulmalara bagli olarak daha sik
gorlilmeye baslayan uyku apnesi ¢agimizin énemli saglik problemlerinden biri haline gelmistir. Temel
olarak uykuda solunumun en az 10 sn siire ile durmas1 seklinde tanimlayabilecegimiz uyku apnesinin bir¢ok
cesidi mevcuttur. Uyku apnesinden mustarip hastalarin ¢ogunda sonunum yolu iizerindeki kaslarin
gevseyerek solunum yolunu tikadigi, tikayict uyku apnesi goriilmektedir. Uyku apnesinin daha az goriilen
cesitleri ise merkezi ve mikst apne denilen apne ¢esitleridir. Merkezi apnede solunumu kontrol eden sinir
sistemi bilesenleri devre dis1 kalip solunumu saglayan kas hareketleri (g6gis kafesi ve diyafram) durur veya
iyice azalir. Mikst apne ise merkezi apne gibi baslayan, tikayict apne seklinde devam eden apne ¢esididir.

Ozellikle tikayic1 uyku apnesi genellikle horlama ile kendini gdsterir. Geceleri solunum tikanmasina
bagli sik uyanmalar, hastalarin giinliik hayatta siirekli uykusuzluk ¢ekmelerini ve buna bagli ¢esitli kazalar
beraberinde getirebilmektedir. Bu hastalarin cogunda zamanla kalp ile ilgili sorunlar gelismekte, hastaligin
en ciddi sonucu olan uykuda dliimler goriilebilmektedir.

Hastaligin tespitindeki altin standart yontem olarak polisomnografi kabul gormiistiir. Gece boyu
hastalardan  elektrokadiogram (EKG), elektromiyogram (EMGQG), elektrookiilogram (EOQG),
elektroensefelogram (EEG) yaninda uyku apnesi tespiti i¢in biiyiik 6nem tasiyan, agiz veya burundaki hava
akimi, gogiis kafesi ve diyaframindaki genisleyip daralmalar, horlama sinyalleri kaydedilmektedir. Ayrica
viicut pozisyonu ve video kaydi da yapilabilmektedir. Onceleri uyku tibbi konusunda uzmanlasmis
doktorlarin bu kayitlart epok (30 sn sinyal pargalari) inceleyerek, koyduklar1 uyku apnesi teshisi, sinyal
isleme ve yapay zeka tekniklerindeki gelismeler ile otomatik teshis koyup bu teshislerin sonuglarinin doktor
tarafindan hizla kontrol edilmesini saglayan karar destek sistemlerine donligmiistiir.

Gelistirilen yeni teknolojiler doktorlarin islerini kolaylastirip birkag saatte koyduklari teshisi birkag
10 dakikada koyma olanag1 sunsa da polisomnografi testine giren kisilerin yasadig1 zorluklara bir ¢oziim
getirmemistir. Kisi gece boyunca alisik olmadigi hastane ortaminda bulunmak ve iizerinde ilgili fizyolojik
olciimleri gerceklestirmek iizere pek ¢ok kablo baglantist yapilmasindan dolay1 1yi uyuyamamakta, tetkikin
tekrarlanmasina gerek duyulabilmektedir. Siirekli bir teknisyenin gozetiminde olmay1 gerektirdiginden
oldukca pahali olan tetkik az sayida klinik tarafindan yapildig1 i¢in uzunca bir beklemeden sonra tetkike
girilebilmektedir.
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Polisomnografinin hasta agisindan bu dezavantajlar1 yiiziinden; son yillarda daha az sayida
fizyolojik parametrenin hastaya minimum rahatsizlik verecek sekilde hastanin kendi evinde kendi kendine
uygulayabilecegi ¢oziimler onerilmistir [1]. Bu yontemlerin oldukg¢a basarili sonuglar vermesi, hastaya
temas gerektirmeyen hatta birkac dakika i¢inde uyanikken gerceklestirilen uyku apnesi tespit yontemlerinin
onerilmesine 6n ayak olmustur. Bu calismada uyku apnesi tespiti i¢in Onerilen yeni yaklasimlar gézden
gegcirilmis, basarimlart ve uygulama kolayliklar1 agisindan genel bir degerlendirme yapilmistir.

2. UYKU APNESI TESPiTINDE YENILIKLER

Hastaya Temas Gerektiren Ol¢iim Yéntemleri ile APNE Tespit Cahsmalar

Literatiirdeki ¢alismalar incelendiginde 6nceleri daha az fizyolojik parametre ile polisomnografinin
ev ortamina tasinmasinin hedeflendigi goriilmektedir [1]. Ancak polisomnografi ile yapilan karsilastirma
sonuclari, polisomnografinin sagladigi uyku safhalarinin belirlenmesi ve uykuda goriilebilen diger
hastaliklarin tespitinde evde kullanilacak cihazlarin yeterince basar1 saglamadigini gostermistir. Bunun
tizerinde calismalar polisomnografi incelemelerinin ¢ogunlugunu olusturan uyku apnesi tespitini evde
yapabilecek sistemlerin gelistirilmesi yoniindeki ¢abalara doniismiistiir.

Uyku apnesi tespiti i¢in ilk akla gelen solunumla ilgili polisomnografi tarafindan olgiilen
parametrelerin, havayolu akisi, solunum eforu, pals oksimetri sinyallerinden uyku apnesi tespiti koymak
olmustur [2-7]. Cesitli gruplar tarafindan yapilan ¢alismalar sonucunda, sadece solunum parametrelerinin
ol¢limil ile tikayici, merkezi ve mikst apne tespitinde %90 civarinda bir basar1 saglandigi gortilmustiir.
Ancak kisilerin sensdrleri kendi kendilerine baglamasi ve gece ¢ikan sensorler sebebi ile ciddi veri kayiplari
olup, bu durum arastirmacilar1 yeni arayiglara itmistir.

Solunumdaki degisiklikler direkt olarak kalp ve damar sisteminden takip edilebilecek degisimler
olusturur. Bu degisimlerin kisinin konforunu bozmadan parmagina takilan bir prob vasitasi ile tespitine
dayanan, arteriel tonometri yontemi klinik olarak ¢ok sayida denemesinin de yapildigi basarili bir apne
tespit sistemi olarak goze ¢arpmaktadir [8-11]. Bu ydntem ve sistemle oldukga biiyiik popiilasyonlar
iizerinde yapilan ¢alismalarda PSG ile karsilastirmali ¢aligmalar sonucunda sistemle Apne hipoanne
indeksinin % 90 nin tizerinde bir dogruluk ile tespit edilebildigi gdsterilmistir [11].

Bu ¢aligma kardiovaskiiler parametrelerin daha basit ve ucuz yontemler ile 6l¢iimiine dayal1 olarak
apne tespiti yapmaya odaklanan ¢aligmalar ortaya ¢ikmasina yol agmistir. Tek kanalli EKG den elde edilen
kalp hiz1 degiskenligi parametrelerini ve ¢esitli siniflandiricilar kullanan gesitli calismalarda, apne tespit
basarimi % 95’lerin iizerine ¢ikmistir [12-14]. Baz1 ¢alismalarda sinyal isleme teknikleri kullanilarak
EKG’den elde edilen solunum sinyalleri de, apne tespitine yardimci olmak i¢in kullanilmigtir [15].

Bazi aragtirmacilar hastaya elektriksel olarak temas gerektirmeyen c¢esitli sensorler ile apne tespiti
izerine yogunlasmislardir. Solunum yolundaki hava akis hizi, solunum eforu ve parmaktan dl¢iilen oksijen
doygunlugu ile %79 hassasiyet ve % 79 6zgiilliik ile apne tespit edilebilmistir [16]. Hastanin yatacagi yere
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Polyvinylidene fluoride(PVDF) film sensor yerlestirilerek, solunumu ve kalp atim hizinin takip edildigi
calismada Hwang S.H. ve ark.2014 birer dakikalik sinyaller seklinde ayirdiklari uyku sirasinda kaydedilmis
sinyallerden apneli kisimlar1 % 72.9 hassasiyet ve % 90.6 lik duyarlik ile tespit etmeyi bagsarmislardir [17].
Son yillarda boyun bolgesinden bir mikrofon ile kaydedilen seslerden apne tespitine yonelik caligmalar
goriilmektedir. Onceleri solunum seslerinden apne tespiti hedeflenirken [18] an bir grup arastirmaci
solunum ve kalp seslerini birlikte kullanarak, 10 kisi iizerinde yapilan denmelerde %93 hassasiyet %100
duyarlikla apne tespiti yapabilmislerdir [19]. Bu alanda son olarak, Bu alanda son olarak Nakano ve ark.
2019 derin 6grenme yapilar ile yaptiklar1 siniflandirma sonucunda 6zellikle AHI indeksi 15 {istii olan
hastalar icin apneli ve apnesiz ses sinyali bdlgelerini %90 nin iizerinde dogruluk ve hassasiyetle tespit
edebilmistir [20].

Hastaya Temas Etmeyen Ol¢iim Yontemleri ile APNE Tespit Calismalar

Ozellikle tikayict uyku apnesi horlama ile birlikte goriildiigiinden hastaya herhangi bir temas
gerektirmeden uyku ortami seslerini kaydederek apne tespitine doniik bazi ¢alismalar gergeklestirilmistir.
Onceleri apne olan ve olmayan bdlgelerin tespitine ¢alisilirken[21], daha sonralar1 horlama seslerinden apne
tespiti yoniinde ¢aligmalar yapilmistir. Sinirli hasta gruplar iizerinde de olsa Karunajeewa ve ark. (2011)
tarafindan yapilan ¢alisma ile % 89.3 hassasiyet, % 92.3 dogruluk ile apnesi olan ve olmayan Kkisiler
ayrilabilmistir [22]. Baz1 ¢calismalarda ise horlama yerine solunum seslerine odaklanilmis, Almazaydeh ve
ark 2013 solunum seslerinden apne tespiti yapmaya calismistir. Epok tabanli yaptiklar1 degerlendirmede
apneli bolgeleri %97 oraninda belirleyebildiklerini belirtmislerdir [23].

Solunum sirasindaki gogiis kafesi hareketlerinin dopler radar ile tespit etmeye c¢alisan Bamoli ve
ark. 2020, apne ve hipoapneleri %86 duyarlik, % 91 6zgiilliik ve %92 dogruluk ile tespit edebilmislerdir
[24].

Diger bir grup arastirmaci ise kisinin uykusu sirasindaki solunum hareketlerinin video goriintiileri
ile algilamaya caligmistir. Hu ve ark. 2018 yakin kizil 6tesi ve kizil 6zesi kameralar1 birlikte kullanarak
uyku sirasinda kisinin solunum hiz1 ve kalp atim hizim tespite ¢alismislardir [25]. Zhu ve ark, 2019 ise
solunum ve kalp atim hiz1 tespitinin apne tespitinde kullanilabilecegini belirterek, kizil Gtesi kamera
gortntiileri ile solunumu 2.1 solunum/dakika, kalp atim hizin1 7.47 atim/dakika civarinda bir hata ile tespit
edebildiklerini belirtmislerdir [26].

Simdiye kadar ele alinan tiim g¢alismalar gece boyunca kaydedilen parametrelerin analizine
dayanmaktadir. Buna alternatif olarak bazi arastirmacilar solunum sistemi ile esgiidiim igerisinde calisan
ses iiretme sisteminin apneden ve apne siddetinden etkilenebilecegi varsayimindan hareketle kisi uyanikken
alinan konusma sesi kayitlarindan apne tespiti konulup konulamayacagi iizerinde caligmiglardir. Bu
konudaki ilk yayin 1993 yilinda yapilmis ve OSA’l1 hastalar ile saglikli kisilerin iirettikleri sesli harflerin
temel bazi ses analiz parametreleri karsilastirilmis ve aralarinda istatistiksel farklar oldugu tespit edilmistir
[27]. Konu hakkinda ¢alisan bir grup, 2009 ile 2017 yillar1 arasindaki ¢alismalarinda otomatik konusma ve
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konusmaci tespitinde kullanilan yontemler ve c¢esitli siniflandiricilar kullanarak OSA ve AHI indeksi
belirleme ile ilgili pek ¢ok ¢alisma yapmislardir [28]. Son olarak ses ve goriintii analizlerini birlestirdikleri
caligmalar1 ile OSA tespit hassasiyetini arttirmay1 (%92.92) basarmislardir [29]. Ancak 6zgiilliik degerleri
%?20’lerde, dogru tanima oranlar1 %70’lerde kalmistir. Goldshtein ve ark., 2011, a, e, i, 0, u iinlii harfleri ve
n ile m nazal sessizlerinin, ses analizi alaninda hesaplanan pek ¢ok parametresini 6zellik vektorii olarak
alip, aslinda sesin modellenmesinde kullanilan Gaussian Mixture Model’i kullanarak saglikli ve apneli
kisileri %79 hassasiyet ve %83 6zgiiliik ile tespit edebilmisler [30]. Ayni ¢alisma grubu g¢aligmalarina
devam ederek, degisik siniflandiricilarin basarim iizerindeki etkisini [31]ve kayit pozisyonunun basarima
etkisini [32] incelemislerdir. Ayrica AHI indeksi belirleme ve son olarak da 2018 yilinda solunum sesleri
ile konugma seslerinin bilesiminden OSA tespiti lizerinde ¢alismislardir. Bu ¢alismada en iyi sonuca, Linear
Discriminant Analysis (LDA) siniflandiricist kullanarak, %92.7 hassasiyet ve %80.0 ozgiillikk ile
ulagmislardir [33].

3. SONUC VE ONERILER

Apnenin daha az fizyolojik parametre ile ev ortaminda tespitine yonelik ¢aligmalarin klinik
aragtirmalar ile daha ¢ok desteklenmis oldugu goriilmiistiir. Bu ¢alismalarda PSG ile %90’larin {izerinde
bir basarim saglansa da, kisilerin 6lgtimleri kendi baglarina almalar1 sorunlar yaratmis, evde apne tespit
cihazlar genis kitlelerce kullanilamamistir. Bu sorunlar1 ortadan kaldirabilecek hastaya temas etmeden
calisan yontem ve sistemler ise heniiz sinirli sayida denek gruplarinda denenmis olup daha genis denek
gruplar tizerinde denenmelerine ihtiya¢ vardir. Kisi uyanikken alinan birkag¢ dakikalik ses kayitlarindan
yapilan apne tespit ¢alismalarinin ise apne siddeti ve apne tiirlerinin belirlenmesi yoniinde gelistirilmesi,
basarimlarmin  klinik olarak kabul edilebilir seviyelere ulastirilmas1 gerekmektedir. Bunlar
gerceklestirilebildigi taktirde bu yontem klinikte kullanim olanagi bulabilir.
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Ozet

Bilgisayar destekli tan1 (BDT), uzmanlara klinik siire¢teki anormalliklerin tespitinde destek olmaktadir.
Tiimdr, kontrolsiiz hiicre boliinmesi ile biiyliyen bir yap1 olarak, anormal bir durumdur. T1bb1 goriintii elde
etmek i¢in birgok yontem vardir. Bunlardan baslica olanlari; Bilgisayarli tomografi, pozitron emisyonlu
tomografi, tek foton emisyonlu bilgisayarli tomografi, manyetik rezonans goriintiileme (MRG)’dir. BDT
alaninda en ¢ok calisma yapilan alanlarin basinda MRG gelmektedir. MRG dilimler halinde elde
edildiginden uzmanlarin bu goriintiileri incelemesi zaman alici olmaktadir. Derin 6grenme modellerinden
olan transfer Ogrenmesi, goriintiideki Ozelliklerin dogrudan elde edilmesini saglamaktadir. Bu
motivasyonla, ¢alismada 6zellik miihendisligi ile transfer 6grenmesi algoritmalarindan olan Resnet50 ve
Alexnet, Relieff ve Komsuluk Temel Bilesen Analizi algoritmalari ile optimize edilmistir. Calismada veri
seti olarak Rembrandt veri seti kullanilmistir. Bu veri setinde 130 hastaya ait 610 adet axial bolge MRG
kullanilarak alt1 farkli transfer 6grenmesi modeli iizerinde en basarili modeli belirlemek amaci ile
performans analizi yapilmigtir. 610 adet goriintiiniin %60’1 (366 adet MR goriintiisii) egitim igin
kullanilmigtir. Geri kalan %20°si ise dogrulama ve kalan %20’si ise test i¢in kullanilmistir. Yapilan
deneylerde Alexnet ve SVM kullanildiginda 0,28 saniyede MRG dilimi analiz edilmistir. Basar1 ise %95,9
olarak hesaplanmistir. Alexnet, komsuluk temel bilesen analizi ve SVM birlikte kullanildiginda tiimorlii
dilim 0,36 saniyede belirlenmistir. Basar1 %95 olarak hesaplanmistir. Resnet50 agi1 ile SVM kullanildiginda
tiimorli dilim 0,30 saniyede belirlenmistir. Basar1 ise %93 olarak bulunmustur. Resnet50, Relieff ve SVM
kullandiginda siire 0,318 saniyeye ¢ikmistir. Basar1 ise %96’ya yiikselmistir. Resnet50 komsuluk temel
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bilesen analizi ve SVM kullanildiginda 0,31 saniyede tiimdrlii dilim tespit edilmistir. Basari ise %96 olarak
bulunmustur. En optimize sonug ise Alexnet Relieff ve SVM’nin birlikte kullanilmasiyla elde edilmistir.
Bu yontemlerin birlikte kullanilmasiyla analiz siiresi 0.27 saniye ve basar1 %98,4 olarak hesaplanmustir.
Alexnet (SVM) modeline Relieff 6zellik segcme algoritmasi uygulanarak basari orant %4 oranda artarak
%98,4’e ylikselmis; sistemin test edilmesi i¢in gecen siire ise 0.01 saniye azalarak 0,27 saniyeye
gerilemistir. Onerilen ydntemin beyin tiimdriinii siniflandirma konusunda etkili oldugu icin, gelistirilecek
bilgisayar destekli tespit sistemlerinde uzmana destek mahiyetinde kullanilabilecegi 6n goriilmektedir.

Anahtar Kelimeler: Transfer Ogrenmesi, Ozellik Mithendisligi, Beyin Manyetik Rezonans Gériintiileme.

Abstract

Computer-aided diagnosis (CBT) supports experts in detecting abnormalities in the clinical process. A
tumor is an abnormal condition as a structure that grows by uncontrolled cell division. There are many
methods to obtain medical images. The main ones are; Computed tomography, positron emission
tomography, single photon emission computed tomography, magnetic resonance imaging (MRI). MRI is
one of the most studied areas in the field of CIS. Since MRI is obtained in slices, it is time-consuming for
experts to examine these images. Transfer learning, which is one of the deep learning models, enables the
features in the image to be obtained directly. With this motivation, Resnet50 and Alexnet, which are feature
engineering and transfer learning algorithms, were optimized with Relieff and Neighborhood Principal
Component Analysis algorithms. Rembrandt data set was used as the data set in the study. In this data set,
performance analysis was performed to determine the most successful model on six different transfer
learning models using 610 axial region MRIs of 130 patients. 60% of 610 images (366 MR images) were
used for training. The remaining 20% was used for verification and the remaining 20% for testing. In the
experiments, when Alexnet and SVM were used, MRI slices were analyzed in 0.28 seconds. Success was
calculated as 95.9%. When Alexnet, neighborhood principal component analysis and SVM were used in
combination, the tumor slice was determined in 0.36 seconds. Success was calculated as 95%. Using SVM
with the Resnet50 network, the tumor slice was detected at 0.30 seconds. Success was found to be 93%.
When using Resnet50, Relieff and SVM, the time increased to 0.318 seconds. Success has increased to
96%. Using the Resnet50 neighborhood principal component analysis and SVM, tumor slices were detected
in 0.31 seconds. Success was found to be 96%. The most optimized result was obtained by using Alexnet
Relieff and SVM together. By using these methods together, analysis time was calculated as 0.27 seconds
and success was calculated as 98.4%. By applying the Relieff feature selection algorithm to the Alexnet
(SVM) model, the success rate increased by 4% to 98.4%; the time taken to test the system decreased by
0.01 seconds to 0.27 seconds. Since the proposed method is effective in classifying brain tumors, it is
anticipated that it can be used to support the expert in computer-aided detection systems to be developed.

Keywords: Transfer Learning, Feature Engineering, Brain Magnetic Resonance Imaging.
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1. GiRiS

Bilgisayar Destekli Tespit Sistemleri (BDT) MR gériintiilerinden (MRG) beyin tiimorlerini tespit
etmede sik¢a kullanilmaktadir. Uzmanlarin direkt olarak MRG’leri incelemekte oldugu manuel tespit
sistemlerinde, goriintiilerdeki tiimor uzman tarafindan tespit edilerek, tiimoriin biiyiikliigiine, yapisina ve
tirline gore tedavi planlanmaktadir. Manuel incelemeler, direkt olarak uzman hekimin tecriibesine ve
yorumlamasina bagli oldugu igin erken teshis ve teshisin giivenilirligi acisindan problemlidir. Bunlara ek
olarak belirli bir biiyiikliigiin altindaki tiimdorler de teshis sirasinda gozden kacabilmektedir. Arakeri ve
arkadaslarinin yaptig1 ¢aligmada, radyologlar tarafindan yapilan dogru teshis basarisinin %75 oraninda
oldugu vurgulanmaktadir. Bu sebeple doktorlar ve radyologlarin 6zellikle tiimorlit MRG dilimlerini yiiksek
basari ile tespit edebilecek bir BDT sisteme ihtiya¢ duymaktadir.

Bu calismada, beyin MR goriintiilerindeki dilimlerin siniflandirilmasinda derin 6grenme tabanl bir
bilgisayar destekli tespit sistemi gelistirilmistir. Calismada transfer 6grenmesi algoritmalarindan olan
Resnet50 ve Alexnet, Relieff ve Komsuluk Bilesen Analizi (NCA) algoritmalar ile optimize edilmistir.
Veri seti olarak REMRANDT veri seti kullanilmistir [1]. Bu veri setinde bulunan 130 hastaya ait 610 adet
axial bolge saglikli ve tiimorlii MRG kullanilarak alt1 farkli transfer 6grenmesi modeli tizerinde en basarilt
modeli belirlemek amaci ile performans analizi yapilmistir Yapilan deneylerde; saglikli ve tiimdrlii siniflara
ait 6znitelikler, Alexnet ve Resnet50 modelleri ile elde edilmistir.

Deneysel sonuclarda elde edilen en basarili sistem ise; Alexnet, Relieff ve SVM’nin birlikte
kullanildig1 sistem olarak saptanmistir. Alexnet ve SVM modeline, Relieff 6zellik se¢gme algoritmasi
entegre edilerek olusturulan bu smiflandirma sisteminde basar1 orani; %98,4; siiflandirma siiresi ise
0,2851 saniye olarak elde edilmistir.

Gelistirilen modelde, diger akademik calismalardan farkli olarak, Alexnet transfer 6§renmesi ve
SVM metodunun kullanildig: siniflandirma sistemi, Relieff 6zellik se¢me algoritmasi kullanilarak optimize
edilerek hibrit bir siniflandirma algoritmasi ortaya konulmustur. Gelistirilen model ile elde edilen MRG
siiflandirma sonucu uzmana sunularak, uzmanin, sadece patolojik birer bulgu olan MR goriintiilerinde,
timorlii bolgenin yerini en dogru ve kisa siirede tespit etmesi amaglanmistir. Bu sayede; yliksek basari
oraninda ve kisa stirede tespit edilip siniflandirilan MR goriintiileri ile tiimor teshisinde zaman kazanarak,
gozden kagabilecek durumlar ortadan kaldirilip, erken teshis siirecine katkida bulunulmasi hedeflenmistir.

2. iLGILI CALISMALAR

MRG tiimérlerin varligimi veya ozelliklerini belirlemek i¢in doktorlar tarafindan yaygin olarak
kullanilmaktadir [2]. Tiimor teshis siiresi ve siniflandirilma dogrulugu doktorun deneyimine ve bilgisine
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baglhidir [3]. Bu nedenle, otomatik ve kusursuz ¢alisan bir tiimor tespit sistemi kullanmak, uzmana yardimci
olmak i¢in son derece onemlidir. Bu sebeple son yillarda bu alanda ¢ok sayida calisma yapilmistir.
Sompong ve arkadaslar1 tarafindan yapilan ¢alismada [4], hibrit bir sistem olarak bulanik c-ortalama
kiimeleme algoritmasi ve hiicresel otomat temelli beyin tiimorii boliitleme yontemi sunulmustur.
Performans degerlendirmesi i¢in Brats2013 veri kiimesi kullanilan ¢alismada, 6z nitelik ¢ikarimi igin gri
seviye ortak olusum matrisi (GLCM) ve geleneksel segmentasyon algoritmalari kullanilmistir.

Muhammed Nazir ve arkadaslart beyin MRG’lerini Oncelikle filtreleyerek giiriiltiiden
temizlemislerdir. Daha sonra, her goriintiiniin ortalama renk momenti iizerindeki Ozniteliklerini elde
etmislerdir. Cikarillan oOzellikleri yapay sinir ag1 (YSA) ile smiflandirmislardir. Calismalarinda
siniflandirma basar1 oran1 %91.8 olarak elde edilmistir [5]. Muhammed Sajjad ve ark. Yaptiklar1 ¢alismada
beyin tiimoriiniin siniflandirilmasi igin 6ncelikle MRG’lerden béliitleme ile timor bolgesi segilmistir. Daha
sonra, Onerilen Evrisimsel Sinir Agr (CNN) modeli ile simiflandirma islemi gergeklestirilmistir.
Smiflandirmadaki basar1 %94.58 olarak elde edilmistir [6].

Kanmani ve digerleri MRG’leri siniflandirmak i¢in esik tabanli bolge optimizasyonu (TBRO)
yontemini kullanmiglardir. TBRO ile yapilan segmentasyon islemi sonrasinda basar1 orant %96.57 olarak
elde edilmistir [7].

Praveen ve arkadaslar1 MRG’den tiimdr tespiti i¢in ¢ok asamali bir yaklasim O6nermislerdir. Bu
yaklagimin ilk adimi, goriintii filtrelemeyi icermektedir. Bu islem sirastyla goriintii kirpma, 6lgekleme ve
histogram esitleme yontemlerini icermektedir. Daha sonra 6zellik ¢ikarma islemi, GLCM kullanilarak
yapilmstir. On isleme adimindan sonra tiimérlii goriintiiler Rastgele Orman ydntemiyle siiflandiriimistir.
Degerlendirmede toplam 120 hasta verisi kullanilmig ve gelistirilen modelin siniflandirma dogrulugu
%87,62 olarak saptanmistir [8].

Ibrahim ve arkadaslar1 tarafindan yapilan c¢alismada MR goriintiileri, CNN kullanilarak
siniflandirilmigtir. Egitim verileri olarak CIPR veri tabanindaki veriler kullanilmistir. Gelistirilen modelde
kullanilan her bir gériintiiniin boyutu 3x58’dir. Elde edilen sonuglar ile birlikte, Siniflandirma dogrulugu %
96.33 olarak ortaya konmustur [9].

Shiu Kumar ve digerleri beyin tiimorlerinin siniflandirilmasinda uzun kisa siireli bellek (LSTM) ag1
ve makine 6grenme yontemleri kullanmislardir. Calismalarinda en iyi siniflandirma basaris1 %78.33 olarak
elde edilmistir [10].

Yal¢in ve Razavi, onerdikleri CNN modeli ile bitkileri siniflandirmislardir. Onerilen mimari 5
katmanli konviiliisyon ve 3 tam baglant1 katmanlarindan olusmaktadir. Modellerde 6nceden egitilmis bir ag
kullanilmaktadir. Elde edilen sonuglara gére onerilen model %97.04 oraninda bir basartya ulasmistir [11].

Onerilen yontemde ise 610 adet axial bolge beyin MRG’leri saglikli ve timérlii olmak {izere
siniflandirilmak istenmistir. Bu sebeple kullanilan Alexnet ve Resnet50 transfer algoritmalarina entegre
edilen Relieff ve NCA 06zellik se¢gme algoritmalart sayesinde alti farkli smiflandirma sistemi modeli
olusturulmus, sistemlerin basarimlarina ait performans analizi yapilmistir. Elde edilen sonucglara gore
Alexnet transfer 6grenmesi algoritmasin, Relieff 6zellik se¢me algoritmasi ile optimize edilmesiyle
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olusturulan sistem en basarili model olarak saptanmistir. Bu modelde smiflandiric1 olarak SVM
kullanilmistir. Sisteme ait bagsarim oran1 %98,4 olarak saptanmistir. Test i¢in harcanan stire ise 0,28 saniye
olarak tespit edilmistir.

3. MATERYAL VE YONTEM

BDT sistemleri, 6zellikle medikal alanda bir¢ok uygulama i¢in gorlintii anlama, 6zellik ¢ikarma,
analiz ve yorumlamada 6nemli bir rol oynar. Tip biliminde doku siniflandirmasi, tiimdrlerin lokalizasyonu,
timor hacmi tahmini, kan hiicrelerinin tanimlanmasi, cerrahi planlama ve goriintii kayd: gibi yaygin
uygulamalara sahiptir. Bu c¢alismada kullanilan Alexnet ve Resnet50 transfer 6grenmesi algoritmalari,
Relieff ve NCA 06zellik se¢im algoritmalar: kullanilarak optimize edilmis ve MRG’ler saglikli ve tiimorlii
olmak iizere siniflandirilarak sonuclar karsilastirilmistir. Calismanin akis diyagrami sekil 1°de verilmistir.

______________________________

Ozellik ¢ikarimi Ozellik se¢imi

1

I

I

I

i 1

i

Alexnet Relieff :
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1

i

1
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: : Model dirme
I : [ Dogr :
: I : | I
: : : : Hassashk i
: : ! .| I
1

i : by Duyarlilik :
! 1 ! I
: R T ! : = I
> ! | Ozgullik !
I ! 1 1
| [ 1 I
: Saglikh Tumorli : : F1 puani |

. I 1 !
| Aktif Model ! e e e .

Sekil 1. Calismaya ait akis diyagrami.

MR goriintiilerini iceren veri seti, iki farkli yontem olan AlexNet ve Resnet50 modelinde
kullanilmaktadir. Her bir modelde 6ncelik olarak, AlexNet ve Resnet50 modellerinden elde edilen 6znitelik
vektorleri ile smiflandirma islemleri gergeklestirilmistir. Siniflandirict olarak her modelde SVM
siniflandiricist kullanilmistir. Ardindan elde edilen 6znitelik vektorleri dncelikle Relieff, ardindan NCA
ozellik se¢me algoritmalarina uygulanarak, ortaya cikan siniflandirma sonuglart karsilastirilmistir.
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Calismada kullanilan veri seti, literatiirde kullanilan ve bilimsel arastirmalara ac¢ik National Institutes of
Health (NIH) kanser goriintiilleme arsivinde bulunan Rembrandt veri setinden elde edilmistir. Sekil 2°de
veri setine ait 6rnek goriintiiler verilmistir.

(b)

Sekil 2. Calismada kullanilan veri setine ait saglikli (a) ve tiimorlii (b) beyin MR goriintiileri.

Veri setinde 130 hastaya ait 610 adet (295 saglikli ve 315 tiimorlii) aksiyal bolge beyin MRG’si
bulunmaktadir. MRG verileri, hold-out yontemi ile %60’1 egitim (366 adet MR goriintiisii), %20’si
dogrulama (122 adet MR goriintiisii) ve %20’si test (122 adet MR goriintiisii) olmak iizere rastgele
béliinmiistiir. Ozellikle test icin kullanilacak verilerin, daha énce sistemin karsilasmadig: veriler olmasina
dikkat edilmis, bu sayede gelistirilen derin 6grenme modellerinde ortaya ¢ikacak overfitting (ezberleme)
ihtimali ortadan kaldirilmastir.

Cahsmada Kullanilan Derin Ogrenme Mimarileri ve Optimizasyon Algoritmalar
Alexnet ve Resnet50 Transfer Ogrenimi Algoritmalar

Transfer 6grenmesi (Transfer Learning), daha onceden bir problem ¢oziimii i¢in egitilen derin
ogrenme modelinin, temel yapisini koruyarak; yeni bir problem i¢in uyarlanmasini inceleyen dgrenme
yaklagimidir. Gergek hayatta bir insan karsisina ¢ikan bir problemin ¢oziimii i¢in nasil gegmis
tecriibelerinden yardim aliyorsa, transfer 6grenmesi de temelde insanin bu yetenegini taklit etme amaciyla
ortaya ¢ikmigtir. Sekil 3’de transfer 6grenmesine ait akis semasi verilmistir.
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r Giirev A

Bilgi tramsferi

r Giirev B

Mimari ve madel parametreleri

Sekil 3. Transfer 6grenimi akis diyagrami.

Sekil 3’de gosterildigi gibi, transfer 6grenmenin geleneksel makine 6grenme algoritmalarindan farka;
bir problemi ¢6zmek i¢in, daha 6nce benzer problemi ¢ézmede kullanilan mimariden kazanilan bilgiler
kullanilir. Calismada daha 6nceden 6zellikle siniflandirma problemleri i¢in egitilmis ve basarili sonuglar

elde etmis; Alexnet ve Resnet50 transfer 6grenme algoritmalar1 kullanilmistir.

Alexnet Transfer Ogrenimi Algoritmasi

Alexnet, Krizhevsky ve arkadaslar1 tarafindan 2012 yilinda olusturulmustur. Goriintii siniflandirma
alaninda kullanilan ilk biiyiik 6l¢ekli derin ag modelidir.Diger derin 6grenme modellerinin aksine, bu
mimaride; konvoliisyon ve havuzlama katmanlar1 paralel olarak birbirine bagli modiiller seklinde
kullanilmistir. Bu sayede katmanlar yi§inlayarak ve ¢cok sayida filtre ekleyerek meydana gelen mimarilerde
ortaya ¢ikan bellek maliyetlerinin oniine gecilmistir [12]. Alexnet ILSVRC 2012’de ImageNet veri setinde
%16.4’°1ik ilk 5 hata orani ile en basarili sonucu elde etmistir. Sekil 4’de AlexNet’in ag mimarisi verilmistir.

e — —
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Sekil 4.Alexnet’in ag mimarisi.
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Resnet50 Transfer Ogrenimi Algoritmasi

Calismada kullanilan ResNet50 [13] suana kadarki tiim mimarilerden daha derin olarak tasarlanan bir
mimaridir. 152 katmandan olusmaktadir. Bu mimari Residual bloklardan olusmaktadir. Sekil 5’te Resnet50
derin 6grenme modeline ait a§ mimarisi verilmistir.

Oznitelik cikarim

Resnet50 derin G&renme modeli

Giris

giriintilsd n— SVM *. fe y
L______-_______-"'-‘

Cikus Simflandiricy
giirtintiisi

I.-’r Convl Convl Convd Convd Convs \"\1

i | | | | | | |
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Sekil 5. Resnet50 derin 6grenme modeli ag mimarisi

Relieff ve NCA Ozellik Se¢me Algoritmalari

Ozellik segimi kisaca, bir smifa ait olan ve derin 6grenme modelleri ile elde edilen &zelliklerin alt
kiimesini olusturarak, temel ozellik vektoriine esdeger ve daha islevsel, boyut olarak daha kiigiik bir
oznitelik vekoriiniin olusturulmasidir. Ozellik segim algoritmalari genel olarak; filtre tipi, sarici tip ve
gomiilii tip olmak tizere li¢ farkl tiire sahiptir. Bu caligmada kullanilan Relieff ve NCA 6zellik se¢im
algoritmalart filtre tipi 6zellik se¢im algoritmasidir.

Relieff 6zellik se¢im algoritmasi,yaniti tahmin etmek i¢in gozlemler arasinda ¢ift mesafeler kullanan,
mesafeye dayali denetimli modeller i¢in, 6zellik 6nemini tahmin etmekde en iyi sonucu verir [14]. Bu
algoritma, y cok sinifli kategori igeren bir degisken oldugu durumda; 6zellik belirleyicilerinin agirliklarini
bulur. Algoritma, ayni siifa ait komsu degiskenlere farkli degerler atayan tahmincileri devre dis1 birakar.
Buna karsilik farkli siniflara ait degiskenlere farkli degerler atayan tahmincileri ise egitime dahil eder.

Komgsuluk bileseni analizi (NCA) 06zellik se¢cim algoritmasi, regresyon ve smiflandirma
algoritmalarmin tahmin dogrulugunu en st diizeye ¢ikarmak amaciyla 6zellikleri segmek i¢in parametrik
olmayan bir yontemdir.

)

®
&)

& : eps”

FRAGRANCES

Biyomed



Natural & Applied Sciences Journal Volume: Special Issue: 2nd International Congress of Updates in Biomedical Engineering 2020

Bu c¢alismada, Alexnet ve Resnet50 derin 6grenme aglarindan elde edilen Oznitelik vektorlerine
uygulanacak 6zellik se¢im algoritmalar1 olarak, 6zellikle giiriiltiilii goriintiilerdeki yiiksek basarilar1 goz
Oniine alinmasindan dolay1 Relieff ve NCA algoritmalar1 uygun goriilmiistiir (Kononenko ve Igor, 1994).
Bu sayede tahmin performansini iyilestirmek ve daha hizli bir sonug elde edebilmek amaglanmaistir.

SVM ile Stmiflandirma

Onerilen modelde smiflandirici olarak SVM(Support Vector Machine) kullamilmistir. SVM
siniflandirma konusunda kullanilan oldukga etkili ve basit yontemlerden birisidir. Siniflandirma igin bir
diizlemde bulunan iki grup arasinda bir sinir ¢izilerek iki grubu ayirmak miimkiindiir. Bu sinirin ¢izilecegi
yer ise iki grubun da iiyelerine en uzak olan yer olmalidir. iste SVM bu smirin nasil gizilecegini belirler.
SVM’ler hicbir parametre almayan siniflayicilardir.Dagilim hakkinda herhangi bir 6n bilgi veya varsayim
yoktur. Egitim setlerinde girdi ve ¢iktilar eslenir. Egler araciligiyla test setlerinde ve yeni veri setlerinde
girdi degiskenini siniflayacak karar fonksiyonlari elde edilir.

Cahismada Gelistirilen Derin (")grenme Modellerinin Test Edilmesi

Derin 6grenme modellerinin egitiminde kullanilan veri setlerinin kaliteli, ¢esitli, genis ve sayisal
anlamda yeterli olmasi; ag basarimini1 dogrudan etkilemektedir. Gelistirilen modelin giivenilirligi, probleme
uygun segilen derin 6grenme modelinin egitilmesi ve ardindan egitilen modelin test edilmesi ile
oOlciilebilmektedir. Test islemleri sonucunda elde edilen basarim oranlari, hem modelin giivenilirligi hem
de egitilen modelde var olan temel problemler hakkinda kullaniciya bilgi aktarabilmektedir.

Gelistirilen modelde, test seti i¢cinde bulunan goriintiilerin sistemin daha once hi¢ karsilasmadigi
gorlintiilerden olusmasina dikkat edilerek, ezberleme (overfitting) ihtimalinin ortadan kaldirilmasi
hedeflenmistir. Bu sebeple derin 6grenme modellerinde kullanilacak olan veri seti hold-out yontemi ile
egitim,dogrulama ve test olmak tizere 3’e ayrilmistir. Test islemleri sonucunda modellerin performanslarin
karsilagtirmak i¢in karmasiklik matrisleri kullanilmistir.

Karmagiklik matrisleri, siniflandirma modellerinin performans temsilleridir. Martis, test edilen
verilerin ger¢ek sonuglara kiyasla dogru veya yanlis siniflandirilmis veri sayisini gosterir. Karmasiklik
matrisini degerlendirme araci olarak kullanmanin avantajlarindan birisi de daha ayrintili analizlere izin
vermesidir. Calismada elde edilen karmasiklik matrisleri 2x2 seklindedir. Burada 2 siif sayisinm
belirtmektedir.Elde edilen test sonuglarina ait karmaksiklik matrisleri sekil 6’da verilmistir.
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Sekil 6. Deneysel caligmalara ait elde edilen karmagiklik matrisleri.

Sekil 6 da verildigi gibi, alti farkli transfer 6grenmesi modelinin siniflandirma performanslar
karsilagtirilmistir. Elde edilen sonuglara gore en basarili model Alexnet (Relieff+SVM) modeli olarak
saptanmistir. Modele ait basarili siniflandirma orani1 %98,4 olarak elde edilmistir. Bu sonuglar ile birlikte
Alexnet derin 6grenme modelinin Relieff 6zellik segme algoritmasi ile optimize edilerek elde edile basari
orani, temel Alexnet transfer 6grenimi algoritmasit ve SVM kullanilarak simiflandirilmasi ile elde edilen
basar1 oranindan yaklasik %3,5 daha basarili bir siniflandirma elde edilmistir. Cizelge 1°de ¢aligsmalara ait
dogrulama degerleri ve test siireleri verilmistir.
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Cizelge 1. Elde edilen deneysel sonuglara ait dogrulama degerleri ve test siireleri.

Disarida

twtma Capraz do_gru_lama Test s_iiresi
(Cross-validation) (Saniye)
(Hold-out)
Alexnet(SVM) 0,959 0,9481 0,3204
Alexnet(Relieff+SVM) 0,9754 0,9757 0,2851
Alexnet(NCA+SVM) 0,9672 0,959 0,3337
Resnet50(SVM) 0,9486 0,9309 0,5769
Resnet50(Relieff+SVM) 0,9672 0,9372 0,3124
Resnet50(NCA+SVM) 0,9508 0,9563 0,3614

Cizelge 1°de verildigi gibi, deneysel sonuglar ile birlikte, test islemleri i¢in gegen siireler goz dniinde
bulunduruldugunda en basarili model Alexnet (Relieff+SVM) olarak belirlenmistir. Modele ait test icin
gecen stire 0,2851 saniyedir.

4. SONUCLAR VE TARTISMA

Bu calismada gelistirilen derin 6grenme tabanli siniflandirma sistemi ile literatiir ¢aligmalar1 da
incelendiginde basarili ve hizli bir sistem Onerilmistir. Mevcut transfer 6grenmesi algoritmalarindan olan
Alexnet ve Resnet50 modelleri, Relieff ve NCA 6zellik segme algoritmalari ile optimize edilmistir.
Optimize edilen modellerden elde edilen 6zellik vektorleri soft-max katmani yerine SVM siniflandiricisina
uygulanmig ve sonuglar karsilastirilmistir. Alt1 farkli deneysel sonuca ait elde edilen sonuglar karmasiklik
matrisleri ve onlara bagl degiskenler ile degerlendirilip analiz edilmistir. Ortaya ¢ikan deneysel sonuglar
ile birlikte optimizasyon islemi 6zellikle Alexnet transfer 6grenimi algoritmasi ve Relieff 6zellik se¢me
algoritmasinin birlikte kullanildig1 model ile en basarili sonug elde edilmistir.

Ozellik optimizasyon islemi gerceklestirilen derin 6grenme modelinden elde edilen &znitelikler
SVM smiflandiricist kullanilarak siniflandirilmistir. Sisteme ait basarim temel Alexnet ve SVM modeline
gore yaklasik %3,5 artarak %98,4’e yiikselmis; test islemi i¢in gegen siire ise yaklasik 0.04 saniye kisalarak
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0.28 saniyeye gerilemistir. Cizelge 2’de literatlirde yapilan ¢alismalara ait 6rnekler ve onerilen yontemin
karsilastirilmasi verilmistir.

Cizelge 2. Literatiirde yapilan ¢aligmalar ve basar1 oranlart.

Kullanici Timor
Calisma Kullanilan Metodoloji etkilesim algilama
diizeyi basarisi
Muhammed nazir vd. Yapay sinir aglar Otomatik %91,8
Kanmani vd. Esik tabanl: bolge Otomatik 9696,57
optimizasyonu
Praveen vd. GLCM ve Rastgele orman Otomatik %87,62
Ibrahim vd. CNN Otomatik 9%96,33
Shiu Kumar LSTM Otomatik %78,33
Yalcin ve Razavi CNN Otomatik %97,04
Onerilen yontem Alexnet ve Re“?ff ozellik Otomatik %98,4
secme algoritmast

Cizelge 2°de verilen ¢alisamalar ile birlikte 6zellikle derin 6grenme modelleri ile oneriken yontemin
karsilagtirildiginda; gelistirilen modelin basaris1 goriilmektedir.

Bu sonuglar ile birlikte gelistirilen sistem, uzmana MRG dilimlerini incelemede ve yorumlamada
destek olabilecek bir sistemtir. Ileride gelistirilecek BDT sistemlerinde kullanilarak yiiksek basari oran1 ve
diisiik hizda teshisi ile birlikte uzmana yardimei1 olarak hem tedavinin dogru planlanmasi hem de erken
teshis konusunda olusabilecek zaman kayiplarinin 6niine gegilmesi dngoriilmektedir.
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Ozet

Yirminci yiizyilda teknoloji alaninda bir¢ok atilim gerceklesmis olup bu atilimlar saglik sektoriinii de
etkilemistir. Insanligim saglik alanina taleplerinin artmastyla hizli ve giivenilir bulgular elde etme gerekliligi
de artarak ihtiya¢ haline gelmistir. Bu nedenle yeni tibbi cihaz ve gesitleri iiretilmeye baglanmistir. Tibbi
cihazlar; saglik alaninda icerisinde kullanilabilecek, insan sagligina katkisi olan teknolojik arag, gereg ve
yapilardir. Tibbi cihazlar birgok kurulusa gére farkli tanimlara sahiptir. Ulkemizde Saglik Bakanligi’nin
Tibbi Cihaz Yonetmeligi’nde yer alan tanimma gore; Tibbi cihaz: “Insanda kullanildiklarinda asli
fonksiyonunu farmakolojik, immiinolojik veya metabolik etkiler ile saglamayan fakat fonksiyonunu yerine
getirirken bu etkiler tarafindan desteklenebilen ve insan {izerinde; Hastaligin tanisi, onlenmesi, izlenmesi,
tedavisi veya hafifletilmesi ya da yaralanma veya sakatliin tanisi, izlenmesi, tedavisi, hafifletilmesi veya
magduriyetin giderilmesi ya da anatomik veya fizyolojik bir islevin aragtirilmasi, degistirilmesi veya yerine
bagka bir sey konulmasi ve yahut dogum kontrolii amaciyla kullanilmak iizere imal edilmis, tek basina veya
birlikte kullanilabilen, imalatgisi tarafindan ozellikle tan1 ve/veya tedavi amagh kullanilmak iizere imal
edilmis ve tibbi cihazin amaglanan islevini yerine getirebilmesi i¢in gerekli olan yazilimlar da dahil, her
tiirlii arag, alet, techizat, yazilim, aksesuar veya diger malzemeler olarak”, aksesuar ise “Kendi basina tibbi
cihaz sayilmayan ancak tibbi cihazin amacina uygun bir sekilde kullanilmasini temin etmek i¢in bu cihaz
ile birlikte kullanilmak iizere imal edilen parcay1 veya parcalar” olarak tanimlanmaktadir. [1] Tibbi cihazlar
saglik sektoriiniin her pozisyonunda kullanimi1 mevcut hale gelmistir. Bu kullanimla birlikte tibbi cihazlarin
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cesitliligi de artmaya baslamistir. Bu cesitlilik daha sonra tibbi cihazlarin ¢esitli sekillerde
siniflandirilmasini saglamistir. Genel olarak tibbi cihazlar agsagidaki gibi siniflandirilmaktadir.
. Tibbi Goériintiileme Sistemleri

. Ameliyathane ve Solunum Cihazlar

. Biyokimya, Molekiiler Biyoloji, Hematoloji, Genetik ve Mikrobiyoloji
. Cihazlan

. Biyolojik Sinyal izleme Cihazlar1

. Radyoterapi Sistemleri

. Fizik Tedavi Cihazlari
. Optik Tibbi Cihazlar

. Sterilizator ve Etiiv Cihazlari

. Dis, KBB ve Goz Uniteleri

. Ses ve Isitme Cihazlar1 (Odyometre, Empedansmetre)

. Mekanik Cihazlar ve Cerrahi Aletler

. T1ibbi Gaz Sistemleri

. Hemodiyaliz Cihazlari, Su Sistemleri (Deiyonize, Distile, Revers Ozmoz)
. Tek Kullanimlik Sarf Malzemeleri

. Protez ve Ortezler

Tek kullanimlik sarf malzemeleri tibbi cihazlar igerisinde dnemli yere sahiptir. Ulkemizde en ¢ok kullanilan
tibbi cihazlar arasinda iist siralarda yer almaktadir. Yine iilkemizde iiretilen tibbi cihazlarin biiytik
cogunlugu sarf malzemelerden olusmaktadir. Igneler de tibbi cihazlar igerisinde tek kullanimlik sarf
malzemeleri icerisinde yer almaktadir.

Igneler, giinliik kullamim icerisinde hastaneler, klinikler veya bireysel kullanim amaciyla tibbi cihaz
sektdriinde dnemli bir yere sahiptir ve oldukga fazla tiiketilen iiriinlerdir. Igneler genellikle tek kullanimlik
paslanmaz metalden yapilmus, steril paket i¢erisinde disposable halde, enjektor ile birlikte ya da tek bulunur.
Farkli ¢ap, farkli igne ucu kesim agis1 veya farkli uzunluklarda iiretilebilirler. Uretilen igneler TS EN ISO
7864 standardin da belirtilen gereklilikleri yerine getirmelidir. Farkli ¢aplara sahip olan igneler spinal
uygulamalar, dental tedaviler, biyopsi uygulamalari, kateterlerle birlikte kullanimin yani sira insiilin kalem
ucu olarak kullanimlar1 mevcuttur. igneler gauge sistemine gore tasarlanmis olup gauge biiyiidiik¢e igne
cap1 kiictliir. X gauge demek 1/X pound (453 g) agirligindaki saf kursundan yapilmis sferik yapida bir
sagmanin Sl¢iimlenen ¢apint (42,4 mm x 1/ V3 X) ifade eder. igneler boyutlara gére kabaca kiigiik ¢aplt
(20-25 gauge) ve biiyiik ¢apli (14-19 gauge) olarak ayrilabilir. Kiigiik ¢apli igneler yeterli sitolojik materyal
ve ¢ogu zaman yeterli histolojik materyal saglar. Coklu 6rneklem gerektiginde giivenle kullanilabilir ve
hedef lezyona ulasirken olusabilecek komplikasyonlari en aza indirir. Ama kiiciik capli igneler, 6zellikle
derin yerlesimli lezyonlara ulasirken hedeften sapma egiliminde oldugundan bu ignelerle lezyona direkt
ulagmak daha zordur. Biiyiik ¢apli igneler ile lezyona direkt ulasmak daha kolaydir ve genellikle daha az
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sayida girisle sitoloji ve histoloji i¢in daha iyi 6rnek saglar. Ancak kanama riski igne c¢ap1 arttik¢a artar [2-
6]. igneden beklenen en temel fonksiyonlardan biri kolay penetrasyon yapabilmesidir. Ignelerde
penetrasyon, insan veya hayvan cildine girisim anlamina gelir. Cildin bu girisime kars1 gostermis oldugu
direng penetrasyon kuvvetini ifade eder. Ignenin cap1, kesim, uzunlugu, giris acisi, batma hiz1 ve yiizeyin
yapisi penetrasyon Kuvvetine etki edebilecek parametrelerdir.

Anahtar Kelimeler: Tibbi Cihaz, Tek Kullanimlik igne, Penetrasyon Kuvveti
1. GiRiS

Insanhigin gelisimi ile saglik alan1 da giderek gelisen bir degisim icine girmistir. Bu gelisim
beraberinde bir¢ok cihaz, alet, ila¢ ve malzeme iiretimini getirmistir. Bu gelismeler ile hastaliklarin teshisi
kolaylasmis, erken miidahaleye imkan taninmis ve 6liim riskleri daha aza inmistir. Tibbi cihazlar da saglik
alan1 igerisinde yer alan en 6nemli iiriin gruplarindan biri haline gelmistir. Saglik alani igerisinde birgok
yerde kullanimlart mevcuttur. Tek kullanimlik steril igneler de tibbi cihazlar i¢erisinde 6nemli bir yere
sahiptir.

Igneler, giinliik kullanim icerisinde hastaneler, klinikler veya bireysel kullanim amaciyla tibbi cihaz
sektdriinde onemli bir yere sahiptir ve oldukca fazla tiiketilen iiriinlerdir. igneler TS EN ISO 7864
Standardinda yer alan gerekliliklere gore iiretilmis olmalidirlar. Bu standart ignenin iiretimiyle alakali
gerekli bircok fiziksel, kimyasal parametreyi belirler ayrica fiziksel olarak karsilamasi gereken
zorunluluklar i¢in de bir¢ok tolerans degeri icerir. Tek kullanimlik steril igneler i¢in penetrasyon (niifus
etme), en biiyiik risk faktorlerinden biri olup yaralanmalarin temel kaynaklarindan biridir. Tek kullanimlik
steril igneler i¢cin TS EN ISO 7864 standardinda penetrasyon testi yer almakla birlikte belirlenmis asgari
limit deger veya bir tolerans degeri bulunmamaktadir.

Bu calismada tek kullanimlik steril ignelerin penetrasyon kuvvetine etki edebilecek degiskenlerin
kuvvet profili iizerindeki degisimi arastirilmustir. Igneye ait boyutlarin ve ignenin farkli hareket hizlarmimn
penetrasyon kuvvet profiline etkisinin incelenmesi gerceklestirilmistir. Bu ¢alisma icerisinde penetrasyon
kuvvetine etki edebilecek diger degiskenlerle alakali 6neriler de ayrica verilmistir.

2. MATERYAL VE YONTEM

Bu ¢aligmada tek kullanimlik steril ignelerin penetrasyon kuvvetine etki edebilecek 2 farkli degiskenin
kuvvet profili iizerindeki degisimi incelendi. igneye ait boyutlarm ve ignenin farkli hareket hizlarinin
penetrasyon kuvvet profili tizerindeki etkileri ve degisimleri arastirildi.

Yapilan caligmalarda TS EN ISO 7864 Standardi referans alinarak deneyler gergeklestirildi. Deneylerde 6
farkli ¢apa sahip igne kullanildi. Kuvvet degerlerini gérebilmek amaciyla Instron marka test 6l¢iim cihazi
kullanildi. Cihazda gerceklestirilen deneylerde 100 N’luk yiik hiicresi ile deneyler uygulandi. Numuneler
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oncelikli olarak cihaza ait sabit tutucular arasina yerlestirildi ve belirlenen hareket hiziyla poliiiretan film
iizerine batirilarak penetrasyon kuvvetleri belirlendi. Numunelerin caplarinin ve hareket hizlarmin
penetrasyon kuvvetine etkileri deneysel ¢alismalarla gézlemlendi. ilk olarak numunelerin ¢aplarmin etkisi
arastirildi. Alt1 farkli ¢ap degerine sahip her bir ¢ap grubunda 10 adet igne ile ¢alisma toplamda 60 adet
igne kullanildi. Daha sonra 2 farkli hareket hiz1 ve 6 farkli cap grubunda 10’ar adet igne ile toplamda 120
adet ignenin kullanimiyla gerceklestirilen deneylerle hareket hizinin penetrasyon kuvvetine etkisi her bir
cap gurubu igerisinde ayri sekilde incelenerek belirlendi.

Penetrasyon Kuvvetine Igne Cap Boyutunun Etkisi

Gergeklestirilen calismada penetrasyon kuvvetine igne caplarinin etkisinin incelenmesi i¢in 6 farkl captaki;
18G(1,2-1,3 mm dis gap), 20G(0,860- 0,920 mm dis ¢ap), 21G(0,800-0,830 mm dis ¢ap), 25G(0,500-0,530
mm dis ¢ap), 27G(0,400-0,420 mm dis ¢ap) ve 31G(0,254-0267 mm dis ¢ap) igneler kullanildi. Deney
isleminde fakli caplardaki igneler i¢in 0,4 mm kalinliga sahip poliiiretan malzeme yiizey olarak kullanildi.
Yiizey malzemesinin ayni kullanilmasiyla kuvvet lizerinde yalnizca ¢aplarin degisimi gozlemlendi.

Penetrasyon Kuvvetine igne Hareket Hizinin Etkisisnin incelenmesi

Gergeklestirilen bu calismada da penetrasyon kuvvetine igne hareket hiz1 etkisinin incelenmesi i¢in 6 farkli
captaki; 18G(1,2-1,3 mm dis ¢ap), 20G(0,860- 0,920 mm dis cap), 21G(0,800-0,830 mm dig ¢ap),
25G(0,500-0,530 mm dis ¢ap), 27G(0,400-0,420 mm dis ¢ap) ve 31G(0,254-0267 mm dis ¢ap) igneler
kullanildi. Deney isleminde fakli caplardaki igneler i¢in 0,4 mm kalinliga sahip poliiiretan malzeme yiizey
olarak kullanildi. Farkli ¢aplara sahip numunelerde 200 ve 400 mm/dak hareket hizlarinda deneyler
gergeklestirildi. Bu sayede aynit numune i¢in 2 farkli hareket hizinin penetrasyon kuvvet profiline etkisi
gozlemlendi.

3. SONUC VE ONERILER

Gergeklestirilen deneylerle 2 farkli etkenin penetrasyon kuvvet profiline etkisi incelenmistir.
Incelenen ilk etken olan penetrasyon kuvvetine igne caplarmin etkisinin arastirildigi deney sonuglari
asagidaki tabloda gosterilmektedir.
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Tablo 1. Penetrasyon kuvvetine igne ¢ap boyutunun etkisi.

Penetrasyon Direnci
(N)

Igne Cap1 [GAUGE(G)]

18 20 21 25 27 31

Numune 1 3,08 0,89 0,89 0,82 0,82 0,49
Numune 2 3,51 0,93 0,99 0,75 0,84 0,48
Numune 3 2,86 0,91 0,80 0,81 0,82 0,49
Numune 4 2,86 1,22 0,78 0,76 0,70 0,48
Numune 5 4,30 0,89 1,09 0,85 0,80 0,55
Numune 6 3,71 0,93 0,99 0,76 0,83 0,45
Numune 7 3,11 1,45 1,15 0,84 0,73 0,55
Numune 8 4,28 0,80 0,80 0,80 0,63 0,48
Numune 9 3,19 0,98 0,79 0,84 0,71 0,53
Numune 10 2,79 0,93 0,81 0,75 0,79 0,59
Minimum Deger 2,79 0,80 0,78 0,75 0,63 0,45
Maksimum Deger 4,30 1,45 1,15 0,85 0,84 0,59
3,37 0,99 0,91 0,80 0,77 0,51

Ortalama Deger

Incelenen ilk etken olan caplarin degisiminin penetrasyon kuvvetine etkisine bakildiginda,
Numunelerin ¢aplar1 arttikca penetrasyon direnglerinin azaldigi gozlendi. 18 G ignelerin penetrasyon
kuvveti ortalama 3,37 N degeriyle en yliksek deger olarak goriildii. 20 G ignelerde ¢apin azalmasiyla birlikte

penetrasyon kuvvetinde de azalma oldugu goriildii ortalama 0,99 N kuvvet degeriyle 18 G ignelere gore
2,38 N azalma gerceklesti. 20 G igneler cap boyutu olarak 18 G ignelerden ortalama olarak %28 daha ince
olmalarina karsin penetrasyon kuvvetinde gerceklesen diisiis ise ortalama %71 olarak gerceklesti. 21 G
ignelerde ise penetrasyon kuvveti ortalama 0,91 N olarak gerceklesti. 21 G igneler ¢cap boyutu olarak 20 G
ignelere gore ortalama %9 incedirler bu iki numune arasinda ise penetrasyon kuvveti ortalama %8 azalma
gostermistir. 25 G ignelerde ortalama penetrasyon direnci 0,80 N olarak gerceklesmistir. 25 G ignenin ¢ap1
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21 G igneye gore ortalama %37 daha incedir bununla birlikte penetrasyon kuvvetindeki azalma ise %12
olarak gerceklesmistir. 27 G ignelerde penetrasyon kuvveti ortalama 0,77 N olarak oSlgiilmistiir. 27 G
ignelerin ¢ap1 25 G ignelerden ortalama olarak %20 daha ince olmasina karsilik penetrasyon kuvvetindeki
azalma %4 olarak gerceklesmistir. 31 G igneler numune grubu igerisindeki en ufak c¢apli ignelerdir ve
yapilan deneyler sonucunda penetrasyon direnci ortalama 0,51 N olarak olciilmiistiir. 31 G ignelerin cap
ortalamasi1 27 G ignelere gore ortalama olarak %37 daha kiigiiktiir bunun yani sira penetrasyon kuvvetindeki
azalma ise %34 olarak gerceklesmistir. Bu degisimler bize ¢cap degerlerinin azalmasiyla birlikte penetrasyon
kuvvetinde bir azalma gergeklestigini gdstermekle birlikte bu degisimlerin dogru orantili bir sekilde
gerceklesmedigini de ortaya koymaktadir.

Incelenen ikinci etken olan penetrasyon kuvvetine igne hareket hizlarinin etkisinin arastirildig
deney sonuglar1 asagidaki tabloda gosterilmektedir.
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Tablo 2. Penetrasyon kuvvetine igne hareket hizinin etkisi.

Penetrasyon Igne Capi [GAUGE(G)]
Direnci (N)
18 20 21 25 27 31
Hareket Hiznn

(mm/dk) 200 400 200 400 200 400 200 400 200 400 200 400
Numune 1 271 277 103 0,83 1,04 057 085 08 077 08 054 0530
Numune 2 275 321 12 0% 0% 080 081 08 078 081 047 047
Numune 3 335 314 091 082 08 05 083 08 076 078 048 046
Numune 4 34 337 088 09 085 05 088 077 082 082 049 052
Numune 5 309 327 076 09 05 074 082 08 079 08 048 048
Numune 6 273 25 093 0% 078 05 079 082 081 082 04% 030
Numune 7 287 263 085 .11 087 085 075 089 078 074 054 053
Numune 8 34 285 087 091 077 024 084 05 081 077 045 051
Numune 9 338 273 089 082 081 o052 081 077 08 082 051 048
Numune 10 297 276 101 083 08 o088 071 079 081 08 050 046
Minimum 2792 259 076 082 077 074 071 077 076 074 045 046
Deger
Maksimum 34 337 1726 1.11 104 058 088 05 082 08 054 053
Deger

Ortalama 300 293 0954 0% 087 028% 081 08 079 081 050 045
Deger

Penetrasyon kuvvet profili lizerindeki etkisi incelenen bir diger etken olan ignenin hareket hizi

icin yapilan deney sonuglar1 incelendiginde farkli igne cesitlerin de hareket hizlarinin degisiminin dogrusal
bir ivme gostermedigi gozlenmistir. Bazi ignelerde hareket hiziyla birlikte penetrasyon kuvveti azalirken
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bazilarinda bu durumun tam tersi gozlenmistir. Farkli hareket hizlarinda penetrasyon kuvveti degerlerinin
birbirine yakin oldugu gézlemlendi.

3. TARTISMA

Tibbi cihaz sektorii igerisinde yaygin kullanima sahip ignelerin ¢ap ve hareket hizlarinin
penetrasyon kuvvetine etkisinin arastirildigi bu ¢alismada cap faktdriiniin penetrasyon kuvvetini etkileyen
onemli bir parametre oldugu gozlemlendi. ignelerin gaplari kiigiildiikce penetrasyon direncinin de azaldig1
fakat bu degisimlerin dogru orantili bir sekilde gerceklesmedigi gozlemlendi. Cap degisiminin bazi
noktalarinda penetrasyon direncinin fazla azaldig1 bazi noktalarinda ise anlamli bir azalma gostermedigi
belirlendi. Baz1 noktalarda gergeklesen bu farkli degisimlerin ¢apla birlikte baska parametrelerinde de
penetrasyon direncine etkisinin olabilecegini diisiindlirmektir. Bu degisimin daha detayli incelenmesi adina
degisik cap degerlerine sahip ignelerin ¢eper kalinliklari, kimyasal icerikleri, lazer kesimleri gibi farkli
parametlerin ¢ap lizerinde olusturacag: etkilerin arastirilmasi bu ¢alismaya eklenerek daha genis bir sonuca
varilabilir.

Penetrasyon direnci iizerine hareket hizinin degerlendirildigi calisma da; igne hareket hiz1 artarken
bazi noktalarda penetrasyon direnci de artis gostermesine ragmen bazi noktalarda ise bu artisla birlikte
penetrasyon direnci azalmistir. Bu ¢alisma penetrasyon kuvveti ve igne hareket hizi arasinda anlamli bir
iliski olmadig1 sonucunu gostermektedir.

Penetrasyon kuvveti ignenin bircok 6zelligine baglh olarak degisim gosterebilecek bir degerdir. Bu
caligma ile gergeklestirilmis olan 2 parametreye ek olarak farkli parametrelerin penetrasyon direncine
etkileri de arastirilabilir. Ornegin igne ucu kesim agis1 penetrasyon kuvvetine etki edebilecegi diisiiniilen
parametreler arasindadir bununla birlikte igne batma acis1 da penetrasyon kuvvetinde anlamli bir degisime
sebep olabilir. Bu calisma gelistirilerek bahsedilen parametreler arastirilabilir. Biitiin bu calismalarin
sonucunda TS EN ISO 7864 Standardinda belirtilen penetrasyon kuvveti ig¢in bir limit degerinin
olusturulmasina zemin hazirlanabilir. Boyle bir limit degerin belirlenmesi iiriin giivenligi, 1§ kazalar ve
yaralanmalar agisindan daha giivenilir iiriinlerin iiretilmesi ve tercih edilmesine katki saglayabilir. Ayrica
bu ¢aligmanin ileride igneler ve penetrasyon direnciyle ilgili ger¢eklestirilecek diger ¢aligsmalara da kaynak
olusturabilecegi diisiiniilmektedir.
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Abstract

Infertility which is a psychologically threatening and emotionally stressful problem is seen approximately
15% of couples in worldwide. Recent studies have shown that in 40-50% of couples evaluated for infertility,
the problem is caused by the male individual. Sperm morphology analysis that provides separation of
normal and abnormal sperm is very important in evaluating male infertility and showing the causes. Since
manual evaluation of sperm morphology is time consuming and subjective, automatic assessment methods
are needed. In this study, Capsule Networks, a special model of Deep Neural Networks (DNN), are used
for the classification of human sperm head images. The classification performances of capsule networks
are measured using the Modified Human Sperm Morphology Analysis dataset (MHSMA). The results show
that the best classification accuracy is achieved as 73%.

Keywords: Capsule networks, infertility, sperm morphology.

1. INTRODUCTION

Sperm morphology analysis, which refers to the analysis of the size and shape of a sperm, is a very
important tool in the diagnosis of male infertility. Problems in the maturation phase of the sperm cause
abnormalities in sperm morphology and egg fertilization function [6]. In sperm morphology analysis,
sperms with normal and abnormal morphology are detected by examining semen samples under a
microscope. Normal sperm has a long tail and an oval head as shown in Figure 1. Sperm with abnormal
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morphology may have tail defects such as a cracked or double tail, or head defects such as a large or
misshapen head [6-8].
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Figure 1. Parts of a human sperm cell [6].

Since manual evaluation of sperm morphology is time-consuming and subjective, different
techniques have been developed in the literature for the automatic assessment of human sperm cells. In [1],
both normal and abnormal sperm images are converted into grayscale images and noises are removed using
filters. Then, edge detection and segmentation algorithms are performed to segment the sperm images into
different parts and classify them with statistical measurement methods. In [3], sperm images are segmented
using Bayesian classifier and entropy based expectation and maximization algorithm. In [2], digital image
processing and learning vector quantization is used to classify the acrosome part of the sperm cell. Chang
et al. utilizes statistical histogram analysis and clustering methods in different color ranges for the
segmentation of acrosome and nucleus of the sperm cell [4]. In [7], principal component analysis is used to
extract the features from the sperm images while K-nearest neighbors technique is used to determine
whether the sperm cell is normal or not.

In recent studies, deep learning methods in which features are automatically extracted are used for
the sperm assessment [6]. The best known of the deep learning methods are the convolutional neural
networks (CNN). Although CNN methods have been proven to perform better than traditional methods in
machine learning problems, CNNs have disadvantages, such as inability to tolerate perspective variations
and losing spatial information between features. To overcome these drawbacks, Capsule Networks have
been proposed by Hinton. In this study, the classification performance of capsule networks are evaluated
on the Modified Human Sperm Morphology Analysis (MHSMA) dataset whose images were captured by
a microscope occupied with a CCD camera. MHSMA set has several challenging points: the number of
total sperm images is not sufficient for training phase, hence image data augmentation techniques must be
used, the dataset is imbalanced and images of the sperm cells are unclear and too noisy.

The rest of the paper is organized as follows. In Section 2, capsule networks and MHSMA dataset
are introduced, In Section 3, results are presented and in Section 4 the conclusions are given.
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2. MATERIALS AND METHODS

2.1. Capsule Networks

Capsule networks have been proposed to overcome the disadvantages of the convolutional neural
networks. A capsule is a set of neurons with activity vector that contains the information about an object.
The length of the activity vector of a capsule represents the probability of the object’s existence while the

direction of the vector represents the instantiation parameters such as pose, velocity, and albedo, etc. [10].
The activity vectors of each capsule are marked in red and blue in Figure 2.

b

Figure 2. Representation of the activity vector of capsule networks [10].
The differences between a capsule and a traditional neuron are shown in Table 1. One of the crucial
differences is that capsule network performs affine transformation before the weighted sum [9].

Table 1. Comparison of a capsule to a traditional neuron [9].

Operation Type Capsule Traditional Neuron
Input Shape vector(u;) scalar(x;)
Affine Transform 5 = Wi -
Weighting & Sum sj = ¥; cijlyj; aj =Y ,;wix
Non-linear Activation | v; = %jﬂ%ﬁ hj = f(aj)
Output Shape vector(v;) scalar(hj)
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In affine transform step, the vectors ui, uz2 and us coming from a lower level layer are considered as
input vectors. These vectors are multiplied by a weight matrix denoted as W in order to store important
spatial and other relationships between lower level features and higher level features. In fact, the estimated
position of the high level feature is found [9].

In the weighting and sum step, the lower level capsules send their outputs to the higher level
capsules. The critical point is to determine which input of the higher level capsule is connected to the lower
level capsule. The weights c1, ¢2 and ¢z determined by using routing algorithm are used for the connection
between capsules. Summing step is the same as in a traditional neuron. Namely, it represents the
combination of vectors [9].

In squashing (non-linear activation) step, the non-linear activation function takes an input as a
vector and squashes it without changing its direction. With this procedure, it is guaranteed that the vectors
have a length between 0 and 1 [9].

2.2. Routing-by-agreement Technique

The routing by agreement algorithm described by Hinton is given in Figure 3. The operation of each
step in the algorithm can be examined step by step [9].

Step #1 : Algorithm takes the number of routing iteration (r), number of lower layer (I) and the outputs of
all capsules in that layer ().

Step #2 : At first, bjj is set to 0. The temporary coefficient bjj is iteratively updated until the procedure is
completed. Then, it is finally stored in cj;.

Step #3 : Repeat the dynamic routing algorithm with respect to the iteration number.

I: procedure ROUTING(;;, 7, 1)

2 for all capsule i in layer | and capsule j in layer (I + 1): by « 0.

3 for r iterations do

4: for all capsule ¢ in layer I: c; < softmax(b;)

5 for all capsule j in layer (I 4+ 1):s; « > ¢l

6 for all capsule j in layer (I + 1): v; < squash(s;)

7 for all capsule ¢ in layer [ and capsule j in layer ([ + 1): b + by + 0y):.v,
return v;

Figure 3. Routing algorithm [11].
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Step #4 : Compute the values of the vector c; for all lower level capsules. All coefficients cijare equal in
the first iteration since bij = 0. It means that algorithm shows maximum confusion and uncertainty. In other
words, the appropriate output of higher level capsule can’t be determined by lower level capsule.

Step #5 : After all computations of cj; for lower layer capsules, a linear combination of input vectors that
are weighted by cij is computed for higher level capsules. Then s; is calculated.

Step #6 : The vector computed in previous step is squashed for non-linearity. The direction of the vector is
not changed and its length is scaled. Then, output vector vj is produced for all higher level capsules.

Step #7 : This step examines each input and updates the corresponding weight bij for each higher level
capsule j. The similarity between inputs and outputs of the capsule is evaluated by the dot product.

2.3. MHSMA Dataset

The MHSMA dataset includes 1540 grayscale human sperm cell images with dimension of 128 x
128 pixels and 64 x 64 pixels. Each image represents a single sperm and sperm is always centered in the
image. Data partition is performed as: Randomly-selected 1000 images as training set, 300 images as test
set and the remaining 240 images as validation set. All data is shuffled. Each part of the sperm cell
(acrosome, vacuole, head and tail-neck) can be examined as a different class. The image distribution of the
dataset is given in Table 2 [6]. In this study, head class is selected in order to investigate the male infertility
problem with capsule networks. Image data augmentation methods such as flipping, shifting, rotating and
changing brightness are performed to avoid class imbalance. In Figure 4, several examples of sperm head
images in the dataset can be seen.
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Table 2. Sample distribution of the dataset

Set Label # Positive # Negative % Positive
Acrosome 1,086 454 70,52
Head 1,122 418 72.86
Vacuole 1,301 239 B84.48
Whole dataset Tail and neck 1,471 69 95,52
Acrosome 699 301 69.90
Head 727 273 72.70
Vacuole 830 170 83.00
Training set Tail and neck 954 46 95.40
Acrosome 174 66 72.50
Head 176 64 73.33
Vacuole 209 31 87.08
Validation set Tail and neck 233 7 97.08
Acrosome 213 87 71.00
Head 219 81 73.00
Vacuole 262 38 87.33
Test set Tail and neck 284 16 94.67

Figure 4. Instances of sperm head images [6].

3. RESULTS AND DISCUSSION

Capsule network used in the study has a convolutional layer with resized 32 x 32 input size for
grayscale sperm head images. In this structure, the convolution layer used for feature extraction has 256
filters with stride of 1 and output shape of the convolutional layer is one dimensional. Due to 1D output,
there is no orientation. PrimaryCaps layer is another convolution layer that applies squashing. The Caps
layer is used for classification and total loss is the sum of individual capsule loss. The critical point is that
the routing algorithm is performed between PrimaryCaps and Caps layers. Different simulations are
performed on MHSMA dataset. In order to discover the effect of model modifications, the classification
performances of capsule networks with different number of convolution layers and primary capsule
dimension are evaluated. The results are given in Table 3. All simulations are done with CapsNet software
at Google Collaboratory providing Tesla K80 GPU [5].
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Table 3. Performance comparison of different models of Capsule Networks on MHSMA.

Class Type Image Size Data Augmentation

# of Conv Layer

Dim of Capsule Test Accuracy (%)

Head
Head
Head
Head

32 % 32
32 x 32
32 x 32
32 % 32

Yes

1

2
2
1

8
8
16
16

73
72.32
72.34
72.67

According to Table 3, capsule networks that have different convolution and primary capsule layers
demonstrate similar performances on MHSMA dataset. The capsule network that has one convolutional
layer and 8 Dimensional capsule shows the best assessment performance for the evaluation of the male

infertility.

The input-output connection of the capsule network that has the best performance on MHSMA
dataset can be seen in Table 4.
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Table 4. The input-output connection of Capsule Network.

Layer (type) Output Shape Param # Connected to

input 1 (Inputlayer) (Mone, 32, 32, 1) @

convl (ConvaD) (None, 24, 24, 256) 20992 input_1[@][e]

primarycap_conv2d (Conv2D) (Mone, 8, 8, 256) 5308672 convi[@][@]

primarycap_reshape (Reshape)  (None, 2048, 8) 8 primarycap_conv2d[@][@]

primarycap_squash (Lambda) (None, 2048, 8) [ primarycap_reshape[8][8]

caps (Capsulelayer) (None, 2, 1B) 524288 primarycap_squash[@][@]

input_2 {InputLayer) (None, 2) [

mask_1 (Mask) (None, 32) 8 caps[@][@]
input_2[e][e]

capsnet (Length) (None, 2) [ digitcaps[@][@]

decoder (Sequential) (None, 32, 32, 1) 1591308 mask_1[@][@]

Total params: 7,445,768
Trainable params: 7,445,768
Non-trainable params: @
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The training and validation performance of the simulated networks can be seen in Figure 5.

Training and validation accuracy Training loss

0.80 - W —— capsnet_loss
. - decoder_loss

0754 / 0.3 — loss

070 | 0.2

0.65 4
0.1
0.60 —— capsnet_acc

val_capsnet_acc

0.0
tIJ 2I0 4{) 6I{) SIO 1(50 0 20 40 60 80 100

Figure 5. Simulation graphs.

As seen in Figure 5, training and validation accuracy of the network can’t exceed 80% due to the
similarity of sperm images. The network classifies abnormal sperm with 85% accuracy, but the
classification accuracy of normal sperm is less than this ratio.

4. CONCLUSION

In this study, the classification performance of capsule networks is evaluated on a data set containing
grayscale human sperm head images and the best classification performance is found as 73%. According
to the simulation results, although the performance of the capsule network in the MHSMA dataset is
promising, the capsule networks do not exceed the performance of CNN, which was 76.88%. This may be
because sperm head images are similar and capsule networks have difficulty distinguishing two objects
with similar characteristics.
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Abstract

Alginate is a polysaccharide that found in the brown algae, the main function of the alginate in the
algae is structure-forming like strength and flexibility. Alginate has wide range of uses in textile, food,
pharmaceutical, and biomedical industries. It is preferred because of its properties such as biocompatibility,
nontoxicity, biodegradability. Alginate chemical properties can be varied by collection time, weather, and
the type of algae.

Alginate can be used as a hydrogel because of cross-linking capability with divalent cations. There
are two main residues of alginate, mannuronic acid (M) and guluronic acid (G). The ratio of M/G is one of
the most important features, if M/G is bigger than 1, hydrogel would be more elastic and if G residues are
more than M residues, the hydrogel is become stiffer.

The algae in this study are collected from Tuzla seaside, Istanbul, and alginate extraction is
performed. The extracted alginate is used for 3D cell culture. Characterization of the alginate is essential
before making it hydrogel by using divalent cations. Before cellular experiments the chemical analysis,
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purity test, and viscosity of alginate are checked by using Fourier-transform infrared spectroscopy (FTIR),
fluorescence spectroscopy, and viscometer. Extracted alginates M/G ratio is found 0.6, there is no
fluorescence is observed and the viscosity is 29 mPas. All these results are compared with alginic acid,
sodium salt (SigmaAldrich, 180947), and the results are similar with each other. For cellular experiments,
the alginic acid, sodium salt (SigmaAldrich, 180947), and extracted alginate are used.

Alginate can be used as a 3D environment for cells, but the neuronal model cells used in this study
did not exhibit differentiation, which may be due to these cells not having integrins that recognize and bind
the alginate. To improve cellular growth and differentiation in the alginate hydrogel, extracellular matrix
(ECM) proteins can be used.

Motor neuron cells (NSC-34) are used for cell encapsulation, the alginate concentration is optimized
1% after trying the concentrations of 0.5%, 1%, 2.2%, 2.5%. Cells are imaged every 24h and after 72nd
hour the cells undergo necrosis, and there is observed cellular growth, barely. Non-growth is one of the
expected results. To extend the lifetime and the growth of neurons, the collagen is added but the
optimization step continues.

The expectations for these experiments are to create an environment for neurons and optimize the
alginate hydrogel and collagen. These alginate and alginate-collagen platform can be used for implantation
after optimizations and the physical properties are improved.

Keywords: Alginate, Hydrogel, 3D cell culture

1. INTRODUCTION

Alginate is a polysaccharide found in the brown algae, and the function in the algae is structure-
forming. Alginate is located in the intracellular space and the cell wall.! Alginate can be used in different
sectors, such as pharmaceutical, textile, food, etc. Alginate is biocompatible and biodegradable, these
properties make alginate favorable material in biomedicine and biotechnology like wound dressing, gastric
reflux, cell carrier, cell therapy, drug delivery.?

Alginate is composed of 2 residues, 1-4 linked 3-D-mannuronic acid (M), and a-L-guluronic acid
(G), also these residues can be located homogenously or heterogeneously. Alginate composition is directly
affected by seasonal and growth conditions of the algae.® Alginate that collected from bacteria has 100%
mannuronic acid blocks.? If alginate has more G-residue, the gelation property becomes stiffer. When M-
residue is more than G-residue, the hydrogel is more elastic.*

Ynger-Lill Andresen et al., “Some Biological Functions of Matrix Components in Benthic Algae in Relation to Their Chemistry
and the Composition of Seawater,” ACS Symposium Series Cellulose Chemistry and Technology, (1977), p. 361.

2 Jerome P. Paques, “Alginate Nanospheres Prepared by Internal or External Gelation with Nanoparticles,”
Microencapsulation and Microspheres for Food Applications, 2015, p. 39. Biopolymers Online, (2002), p. 811.

8 Kurt Ingar Draget, Olav Smidsred, and Gudmund Skjak-Brak, “Alginates from Algae,” Biopolymers Online, (2002), p. 811.
4 Paques, Alginate Nanospheres, p. 43
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When alginate is obtained from nature, some impurities can be found in the alginate like endotoxins,
phenolic compounds, proteins.1?3® These impurities can be problem for pharmaceutical or biotechnological
application, so it is important to removed impurities from alginate.®

Alginate can cross-link easily when divalent cations are found in the environment, depending on
the divalent cation and density of ion the gelation quality may be changeable.®#

Cross-linking is occurred between guluronic acid and the divalent ions, this structure is called egg-
box. Neurons are lack of attachment part to alginate, to improve attachment extracellular matrix (ECM)
proteins can be used to modify the alginate hydrogels.> Alginate hydrogel is a good tool to mimic brain
environment even though there is no integrin to recognize.

The aim of this project was to characterize the alginate extracted from Cytoseira barbata that was
collected from Tuzla, Istanbul seaside and compare extracted alginate with commercial alginate for cellular
experiments by using neuronal cell line.

2. MATERIALS AND METHODS

Alginate Characterization

Alginate’s chemical analysis is vital before starting the cellular experiments since different chemical
properties can vary the alginate hydrogel characterization. The extraction method and the type of algae that
extracted alginate can be affected by alginate properties. Characterizing the alginate and finding the
appropriate commercial alginate is one of the essential parts of this study. Besides the chemical analysis,
purity is necessary to ensure the non-toxic effect of the alginate. The alginate's viscosity can affect the
hydrogel properties, so the alginate's viscosity was controlled.

Alginate chemical characterization was done using Fourier Transform Raman Spectroscopy; for a
purity test, fluorescence spectrometer was used.

The aim was to find the commercial alginate with similar properties with the extracted alginate and
compare them in terms of the cellular experiment (Figure 1a). The commercial alginate was procured from
the Institute of Nanotechnology at Gebze Technical University, alginic acid, sodium salt SigmaAldrich,
180947 (Figure 1b).

! Anu Shilpa, S. S. Agrawal, and Alok R. Ray, “Controlled Delivery of Drugs from Alginate Matrix,” Journal of
Macromolecular Science, Part C: Polymer Reviews 43/2 (2003), p. 189.

2 Paques, Alginate Nanospheres, p. 41

3 M.l Hans and A.m Lowman, “Biodegradable Nanoparticles for Drug Delivery and Targeting,” Current Opinion in Solid State
and Materials Science 6/4 (2002), p.319.

4 Draget, Smidsred, Skjak-Brak, Alginates from, p.818

! Marina Matyash et al., “Novel Soft Alginate Hydrogel Strongly Supports Neurite Growth and Protects Neurons Against

Oxidative Stress,” Tissue Engineering Part A 18/1-2 (2012), p. 56.
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Figure 1. Sodium alginate a. extracted and b. commercial, SigmaAldirich 180947.

The cell experiments were done with mouse motor neuron cell line NSC-34. The cells were
maintained in the pyruvate free medium, Dulbecco’s Modified Eagle Medium (DMEM) with L-glutamine
and 4.5g/L Glucose, without Pyruvate, Gibco 2007829, with 10% FBS, Fetal Bovine Serum, Gibco 10270,
and 1% Penicillin, Streptomycin, PAN Biotech P06-07100. The medium in the flask where the cells are
located was removed, and the flask was washed with DPBS, Dulbecco’s Phosphate Buffered Saline 1X
Gibco 14190-94 to remove all medium. After PBS, cells were detached by 0.05% Trypsin/EDTA, Gibco
25300-54. When the detachment was done trypsin, the cells were diluted with DMEM by the ratio of 1:5
and centrifuged at 1,500 rpm for 5 minutes. The supernatant was discarded, and the medium was adding to
dissolve the pellet. The medium amount is depending on the cell number and cell seeding density. After
cells were ready to encapsulate, they were mixed with alginate.

CaCly, calcium chloride, 96%, extra pure, powder, anhydrous, Acros Organics 10043-52-4, was
prepared for 0.1 M, and alginate solutions were designed with 0.9% NaCl, sodium chloride, Merck 7647-
14-5, and 4.5% alginate, on the magnetic stir (Figure 2). The extracted alginate was dissolved at 40°C, and
commercial one was dissolved at room temperature for 30 minutes. The stock solution of alginates and
CaCl, were autoclaved for 20 minutes at 121°C. After autoclave, these solutions were stored at 4°C. Before
using solutions, 0.45 um syringe filters were used to filter. Every experimental set up was set with new
alginate solutions to prevent pigmentation. Alginate solutions were diluted by using the appropriate medium
and the cell amount. The critical part for dilution is to calculate the correct amount considering the cell
solution.
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Commercia|
Extracted

Figure 2. Extracted and commercial alginate solutions, the left falcon has a commercial alginate solution,
and the left one is extracted alginate solution. The concentrations of the solutions are the same, and 4.5%

alginate in 0.9% NaCl solution.

Cellular Experimental Setup

After cells are collected and mixed with an alginate solution to the desired concentration, for this
study, the alginate concentrations were 1%, 2.2%, and 2.5%. The cell-alginate solution is added into the
CaCl; as quickly as possible. This step should be quick because when the alginate contacts with the Ca?*
ion, the cross-linking starts. After 10 minutes of incubation at room temperature, the CaCl; is removed, and
the gel is washed two times with PBS, then adding DMEM onto the alginate hydrogel. Removing the CaCl;
is essential for this step. The hydrogels are incubated at 37°C with 5% CO; (Figure 3). The medium was

changed every two days.

Alginate + Cell # »

S Add Call, e
- | S———— | S——

After 10 minutes
incubation remove CaCl,

—_— e =
Add DMEM Wash with
Incubation PBS x2

Figure 3. Experimental setup.

3. RESULTS
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Chemical analysis/FT-RAMAN Spectroscopy

To analyze and calculate the ration between mannuronic acid and guluronic acid is the priority for
this study, for that the FT-RAMAN was used. There are some binding specific wavenumbers such as 950
cm-1, 1000-1025 cm-1, 1200-1290 cm-1, and 1400 cm-1 for O-H to understand the FT-RAMAN results
C-OH, C-O-C, and CHy, respectively.! In the literature, around 1025 cm™ and 1100 cm™ are specified for
guluronic acid and mannuronic acid, respectively.

The samples were put into the spectrometer chamber, and the results were analyzed using EXCEL,
and the graph was plotted by ORIGIN PRO (Figure 4). After plotting the extracted and commercial
alginates wavenumbers versus %Transmission, the areas under the curve for 1025 and 1100 cm™ were
calculated, and the M/G ratio for extracted alginate was found to 0.6. This ratio for commercial alginate
was 0.71. These numbers are coherent with not only each other but also literature value.? Also, the extracted
and commercial alginates have guluronic acid-rich properties.

950 1025 1100 12501280 1400

1
— 3

A

T
1000 1500
wavenumber (cm-1)

Figure 4. FT-Raman spectroscopy results, 3 on the graph (red line) represents commercial, and 1 on graph
(black line) is for extracted alginate.

! Leonel Pereira et al., “Use of FTIR, FT-Raman and 13C-NMR Spectroscopy for Identification of Some Seaweed
Phycocolloids,” Biomolecular Engineering 20/4-6 (2003), p.226.

2 Trica et al., “Extraction and Characterization of Alginate from an Edible Brown Seaweed (Cystoseira Barbata) Harvested in
the Romanian Black Sea,” Marine Drugs 17/7 (2019), p.5.
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Purity Control-Fluorescence Spectroscopy

Alginate has phenolic compounds due to its growth area.>? These phenolic compounds can have
toxic effects, understand how toxic extracted alginate is, and ensure its purity before experiments
fluorescence spectroscopy was used. The excitation wavelength was set to 320 nm; due to extracted alginate
pigmentation, the solution's concentration was decreased by ten-fold. The results show that extracted
alginate and commercial alginate have ignorable emission at 320 nm excitation wavenumber (Figure 5).

Commercial
25 — extracted

20

15

10 +

Intensity (a.u)

T T T T T T T T T T T T
300 350 400 450 500 550 600
Wavelength (nm)

Figure 5. Fluorescence spectroscopy, excitation wavelength set to 320 nm. The red line represents extracted
alginate, and the black line is for commercial.

Cellular Experiments

Cells were imaged for five days; after the fourth day, the cells started to undergo cellular debris in
the alginate hydrogel. These results were the same as extracted and commercial alginate (Figure 6).
Depending on alginate concentration, cellular behavior showed differences. On the third day, some cellular
movements were observed in both 1% extracted and alginate hydrogels. After observations, it can be said
that increasing the alginate concentration causes cellular debris earlier. Due to cellular behaviors, 1%
alginate concentration was optimized for both extracted and commercial alginate.

! Sabrine Sellimi et al., “Structural, Physicochemical and Antioxidant Properties of Sodium Alginate Isolated from a Tunisian
Brown Seaweed,” International Journal of Biological Macromolecules 72, (2015), p. 1359
2 Shilpa, Agrawal, Ray, Controlled Delivery, p. 189.
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Figure 6. Cellular experiment results. a. extracted alginate b. commercial alginate.

During the experiments, it was observed some pigmentation problems with extracted alginate
(Figure 7). The pigmentation increased with alginate concentration and with time.
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Figure 7. Extracted alginates pigmentation problems in 2.2% second day, 2.5% fourth day, and 2.2% forth
day.
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4. DISCUSSION

F-RAMAN spectroscopy results showed that extracted and alginate have the same properties
considering the M/G ratio. Both are guluronic acid-rich, which means extracted and commercial alginate
are stiffer hydrogel when they are cross-linked with divalent cations. The fluorescence emissions for
extracted and commercial alginate were ignorable, so there are no significant impurities for these samples.

Cellular experiments showed that the alginate concentration is important for cellular behavior and
increasing alginate concentration caused decreasing with cellular migration. Before starting the
experiments, it was expected that 2.2% alginate concentration should provide better growth and
differentiation for neuronal cell models than the other concentrations. But in the 2.2% alginate hydrogel
especially with extracted alginate exhibited some pigmentation problems. To prevent the pigmentations,
alginate can be further filtered by using 0.45 or 0.22 pum syringe filters; also, extraction method can be
modified to decrease the pigmentation. CaCl> amount and the adding method can affect the hydrogels
homogeneity, after trying different techniques and ratio, it can be said that 1:1.5 ratio for alginate solution:
CacCl; ratio is better than other ratios. For bigger surface areas, adding the alginate solution onto CaCl; is
better than reversed method.

Cell seeding density is a different essential part of this study because the layer structure of the
hydrogel can cause some imaged difficulties. To find the cell and image it is harder when the cell density
is less. Furthermore, when cells and seeded too sparsely, they tend to form clusters or migrate, most likely
in an attempt to benefit from growth factors secreted by other cells in a paracrine manner. This can also
benefit these model cells since they do not have the integrin subtypes to attach the alginate, further forcing
them to cluster together.

Modifying alginate hydrogels with ECM proteins could improve cellular growth using extracted
alginate hydrogel. Alginate-collagen mixtures were not found to improve neuronal growth and survival,
however, addition of growth factors could mimic paracrine stimulation thus decrease the clustering of the
cells, allowing for differentiation.
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Abstract

In hyperthermia applications, the modality of ultrasound signal treatment is used to eliminate tumor areas in
tissue clinically. According to the other techniques, ultrasound is less costly and has simple signal processing
methods. Therefore, the usage of ultrasound modality increases in temperature evaluation. By applying
ultrasound signals to the tissue, it is expected that temperature will increase according to the specific properties
of the tissue. To observe and evaluate this temperature increasing, general knowledge will be provided by
basic sound waves and ultrasound properties in this study. In the next steps, a tissue model/ phantom will be
created by a simulation programme with defining the tissue properties. The temperature change will be
examined by applying ultrasound signals to this model.

Keywords: Hyperthermia, temperature, tissue model, ultrasound.
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1. INTRODUCTION

Ultrasound is an attractive modality for temperature monitoring because it is non-ionizing, convenient,
inexpensive, and has relatively simple signal requirements [1].

Ultrasound is an imaging modality that utilizes high-frequency sound waves to produce cross-sectional
images of the body. In addition to the usage of ultrasound in imaging, we have known that it is used to destroy
tumor areas in thermal therapy.

Hyperthermia is a cancer treatment in which tumors are elevated to cytotoxic temperatures (41-45 °C)
in order to aid in their control. A clinically useful method is needed to measure 3D temperature distributions
to within 0.5 °C in 1 cm®volume [1].

When ultrasound waves are applied to the tissue, that tissue expands according to its specific properties.
The aim of this study is to review the scientific literature researching ultrasound wave properties, transducers,
tissue models, hyperthermia applications, and temperature estimation.

2. LITERATURE REVIEW

The ultrasound wave is a kind of sound wave that is a longitudinal and mechanical wave. The ultrasound
frequency range is greater than the human hearing frequency range and also medical ultrasound produces sound
waves between the range of 2 MHz to 10 MHz (Fig. 1).

Infrasounds Sounds Ultrasounds

—
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Figure 1. Sound wave types of frequency range [2].

The characteristic of a sound wave can be described by some parameters. Period (T), the wave period
is the time it takes to complete one cycle. Frequency (f) is the speed of vibration. Wavelength (1) means the
distance between two waves. Amplitude (A) is the maximum height of a wave. Velocity (c) means the speed
of sound. Also, these terms are used for ultrasound wave terminology. Frequency and wavelength terms are
known as important parameters for wave: terminology and they have an inverse relationship formula.

c=fA 1)
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In this formula, the ¢ term means the speed of sound and this term has different values for each tissue.
It can be called a specific value. Although different speed of sound values, in practice, it should be an average
constant value in soft tissue, 1540 m/s. The other values are shown in (Fig. 2 and Fig. 3).

Material Speed of Sound
Air 330 metres/second
Metal 5000 m/sec

Pure Water 1430 m/sec

Figure 2. Speed of sound in different materials [3].

Soft Tissue Type Speed of Sound
Fat 1450m/fsec
Liver 1550m/sec
Blood 1570m/sec
Muscle 1585m/sec
Bone 4080m/sec

Figure 3. Speed of sound in different tissue types [3].

Ultrasound waves are produced by a transducer also known as the beam. The transducer has many types
depends on their display modes. Transducer’s working principle based on piezoelectricity. According to this
principle, transducers are made of special ceramic crystal, piezoelectric. In this process, when an electric field
is applied to the crystal, it vibrates and produces sound waves. In reverse, when mechanical pressure is applied
to the crystal, it produces electric energy. The working principle of the transducer is based on two basic
principles. These are known as emit ultrasound waves and detect reflected ultrasound from tissue boundary by
using the speed of sound and the time of each echo’s return (Fig. 4).

——

amm——

Figure 4. Transducer and tissue boundary scheme.

When used in an ultrasound scanner, the transducer sends out a beam of sound waves into the body.
The sound waves are reflected back to the transducer by boundaries between tissues in the path of the beam.
When echoes hit the transducer, they generate electrical signals that are sent to the ultrasound scanner. Using
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the speed of sound and the time of each echo’s return, the scanner calculates the distance from the transducer
to the tissue boundary. These distances are then used to generate two-dimensional images of tissues and organs.
Temperature-dependent ultrasonic parameters are based on the phenomenon of a thermo-acoustic
coupling. The acoustic parameters used in order to monitoring temperature include some terms. Echo-shifts
due to changes in tissue thermal expansion and speed of sound. These terms are depending on the tissue’s
specific properties. Variations in acoustics attenuation. Changes in the backscattered energy of ultrasound.
Then, changes in parameters of statistics of the backscattered signal envelope. The acoustic absorption
coefficient, density, specific heat and thermal conductivity terms are the medium’s physical properties. When
an ultrasound beam passes through a volume of tissue, some of the energy of the primary acoustic field is
absorbed locally by the tissue and turned into heat according to the medium’s physical properties [4].

3. MATERIALS AND METHODS

k-Wave is an open-source MATLAB toolbox designed for the time-domain simulation of propagating
acoustic waves in 1D, 2D, or 3D. The toolbox has a wide range of functionality, but at its heart is an advanced
numerical model that can account for both linear and nonlinear wave propagation, an arbitrary distribution of
heterogeneous material parameters, and power-law acoustic absorption. The software is designed for time
domain acoustic and ultrasound simulations in complex and tissue-realistic media [5].

The simulation functions in k-Wave require four input structures. These define the properties of the
computational grid, the material properties of the medium, the properties and locations of any acoustic sources,
and the properties and locations of the sensor points used to record the evolution of the pressure and velocity
fields over time. The other parameters are shown in Table 1.

Table 1. Phantom parameters values.

Property Densisy Speed of sound Attenuation Specific heat Thermal conductivity
)

(kg/m®)  (mls) (Np/m/MHz) (Ji(kg'K))  (Wi(m-K))
Water 1000 1483 0.025 N/A N/A
(at 293.7 K)
Tissue 1044 1568 8.55 3710 0.59
phantom

Human 10001100 1450-1640 403-17.27 3600-3890 0.45-0.56
tissue

In the simulation program, heat diffusion is observed in the homogeneous medium. In this study, only
the diffusion properties are set. These can be defined in two ways, either by defining a single diffusion
coefficient or by defining the density, specific heat capacity, and thermal conductivity of the tissue. All
parameters can be specified as single scalar values in Sl units. The initial temperature is specified by assigning
a single scalar value or a matrix to source TO. Different frequencies of ultrasound waves were applied to the
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tissue model which was based on the two-dimensional model. With applying the ultrasound waves temperature
changes were examined in the tissue model. Methodically, a k-wave toolbox was used to simulate this model.

4. RESULTS AND DISCUSSIONS
The result from this study is that there are different parameters that can be affect temperature in a tissue

phantom. After all these methods, temperature and acoustic pressure changes in the tissue model were observed
in Fig 6- Fig7- Fig8.

¥-position [mm]

-20 -10 0 10 20
y-position [mm)]

Figure 6. Acoustic pressure after heating.

68+~

Figure 7. Temperature rise at 1°C.
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Figure 8. Temperature rise at 1°C.

In the study, the absorbed acoustic energy is calculated and used as the heat source for the Bioheat
Transfer interface model. Frequency domain interface is used to model simulation. Besides, the transducer is
driven at the frequency of 1 MHz. and turned for 1 second. The model example shows how to model tissue
heating induced by focused ultrasound. After running to the simulation, heating results are obtained in the
tissue model. In this model, blood perfusion is not considered. If it can be considered, there will be different
simulation results.

According to this review study, ultrasound wave properties are studied. Moreover, basic simulation
ability is gained by using the k-wave toolbox.
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Abstract

In many fields such as biomedical, robotics, mobile devices, multi-sensor systems are used to solve
problems that have low performance when performed with a single sensor. These systems are used in many
applications like pedometers, emotion recognition and navigation. In this paper a multi-sensor glove system
is proposed to measure stress and effort parameters of a person. The multi-system includes sensors for
galvanic skin response (GSR), oximeter and inertial measurement unit (IMU). The GSR sensor simply
measures the electrical conductivity of the skin, which increases when sweating due to the salt in the sweat.
The GSR sensor is placed on the glove with the index finger. The oximeter sensor is used to measure the
heart rate and blood oxygen saturation. It is an infrared sensor and measures the reflecting infrared light
from the blood cells. The heart rate sensor is used to detect both effort and stress levels based on the heart
pulse rate. The IMU is a ready-to-use multi-sensor sensor that includes a gyroscope and an accelerometer.
In this study an IMU sensor with 6 degrees of freedom was used to measure acceleration and angular
rotation values generated by hand movements. All these sensors are connected to a microcontroller. Due to
the lowest sampling rate of the multi-sesnor system, the IMU sensor, includes the entire system configured
for measurement at 100Hz. These measurements are combined on the microcontroller and sent to the
computer via Bluetooth. The computer program stores the incoming data and visualizes the individual
channels simultaneously. Measurements were taken during standing, walking, climbing and jumping
activities performed by wearing a multi-sensor glove. It has been observed that measurements can be taken
successfully from all sensors on the system.

Keywords: Multi-Sensor, Signal Collection, Glove.
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1. INTRODUCTION

Techniques for how to combine data from multiple and various sensors to make inferences about a
physical event, activity or situation are defined as multi-senor data fusion [1]. Sensor Fusion is defined as
a method of combining sensor data or data derived from these data and thus obtaining a more successful
system [2]. In many fields such as biomedical [3], sports [4], robotics [5], mobile devices [6], multi-sensor
systems are used in many applications such as pedometer, emotion recognition and navigation. With multi-
sensor systems, different quantities and qualities of data are obtained and these data are analyzed with
sensor fusion methods and analyzed with emotional, physiological, mechanical, etc. deductions can be
made together.

Multi-sensor studies on wearables are divided into head, body, foot and hand. Studies in the head
region have examples of brain activism, sweating and head movements [7-9]. In body applications, there
are samples in which information such as heart, effort measurement and posture are collected [10-12].
Studies in the foot area are pedometer, footprint analysis applications are intense [13-15]. However, today,
both scientific and commercial applications are most common in the hand / arm area. There are works such
as smart watches, wristbands and gloves. Most of the studies in the hand area are on hand gesture
recognition [16, 17], Heart Pulse Rate (HPR) measurement [18] and human computer interaction [19, 20]
applications.

In this study, different from existing studies, it is aimed to design a multi-sensor glove system to
collect data on heart rate, blood oxygen level, sweating and physical activity. It is aimed to develop a system
that can simultaneously collect data from the sensors and transfer this data to a computer and monitor it.
Thanks to the targeted system, it is aimed to collect data about effort, sweating and physical activity by
wearing a single glove. The targeted system is to be a system that can contribute to scientific, sports and
health investigations by collecting information about effort, sweating and physical activity of the person
simultaneously with a single glove instead of using multiple devices such as a GSR sensor, pedometer,
smart watch or oximeter.

2. MATERIALS AND METHODS

The main circuit that constitutes the system, the wearing of the glove and the general structure of
the system are presented in Figure 1. The system consists of two main parts, computer and glove. The
computer part is responsible for processing, displaying and storing data coming from the multi-sensor
glove. The multi-sensor glove listens the different data from the sensors sequentially and sends them to the
computer periodically. In the main circuit shown in Figure-1, the microcontroller, inertial measurement
unit (IMU), Bluetooth module and Galvanic Skin Response (GSR) sensor are located on the circuit. Among
the sensors in the system, only the oximeter sensor circuit module is placed at the fingertip and is connected
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to the main circuit with the help of cables placed in gloves. The microcontroller used in the circuit is
Arduino Pro-Mini and collects data from the sensors via IMU, Oximeter and GSR respectively. The data
collected as a result of reading the sensors once is transferred wirelessly to the computer via the Bluetooth
module (HC-05).

,,,,,,,,, ==

Battery 7.2V LiPo

Jitaa: | A

BEEEEC Microcontroller
muii) : t 1 Arduino Pro-Mini
( aNE] /
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N |
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Figure 1. General System Design.

The IMU is actually a microelectromechanical sensor made up of multiple sensors. With IMU
sensors, very successful applications have been made in detecting body movement, especially actions such
as walking and hand-arm movements [21]. The MPU6050 IMU sensor used in this study is 6 degree of
freedom, there is an accelerometer that measures acceleration against force in three axes and a gyroscope
used to determine the amount of angular rotation in three axes. Data was de-noiseed using a Kalman filter.
The device with the slowest sampling rate in the circuit is the IMU sensor (100Hz). Therefore, other sensor
data is accumulated at this interval and sent along with the IMU sensor data.

Oximeters are sensors that provide information about heart rate and oxygen saturation (SPO3) in the
blood. Oximeters are sensors that work with the principle of sending infrared light to the body and
measuring the reflected light intensity. Light can reach the veins under the skin. The infrared LEDs used in
these sensors emit light at a wavelength of 700-900 nm. The emitted light reflects according to the oxygen
level carried by the blood cells. Oxygen saturation in the blood is measured according to the amount of
reflected light. In addition, the amount of light reflected changes with the heartbeat and the pulse per minute
is measured by counting the time between heart beat waves [22].

GSR is a method used to observe the continuous change of an electrical characteristic of human
skin. Sweating is controlled by the sympathetic nervous system, not conscious control, and skin
conductivity is an indicator of psychological or physiological arousal [23]. In the study, the circuit shown
in Figure 2 was used for GSR measurement. In this circuit, the reference resistance and the skin resistance
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comparison principle of unknown value is used to measure the change of skin resistance. R6 resistance of
the circuit is the reference resistance. R1 and R2 are the resistors to be divided into voltage and have the
same value. JP1 shows the tips of the probes that measure the resistance on the finger. R6 is set to 100 KQ
to display the change of JP1 value more easily. After the applied supply voltage (VCC) passes through the
reference resistor and the GSR probe voltage divider, it reaches two separate voltage followers and a typical
differential amplifier circuit. After the difference between the two voltages is taken, it is given to the analog
input end of the microcontroller. The resistance calculation from the value reaching the microcontroller is
calculated according to Equation 1. n this equation, R is the resistance in ohms and x is the value read from
the analog pin of the microcontroller. According to this system, the voltage value reaching the analog end
varies between 0-5 V and on the analog pin, this is measured with 10-bit (0-1024) resolution. A low pass
filter with 5 Hz cutoff frequency is applied to the GSR signals after reaching the computer.

1024 + 2x) = 10000
_( ) 1)

512 — x

V

4K7

LM358N

4aK7

5
Qr?
(=4
100n
2]
o

IC1B
* 7

LM358N

Figure 2. GSR Circuit.

3. RESULTS AND DISCUSSION

The system has been tested while standing, walking, jumping and climbing stairs. Data were
collected in two consecutive rounds of gloves. Time-action marking was done manually during data
collection. Walking, jumping and stair climbing actions in the measurements are marked as red, blue and
green regions in Figure 3, respectively. Average GSR value, Heart rate and SpO2 values corresponding to
the obtained IMU signals are presented in Figure 3. According to these values, it is seen that the increase
in heart rate, the amount of oxygen in the blood and sweating data can be measured with the prepared
system according to the change in the amount of movement. It is observed that as the amount of physical
activity increases in the system, the conductivity and HPR increase.
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Figure 3. Multi-Sensor Glove Signals.

4. CONCLUSION

The aim of the study is to develop a multi-sensor glove system and collect data on effort, sweat and
physical activity by wearing only this glove. In system experiments, the relationship between increased
physical activity and conductivity and HPR can be easily determined. Instead of using multiple devices
with the targeted system, it has been observed that a single glove can successfully collect information about
a person's effort, sweating and physical activity at the same time. The proposed system can contribute to
future studies in scientific, sports and health data collection research.
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ABSTRACT

Realization of interventional therapeutic procedures with guidance of Magnetic Resonance Imaging (MRI)
is a promising novelty in area of interventional surgery because of eliminating x-ray exposure to patient
body. Together with radiation free nature, advances in MRI techniques present superior soft tissue contrast
and real time physiologic parameters from related tissue. However, the strong static magnetic field,
magnetic radiofrequency (RF) pulses, and time-varying gradient fields applied during MRI, may result in
exceeded heating risk over interventional instruments and adjacent tissue inside patient body. Additionally,
since real time tracking and determination of device position inside patient body is critical for operators,
sufficient visibility under MRI is another challenging issue to overcome. Therefore, proper biomaterials
must be utilized for designing and development of MRI compatible interventional instruments by
considering many factors including biocompatibility, MRI safety, MRI visibility, and other mechanical
needing.

Keywords: Magnetic Resonance Imaging (MRI); MRI Compatible Biomaterials; Biocompatibility; MRI
Safety; Nanoparticles.
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1. INTRODUCTION

Interventional therapeutic procedures of varied diseases generally benefits of x-ray based imaging
modalities including fluoroscopy, computed tomography (CT), angiography and etc. Together with well-
known deleterious effects of ionizing radiation on human body, infants are theoretically more vulnerable
to the carcinogenic effects of ionizing radiation than adults, and new borns have a greater cancer risk as the
long term chromosomal damage [1]. On the other hand x-ray based imaging modalities do not provide
sufficient image contrast especially for the soft tissues that are generally necessary for tracking of implanted
device inside the related tissue or vessel. Interventional therapeutic procedures under x ray-based modalities
do not only suffer from poor soft tissue contrast, but also are not feasible due to the nephrotoxic effects of
radio-contrast materials injected to the patient during imaging [2]. X-ray exposures during surgery also
increases the risk of cataract [3] and protective lead clothes increase the risk of orthopedic injuries [4] for
the personnel occupied in surgery room.

Magnetic Resonance Imaging (MRI) guidance was intended to be a new platform by operators to
realize imaging of implanted devices or materials for therapeutic procedures without usage of x-ray.
Additionally, operators favor MRI to perform complex interventional operations because of many
advantages of MRI including superior intrinsic soft tissue contrast and multi slice imaging technique [5].
Accordingly, it is possible to collect reliable and real time physiologic parameters from related tissue via
MRI such as flow, volume, pressure, diffusion, perfusion, temperature, motion, etc. [6].

Biomaterials are natural or synthetic materials utilized for treating or replacing of all kind of
damaged tissues, vessels, or organs to increase functionality in patient body. A biomaterial not only have
to be non-toxic and compatible with the tissue, but also must keep mechanical properties without causing
injuring or perforating the tissue structures. Biomaterials can be generally classified as metallic
biomaterials, bioceramics, polymer biomaterials and biocomposites [7].

Since MRI physical nature has a high magnetic field inside operation room, there is a constraint to
application of metallic based biomaterials for instruments and devices under MRI. Beside of MRI safety
concerns with magnetic field effect and RF induced heating problems, medical devices implanted into
patient body must be visible and possible for tracking while operator locating a specific material through a
tissue or an organ.

2. VISUALIZATION OF DEVICES UNDER MRI

For the realization of invasive operations under MRI scanner, MRI safety is the most challenging
issue to overcome. Presence of any kind of metal is not safe in the strong magnetic field environment of a
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MRI scanner. Metallic biomaterial-based instruments have the potential to interact with the activated RF
transmitter that result in amplified RF heating at vicinity tissue of the instrument [8].

RF induced heating problem under MRI is characterized by the specific absorption rate (SAR),
which is expressed as the power dissipated in specific volume [9]:

__ oE?
SAR = 3 (1)

where o is the electric conductivity, p is the tissue density and E is the magnitude of the electric field. For
all metallic components and conductive lines that interact with body under MRI, SAR must be examined
because the electric field is maximum at the adjacent tissue.

Limited energy dissipation at adjacent tissue of biomaterials is possible under MRI by considering
many factors including strength of the static magnetic field, the strength of the spatial gradient, the mass of
the object, the shape of the object, and the magnetic susceptibility of the object [10]. For the detection of
these conditions, electrical and magnetic computational analysis of biomaterials can be performed by using
a computer environment based finite element method analysis [11].

Visualization of instruments and devices inside human body with the guidance of MRl is a place of
interest by researchers for many years. While the interventionist locates an implant properly through a tissue
or navigates vascular structures by using guidewires or catheters, a conspicuous distal tip and a detectable
shaft under MRI is necessary during operation.

Because metallic materials result in artifacts on image or cause heating risk under MRI, studies
focus on plastic and polymer based materials, surfaces and coatings to develop invasive instruments,
guidewires and catheters, that is difficult to visualize in MR imaging [10-13].

Considering both safety and visualization issues, 3 main approaches have been presented for
tracking of instruments under MRI so far.

A. Passive Imaging Techniques Using Biomaterials

Passive device imaging corresponds to interventional instrument is directly visualized in the
acquired image by its own effect on the spins in the specific area of the implant, catheter, or guidewire.
Passive imaging techniques are based on markers with specific contrast agents or biomaterials mounted on
instrument distal tip and/or shaft without any external connections to the MRI scanner. Since passive
devices comprise paramagnetic, ferromagnetic and ferrimagnetic materials that result in distortion effect
on T1 and T2 relaxation times of MRI signal, it is possible to obtain a positive or negative contrast between
implanted instruments and background anatomy. Accordingly, passive devices do not incorporate metal
components and conductive parts, threfore MRI safety concerns and many mechanical problems can be
eliminated inherently [14].
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The presence of biomaterials and markers with a magnetic susceptibility that are different from the
magnetic susceptibility of background tissue distorts the uniform main magnetic field, Bo. As a result of
the difference in magnetic susceptibility with respect to the surrounding anatomy, the paramagnetic markers
produce a local magnetic field inhomogeneity. This inhomogeneity results in magnetic field variations
within voxels that cause spins to precess at different frequencies with respect to Larmor frequency of MRI
scanner [14, 15].

Simplest way for implantation of passive tracking is contrast-enhanced MRI tools applied by
utilizing implants, catheters or guidewires filled with some contrast agents such as 19F [16] and
hyperpolarized 13C [17].

Positive contrast tracking technique may also consists of ring shaped paramagnetic markers such as
dysprosium oxide (Dy203) [18], iron oxide particles [19], gadolinium diethylenetriamine pentaacetic acid
(Gd-DTPA) [20-23] placed within the lumen or on the surface of an instrument that cause T1 shortening
and bright signal spots (positive contrast) relative to adjacent tissue. The plastic multi chamber cylinders
can be used for positioning of both titanium (paramagnetic) and graphite (diamagnetic) pieces over invasive
implant within different layers to develop a positive contrast tracking device [24].

Similarly, negative contrast tracking usually benefits high magnetic susceptibility property of some
ferromagnetic materials such as stainless steel, nickel, and copper zinc ferrite. These materials are utilized
to impair magnetic homogeneity of main magnetic field under MRI and that result with local signal loss
(void) due to intra-voxel dephasing [25-26].

Despite many advantages of passive approaches such as cost effectiveness, resistance to health
hazards, and practical to manufacture compared to other methods, generating sufficient contrast between
the implanted instruments and adjacent tissue is still a problematic issue. For better depiction of markers
and suppression of background signals, additional subtraction sequences or post processing reconstruction
methods can be needed that result with additional time consumption. Besides, susceptibility artifact of
markers that is necessary for imaging also result in obstruction at surrounding anatomy that hampered to in
vivo diagnostic or therapeutic procedures [17, 18, 27].

B. Active Imaging Techniques

The active visualization methods rely on hardware components connected to the MRI scanner via a
coaxial cable or a fiber optic cable. Active tracking techniques comprise small receiver coils or antennas
placed into the interventional instruments for receiving and/or transmitting the signal via separate channels
to the MRI scanner. The implantation can be performed independently from the imaging and so more
detailed imaging can be achieved together with accurate coordinates of interventional devices through
tissue or vessels. Contrary to passive techniques, long conductive lines used in active approaches for
transporting electrical signals between the catheter and MRI scanner, result in significant heating that is
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induced during RF transmission [28]. Active catheterization may also suffer from limited ability to steer
and flexibility in tortuous blood vessels and cardiac chambers due to the rigid and nonflexible mechanical
properties of incorporated RF receiver coils and antennas [29].

C. Semi-Active (Hybrid) Imaging Techniques

Semi-active imaging techniques can also be named as hybrid imaging technique since it embodies
some of the specific properties of both passive and active imaging techniques. Semi-active methods benefit
wireless resonant circuits (RC) as a fiducial RF marker that inductively couples the standard
transmitter/receiver coil of MRI scanner without any connection hardware in between. Excitation of RF
signal by transmit coil results in locally induced B field over the RF coil and thus substantially enhancing
the excitation angle in the directly adjacent surroundings of the RF marker [30]. For semi-active designs
since the RF coil is completely activated by RF coupling, heating hazards caused by long conductive lines
will be avoided inherently.

Two of the most recent and promising studies presented ultra-thin, flexible and MRI compatible RF
markers that provide a robust localization under MRI [31, 32]. As a result of evaluations in phantom and
in vitro experiments, the proposed structures may be accepted as feasible for anatomic marking,
miniaturization of device and safety. However, the coupling between RF resonator and transmitter and so
the visualization of the RF marker is still directly depending on resonator's orientation with respect to the
standard transmitter of the MRI scanner [32].

D. Nanoparticles For MRI

Many studies were presented for biomedical applications that benefit nanoparticles with specific
electronical (semiconductor etc), optical and magnetic (metal, etc.) properties [33]. Nanoparticles are
generally utilized with varied medical imaging modalities as contrast agents and signaling molecules that
increase diagnostic capability, drug delivery carriers and therapeutic elements [7]. Radiocontrast agents
comprise iron oxide nanoparticles are novel agents for MRI to advance imaging contrast. Semiconducting
quantum dots act as optical labels for imaging cells under MRI [33].

3. DISCUSSION

In this review, approaches to develop MRI safe and compatible interventional devices composed of
biomaterials has been discussed that will provide sufficient image contrast without impairing effect of
mechanical properties and visibility under MRI. Fabrication of interventional instruments that will be used
under MRI guidance should be realized by considering many factors involving Bo magnetic strength, B
field orientation, minimization of RF heating, re-manufacturability, biocompatibility, and mechanical
properties. These parameters are directly effective on performance of MRI safe and compatible devices
including induced current, tuning, Signal to Noise Ratio (SNR), and Quality factor (Q).
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Although all mentioned approaches are promising for construction of safe and visible MRI

compatible devices, studies should devote more time to present optimized and robust designs to overcome
challenges for realization of interventional procedures under MRI.
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Abstract

In this study, plasma polymerization technique for the production of antimicrobial surfaces was studied to
inhibit the formation of biofilm of Staphylococcus aureus (S. aureus) and Candida albicans (C. albicans)
for foreign materials in biomedical application. Low pressure RF-plasma system was used to coat Ti
surfaces. Ti surfaces were exposed to diethyl phosphite (DEP) plasma generated with different discharge
power varying from 25-90 W for 1-10 min of exposure times at a constant pressure of 0.15 mbar. Surface
hydrophobicity and surface energies of unmodified and DEP modified Ti surfaces were used to enlighten
surface wettability by the sessile drop method using contact angle analyser. All DEP coatings produced
with different plasma conditions increased both the surface hydrophilicity from 100° to 30-48° and surface
energies of Ti surfaces from 33mJ/m2 to 61-71mj/m2. Aging of the DEP coatings on Ti surfaces was
analyzed in terms of change in surface energies by time within 30 days. Even though the stability of
phosphorus containing thin films has been problematic due to the post-plasma oxidation, thin films
produced with 25 W-5 min, 50 W-5 min, 75 W-10 min and 90 W-1 min were found more stable compared
to the others. The antibacterial and antifungal activity of unmodified and DEP modified Ti surfaces was
studied against S. aureus and C. albicans, respectively. While the adhesion and growth of both bacteria and
fungi was observed on unmodified Ti surfaces, antimicrobial activity was observed after surface
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modification with DEP plasma with different plasma conditions. The highest efficiency for anti-fungal
coating was obtained with 50 W-5 min, 75 W-10 min and 90 W-10 min and the highest antibacterial activity
was achieved with 25 W- 1min, 50W-5 min, 50 W-10 min and 75 W-10 min. Additionally, surface
modification with DEP plasma increased L929 fibroblast cell viability of Ti surfaces. The chosen precursor,
DEP, solves problems in reducing the risk of infection associated with Ti implants with plasma
polymerization technique.

Keywords: Plasma polymerization; Amphoteric polymer; Titanium; Antimicrobial coating; Fungicidal
activity; Antibacterial activity.

1. INTRODUCTION

Increasing lifetimes significantly increase the demand for biomedical devices. Advances in
nanotechnology and surface modification in recent years allow the design and development of biomedical
devices with improved function or longer life span [1]. Although many products are commercially
available, most of them have suffered from polymicrobial infections after implantation due to the adherence
of bacteria and fungi and the multiplication of these pathogens on the surfaces. This could cause serious
problems in implant surgery as well as short-term implanted biomedical devices. They often require
replacing the infected device or implant, and could result in significant costs for the healthcare system [2-
4].

Surface coating is one of the most effective ways to develop anti-infective biomaterial/medical
devices. The fabrication of various controlled surface structuring with the use of antimicrobial peptides,
enzymes, nanoparticles, quaternary ammonium compounds, anti-adhesive polymers, super hydrophobic
coatings and chitosan based strategies have been used to obtain antimicrobial surfaces [5]. In addition to
the aforementioned methods, various antibiotics can be immobilized to prevent the formation of biofilms
on the surface, but the bioactivity and biocompatibility of most of them with host tissues is problematic.
Plasma technology is a highly effective method for surface structuring with their shorter reaction times,
single-step process, environmental safety and only changing the surface properties of the material without
affecting the bulk properties. With proper discharge power and the chemical structure of precursors used
for modification, the production of antimicrobial surfaces could be achieved [6]. Phosphorus based
nanomaterials have been used as drug nanocarriers, tumor theranostics, biosensors, and bone formation in
biomedical application [7]. Diethyl phosphite as a precursor during plasma polymerization has been studied
by our group and others with the aim of modifying the physical, chemical, electrical, or biological properties
of the silicon, titanium and polystyrene for mainly biomedical applications [8-10]. Depending upon the
plasma parameters applied during plasma processing, the surface energy and/or chemical structure could
be changed. Therefore, it is important to find optimum conditions which inhibit both the growth candida
and bacteria while keeping their biocompatibility.

103 @@

eps

FRAGRANCES




Natural & Applied Sciences Journal Volume: Special Issue: 2nd International Congress of Updates in Biomedical Engineering 2020

This full text explains the optimization of plasma parameters to inhibit both candida, Candida
albicans (C. albicans), and bacteria, Staphylococcus aureus (S. aureus) biofilm formation using plasma
polymerized thin-film coating on Ti surfaces and to evaluate the influence of different thin films produced
with varying plasma power and exposure time onto the attachment and growth of both microorganisms. Ti
surfaces were chosen as a substrate due to their frequent usage in orthopedic and dental implant applications
[11-12]. Furthermore, the biological response of the L929 fibroblast cells incubated with plasma modified
Ti surfaces with different plasma conditions was monitored and compared with unmodified Ti.

2. METHOD

A. Coating Process

During research, commercially available Ti coated glass slide surfaces (Ti surfaces) were used as a
substrate (Oncel Advanced Materials & Surface technologies, Istanbul, Turkey) and surface coating process
of Ti surfaces was achieved with low pressure plasma produced with radio frequency of 13.56 MHz in a
stainless-steel plasma chamber of 150 mm radius/320 mm length (Pico, Diener Electronic GmbH,
Germany). A RF (13.56 MHz) generator was chosen to keep glow discharge in the plasma chamber. Before
the process, Ti surfaces were placed in the plasma chamber. Before the plasma generation, air in the
chamber was evacuated until 0.15 mbar with the vacuum pump (Trivac 2.5E, Leybold Vacuum GmbH,
Germany). Then, precursor, DEP was degassed with the freeze-pump-thaw method. After the degassing
process, the atmosphere of the plasma chamber was changed from air to DEP for 15 min. Ti surfaces were
exposed to DEP plasma generated with different discharge power varying from 25-90 W for 1-10 min of
exposure times at a constant pressure of 0.15 mbar. Discharge power losses during the plasma process were
kept minimum by the help of a matching network. After the surface modification process, plasma modified
Ti surfaces were left in the vacuum medium for 15 min to passivate the active radicals.

B. Surface Characterizations

The contact angle (CA) of water and diiodomethane with the unmodified and DEP modified Ti
surfaces was measured by monitoring the drop using a contact angle analyser (KSV Instruments Ltd.,
Finland). Five measurements were recorded to calculate the average contact angle and standard deviation
(£SD). The solid surface free energies (SFE) of the unmodified and DEP modified Ti surfaces were
calculated using the Young-Dupré’s equation. Hydrophobic recovery of the DEP thin films was analyzed
in terms of change in surface energies by time within 30 days to monitor air stability (aging).

C. Microbiological Testing

A modified version of the Japanese Industrial Standard Z 2801 was used to measure both the
antibacterial activity of plasma polymerized films against the prokaryotic bacterium Staphylococcus aureus
(S. aureus) (29213 ATCC) and the antifungal activity against the eukaryotic fungus Candida albicans (C.
albicans) (90028 ATCC) [13]. The details about both antifungal and antibacterial assay were given in
previous study [9].
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D. Cytotoxicity of Plasma Modified Ti Surfaces

Cytotoxicity of Ti surfaces after modification with DEP plasma with different plasma powers for
10 min exposure times at a constant pressure of 0.15 mbar against mouse L929 fibroblasts (ATCC, CCL-
1, Rockwille, USA) were analyzed with a modified version of 3-(4,5-dimethylthiazol- 2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay [14].

3. RESULTS

Since the surface wettability was expected to increase after plasma coating due to polar groups
found in the chemical structure of DEP, the measurement of water and diiodomethane contact angles is a
great way to monitor the surface modification of highly hydrophobic Ti. The water and diiodomethane
contact angle results of unmodified Ti and pp(DEP)-Ti surfaces produced by different plasma parameters
were given in Table 1. Water contact angles of unmodified and plasma modified Ti surfaces with plasma
power 25W to 90 W for 10 min exposure time were found 100+£7°, 33+1°, 334+3°, 30+£2° and 40+13°,
respectively. A sharp decrement right after DEP plasma coating was seen compared to unmodified Ti
surfaces and no significant relation between the increment of plasma power applied during plasma
polymerization and water contact angle was observed. The influence of exposure time on water contact
angle was also investigated to observe which exposure time provides sufficient polymerization time.
Although all of the coatings gave more hydrophilic results in contact angle measurements compared to
unmodified one, more hydrophilic surfaces were obtained with the increment of exposure time from 1 or 5
min to 10 min as expected. Moreover, the increment of the exposure time from 1 to 5 min at all plasma
power except 90 W did not change the contact angle.

Surface energies (SE) of unmodified Ti and pp(DEP)-Ti surfaces produced by different plasma
parameters were also given in Table 1. The SE value of unmodified Ti surfaces were calculated as 33.4
mJm?. After DEP plasma modification with plasma power 25W to 90 W for 10 min exposure time, two
times higher surface energies were seen around 70mJ/m? compared to unmodified one except 90 W-10 min.
The most striking increase in surface energies can be observed in surfaces which were modified with 25
W-10 min, 75 W-10 min and 90 W-5 min plasma parameters.
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Table 1. Comparison of contact angles results of unmodified Ti and pp(DEP)-Ti surfaces with different
discharge power varying from 25-90 W for 1-10 min of exposure times at a constant pressure of 0.15 mbar.

Plasma Conditions Contact Angle (°)
Plasma Power  Exposure Time Water Diiodomethane Surface Energy

(W) (min) (mJim?)

base - 1007 52+2 334

1 4811 33t8 61.0

25 5 4645 3819 60.9

10 3341 20+3 69.9

1 4018 3914 67.5

50 5 4014 48+3 61.8

10 3343 3245 69.0

1 40t7 3412 68.5

75 5 4012 43+1 62.9

10 3042 3115 707

1 4143 353 64.4

90 5 3042 3114 70.8

10 4013 3319 65.6

One of the main problems that affect the adaptation of plasma polymerized thin film in surface
modification of implants have been the aging in ambient air. After surface modification with plasma,
surfaces face with the hydrophobic recovery over time and this leads to simultaneous decrement in the
surface energies [15-19]. It has been reported that re-orientation of polar groups located on the surface
and/or post-oxidation of functional groups on the surface could be causing the decrease in hydrophilicity
over time. Therefore, the surface energies (SE) between 1 and 30 days were also studied to understand the
shelf-life of DEP plasma modified Ti surfaces with different plasma parameters and given in Figure 1. The
clear change in surface energies was seen in the first 5 day due to the post-plasma oxidation except those
produced with 25 W-5 min, 50 W-5 min, 75 W-10 min and 90 W-1 min [20]. The thin films produced with
these parameters were found more stable compared to the others.

106 @)

eps

FRAGRANCES




Natural & Applied Sciences Journal Volume: Special Issue: 2nd International Congress of Updates in Biomedical Engineering 2020

= - 50W_1"
(a) 751 —e—25W_5' (b)75 —+—50W §
25W_10' 70l 50W_10
ey | —+—Ti_Base Ti_Base
65 654
[ [N
£ £
S 551 = 55|
% A s
£ 70 \ e
5 — g
&§ 45 f“‘\\l < & 45 T~
8 . R T~ o - —— ¢
£ — " 8 % -
B B4x x ¥ g —
W\ / v @ Bxx ¥ -
30 \7 LA
¥ 30
¥
o 5 10 15 20 25 30 35 25 T T T T T T 1
Time (Day) 0 5 10 15 20 25 30 5
Time (Day)
(c) - (d) .
—=—T75W_1 —=—90W_1
5 —e—75W_S' 75 —+—90W_5'
. 75W_10° 20} 4—90W_10'
0 Ti_Base 1 v— Ti_Base
65 65|
a =
2 60 2 e\
E £ \\o
= 55| =51 W\
: - ol tLh
o %0 - — 3 50 L AL\ =
a ~ @ LY N —
g e &4 -.r\\\‘\ il
@ ~—~— @
S a0l ~ g 40 .
":: — g — s
@ B ¥ A Bdn x i
V -+ Vi v 5
30| 204 \/
¥
0 5 10 15 20 25 30 35 [ 5 10 15 20 25 30 35
Time (Day) Time (Day)

Figure 1. Aging of unmodified Ti and pp(DEP)-Ti surfaces with different discharge power varying from
25-90 W for 1-10 min of exposure times at a constant pressure of 0.15 mbar.

The effect of different plasma parameters onto the growth of S. aureus on unmodified and pp(DEP)-
Ti surfaces were studied and given in Figure 2. At the end of the 24h incubation time, surface modification
with DEP plasma decreased the adhesion and growth on Ti surfaces compared to control except surfaces
modified by 75 W-5 min and 25 W-10 min. The highest antibacterial activity was seen on Ti surfaces
modified with 25 W-1 min, 90 W-1 min, 50 W-5 min plasma conditions. Because of the fact that incubation
time could affect the antibacterial activity, bacterial biofilm formation was also evaluated for 24, 48 and 72
hrs. When DEP plasma polymer films produced with 25, 50, and 75 W of plasma power and 1, 5, and 10
min of exposure time were analyzed, it was seen that the inhibition was increased with the increment in

incubation time. However, the plasma power of 90 W behaved differently with the increment of exposure
time.
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Figure 2. Growth inhibition of pp(DEP)-Ti surfaces with different discharge power varying from 25-90 W
for 1-10 min of exposure times at a constant pressure of 0.15 mbar against S. aureus after culturing for 24

h, 48 h and 72 h. The unmodified Ti surface was used as a control material. The results are averaged from
three replicates [9].
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Ti surfaces that modified with 1 min exposure times were found insufficient to gain anti-fungal
properties in all plasma powers (Figure 3). Ti surfaces modified by 25 W-1 min plasma parameters showed
similar trend in terms of the formation of candida colonies. When plasma power increased to 50, 75 and 90
W, higher candida biofilm formation was observed compared to unmodified Ti at their 72-hour incubation.
Even though DEP plasma coating was successfully achieved as seen in surface energy results in all
parameters, some conditions stimulated the formation of candida colonies such as 50 W- 1 min, 50 W-10
min, 75 W-1 and 75W-5 min. Also, some of them totally behaved like antifungal surfaces like 50W-5 min,
75W-10 min and 90W-10 min. Such a sharp diversity caused by the nature of plasma polymerization
technique. According to overall results, while the highest efficiency for anti-fungal coating was obtained
with 50 W-5 min, 75 W-10 min and 90 W-10 min, the antibacterial surface was produced by 25 W- 1min,
50 W-5 min, 50 W-10 min and 75 W-10 min.

Figure 3. Growth inhibition of pp(DEP)-Ti surfaces with different discharge power varying from 25-90 W
for 1-10 min of exposure times at a constant pressure of 0.15 mbar against C. albicans after culturing for
24 h, 48 h and 72 h. The unmodified Ti surface was used as a control material. The results are averaged
from three replicates [9].

The proliferation of L929 fibroblast cells on the Ti surfaces modified with different plasma
parameters after 24, 48 and 72 hrs of culture were shown in Figure 4. The cell viability results were shown
that unmodified Ti surfaces had the least biocompatibility in all days compared to the plasma modified Ti
surfaces. The proliferation rate of cells on the DEP plasma modified Ti surfaces with different plasma
power compared with each other was not significantly different at the end of 24 and 48 hrs. As seen in the
figure, only surfaces modified with 90 W of plasma power lost their biocompatibility at the end of 72 hrs.
The DEP plasma modified Ti surfaces could provide a proper surface for the viability of L929 fibroblast
cells.
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Figure 4. The biocompatibility of pp(DEP)-Ti surfaces with different discharge power varying from 25-90
W for 1-10 min of exposure times at a constant pressure of 0.15 mbar after culturing for 24 h, 48 h and 72
h. The unmodified Ti surface was used as a control material. The results are averaged from three replicates

9.

5. CONCLUSION

In this study, Ti surfaces were modified with DEP plasma under different plasma power for different
exposure times at a 0.15 mbar pressure and the best conditions to inhibit microbial adhesion on Ti surfaces
during plasma polymerization was optimized during this study. DEP plasma modified Ti surfaces were
found to be hydrophilic and have higher surface energy compared to unmodified surfaces regardless of
plasma power and exposure time. Antibacterial and antifungal tests indicated that dramatic decrement in
the number of viable pathogen cells was seen at the Ti surfaces produced with 50 W-5 min and 75 W-10
min compared to unmodified Ti surfaces. The cell viabilities of L929 fibroblast cells on DEP plasma
modified Ti with 50 W-5 min and 75 W-10 min was also increased compared to unmodified Ti regardless
of plasma power.
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Abstract

Phenylketonuria (PKU) is an inborn error of metabolism which arises from the mutations in phenylalanine
hydroxylase (PAH) gene. PAH enzymes hydroxylate phenylalanine to tyrosine in the presence of the
cofactor tetrahydrobiopterin (BH4), molecular oxygen and iron. Mutations in PAH gene led to lack of one
of the essential enzymes, phenylalanine hydroxylase (PAH). Lack of this crucial enzyme brings about the
accumulation of L-phenylalanine and their metabolites in the newborns’ blood, urine and other body fluids,
causing skin lesions, epilepsy, microcephaly, eczema, and scleroderma and, if untreated, also cause mental
retardation. The amount of serum phenylalanine of healthy individual, is expected to be measured in the
range of 50-110 uM, while phenylalanine in phenylketonuria patients is in the range of 0.6-3.8 mM in
serum and 20-60 mM in urine. Metabolic diseases such as phenylketonuria are rare diseases but these types
of illness reduce the quality of life at serious levels. If these diseases can be diagnosed early by the help of
detection methods, mortality and morbidity can be prevented. For this reason, early diagnosis of metabolic
diseases provides a better quality of life for the patients. Today, phenylketonuria could be determined using
microbial inhibition, chromatographic and spectrophotometric methods. In Turkey, phenylketonuria test is
performed by colorimetric method in screening centers. However, since these methods are time-consuming
and expensive, complex instrumentation, preliminary preparation and special laboratory facilities are
needed, the need in this area cannot be fully met. For this reason, there is an urgent need to develop simpler,
faster and more economical assay methods and make them readily available at the clinic. For this reason,
the development of new techniques and/or devices is a great need to be addressed urgently. In this context,
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use of affinity biosensors which are known with their sensitivity, selectivity, low cost and rapid response,
to the following of phenylketonuria disease will ensure that these disadvantages are overcome. This review
aims at presenting the bioreceptors to selectively and sensitively diagnose phenylketonuria by using
different transducers in affinity biosensors.

Keywords: Phenylketonuria, affinity biosensor, phenylalanine, bioreceptor, transducer

1. INTRODUCTION

Phenylketonuria, an inherited autosomal recessive disorder, is caused by a lack of the hepatic
enzyme L-phenylalanine-4-hydroxylase, comprised of the metabolic pathway of phenylalanine (Phe). In a
healthy individual, phenylalanine hydroxylase is responsible for converting L-phenylalanine to tyrosine in
the presence of tetrahydrobiopterin (BH4), oxygen and iron (JERVIS et al., 1953), (Crujeiras et al., 2015).
This hereditary disorder causes the accumulation of L-phenylalanine in body fluids (Blau et al., 2010).
Current treatment modalities have been based on the reduction of L-phenylalanine, as the high levels of L-
phenylalanine in body fluids lead to neurocognitive problems (Gok et al., 2016). Today, the main goal of
newborn and child health studies is; not only reduce mortality rates but also prevent other problems caused
by health problems. For this reason, it is very important to diagnose and treat the phenylketonuria which
causes serious health problems.

This review discusses the recent advances in the affinity biosensors and detection strategies for
phenylketonuria diagnosis. Additionally, key challenges and opportunities in further development and
applications were outlined. Emphasis is mainly pointed out the affinity biosensors which modified with
different molecular recognition element (bioaffinity elements) for phenylketonuria detection.

1.1. The Diagnosis of Phenylketonuria with Affinity Biosensors

Bioffinity biosensors, that show selective biorecognition of specific target species for triggering
signals, represent a major class of modern biosensors (Cosnier, 2005; Wang, 2006; Merkog¢i, 2013).
Technological developments starting with the research conducted by Clark and Lyons have been
contributed to the design of high-performance biosensors in different fields for biomedical purposes
(Rasooly et al., 2006; Tothill, 2009; Soper et al., 2006; D’Orazio, 2011). This technology enables us to
successfully detect target species with bioaffinity molecules via maximum association and minimum
dissociations (Liu et al., 2012). The association and dissociations directly depends on the type of molecular
recognitions (i.e.enzyme, antibody, DNA, RNA, aptamer) which is one of the most important components
in biosensors.
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1.1.1. Nucleic acid-based biosensors

As phenylketonuria is arisen from the mutations in PAH gene, successful recognition of the
mutation is one of the possible ways to detect the disease. In order to achieve, there is a need for
ultrasensitive detection technique which can rapidly and simply detect mutated DNA sequences by the help
of low-cost technique. Whereas several analytical devices are found for DNA diagnostics, these techniques
are expensive, time-consuming and needing well-equipped laboratories to operate. A variety of nucleic
acid-based biosensors have been developed to meet the demand for simple portable devices for DNA
diagnostics (Labuda et al., 2010). The working principle of nucleic acid-based biosensor could be
summarized as the identification of biomarker with DNA or RNA based probe and the transformation of
the biorecognition incident into signal after the hybridization of DNA probe and complementary sequence
(Palchetti, 2014).

Aghaei et al. (2017) conducted a research about the detection of single nucleotide mutation on
chromosome 12g23.2 which is arisen from G to A transition at position 546 on intron 10 of the PAH gene
for the screening of the phenylketonuria. A summary of working principle of DNA biosensor based on
hematoxylin tagged screen-printed gold electrode could be seen in Figure 1 (Aghaei et al., 2017). In
literature, raman spectroscopy (Brauchle et al., 2014), fluorescent (Sun et al., 2015), surface plasmon
resonance (SPR) (Ding et al., 2015), calorimetric (Jung et al., 2015), X-ray crystallography (Bao et al.,
2015), quartz crystal microbalance (QCM) (Kargl et al., 2015), and mass spectrometry (Marrazza et al.,
1999) have been studied to detect the single nucleotide DNA mutations. But Aghaei et al. were chosen
electrochemical transducer due to others’ disadvantages like high cost, the need to use simple processes for
synthesis, and, longer analysis time. Screen printed gold electrodes were used and working electrode were
decorated with thiol modified oligonucleotide probe 5’HS-(CH2)6-SH-
TGTGGACCCAACGTGAAAAGT-3) to detect complementary target DNA. After the hybridization,
hematoxylin was accumulated on surfaces to monitor reduction signal with differential pulse voltammetry.
The working ranges for the designed screen-printed gold electrode were reported to be 20 pM-150 nM, and
the limit of detection (LOD) was 8.5 pM. Additionally, the recovery values in simulated real samples were
found 98.12 % (Aghaei et al., 2017).

Prepared biosensor (curve A) Hybridized biosensor (curve B)
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Figure 1. The development of a DNA biosensor for the diagnosis of phenylketonuria (Aghaei et al., 2017)
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1.1.2. Enzyme-based biosensors

Enzyme-based biosensors have been extensively studied in qualitative and quantitative analysis of
a variety of analytes in biomedical applications and some of them have been commercialized like self-
monitoring of blood glucose levels (Heller et al., 2008; Ispas et al., 2012). Moreover, enzyme-based
biosensors can be utilized in food freshness, analyzing of glucose content in drinks, detection of cholesterol
in butter, food components of sugars, infective organisms test (Kurbanoglu et al., 2020). As it has been
known that phenylketonuria is caused by the lack of phenylalanine hydroxylase enzyme which catalyzes
the L-phenylalanine to convert tyrosine in the presence of molecular oxygen and tetrahydrobiopterin, the
usage of phenylalanine hydroxylase as bioaffinity molecule is sensitive way to measure phenylalanine
concentration, thus phenylketonuria. Therefore, several enzyme-based biosensors have been developed
(Villalonga et al., 2007; Weiss et al., 2007; Naghib et al., 2012; Naghib et al., 2014).

Villalonga et al. (2007) were studied to detect the change in amperometric response after the
enzymatic reaction of L-phenylalanine by the help of functionalized surfaces with phenylalanine
dehydrogenase (Figure 2). Gold electrodes were chosen and modified with perthiolated-cyclodextrin to
immobilize adamantane modified phenylalanine dehydrogenase. Sodium 1-adamantanecarboxylate were
used to immobilize enzyme to cyclodextrin with the host-guest associations. The linear range of developed
affinity biosensor were found 20 uM-3 mM and the sensitivity was observed as 21.1 nA/mM. The quite
low value for limit of detection was found 15 uM (Villalonga et al., 2007).

Figure 2. Supramolecular-mediated immobilization of adamantane-modified phenylalanine dehydrogenase
on CD-coated Au electrodes (Villalonga et al., 2007).

Then, Weiss et al. reported a research about the development of enzyme-based biosensor for the
measurement of phenylalanine in urine to diagnose phenylketonuria. During the experiment, unique
electrodes comprised of a carbon paste electrode with nicotinamide a nicotinamide adenine dinucleotide
(NAD"), phenylalanine dehydrogenase, uricase, and 3,4-dihydroxybenzaldehyde (3,4-DHB) were used to
detect phenylalanine. As a result of the studies, the detection limit of the modified sensor was found to be
0.5 mM. The selectivity studies were also performed and the biosensor response was not affected in the
presence of ascorbate, urate, tyrosine and alanine (Weiss et al., 2007).
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Naghib et al. developed enzyme-based biosensor by immobilizing phenylalanine dehydrogenase on
dextran-based polymer. First, polymer-blend film was coated with dextran, polyvinylpyrrolidone and
carboxymethylcellulose in the presence of lysosomal protein and glutaraldenyde with spin coating to
immobilize enzyme, phenylalanine dehydrogenase. Then, enzyme immobilized electrode surface was
coated with the semi-permeable cellulose acetate membrane to increase stability of electrode response
(Figure 3). The performance of electrodes was tested for amperometric detection of phenylalanine and the
results shown that the working ranges for the electrode were in range of 0.5 mM-6 mM. The sensitivity of
enzyme electrode was 12.014 mA/M cm?and the LOD was 0.5 mM (Naghib et al., 2012).
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Figure 3. Schematic representation of electrode (Naghib et al., 2012).

Naghib et al. were again conducted research to developed affinity biosensor based on the direct
detection of phenylalanine with phenylalanine dehydrogenase immobilized on graphene oxide nanosheets
(GO)-chitosan modified gold electrode (Figure 4). The performance of electrodes was enlightened with
differential pulse voltammetry. The linear range of enzyme electrode was found between 0.5 to 2.5 mM.
The LOD value was found as 416 nM. The selectivity of enzyme electrode was also studied in the presence
of glucose, estriol, dopamine, glycin, L-cysteine, ascorbic acid and ethanol and negligible increment in
signal was seen in voltammogram (Naghib et al., 2014).
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Figure 4. Schematic representation of proposed biosensor (Naghib et al., 2014).

In 2018, electrochemical paper-based enzymatic platform coupled to screen printed graphene
modified electrode was developed to monitor the level of phenylalanine (Figure 5). The performance of
biosensor was measured with differential pulse amperometry. The linear range of enzyme-based biosensor
was reported as 5-600 uM and the LOD value was 0.2 uM. The selectivity test conducted with bilirubin,
hemoglobin, cysteine, tryptophan, tyrosine, leucine, methionine and ascorbic acid. Only ascorbic acid
caused an increment about 10.2% in background signal. However, added value of ascorbic acid during
selectivity test was too high compared to physiological level. Therefore, the method was found quite
sensitive to phenylalanine (Moreira et al., 2018).
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Figure 5. Schematic representation of paper-based enzymatic platform coupled to screen printed graphene
modified electrode and its working principle (Moreira et al., 2018).

Recently, a new enzyme-based biosensor was developed by Arslan et al. (2020). The working
principle of biosensor based on the amperometric detection of phenylalanine with phenylalanine
dehydrogenase and toluidine blue O decorated platinum electrode. The linear range of biosensor was found
0.01-0.25 uM and the LOD value was estimated as 1 nM. The selectivity of proposed biosensor was shown
in the presence of ascorbic acid, uric acid, ethanol, methanol, paracetamol, cystine, cysteine and glucose
and no significant differences in signal after the addition of these molecules was observed (Arslan et al.,
2020).

1.1.3. Aptamer biosensors

Then, aptamers are unnatural nucleic acid ligands demonstrating particular binding affinity for
amino acids, drugs, proteins and other molecules which were developed in 1990s for in-vitro selection and
amplification for the isolation for RNA sequences that could particularly bind to target molecules (Tuerk
et al., 1990; Ellington et al., 1990). These functional RNA oligonucleotides were then named as aptamers
(Jayasena, 1999). Subsequently about 20 years’, DNA and RNA aptamers have been categorized as
adhering firmly to a wide range of targets (for instance; proteins, peptides, amino acids, drugs, metal ions)
thanks to the constructing of fast, automated, selection technologies (Song et al., 2008). In literature, only
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one research which was used aptamer as bioaffinity molecule for the detection of phenylketonuria has been
found. Hasanzadeh et al. were developed apta-assay based on the usage of aptamer immobilized on gold
nanoparticle modified gold electrode (Apt/AuNSs/Au) (Figure 6). The performance of aptasensor was
tested with differential pulse voltammetry and voltammetric results showed wide linear ranges around 0.72
uM-6mM. The LOD values were 0.23 uM. Additionally, the selectivity of the Apt/AuNSs/Au electrode
was also studied in the presence of Tyrosine, Glycine, Serine, I-Valine, Tryptophane, Arginine, Proline,
Aspartic acid, Methionine, and Leucine and no significant effect caused by interfering compounds was
observed in voltammograms (Hasanzadeh et al., 2018).

Figure 6. Schematic representation of the fabrication and working principle of Apt-AuNSs-Au electrode
(Hasanzadeh et al., 2018).

2. DISCUSSION AND CONCLUSION

Many affinity biosensor-based assays for the detection of different diseases have been reported in
literature up to now. This trend has been shown us the importance of affinity biosensor technology in
biomedical applications.

The literature reviewed in this paper demonstrates that affinity biosensors are able of describing and
measuring phenylketonuria (PKU) disease. With an importantly low detection limit (8.5 pM), wide dynamic
range (20 pM to 150 nM), and good results in real sample analysis, this biosensing system can promisingly
ease the analysis of DNA sequences in clinical and biomedical applications, especially for detection and
early screening of the PKU.
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OZET

Tiimorli dokular 1s1] terapi yontemleri ile tedavi edilebilmektedir. Ancak bu uygulamalarda dokularin
gerekli 1s1l doza maruz birakilmasi gerekmektedir. Tedavi sirasinda gerekli 1s1l dozun uygulanip
uygulanmadigi sicaklik goriintiileme yontemleri ile tespit edilebilir. Calismada ultrasonik sicaklik 6lgiim
yontemi incelenmistir. Belirli bir sicaklik artis1 sonrasinda doku ses hizi degismekte ve 1s1l genlesme
mekanizmasi devreye girmektedir. Boylelikle doku igerisindeki arayiizlerin konumu degismekte ve ilk
durum ve ikinci durumda, araylizden meydana gelen geriye doniis zamanlar1 degismektedir. Bu zaman
kaymasimin tespit edilmesi ve doku termoakustik Ozellikleri ile iliskilendirilmesi sonucunda sicaklik
tahmini gergeklestirilmektedir. Caligmada ¢ok katmanli, katmanlar arasi homojen bir model ile birlikte tek
katmanli ancak katmanlar aras1 heterojen bir model olusturularak tek boyutlu ortamda akustik benzetim
gergeklestirilmistir. Benzetim sonuclarinda elde edilen sinyaller kullanilarak sicaklik tahmin algoritmasi
calistirilmis ve yontem smanmistir. Calisma sonucunda kabul edilebilir sicaklik degisim tahminleri
yapilmis ancak bazi noktalarda zaman kaymasi tahmininde hatalar olustugu gozlemlenmis ve hatalarin
nedenleri incelenmistir. Calisma, ileriki ¢aligmalar i¢in temel olup 1 boyutlu semada tutarli sonuglar
alinmustir. Ileriki calismalarda sanal doku fantomu gergek bir dokuya yakinlastirilacak, bir ve cok boyutlu
ortamda sicaklik tahmin algoritmalar1 bu fantom iizerinde ¢aligilacaktir.
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Anahtar Kelimeler: Ultrason, ultrason ile sicaklik 6l¢iimii, ultrasonik sicak degisim benzetimi.
1. GIRIS

Isil tedavi yontemleri doku icerisinde bulunan iyi ve kotii huylu timorlerin kiigiiltiilmesi veya
yakilmasi amaciyla siklikla uygulanmaktadir. Bunlarin yani sira fizik tedavide agri hafifletme amaciyla
kullanilmaktadir. Tiimor uygulamalarinda tedavinin basarili olmasi i¢in ilgilenilen bolgenin belirli bir siire
boyunca, belirli bir sicaklikta tutulmasi gerekmektedir. Boylelikle ablasyon ya da kiigiiltme icin gerekli 1s1l
doz dokuya uygulanmaktadir.

Tedavi Oncesinde dokunun ulasmasi gereken sicaklik dagilimi veya bu sicaklik dagilimi i¢in
uygulanmas1 gereken gii¢ biyoisi yaklagimlar1 kullanilarak tespit edilebilir. Tedavi sirasinda ise dokunun
istenilen sicakliga ulasip ulasmadig sicaklik goriintiileme yontemleri ile tespit edilebilir. Doku i¢i sicaklik
Olgtimleri 1s1l¢ift ve optik uglar ile girisimsel olarak yapilabildigi gibi Manyetik Rezonans (MR) veya
Ultrason (US) sicaklik 6l¢iim yontemleri ile girisimsiz olarak gerceklestirilebilir.

US sicaklik dl¢iimii ile MR sicaklik dl¢timiiniin birbirleri tizerine iistiinliikleri bulunmaktadir. MR
sicaklik 6l¢timii mutlak sicaklik 6l¢timii saglamasi ve ultrasona gore diistik giiriiltii degerlerine sahip olmasi
acisindan avantajhidir. Ancak, yontem genis bir donanim gerektirmektedir ve son iiriin maliyetleri
yiiksektir. Ultrason goriintiileme ise mutlak sicaklik yerine, bolgedeki sicaklik degisimini tahmin
etmektedir ve yiiksek giiriiltii degerlerine sahiptir. Bunlara ragmen gorece kiiciik hacimli donanima sahip
olmas1 nedeniyle tasinabilir sistem olarak tasarimi yapilabilir ve gorece diisiik son {iriin maliyetleri ile 6n
plana ¢ikmaktadir.

Bu calismada US sicaklik goriintiileme incelenmistir. Bu yontemde, bir araylizden geri donen
dalganin her iki sicaklik dagilimindaki geri doniis zamanlar1 karsilastirilmakta ve zaman kaymasi degerleri
bulunmaktadir. Hesaplanan zaman kaymasi doku termoakustik profili ile iliskilendirilerek sicaklik tahmini
gerceklestirilmektedir. Calismada, bilgisayar ortaminda sanal fantom modelleri olusturulmus ve iki farkl
sicaklik dagilimi i¢in fantomlarda akustik benzetim gerceklestirilmistir. Benzetim sonuglarindan alinan
sinyaller degerlendirilerek, literatiirde bulunan sicaklik tahmin modeli ile sicaklik olgiimleri
gergeklestirilmistir.

2. LITERATUR OZETi

Ultrasonik sicaklik Slgiimiine dair Onciil ¢alismada, Seip ve Ebbini (1995) iki farkli sicaklik
dagiliminda alinan sinyallerin spektrumunu ¢ikartmis ve bu spektrumlardaki maksimum deger veren temel
frekans ve onun harmoniklerini tespit etmistir. Temel frekanstaki kaymay1 sacicilar arasindaki ortalama
uzakligin degisimi ile iliskilendirerek ve 1si1l genlesme etkisinden yola ¢ikarak sicaklik tahminleme
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yapmistir. Simon vd. (1998) genel olarak bugiin kullanilan zaman kaymasi tabanli sicaklik tahmin
formiilasyonunu gerceklestirmis ve Ol¢lim prosediiriinii ortaya koymustur. Calismada ol¢iimde hataya
neden olan 1s1l lens etkisini vurgulanmistir. Zaman kaymasinin yani sira geri doniis enerjisindeki degisim
(Arthur vd., 2003) ve fotoakustik etki dolayisiyla doku tarafindan iiretilen dalgadaki degisimin (Shah vd.,
2008) tespit edildigi farkli ultrasonik sicaklik tahmin yontemleri bulunmaktadir.

Anand vd. (2007), Simon vd. (1998) deneysel olarak akustik fantomda sicaklik tahmini yapmustir.
Ayrica literatiirde ex-vivo ¢alismalar bulunmaktadir. Techavipoo vd. (2002) ex-vivo kopek dokularinda
sicakliga bagl akustik karakterizasyon gerceklestirmis ve sicakliga bagli zaman kaymalarini incelemistir.
Varghese vd. (2002) 1sitma uygulamast sonucunda; domuz dokusu iizerinde ex-vivo ve canli domuz kasi
tizerinde in-vivo ¢aligma gergeklestirmistir. Literatiirde bugiine kadar gergeklestirilen sicaklik 6l¢iimleri
tek bir doku katmani igin gerceklestirilmistir.

3. MATERYAL ve YONTEM

Calisma iki bolimden olusmaktadir. Ik boliimde doku benzeri bir ortami taklit eden sanal fantom
olusturulmus ve bu fantom iizerinde iki farkli sicaklik dagilimina ait ultrasonik alanin bilgisayar benzetimi
gerceklestirilmistir. Ikinci bdliimde, bu benzetimden elde edilen sinyaller degerlendirilmis ve ultrasonik
sicaklik tahmini gerceklestirilmistir.

3.1. Ultrasonik Benzetim

Dokuyu taklit eden iki farkli sanal fantom modeli olusturulmus ve lizerlerinde ayr1 ayri1 olmak tlizere
benzetim gerceklestirilmistir. 1k sette sagic1 etkiler incelenmeden ii¢ katmanli, katmanlar i¢inde homojen
bir sanal doku modeli, ikinci sette tek katmanli ancak katman igerisinde yag sagicilarinin oldugu heterojen
sanal doku modeli olusturulmustur. Sanal dokularin geometri modellerinin olusturulmasi ve iizerlerine
termoakustik parametrelerin tanimlanmasi Matlab platformunda gergeklestirilmistir.  Benzetimdeki
sicaklik dagilimlar1 Ty liniform olarak 37 °C ve T2 {iniform olarak 45 °C olarak kabul edilmistir.

Her iki doku modeli Matlab ortaminda, 50 mm uzunlugunda hesaplama alani olarak tasarlanmistir
(Matlab, 2020). Hesaplama alan1 2000 esit pargaya boliinerek Ax uzunlugu 50 X 1073 mm olmak iizere
grid yapisi olusturulmustur. 1 numarali grid noktasina ultrasonik doniistiiriicii islevini yapmasi i¢in US
kaynak ve sensor tanimlanmustir. Ug katmanli doku modeli Sekil 1°de verilmistir. Burada ilk katman 20
mm uzunlugunda karaciger dokusu, ikinci katman 10 mm uzunlugunda yag dokusu ve iigiincii katman 20
mm uzunlugunda karaciger dokusu olarak tanimlanmustir.
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Sekil 1. Hesaplama alani.

Tek katmanli heterojen doku modelinde, 50 mm hesap alaninin tamamu tek bir doku katmani olarak
olusturulmustur. Hesaplama alan1 igerisine, toplam grid sayisinin ylizde onu kadar ve esit araliklarla
yerlestirilmis noktalar se¢ilmis ve bu noktalar akustik sagic1 olarak tanimlanmistir. Akustik sagic1 6zelligi

saglanmasi i¢in bu noktalara yag dokusu oOzellikleri tanimlanmistir. Geri kalan noktalara ise karaciger
dokusu ozellikleri tanimlanmustir.

Doku boélgesi ve sagicilara ait termoakustik 6zelikler Tablo 1’de verilmistir, (Duck, 1990). Grid
yapisinin sabit tutulmasi nedeniyle 1s1l genlesme dolayli yoldan dokuya tanimlanmistir. Doku bdlgesine

tanimlanacak indirgenmis ses hizi profili, 1s1l genlesme etkisinin gercek ses hizi profiline yerlestirilmesiyle
olusturulmustur.

Tablo 1. Doku 6zellikleri.

Doku Ses dc/dt Yogunluk | dro/dt Is1l Akustik | Kaynak
Hiz1 (37°C) Genlesme | Sogurma
(37°C)
Karaciger 1578 1 1050 -0.315 10* 0.5 Duck
(1990)
Yag 1436 -3 928 -0.8909 | 3.2x10* 0.5 Duck
(1990)
Karaciger 1578 0.8422 1050 -0.315 10+ 0.5 Duck
(indirgenmis) (1990)

Benzetimde 3 periyot uzunlugunda 1 MPa pik — pik genliginde ve 8.5 MHz frekansinda, ultrason
atimi1 bir numarali grid noktasi lizerine uygulanmistir. Zaman adimin belirlemek adina CFL sart1 olarak
0.005 parametresi kullanilmigtir. Akustik benzetimler, Matlab iizerinde g¢alisan k-Wave ara¢ kutusu
kullanilarak gerceklestirilmistir (k -Wave, b.t.; Treeby ve Cox, 2010).

3.2. Ultrasonik Sicaklik Tahmini

Sicaklik degisimi sonucunda ses hizinda degisim meydana gelmektedir. Ayrica 1s1l genlesme
sonucunda yansitici arayiizlerin konumu bir miktar degismektedir. Bu nedenle sicaklik degisimi sonrasinda
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yeniden aliman US goriintiisiinde yansitici arayiizlerin geri donlis zamanlar1 bir miktar kaymaktadir.
Meydana gelen bu zaman kaymasi Denklem 1°de verilmistir.

6t(z) = t2(2) — t:1(2) 1)

Burada t;(z), z derinliginde bulunan bir anatomik noktanin ilk sicaklik dagiliminda alinan
sinyaldeki ugus zamanti, t,(z) ise ayni anatomik noktanin ikinci sicaklik durumunda alinan sinyaldeki ugus
zamanidir. Zaman kaymalar1 sinyal {izerinde capraz korelasyon ya da farklarin kare toplami gibi
yontemlerle bulunmaktadir. Ornek bir zaman kaymas1 Sekil 2’de verilmistir.

g X 10° Geri déniis sinyali

151

R ]

Py R
iijlfi-
TTITIT
T

Basing [Pa]

ELLEE

2.4 2.45 2.5 2.55 2.6
Zaman adimi (i) «10°

Sekil 2. Ornek Zaman kaymasi.

Denklem 2 kullanilarak ses hizi profil katsayis1 f degerlerinin bulunmasi ve zaman kaymasi
degerleri ile birlikte Denklem 3’te yerine koyulmasiyla beraber yerel noktanin sicaklik degisim tahmini
gergeklestirilmektedir, (Simon vd., 1998).

B(z) = — 2D 2

co(z) 9T lr=r,

_ Co(Z) 1 :2_
6T(2) = 2 (a(z)—ﬁ(z)) 0z 6t(2) (3)

Denklem 3’te ¢y, dokunun ilk durumdaki ses hiz1 degeri, a 1s1l genlesme katsayisi ve § doku ses
hiz1 degisim katsayisidir. Ayrik zamanda gerekli cebirsel islemlerin yapilmasiyla birlikte sicaklik degisim
tahmin denklemi Denklem 4’teki gibi olmaktadir.
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N1 1 A58(0)
AT() = Z(a(i)—ﬁ(i)) Ai (4)

Burada en sagdaki A4 (i) /Ai terimi, zaman kaymasi — zaman adimi1 verisinde zaman kaymasina fark
semas1 uygulanmasiyla bulunmaktadir. Diger iki terim ise dokudaki bir 1 noktasi i¢in sabit olup
termoakustik 6zelliklere baglidir.

4. SONUC

Her iki benzetim seti sonuglar1 6.312 GHz érnekleme frekansinda almmustir. Ug katmanli, homojen
doku modeli benzetimi sonucunda elde edilen sinyal Sekil 3’te verilmistir. Sinyal iizerinde sadece pik
noktalar1 iizerinde ¢apraz korelasyon gergeklestirilmis ve yerel zaman kaymalari sirastyla 680 ve -1046
olarak dl¢iilmiistiir. Teorik olarak bu bolgelerde bulunmasi beklenen zaman kaymalar1 671.6 ve -1045.7 dir.
Iki sagicili bu tahminde maksimum hata yaklasik %1,2 mertebesindedir. Bolgelerin termoakustik
ozelliklerinin 6nciil olarak bilinmesiyle, sacici noktalardaki sicaklik tahminleri 44,94 °C ve 45,15 °C
olmaktadir. Teorik degerler alindiginda olmasi gereken sicaklik degerleri ise 44,84 °C ve 45,11 °C’dir.

Geri fark semasi uygulanip, zaman kaymalarinin eksenel tlirevi alindiginda karaciger ve yag
dokularmin birbirlerinden farkli ve ters isaretli egime sahip oldugu goriilmektedir. Boylelikle, 6zellikle
tiniform sicaklik dagilimlarinda bu egim farki tespit edilerek katman boliitleme islemi
gerceklestirilebilmektedir.

2 x10° T = 37 °C durumunda geri déniig sinyali
: . - : - ; .
= 1
a,
2o
I
©
D4
2 . . . . . . . .
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
Zaman adimi (i) %10°
3 x10° T = 45 °C durumunda geri déniis sinyali
- r : : - : -
Py
T
a, gt
O
=
20
o
Ak
2 . : . . . . : .
0 0.5 1 1.5 2 25 3 3.5 4 4.5
Zaman adimi (i) %10°

Sekil 3. Cok katmanli doku modeli benzetim sonucu.

Tek katmanli heterojen doku modeli benzetim sonucunda elde edilen ultrason sinyali Sekil 4’te
verilmistir. Sagicilara denk gelen pik noktalarinda c¢apraz korelasyon gerceklestirilmistir. Capraz
korelasyon sonucunda elde edilen zaman kaymasi1 degerleri teorik degerlerle karsilastirilmis ve Tablo 1°de
verilmisgtir.
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20. saciciya ait nokta ¢apraz korelasyon algoritmasinin sag kenar sinyalde hatali caligsmasi iizerine
degerlendirmede dislanmis ancak tabloda verilmistir. Yiizdesel hata 1. Nokta’da %7,97 ve istisnai durum
olan 8, 14, 19 Noktalarda %20 iizeri olup kalan diger noktalarda %5 altindadir. Serpistirilmis sagicilar
nedeniyle doku i¢inde ¢oklu yansimalar ger¢eklesmektedir. Bunun sonucunda her sagici bolgesine denk
gelen pik civarindaki sinyal pargaciginda farkli girisim desenlerinin meydana geldigi goriilmiistiir. Ayrica
sicakligin degistirilmesi sonucunda ayni bdlgeden alinan sinyalde desenlerinde de farklilasma oldugu
goriilmiistiir. Bu nedenle 8, 14, 19. Noktalarda zaman kaymasi 6lgiimiinde %20 ve iizerinde hatalar

«10° T = 37 °C durumunda geri déniig sinyali
2r il
o H m M b 4
é 0 N ¥ ——
M1+ 4
25 -
| . |
0 0.5 1 1.5
Zaman adimi (i) «10°
4 x10° T = 47 °C durumunda geri déniig sinyali
— 2r 1
<
a,
2o ]
)
@
@ Ll i
| !

0.5

1

L
1.5

Zaman adimu (i)

2.5
%10°

Sekil 4. Tek katmanli heterojen doku modeli benzetim sonucu.

goziikmektedir.
Tablo 2. Zaman kaymasi degerleri.
Sacic1 No: 1 2 3 4 5
Capraz Kor. -36 -114 -191 -268 -345
Teorik -33,34 -109,20 -185,06 -260,92 -336,78
% Hata 7,97 4,39 3,21 2,71 2,44
Sacic1 No: 6 7 8 9 10
Capraz Kor. -423 -500 -264 -655 -732
Teorik -412,64 -488,50 -564,36 -640,22 -716,08
% Hata 2,51 2,35 53,22 2,31 2,22
Sacici No: 11 12 13 14 15
Capraz Kor. -815 -891 -976 -700 -1113
Teorik -791,94 -867,80 -943,66 -1.019,51 -1.095,37
% Hata 2,91 2,67 3,43 31,34 1,61
Sacici No: 16 17 18 19 20
Capraz Kor. -1193 -1271 -1349 -1110 256
Teorik -1.171,23 -1.247,09 -1.322,95 -1.398,81 -1.474,67
% Hata 1,86 1,92 1,97 20,65 117,36
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Sicaklik tahmin algoritmasi sonucu elde edilen sicaklik degerleri Sekil 5’te verilmistir. Capraz
korelasyon sonuglari, teorik olarak hesaplanan degerler ile karsilagtirilmistir. Zaman kaymasi degerleri,
girisim etkilerinden dolay1 8, 14 ve 19. Noktalarda hatali olarak elde edilmistir. Bu nedenle bu noktalarda
ve sicaklik tahmin algoritmasinda kullanilan fark semasi nedeniyle de bu noktalarin bir sonraki noktalarinda
hatal1 6l¢timler alinmastir.

Sicaklik tahmini
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Sekil 5. Sicaklik tahmini.

5. TARTISMA

Calismada, literatiirde verilen model test edilmis ve 1 boyutlu semada sonuclarin tutarli oldugu
goriilmiistiir. Zaman kaymasi grafigi kullanilarak ¢ok katmanli dokularda doku ayrim noktalarinin tespit
edilebilecegi goriilmistiir. Tek katmanli heterojen modelde geometrinin bazi noktalarinda, zaman kaymasi
degerlerinin bulunmasi asamasinda hatalar meydana geldigi ve bunun sonucunda sicaklik degisim
tahmininde sapmalar olustugu goriilmiistiir.

[k sicaklik dagilimindaki yerel girisim oriintiisii, hesaplama alaninda tanimlanan sagic1 dagilimi,
frekans, sinyal uzunlugu gibi degiskenlere baglidir. Bunun yani sira sicaklik degisimi sonrasinda yerel
dalgacik formunda degisim meydana gelmektedir. Zaman kaymasi tespitindeki hata bu sekilde yerel dalga
deseninde meydana gelen farkliliklar sonucu ortaya ¢ikmaktadir.

Capraz korelasyon (CK) algoritmasi iki dalga arasindaki benzerligi, bir sinyali sabit tutup diger
sinyali kaydirirken, her kaydirma adiminda sinyalleri ¢arparak, her kaydirma adimi i¢in CK katsayisini
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hesaplamaktadir. Capraz korelasyon algoritmasi, CK katsayisinin maksimum oldugu kaydirma adimini
zaman kaymasi degeri olarak dondiirmektedir. Sicaklik artis1 dncesi ve sonrasindaki sinyallerin profilleri
arasindaki farkliliklar CK algoritmasinin olmasi1 gerekenden farkli bir deger dondiirmesine neden
olmaktadir. Ozellikle iki sinyaldeki esdeger bolgelerin birinin pozitif degerler almasi, digerinin de negatif
degerler almasi sonucunda bu kaydirma adimi i¢in CK katsayis1 diger kaydirma adimlarina gore daha diistik
degerler alabilmektedir. Bu nedenle dalgacik formlarindaki CK katsayisina etkileri algoritma igerisinde
degerlendirilmelidir.

Su ana kadar olan sonuglar esit aralikli sagiciya sahip basit bir doku modeli i¢in olup ilgili girisim
desenleri bu geometriye 6zgiindiir. Farkli bir sagict modeli ve geometri sonucunda, iki sinyalin girigim
desenleri arasindaki farkliliklar degisebilecektir. Oncelikle sanal doku modeli gercek dokuya yansiticilik
acisindan daha tutarli sekilde yaklastirilmalidir. Su anki c¢alisma basit bir sagict modeli kullanilarak
gerceklestirilmistir. flerleyen ¢alismalarda dokuyu daha iyi modelleyecek bir sagic1 modeli olusturularak
sanal fantomun dokuya daha benzeyecek hale getirilmesiyle, tek ve ¢ok boyutlu ortamda analizler
gerceklestirilecektir. Tek boyutlu benzetim hesaplama giicii i¢in avantajli olsa da sadece arayiize normal
acidan gelen sinyalleri modellemektedir. Cok boyutlu etkilerin degerlendirildigi benzetim sonucunda
hesaplanan akustik alanda, dokunun hem benzetim hem de sicaklik tahmin algoritmasi agisindan daha iyi
modellenecegi beklenmektedir.
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OzZET

Tiirkiye’de otuzdan fazla {iniversitede biyomedikal miihendisligi lisans programi bulunmaktadir.
Biyomedikal miihendisleri, tibbi cihazlarin piyasaya arz Oncesi ve sonrasi tiim siireclerinde gorev
almaktadir. Bu nedenle; hasta ve kullanict sagliginin korunmasi amaciyla giivenli Giriinlerin piyasaya arzi
ve piyasada bulundurulmasi amaciyla olusturulmus teknik diizenlemelerin egitim miifredatlarinda yer
almas1 6nemli goriilmektedir. Ogrencilerin tibbi cihaz kavramini ve siireclerini bilerek bu programlardan
mezun olmasi, sektoriin nitelikli personel istihdami agisindan olduk¢a dnemlidir. Bu ¢aligmada; tibbi cihaz
siregleri ile teknik diizenlemeler hakkinda bilgi verilmekte olup biyomedikal miihendislerinin
istihdamindaki rolii anlatilmaktadir.

Anahtar Kelimeler: Biyomedikal mihendisligi, tibbi cihazlar, mevzuat, piyasaya arz, istihdam
ABSTRACT

More than thirty universities have undergraduate biomedical engineering programs in Turkey.
Biomedical engineers are part of all processes of medical devices before and after placing on the market.
Therefore, it is considered that technical regulations that are introduced to protect patient and user health
should be included in the training curriculums. It is very important for students to graduate from these
programs knowing the concept and processes of medical device, which also meets the qualified personnel
need of the medical device sector. In this study, the key points in medical device processes and technical
regulations are presented and the role of biomedical engineers in the sector is explained.

Keywords: Biomedical engineering, medical devices, legislation, placing on the market, employment
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1. INTRODUCTION

Biyomedikal miihendisliginin Amerika’da ve Avrupa’da daha koklii bir gegmise sahip olmasina
tilkemizde ilk defa 2000’1i yillarda lisans programi seklinde ortaya ¢ikmistir. T1p ile miithendisligin ortak
bir paydada bulustugu biyomedikal miihendisligi tip ve miihendislik egitiminin bir kompozisyonu olarak
degerlendirilebilir. Biyomedikal miihendislerinin diinyada ve iilkemizde tibbi cihazlara iliskin ar-ge,
tiretim, kayit, kalibrasyon, bakim-onarim, tibbi donanim planlama ve satin alma ve geri 6deme gibi tibbi
cihaz yasam dongiisiiniin tim agamalarinda gorev aldig1 goriilmektedir. Diger lisans programlarinda oldugu
gibi mithendislik egitim programlarindaki temel amag sektoriin kalifiye personel ihtiyacini karsilayabilecek
bilgi ve beceriye sahip miihendisler yetistirmektir. Bu baglamda; egitim miifredatlarinin sanayi, kamu ve
0zel kurumlardan gelen geri bildirimler dikkate alinarak tadil edilmesi olduk¢a 6nemlidir.

1. TIBBI CIHAZ SURECLERI

Hastaligin tanisi, izlenmesi, tedavisi veya hafifletilmesi veya dogum kontrolii amaciyla kullanilmak
tizere imal edilmis ve insanda kullanildiklarinda asli fonksiyonunu farmakolojik, immiinolojik veya
metabolik etkiler ile saglamayan her tiirlii arag, alet, teghizat, yazilim tibbi cihaz olarak ele alinmaktadir.
Bu tanimdan yola ¢ikarak gelistirilmis olan bir iiriiniin tibbi cihaz mevzuati kapsaminda degerlendirilip
degerlendirilemeyecegi kullanim amaci, etki mekanizmasi, c¢aligma sekli ve tasarimi incelenerek
belirlenmektedir (Tibbi Cihaz Yonetmeligi, 2011). Tiirkiye tibbi cihazlarin piyasaya arzinda AB ile tam
uyumlu statlisiinii devam ettirmekte olup bu kapsamda halihazirda ii¢ tibbi cihaz ydnetmeligini
uyumlagtirarak yayinlamistir. Bunlar; Tibbi Cihaz Yoénetmeligi (Tibbi Cihaz Yo6netmeligi, 2011), yer
¢ekimi veya viicudun dogal olusturdugu enerji haricinde bir giic kaynagina sahip olup viicuda yerlestirilen
kalp pili ve koklear implant gibi tibbi cihazlarin gerekliliklerinin diizenlendigi Viicuda Yerlestirilebilir
Aktif Tibbi Cihazlar Yonetmeligi (Viicuda Yerlestirilebilir Aktif Tibbi Cihazlar Yo6netmeligi, 2011) ve
insan numuneleri lizerinde yapilan test ve analizler i¢in kullanilan tibbi cihazlarin (6rnegin covid-19 hizli
test kiti gibi) gerekliliklerinin diizenlendigi Viicut Disinda Kullanilan (Iin Vitro) Tibbi Tami Cihazlari
Yénetmeligi (Viicut Disinda Kullanilan (in Vitro)Tibbi Tani Cihazlar1 Yénetmeligi, 2007)’dir. Gelistirilen
bir {irlinlin tibbi cihaz olarak piyasaya arzinda s6z konusu bu yonetmeliklerin gereklilerinin yerine
getirilmesi gerekmektedir. Bu siirecte piyasaya arz edilen tibbi cihazlarin uygunluk degerlendirmesi, klinik
degerlendirmesi, CE isaretinin ilistirilmesi, kayit islemleri ile tibbi cihazlarin saglik tesislerinde kullanimi
ve kullanim dig1 birakilmasi siiregleri karsimiza ¢ikmaktadir. Sekil 1°de tibbi cihaz yagsam dongiisiiniin
adimlar1 gosterilmektedir.

Ureti Pazara Kullanim disi
Tasarim m sunma birakma
() ( ) ( ) () () ( ) o
Belgelendirme Kayit Kullanim

Sekil 1. Tibbi cihaz yasam dongiisii
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Tibbi cihaz yasam donglisiiniin her asamasinda cihazin imalatgisi ile pazara sunan ekonomik
operatdriin yerine getirmesi gereken gereklilikler bulunmakta olup iiriin kullanim disina ¢ikarilana kadar
sorumluluklar1 miiteselsilen devam etmektedir. Giivenli {iriinlerin piyasaya arzi ile hasta ve kullanici
sagliginin korunmasi agisindan tibbi cihaz siireclerinde yetkin kisilerin gorev almasi olduk¢a onemlidir.
Tibbi cihazlarin tanimli yerlerde yetkin kisilerce hastalara satilmasi, satis merkezinin belirli bir adreste yer
almasi ve gerektiginde ilgi taraflarin ulasabilmesi ve bir cihazin hastaya uygulanmasinda hekime klinikte
destek olabilecek yetkin personelin tanimlanmasi i¢in 15.05.2014 tarihli ve 29001 sayili Resmi Gazetede
Tibbi Cihaz Satig, Tanitim ve Reklam Yo6netmeligi yayimlanmistir (T1bbi Cihaz Satis, Tanitim ve Reklam
Yonetmeligi, 2014). Bu yonetmelik ile sorumlu miidiir, satis tanitim elemani ve klinik destek elemani
seklinde roller tanimlanmigtir. Y dnetmelikte bu gorevleri tistelenebilecek meslek branglari da belirtilmistir.
Satis merkezlerinin ruhsatlandirilmast i¢in en az bir sorumlu miidiir ve satig tanitim eleman1 ¢alistirilmast
zorunlu olup 6zellikle kalp pili gibi klinikte uygulama gerektiren tirlinleri satabilmek i¢in de klinik destek
elemant istihdam edilmelidir.

Ulkemizde tibbi cihaz yasam dongiisiiniin kayit asamasinda, 2017 yilinda hizmete sunulmus yerli ve
milli bir bilisim sistemi olan Uriin Takip Sitemi (UTS) kullanilmaktadir (Uriin Takip Sistemi, 2017). UTS
tibbi cihazlarin tekil takibini saglayan bir kayit ve izleme sistemidir. Tibbi cihazlarin imalatindan veya
ithalatindan son kullaniciya kadar tekil takibini saglayan bu sistem aslinda tekil cihaz tanimlanmasinin
(unique device identification- UDI) iyi bir uygulama 6rnegidir (Bayrak et al, 2017). Bir tibbi cihazin
UTS’ye kaydinin yapilabilmesi i¢in piyasaya arz eden ilgili firmanin satis merkezi ruhsatinin olmasi
gerekmektedir.

Tibbi cihazlarin piyasaya arz sonrasi slireglerinde klinik miihendisligi hizmetleri 6n plana
cikmaktadir. Bu kapsamda tibbi cihazlar i¢in muayene kabul, kurulum, giivenli kullanim, kalibrasyon ve
bakim-onarim gibi faaliyetler bulunmaktadir.

2. BIYOMEDIKAL MUHENDISLERININ TIBBI CIHAZ SURECLERINDEKi ROLU

Sekil 1°de yer alan tibbi cihaz dongiisliniin her asamasinda biyomedikal miihendisleri aktif gorev
almaktadir. Aslinda tibbi cihazlara iligkin teknik diizenlemelerde yeni siiregler ve roller tanimlamakta olup
buna bagli olarak egitim ve tecriibe basta olmak iizere baz1 gereklilikler belirlenmektedir. Her yeni
diizenleme bazi branslar i¢in yeni is alanlar1 anlamina gelmektedir. Burada dikkat edilmesi gereken nokta
bu is alanlarindaki ihtiyact karsilayabilecek miihendislerin yetistirilmesidir. Tecrilbe sahada
kazanilmaktadir ancak bu siireglere hizli bir sekilde adapte olabilecek egitim seviyesine sahip
miihendislerin sahaya ¢ikmasi beklenmektedir.

Sekil 2’de biyomedikal miihendislerinin saglik sistemindeki roliiniin sematik bir gdsterimi yer
almaktadir. Universite egitimi ile is alanlar1 arasinda énemli bir iliski bulunmaktadir. Tibbi cihaz kavramu,
piyasaya arz oncesi ve sonrasi siiregler hakkinda bilgi sahibi olarak mezun olan dgrencilerin sahaya daha
hizl1 adapte olduklari goriilmektedir.
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Sekil 2. Biyomedikal Miihendislerinin Is Alanlart

Biyomedikal miihendisligi, Amerika’da ve Avrupa’da daha eski bir ge¢mise sahip olmakla birlikte
tiim diinyada kabul gérmiis bir disiplindir. Ozelikle aldig1 egitim nedeniyle hekim ile ayn1 dili konusabilen
biyomedikal miihendisleri, hekim-miihendis igbirligi ile sektore dnemli katkilar sunmaktadir. Diinya Saglik
Orgiitii (DSO) tarafindan biyomedikal miihendislerinin tibbi cihaz siire¢lerindeki roliine iliskin yapilan bir
calismada biyomedikal miihendislerinin egitimi ve siireclerdeki katkisi incelenmis olup ayrica diinya
genelinde var olan mesleki orgiitlerin yapisindan ve biyomedikal miihendislerinin mesleki becerilerinin
artirilmasindaki etkileri anlatilmistir. DSO tarafindan 2010-2015 yillar1 arasinda yapilan bir anket
caligmasinda, 10.000 kisi basina diisen biyomedikal miihendisi sayisinin 0.12 oldugu Tiirkiye Avrupa
bolgesindeki 40 iilke arasinda 27. sirada yer almaktadir. Bu kritere gore Finlandiya 2.73 ve Israil ise 2.48
ile ilk iki sirada yer almaktadir (World Health Organization,2017).

Sekil 3’te tilkemizdeki {iniversitelerin biyomedikal miihendisligi boéliimlerinin 2000-2019 yillar
arasindaki toplam kontenjan ve yerlesen 6grenci sayilar1 gosterilmektedir. Son yillarda bu iki gosterge
arasindaki makasin acildig1 gortilmektedir. 2019 yilinda tiim {liniversitelerde acilan toplam kontenjan say1si
1.712 iken yerlesen 6grenci sayist 1.158’dir (Yiiksekdgretim Program Atlasi. Toplam mezun sayisinin ise
10.000’in iizerinde oldugu bilinmektedir. Programlardaki doluluk oranlarinin diismesinde biyomedikal
miihendislerinin istthdamindaki sorunlarin etkili oldugu diisiiniilmektedir.
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Sekil 3. Biyomedikal Miihendisligi lisans programlarinin kontenjan ve yerlesen 6grenci sayilari

2. SONUC ve TARTISMA

Ulkemizde biyomedikal miihendisligi 20 yillik bir gegmise sahiptir. Onceki yillarda tibbi cihazlarla
ilgili tiim siireglerde diger miithendislik boliimlerinden mezun olanlar gérev almakta iken son yillarda kamu
ile birlikte tibbi cihaz alaninda tiretim, satis, pazarlama veya satis sonras1 hizmetler veren kuruluslarin artik
biyomedikal miihendislerini tercih ettigi goriilmektedir. Ancak tibbi cihaz sektorii sahip oldugu {iriin
portfoyliniin spesifik ve multidisipliner 6zelliklerinden dolay1 diger sektorlere kiyasla daha kisith bir
istthdam kapasitesine sahiptir. Saglik meslek mensuplarinin ana istihdam kanalinin kamu kurumlari
olmasina ragmen biyomedikal miihendisleri i¢in ise sanayide daha fazla segenegin mevcut oldugu
bilinmektedir. Sanayinin ihtiyaglar1 dogrultusunda nitelikli biyomedikal miithendislerinin iyi bir egitim alt
yapisina sahip olmasi olduk¢a Onemlidir. Bu agidan sanayiden gelen geri bildirimlere goére egitim
miifredatlarinin gilincellenmesi oldukca 6nemlidir. Ayrica biyomedikal miihendisligi programi egitim
miifredatlarina tibbi cihaz diizenlemelerinin anlatildig1 zorunlu veya teknik se¢imlik derslerin eklenmesi
distintilebilir.

Yeni istihdam alanlarinin yaratilmasinda kamu kurumlar1 tarafindan olusturulan teknik
diizenlemelerin etkisi kayda degerdir. Ornegin tibbi cihazlarin test ve kalibrasyon islemleri ile ilgili
stirecleri tanimlayan yonetmelik (Tibbi Cihazlarin Test, Kontrol ve Kalibrasyonu Hakkinda Y6netmelik,
2015) ve Tibbi Cihaz Satig, Tanitim ve Reklam Yo6netmeligi’nde bir¢ok meslek dali i¢in yeni is tanimlari
ve gereklilikler belirlenmistir. Diinyada ve iilkemizde; almis oldugu egitimin bir sonucu olarak tibbi cihaz
stireclerine en fazla asina olan meslek dalinin biyomedikal miihendisligi oldugu bilinmekte olup
tilkemizdeki biyomedikal miihendisi sayisinin ise son 10 yilda kamu, iiniversite ve sanayi ihtiyaglarini
karsilayacak diizeye geldigi goriilmektedir. Bu baglamda; gerek kamu tarafindan yapilan teknik
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diizenlemelerde gerekse sanayide biyomedikal miihendislerinin istthdamina daha fazla hassasiyet
gosterilebilir.

Mevcut tibbi cihaz direktiflerinin yerine 2017 yilinda AB tarafindan yayimlanmis ve Mayis 2021°de
yiirtirlige girecek olan 2017/745 sayili Tibbi Cihaz Tiiztgi (Regulation 2017/745, 2017) ve Mayis 2022°de
yiiriirliige girecek olan 2017/746 sayili In Vitro Tan1 Tibbi Cihaz Tiiziigii (Regulation 2017/746, 2017) ile
tibbi cihaz piyasaya arz kosullarinda biiylik degisiklikler meydana getirilmistir. Klinik arastirma,
siniflandirma, uygunluk degerlendirme, belgelendirme ve izlenebilirlik gibi konularda daha siki kurallarin

belirlendigi bu yeni diizenlemeler ile aslinda daha yetkin personel ihtiyaci da ortaya ¢ikmaktadir (Kaule et
al., 2020).

Biyomedikal miihendislerinin temel ¢alisma alani tibbi cihazlardir. Bir tibbi cihaz firmasinda ar-ge
miihendisinden kalite sorumlusuna veya lojistik faaliyetlerden sorumlu personele kadar tiim caliganlar
yirittiikleri siireglerde giivenli iiriinlerin piyasaya arzi i¢in mevzuatta tanimlanmis gereklilikleri yerine
getirmek zorundadir. Kalite yonetim sisteminde; tiim ¢alisanlarin ortak kalite ilkeleri ¢cergevesinde ¢alistigi,
seffaf ve siirekli iyilesme anlayisinin yer aldig: siireglerin yiiriitilmesi amaglanmaktadir (Abuhav, 2018).
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