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OZET

Son yillarda anti-bakteriyel diren¢ olgusu, bakterilerin neden oldugu hastaliklarla miicadelede daha fazla
sorun haline gelmistir. Biz bu g¢alismayla, agik yara ve yaniklarin firsatgl patojeni olan Pseudomonas
aeruginosay! daha etkili bir ydntemle inaktive etmeyi ve fotodinamik inaktivasyon(PDI) gelisimine katkida
bulunmayi hedefledik. Pseudomonas aeruginosa bakterisini, vitamin B kompleksi ve lazer ile inaktive
oldugunu spektrofotometrik Slgimler ve antimikrobiyal madde etkinligi analiz yontemleriyle gosterdik.
Ayrica PDI'nin bakteri Gremesi Uzerindeki etkisi hem kalitatif hem de kantitatif olarak degerlendirilmigtir.
Escherichia coli ve Pseudomonas aeruginosa suslari karsilagtirilarak 6lim oranlar belirlendi. Koloni
olusturma birimi oranlarinda Escherichia coli bakteri suslarinin karanlk ve isik deneyinde vitamin B
kompleksinin 0,25 mg/mL ve 0,125 mg/mL konsantrasyonlarinda % 20’lik bir 6lum orani goérilmustir.
Pseudomonas aeruginosa bakteri suglarinin karanlik deneyinde vitamin B kompleksinin 0,5 mg/mL ve
0,125 mg/mL konsantrasyonlarinda ¢ok az bir 6lim orani gérllirken lazer maruziyet sonrasi 6lim
oranlari sirasiyla % 60 ve % 50 ¢iktigi gérulmastir. Bu 6lUm oranlarini dogrulama amagli akis sitometresi
canlilik deneyleri yapilmis ve ¢ikan sonuglar birbiriyle paralellik gostermistir. Bu ¢alismadan elde edilen
veriler 1siginda; kirmizi lazer diyotun, vitamin B kompleksi ile birlikte Pseudomonas aeruginosa
bakterisinin inaktivasyonu igin uygun bir aday oldugunu éngérmekteyiz. Yaptigimiz bu ¢alisma, bakteriyel
enfeksiyonlarin tedavisi icin hastane, tip ve mikrobiyoloji alanlarinda yapilacak alternatif tedavi
yontemlerine i1s1k tutacaktir.

Anahtar Kelimeler: Fotodinamik inaktivasyon, antibiyotik direng, hastane enfeksiyonlari, yara patojen
bakterileri, lazer
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ABSTRACT

In recent years, the phenomenon of anti-bacterial resistance has become more of a problem in combating
diseases caused by bacteria. With this study, we aimed to inactivate Pseudomonas aeruginosa, an
opportunistic pathogen of open wounds and burns, with a more effective method and to contribute to the
development of photodynamic inactivation (PDI). We have shown that Pseudomonas aeruginosa bacteria are
inactivated by vitamin B complex and laser with verifications of both spectrophotometric measurements and
antimicrobial agent activity analysis. Moreover, the effect of PDI on bacterial growth was evaluated both
qualitatively and quantitatively. Mortality rates were determined by comparing Escherichia coli and
Pseudomonas aeruginosa strains. In the dark and light experiment of Escherichia coli bacterial strains at
colony forming unit rates, a mortality rate of 20% was observed at 0.25 mg/mL and 0.125 mg/mL
concentrations of vitamin B complex. In the dark experiment of Pseudomonas aeruginosa bacterial strains, a
very low mortality rate was observed at 0.5 mg/mL and 0.125 mg/mL concentrations of vitamin B complex,
while mortality rates after laser exposure were 60% and 50%, respectively. Flow cytometer viability
experiments were performed to confirm these mortality rates and the results exhibited consistency with each
other. In the light of this study; We predict that the red laser diode, together with the vitamin B complex, is a
suitable candidate for the inactivation of Pseudomonas aeruginosa bacteria. This study will shed light on
alternative treatment methods for the treatment of bacterial infections in the fields of hospital, medicine, and
microbiology.

Keywords: Photodynamic inactivation, antibiotic resistance, nosocomial infections, wound pathogenic
bacteria, laser
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1. Giris

Mikroorganizmalarin fotodinamik inaktivasyon (PDI) kavrami 19. Ylzyilin baslarinda denemeler
sonucu ortaya cikmis ve gucli bir sekilde temeli atimistir. Fotodinamik inaktivasyon (PDI);
Paramecium spp. isiga duyarli eksojen boyalar (akridin) varliginda i1sikla inaktivasyonunun kesfinden
sonra asil kesin tanimi olusmustur [1]. Cogu mikroorganizma gunes isinlarina (UVR) karsi duyarhdir,
buna virlsler, algler ve mantarlar da dahildir [2]. Saprofit Mycoplasma tirl bakterilerin yapisal
zincirleri, gérunur 11k, toluidin boyasi ve singlet oksijen tc¢lusl ile hizli bir yikima ugradigi bildirilmistir
[3]. Koliform bakterileri metilen mavisi ve rose bengal varliginda 1 saat giines i1siginin etkisiyle su ve
atilk sularda tamamen inaktive olmaktadir, sonrasinda eklenen bir boya olan bentonitin
absorplamasiyla ortamdan alinir [4]. Teknik eksojenik fotosensitizer boyalar, havadaki oksijen ve
glines 1si1g1 kullanimina dayanir ve bu sayede misir sulama suyunun, islenmis atik sularin vb. tekrar
tekrar kullaniimasi gibi avantajlara sahiptir [5, 6].

Antibiyotikler bakteriyel enfeksiyonu kontrol etmek, tedavi etmek veya 6nlemek igin kullanilir, ancak
son yillarda anti-bakteriyel direng olgusu, bakterilerin neden oldugu bulasici hastaliklarla micadelede
daha fazla sorun haline gelmektedir [7]. Ortaya ¢ikan bu halk saghdi sorununu sinirlamak igin, mevcut
antibiyotik tedavisinden daha etkili olan toksik olmayan bir tedavi gelistirmek 6énemlidir [8, 9]. Bu etkili
yontemlerden biri, bakteriyel inaktivasyon icin Fotodinamik Terapi (PDT) veya yaygin olarak kullanilan
terim Fotodinamik inaktivasyon (PDIydir [10,11]. Ek olarak, PDI'nin ¢oklu direncli bakterileri etkisiz
hale getirmek icin hizli ve etkili bir yaklagim sergiledigi bildirilmistir. In vitro ¢alismalar, inkibasyon ve
Isinlama sirasinda saniyeler iginde 6 — log10% CFU'ya kadar bakteriyel azalma olasiligini gostermistir
[12]. PDI ile bakteri inaktivasyonu, 1siga duyarli materyali fotosensitizer (PS) ve gorinir ultraviyole
Isigin yani sira singlet oksijen (*O:) ile isinlama sirasinda bakteri hiicresinde fototoksik hasara
sebebiyet vererek kullanan bir tedavidir [13, 14]. Singlet oksijen, PS temel durumunun uyariimasina
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yol acan belirli bir dalga boyuna (gorinir veya UV 1si1g1) sahip uygun isikla isinlandiginda Uretilebilir
[15].

Bu calismada Pseudomonas aeruginosa (P.aeruginosa), Escherichia coli (E. coli), kilttrlerinde
vitamin B kompleksi ve 660 nm dalgaboyunda kirmizi lazer ile PDI'nin etkinliginin arastiriimasi
yapiimigtir. P.aeruginosa hayati tehdit eden enfeksiyonlara kadar c¢esitli hastaliklara neden olan ve
hastane kaynakli enfeksiyonlarin ana nedenlerinden biri olarak kabul edilir [16]. P. aeruginosa
ozellikle, idrar yollari, solunum, yaniklarin ve agik yaralarin firsatgi patojenidir. Ayrica P. aeruginosa su
kalitesinin kotu oldudu kirli klivet ve jakuziler kullanildidinda dermatite sebep olabilmektedir [17, 18].

Bu makalenin amaci, biyolojik deneylerde alternatif 1sik kaynaklarindan biri olan 660 nm
dalgaboyunda lazer 11§31 kullanilarak ve bunun vitamin B kompleksi'nin fotodinamik inaktivasyonunu
Uzerindeki etkisini arastirarak PDI gelisimine katkida bulunmaktir. Ayrica toksik olmayan ve kolay
ulagilabilir bir fotosensitizer olarak vitamin B kompleksi secilmistir. Hastane kaynakli enfeksiyonlarin
ana sebeplerinden olan P. aeruginosa bakterisinin daha etkin bir ydntemle inaktive edilmesi
hedeflenmektedir.

2. Materyal ve Metot
Fotosensitizer ve Igik Kaynagi

Fotosensitizer olarak vitamin B kompleksi (B1:B6:B12), (Cas no:Sigma V2876 68-19-9), 1sik kaynagi
icin merkezi dalga boyu 660 nm olan kirmizi strekli lazer diyot kullaniimigtir. 0,2 cm?lik bir alani
kapsayan huzme genisligene sahip olup yaklasik Gaussian hizme profilindedir. Lazerin 1gin profili
Gaussian isin profilinin kuyruklari, numuneler tzerindeki maruz kalma akicihigina ihmal edilebilir katki
nedeniyle hesaplamalarimizda hari¢ tutulmustur ve lazer ¢ikisi uygulama alanina 5 mW’lik 1sik gugu
aktarmaktadir. Dozlama slresi olan 30 dakikada 45 J/cm? miktarinda 1sik enerjisi ilgili 6rnek ylizeyine
aktariimaktadir.

Bakteriyel Suslar ve Kiiltiir Kosullar

Deneylerde Escherichia coli (ATCC 25922) ve Pseudomonas aeruginosa (ATCC 10145) bakterileri
kullanildi. Bakteriler Luria-Bertani (LB) agarda, stok kiiltir plakalarinda -4°C'de buzdolabinda saklandi.
Deneylerden 6nce mikroorganizmalar, 37°C'de 15 saat boyunca LB sivi besiyerinde Uretildi, daha
sonra santrifjleme ile toplandi ve 1x108 CFU/mL stok konsantrasyonunda % 0,85 salin icinde
stispanse edildi.

Spektrofotometrik % T Olcumleri

Tdm deneyler iki grup halinde gergeklestirilmistir: bir grup 1siga maruz birakilmis ve digeri karanlikta
tutulmustur [19]. Biri 400 pl inokulum ve 100 pl steril salin (pozitif kontrol) karistirilarak, digeri farklh
konsantrasyonlarda 100 pul vitamin B kompleks ve sterii 400 upl LB besiyeri (negatif kontrol)
karistirilarak iki farkli kontrol grubu hazirlanmistir. Test gruplari, 0,125 ila 1 mg/mL arasinda degisen
son konsantrasyonlar vererek, 24-kuyulu (2 cm ¢apinda) steril polistiren plakalarda kalibre edilmis 400
pL inokulaya farkli konsantrasyonlarda 100 pL vitamin B kompleks soltsyonu eklenerek hazirlanmistir.
Isik kaynaklar numuneleri igeren kuyucuklarin Uzerine dikey olarak yerlestirildi ve plakalar
aydinlatilmistir (her kuyu diyot lazer 1sik ile muamele edildi), 25°C'de 30 dakika calkalanmistir.
Aydinlatmadan sonra tim numuneler tiiplere aktarniimistir, LB besiyeri ile 2 ml'lik son hacime seyreltildi
ve 37°C'de inkiibe edilmistir. Blylime orani bir spektrofotometre ile nicelendirilmistir ve 0., 2. ve 4.
saatte 400 nm-1000 nm dalgaboyu aralidinda gegirgenlik yizdeleri (% T) dl¢llmustur [19]. E. coli ve
P. aeruginosa orneklerinin 400 nm-1000 nm arasi isik tayfi gegirgelik degerlerindeki degisimlerin
yuzdesel farki olan gegirgenlik degisimleri (5§ %) hesaplanmistir. Gegirgenlik degisim (6 %) grafikleri
orneklerdeki 1sik tayfindaki gecirgenligin dalgaboyuna bagh olarak nasil degistigini nicel olarak
gostermektedir.

PDI'nin Bakteri Uremesi Uzerindeki Etkisi
PDlI'nin bakteri iremesi Uizerindeki etkisini  belirlemek icin belirli konsantrasyonlarda vitamin B

kompleksi ve 30 dakika diyot lazere maruz birakilarak yapilmistir. Isiga maruz birakildiktan hemen
sonra hicreler toplandi ve santriflijleme yoluyla salinle yikandi ve salinle 10, 100, 1000 ve 10000 kez
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seyreltildi ve her seyreltmeden 100 ul alinarak daha sonra LB agar icine yayma plak yontemi ile
kaplandi, 16-22 saat 37°C'de inkiibe edildi ve tek koloniler sayilarak CFU’lar hesaplandi [7]. TUm
deneyler U¢ kez tekrarlanmistir.

Antimikrobiyal Madde Etkinliginin Test Edilmesi (Agar Disk Difiizyon Yontemi)

Test mikroorganizmalarindan E. coli ve P. aeruginosa bakteri suslari daha énceden hazirlanan taze
sivi kdltirh (18-24 saatlik) yayma plak yoéntemiyle yapildi. 5-10 dk beklendikten sonra diskler
yerlegtirildi. 1-1,5 cm capindaki kagit diskler (filtre kagditlarindan hazirlanmis) kapali kapta otoklavda
sterilize edildi. Steril kagit disklerden bir tanesi ise steril suya daldirildi ve kontrol olarak agarli besiyeri
ylzeyine yerlestirildi. Bir tanesi de antibakteriyel bir ila¢ kullanilarak pozitif kontrol olarak yerlestirildi.
Diger disklere de vitamin B kompleksinin 0,125 mg/mL konsantrasyonu emdirilerek yerlestirildi. Petri
kutusu diiz sekilde inkUbatore yerlestirildi ve test mikroorganizmasina uygun kosullarda inkibasyonu
(6rnegin 37 °C’'de 24 saat) saglandi. Sekil 5 da yapilan deneyde inhibisyon zonlari inkiibasyonun 24-
48. saatlerinde ayri ayri incelemeye alinarak degerlendirildi ve zon olugup olusmadigina bakild
[20,21].

Akis Sitometrisinde Canlilik Tayini

Vitamin B kompleksinin+lazer isiginin, E. coli ve P. Aeruginosa mikroorganizmalarinin canliligina
etkileri Propidium iyodur (Pl) ile boyanmalari ile belirlendi [22-24]. Mikroorganizmalar 1 mL
(besiyeri+Pbs 1x) hacimlerinde 24 kuyucuklu plaklara ilave edildi. Ve vitamin B kompleksi belli
derisimlerde ilave edilerek 15 dakika 37°C’de inkibe edildi sonrasinda her bir kuyu 30 dk diyot lazere
maruz birakildi. Belirlenen miktarlarda fotosensitizer (Vitamin B komplek) uygulanmasindan ve i1sik ile
muamele edildikten sonra akis sitometrisi cihazi ile analiz edildi. Hiicreler ependorflara toplandiktan
sonra, iki kez soguk PBS ile yikandi. Daha sonra 5 dakika 1500 rpm (2 819 xg) de santrifiij edilip
supernatant kismi uzaklastirildi. Hiicre pelletin konsantrasyonu 10° hiicre/mL olacak sekilde
hazirlandi, igerisinden 100 pL (10% hicre) alinip Uzerine 5uL Pl eklendi, tipler 15 dakika, oda
sicakliginda, karanlikta inkibasyona birakildi. Daha sonra 300 yL Pbs 1x eklenen tipler akis
sitometrisinde analizi gerceklestirildi.

istatistiksel Analiz

Verilerin karsilastirimasi, Graphpad Instat (GraphPad Software, San Diego, CA, ABD) kullanilarak
yapildi. GraphPad Software yazilimi ile bir ANOVA tek yonli testi CFU sayisi kullanilarak bir Tukey
testi yapildi. Oldiirme egrilerinin egimleri, regresyon analizi ile dlgiilmiis ve éldiirme egrisi gizgisinin
egiminden D degerleri elde edilmistir.

TUim degerler tanimlayici istatistiklerde ortalama + SD olarak rapor edildi. T testi, verilerin Gauss
dagilimlarini takip eden populasyonlardan 6rneklendigini varsayar. Bu varsayim, Kolmogorov ve
Smirnov yontemi kullanilarak test edilir. Eslestiriimemis iki degiskenin karsilastirmasi, Welch
diizeltmesi ile egslestiriimemis t testi ile yapildi. ikiden fazla parametrik olmayan degiskenin
karsilastirmasi Friedman Testi (Nonparametric Repeated Measures ANOVA) ile yapildi ve bir post hoc
testi icin Dunn'in Coklu Karsilastirma Testi kullanildi.

3. Bulgular

Spektrofotometrik % T Olcumleri

BlyUme orani bir spektrofotometre ile nicelendirildi. 400 nm-1000 nm arasindaki dalgaboylarina
tekabul eden 1sik tayfi igin gecirgenlik ylzdesi (% T) olguldi. Sonuglar, mikrobiyal htcre
buyumesinden kaynaklanan bulanikligin bir fonksiyonu olarak % T olarak ifade edildi. Baglangigta, tim
test tupleri % 100 T idi ve bu nedenle artan bulaniklik % T ile ters orantiliydi. % 100 T'nin % O hticre
buyimesini (bulaniklik yok) gosterdigini ve % 20 T'nin % 100 hicre buyimesini (bulaniklik var)
gOsterdigini veya hig inhibisyon olmadigini géz éniinde bulundurarak analizler yapildi.

Gegirgenliklik yiizdelerindeki dalgaboyuna baglh niceliksel degisimlerin hesaplanabilmesi igin 6rnekler
pozitif kontrol (PK) — yani vitamin B kompleksi veriimemis- grup ve 0,125 mg/mL konsantrasyonlu
vitamin B kompleksi uygulanmis olarak iki farkli grubun lazer isini maruziyeti 6ncesi alinan gegirgelik
oranlarinin lazer sonrasi maruz birakilan érneklerin gegirgenlik oranlarindan c¢ikarilarak dalgaboyuna
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bagli olarak i1sik gegirgenlik yizdesi (% T)'deki degisimlerin niceliksel farki olarak bulundu. Sekil 1 ve
Sekil 2de E. coli ve P. aeruginosa o¢rneklerinin 400 nm - 1000 nm arasi isik tayfi gecirgelik
degerlerindeki degisimlerin ylzdesel farki olan gegirgenlik degisimleri (& %) gosterilmektedir. Alinan
Istk gegirgenlik verileri 400 nm ila 1000 nm dalgaboyu isik tayfi arasinda hem pozitif kontrol (PK) hem
de vitamin B kompleksi verildikten sonra olan % T verilerinin alinmasi ile elde edildi.

20

15

10

—— E. coli-Pozitif Kontrol
- - - E. coli-Vitamin B Kompleksi

Gegirgenlik Degisimi (8%)

0 1 1 i
400 500 600 700 800 900 1000
Dalgaboyu (nm)

Sekil 1: E.coli bakterisi icin pozitif kontrol grubu ve Vitamin B kompleksi i¢in lazer uygulama sonrasi ve dncesi
arasl! gegirgenlik degisimleri (§%) — dalgaboyu (nm) analizi
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Sekil 2: P.aeruginosa patojeni icin pozitif kontrol grubu ve Vitamin B kompleksi icin lazer uygulama sonrasi ve
oncesi arasi gegirgenlik degisimleri (6%) — dalgaboyu (nm) analizi

PDI'nin Bakteri Uremesi Uzerindeki Etkisi

E. coli ve P. aeruginosa bakteri suslarina uygulanan PDIl'dan sonra petride olusan koloniler (tekli
koloniler) sayilarak % CFU yuzdeleri hesaplanmistir (7). E. coli bakteri susunda karanlkta 1mg/mL
konsantrasyonunda kullanilan vitamin B kompleksinde % 35 lik bir 6lim goriimektedir. Ustiine lazer
etkisiyle bu etki % 40 lara gikmaktadir. Vitamin B kompleksinin diger konsantrasyonlarinda karanlik ve
Isik deneylerinde anlamli degerler gorilmektedir (****p <0,001 vs Isik PK; ****P <0,001 vs Karanlik
0,125 mg/mL) (Sekil 3). P. aeruginosa bakteri suslarinin karanlik deneyinde ise anlaml degerler
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vitamin B kompleksinin 0,5 mg/mL ve 0,125 mg/mL konsantrasyonlarinda gorilmustir. Bu
konsantrasyonlarin Ustline isik (lazer) ile maruziyet sonrasi 6lim oranlart % 60 ve % 50 ciktigi
goriilmektedir (****p <0,001 vs Isik PK, ****P <0,001 vs Karanlik 0.125 mg/mL) (Sekil 4).

E.coli

120
100
80
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4
2

% CFU
S o

o

PK 1 mg/ml 0,5 mg/ml 0,25 mg/ml 0,125 mg/ml

ilag dozlari
W Karanlk ™ lsik

Sekil 3. Vitamin B kompleksinin E.coli susu tGzerindeki % CFU ****p <0,001 vs Isik PK; ****P <0,001 vs Karanlik
0,125 mg/mL

P. aeruginosa

% %k % %

150
5 100
L % sk %k k
o
- I I
0
1 mg/ml 0,5 mg/ml 0,25 mg/ml 0,125 mg/ml
ilag dozlar

W Karanhk m Isik

Sekil 4. Vitamin B kompleksinin P. aeruginosa susu tzerindeki % CFU ****p <0,001 vs Isik PK, ****P <0,001 vs
Karanlik 0,125 mg/ml

Antimikrobiyal Madde Etkinliginin Test Edilmesi (Agar Disk Difiizyon Yontemi)

Antimikrobiyal madde etkinliginin (AMM)'nin (6zellikle antibiyotik vs.) etkinligi bu yontemle kisa slrede
ortaya konulabilmektedir. Yontem; E. coli ve P. aeruginosa bakteri suslari ile inokile edilmis petri
kutusundaki besiyerine eklenen AMM’nin (vitamin B kompleksi), besiyerinde difiize oldugu alanda
E. coli ve P. aeruginosa bakteri suslarinin gelisimini engelleyip engellemediginin belirlenmesine
dayanmaktadir. Vitamin B kompleksi mikroorganizmalar zerinde etkiliyse; vitamin B kompleksinin’in
eklendigi yerin cevresinde, inkiibasyon sonrasinda mikroorganizma gelisiminin gézlenmedigi bir
“inhibisyon zonu” olusur. Etkili degilse inhibisyon zonu olusmaz ve AMM etkiliginin olmadigina karar
verilir. Bu galismada “kagit disk agar difizyon” yontemi uygulandi ve vitamin B kompleksi inhibisyon
zonu olusturmamistir. Vitamin B kompleksinin (0,125 mg/mL) konsantrasyonda lazersiz antibakteriyel
aktivite gostermedigi sonucuna ulasiimistir (Sekil 5).
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Sekil 5: Vitamin B kompleksinin E.coli ve P. Aeruginosa susu Uzerindeki antimikrobiyal madde etkinligi testi
Akis Sitometrisinde Canlilik Tayini

Propidium iyodur (Pl), genellikle canli hlcrelerden diglanan bir membran gecirimsiz boyadir. Hlcre
cekirdegini boyayan PIl, apoptozun gec¢ evresindeki ve nekrotik hicreleri boyayarak FL2 panelinde
gorantilenir. Sonu¢ olarak boyanmayan hicreler canli Pl ile boyanan hicreler ise 6lu olarak
degerlendirilir. Sekil 6 da goérildiga gibi E. coli bakteri susunda ¢ok fazla fotodinamik intaktivasyon
etkinligi gérilmemektedir. Zaten bu ¢alismada arzu edilen patojen bakteri olan P. aeruginosa susunun
inaktive edilmesidir. P. aeruginosa susunun isik deneyine bakacak olursak E. coli bakteri susuna
karsin ylksek oranda Olim oranlari goérilmektedir. Vitamin B kompleksinin 0,125 mg/mi
konsantrasyonunu degerlendirecek olursak E. coli karanlik deneyinde % 7,9 6lium gdrulirken ayni
bakteri susunda isik deneyinde % 17,7 6lum goériimustir. P. aeruginosa bakteri susunun 11k
deneyinde % 44,2 oranlarinda 6lim goérulmastur (Sekil 6).
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Sekil 6: E.coli ve P. aeruginosa akis sitometrisindeki canlilik testi karsilastirmasi

Birinci siradaki grafikler E.coli karanlik deney sirasiyla (1mg/mL; 0,5mg/mL; 0,25mg/mL; 0,125mg/mL)
Ikinci siradaki grafikler E.coli isik deneyi sirasiyla (1mg/mL; 0,5mg/mL; 0,25mg/mL; 0,125mg/mL)
Uclincl siradaki grafik P. Aeruginosa i1sik deneyi sirasiyla (Img/mL; 0,5mg/mL; 0,25mg/mL; 0,125mg/mL)

istatistiksel analiz

ikiden fazla parametrik degiskenin karsilastirimasi Tek Yonlii Varyans Analizi (ANOVA) ile, Tukey-
Kramer Coklu Karsilastirma Testi ise post hoc testi ile yapilmistir. Tim istatistiksel analizler % 5
anlamhhk dizeyinde yapildi ve P <0,05, P <0,01 ve P <0,001 istatistiksel olarak anlaml kabul edildi.
Analiz, Graphpad Instat (GraphPad Software, San Diego, CA, ABD) kullanilarak gergeklestirildi. E-coli
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susunda ****p <0,001 vs Isik PK, ***P <0,001 vs Karanlik 0,125 mg/mL; P. aeruginosa bakteri
susunda ****p <0,001 vs. Isik PK, ****P<0,001vsKaranlk0,125mg/mL

4. Tartisma ve Sonug

Lazer maruziyetinde E. coli ve P. aeruginosa gegirgenlik az miktarda da olsa numunelerin 1sik
gegcirgenlik spektrumunda (tayfinda) artis géstermektedir. Bu 1sik gegirgenligindeki artis lazer 1s13inin
her iki mikroorganizma Uzerinde negatif etki olusturmasinin sonucu oldugu unutulmamalidir. Fakat
vitamin B kompleksi uygulamasi arti lazer uygulamasi sonrasi E. coli gecirgenlik degerleride
degisimde (6 %) c¢ok fazla bir etki gézlenmezken (bkz. Sekil 1); P. aeruginosa patojeni Uzerindeki
gecirkenlik degisimlerinde dikkate deder gecirgenlik oranlari pozitif kontrole gére artmaktadir (bkz.
Sekil 2). Bu da dolayli olarak P. aeruginosa patojenlerinin lazer maruziyetinden, E. coli’ye gore daha
fazla etkilendigini gdstermektedir. Bunun sonucunda E. coli ve P. aeruginosa patojen karma ortaminda
segici olarak patojenlerin terminasyonu vitamin B kompleksi ve lazer 1sin1 uygulamasi ile kontrolli
saglanabilir. PK ile 0,125 mg/mL Vitamin B kompleksi uygulama sonrasi E. coli bakterisi, PK
grubundan ¢ok ayirt edilebilir bir § % gostermemekle birlikte 400 nm ila 1000 nm dalgaboylari
araliginda hemen hemen ayni  § % duzeylerine sahiptir. Oysaki P. aeruginosa patojeni Uzerindeki
vitamin B kompleksi uygulamasi & % farkedilebilir bir degisim gdstermekte ve o6zellikle kizildtesi
dalgaboyu araliginda & % degerleri artis géstermektedir. 5% degerlerindeki artis vitamin B kompleksi
uygulama sonrasi P. aeruginosa icin % 15 degerini ge¢cmektedir. Bu sonuglar 1siginda E. coli ve
P. aeruginosa iki populasyonun bulundugu bir ortamda vitamin B kompleksi uygulamasi sonrasi
yapilacak bir PDI slreci 660 nm lazer uygulamalar ile secici terminasyon ve ayristirma sireglerinde
kullanilabilecegini 6ngérmekteyiz.

Klinik uygulamada PDI'nin yuksek maliyeti sadece ekipmanin fiyatindan degil, ayni zamanda PDI igin
kullanilan ilaglarin yiiksek maliyetinden de kaynaklanmaktadir. Bu nedenle, 6zellikleri ylksek etkinlik,
dislk yan etkiler ve distk maliyet icermesi gereken yeni ilaglarin gelistiriimesi arzu edilmektedir. Bu
gereklilikleri takiben, halihazirda varolan bazi organik kimyasallar PDI adaylar olarak onerilmistir.
Bunlardan biri de 660 nm'de yliksek isik absorpsiyonuna sahip iyi bilinen bir boya olan metilen mavisi
(MB), PDl'de etkilidir ve gesitli hastaliklara kargi klinik uygulamalar igin 'Oz ve fotodinamik aktivite
Uretme kabiliyeti gdstermektedir [19]. PDI’ de MB fotosensitizer olarak kullaniimigir, bakteri hiicre
duvarlarini  gegmekte zorluk c¢ekmez. Katyonik yuUki nedeniyle, Gram negatif bakterilerin
lipopolisakkaritlerinin negatif yikine kolayca baglanir [25, 26]. Gram pozitif bakteriler sitoplazmik
membranin disinda sadece kapstler materyale ve peptidoglikana sahiptir, bu da metilen mavisinin
membrani kolayca gegmesini saglar [27]. Bizim bu ¢alismada kullandigimiz bakteriler E. coli ve P.
Aeruginosa gram negatiftir, fotosensitizer olarak kullandigimiz vitamin B kompleksi katyonik etki ile her
iki bakteri membranindan kolayca geg¢mesini saglayacaktir. Antibiyotik direng, enfeksiyon
hastaliklarinin tedavisinde ciddi sorunlar olusturmaktadir [28]. P. aeruginosa bakterilerin % 77’si ¢oklu
direncli (= 3 grup antibiyotie direngli) olup, calisilan antibiyotikler icinde en dusik duyarlihigi
tobramisine (% 35), en ylksek duyarlihdl ise piperasilin+tazobaktama (% 55) karsi gosterdidi
izlenmistir [29]. Hastane enfeksiyonu etkeni Gram negatif bakteriler icinde Geniglemis Spektrumlu
Beta-Laktamaz (GSBL) Ureten E. coli ve P. aeruginosa, birgok antimikrobiyal ajana kargi artmakta olan
direnci ile 6nem tasimakta ve enfeksiyonlarin tedavi ve kontroliinde problemler yasanmaktadir [30]. Bu
calisma, antibiyotiklere kargi direng gelistiren P. aeruginosa bakterisini daha etkili ve ucuz bir yontemle
inaktive ederek yeni alternatif tedavilere imkan saglayacaktir.

Bu calismada 1sik deneylerinde surekli lazer i1sik kaynagi kullaniimistir. Lazeri diger 1s1k kaynaklariyla
karsilastirdigimizda birden fazla avantaji barindirmaktadir. Lazer isimasi, dar dalgaboyu band
araliginda kontrolli 1sima miktarlarini ayarlayabilmesi sayesinde hedeflenen organizmalara esyonli
Isinim kabiliyeti ve hedef odakli galismasi nedeniyle PDI uygulamalari igin ¢ok iyi bir segenektir. Bu
makalede, lazer 11ginin es zamanl olarak vitamin B kompleksinin mikroorganizmalara PDI etkisine
bakilmistir. PDI'nin bakteri Uremesi Uzerindeki etkisi; E.coli 1 mg/mL vitamin B kompleks
konsantrasyonu kullanan numuneler igin, karanlik ve 1sik 6lim oranlar % 40 olarak gortlmustir. Bu
sonug, tek basina vitamin B kompleksi'nin yiksek dozlarda zaten yiksek bir 6lim ylzdesini
indukledigi gercegiyle aciklanabilir. Bir baska olasi agiklama, daha ylksek konsantrasyonlarda
fotosensitizerleri'nin su ortaminda kendi kendine agrege olabilecegdi ve bdylece singlet oksijen verimini
azaltabilecegidir [31]. P. aeruginosa 1mg/mL vitamin B kompleks konsantrasyonu kullanan numuneler
icin, karanlik ve 1sik 6lim oranlart % 20 olarak goriimistir. 0,5 mg/mL vitamin B kompleks
konsantrasyonu E. coli’de karanlik ve i1sik Olimleri arasinda anlamli bir fark gorilmezken P.
aeruginosa’de karanlk ve 1sik 6limleri arasinda anlaml bir fark (% 60 lhk 6lim) goértimistir. 0,125
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mg/mL vitamin B kompleks konsantrasyonu E. coli'de karanlik ve 1sik 6limleri arasinda anlamh bir fark
gorilmezken P. aeruginosa’de karanlik ve isik olimleri arasinda anlamli bir fark (%40 hk 6lim)
gortlmustir. E. coli susunda ****p <0,001 vs Isik PK, ****P <0,001 vs Karanlik 0,125 mg/mL; P.
aeruginosa bakteri susunda ****p <0,001 vs. Isik PK, ****P <0,001 vs Karanlk 0,125 mg/mL (Sekil 3-
4). Vitamin B kompleksinin yuksek konsantrasyonlarda E. coli igin biraz toksik oldugu, patojen
mikroorganizma (P. aeruginosa) artan toksisitenin yalnizca lazer tarafindan i1sinlandiginda meydana
geldigini, dolayisiyla bu terapi esas olarak lokal ve topikal uygulamalar igin kullanilacaktir. intravensz
yoldan kullanim igin, ilacin vlcutta birikecegi yeri tam olarak bilmek ve ardindan o bdlgeyi lazer
ISimasina maruz birakmak énemlidir. Isiga maruz kalma siresi, vitamin B kompleksi konsantrasyonu
ve lazer 1sik dozu arasindaki dengenin arastiriimasi PDI verimliliginin kontrol edebilecedini
gostermektedir. Vitamin B kompleks birikiminin zayif oldugu perfize olmayan dokular igin, benzer bir
terapétik etkiye izin vermek igin 1sinlama sdresi uzatilmalidir. Maruz kalma suresi, farkli maruz kalma
uzunluklarinda hticre 6lUm hizi Gzerindeki etkilerle gdzlemlenebilecegi gibi, PDI aktivitesi icin esastir.

Antimikrobiyal madde etkinligini karsilastiracak olursak kadit disk difizyon ydntemiyle vitamin B
kompleksinin 0,125 mg/mL konsantrasyonunda lazere maruz birakiimamis hali ile antibakteriyel
aktivite gostermedigi sonucuna ulasiimigtir.

Akis sitometrisinde canlilik testinde E. coli bakteri susunda ¢ok fazla fotodinamik inaktivasyon etkinligi
goérilmemektedir. Baska bir ¢alismada da bizim ¢alismamiza benzer olarak E. coli bakteri susunda
fotosensitizer kullanilarak yapilan karanlk deneyi ile 1sik deneyini arasinda fotodinamik etkinlik olarak
anlamh bir farkhhk goérilmemistir [19]. Zaten bu calismada arzu edilen patojen bakteri olan P.
aeruginosa susunun inaktive edilmesidir. P. aeruginosa susunun 1sik deneyine bakacak olursak E. coli
bakteri susuna karsin ylksek oranda 6lim oranlari gérilmektedir. Vitamin B kompleksi E. coli bakteri
susunda igikta minumum toksik etki gosterirken P. aeruginosa susunda % 45’lik oranda 6lim
g6zlenmistir. Burada belirtmekte fayda var: Vitamin B kompleksinin uygulanan konsantrasyonu igin
lazerin 660 nm dalgaboyunu ¢ok az bir miktarda absorblamaktadir. Aksine vitamin B kompleksi bu
c¢alismada kullanilan konstrasyonlarda 660 nm dalgaboyu icin yiksek gecirgenlige sahip olmasina
ragmen Uzerinde durulan isik etkilesimi 6zellikle, patojen mikroorganizma (P. aeruginosa) binyesinde
vitamin B kompleksinin 660 nm isinimina direkt tepki verdigini ve PDI etkilesiminin patojenin
terminasyonu ile sonuglandigini akis sitometrisi de dogrulamaktadir. Burada Tip | PDT'den daha az
etkili olan Tip Il PDT yoluyla fotodinamik aktivite gosterebilir [32-34]. Ancak ilgili patojen icinde Vitamin
B kompleksi+lazer 1si1gi, ne gibi bir mekanizma ile bu terminasyon surecini tetikledigi ileriki
¢alismalarimizin konusunu olusturmaktadir.

Tesekkir

Bu arastirma icin akis sitometrisinde canlilik belirleme strecindeki degerli katkilarindan dolayi
Metin Cetin'e tesekklr ederiz.
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OZET

Amag: Tip Fakiltesi 63rencilerinde uyku kalitesi ve koku arasindaki iligkinin arastiriimasi planlandi.

Materyal-Metot: Calismamiz klinik arastirmalar etik kurulu tarafindan onaylandi. Kesitsel tipte olan
arastirmamizda Universitemizin tip fakulltesi ©6grencilerine sosyodemografik Ozellikler anketi, uyku
kalitesini degerlendirmeye yonelik Pittsburg uyku kalite indeksi (PUKI) ve koku-uyku anketi uygulandi.

Bulgular: Calismamiza; 91 (%46,9) kadin 6grenci ve 103 (%53,1) erkek 6grenci dahil edildi. Calismaya
dahil olan 6grencilerin yas ortalamasi 21,91+1,94, dgrencilerin %42,2’sini (n=79) 1000 TL ve Uzerinde
kazandigi, 87 (%44,8) kisinin apartta kalmakta digi, 149 (%76,8) kisinin sigara ve 143 (%73,7) kisinin
alkol kullanmadigi tespit edildi. Katilimcilardan 165 (%86,4) kisi karanlik ortamda uyumay: tercih ettigini
belirtti. Calismaya katilan 6grencilerin 160 (%82,9)'1 giriltl, 149 (%77,2)'u i1s1k, 145 (%75,1)'i ortamin Isi
duzeyi, 122 (%63,2)'si fiziksel olarak yatak yapisi, 107 (%55,4)'si ortamin kirli olmasi ve 106 (%54,9)’s!
ortamin koti kokmasi gibi faktorlerin uyku kalitelerini etkiledigini distnmekteydi. di. Koku uyku
arasindaki iliskiye 89 (%45,9) kisi, koku ile hafiza arasinda iligkisine 70 (%36,1) kisi katiliyorum kesinlikle
evet cevabini verdi. Calismamizdaki toplam PUKI 8lgegi ortalamasi 12,88+5,60 olarak bulundu. Dénem |
ve |l 6grencilerinde uykuya yatis zamani arasinda istatistiksel olarak anlaml fark vardi (p=0,040). Dénem
Il 6grencilerinde yatis zamanin uzadigi bulundu. Calismamiza katilan 6grencilerin dénem Il ve dénem |II
6grencileri arasinda uykuya dalma suresinde anlamli farklilik bulundu var (p=0,017). Calismamiza dahil
olan 6grencilerin uykuya dalma sirasindaki uyku kalitesi istatistiksel olarak anlamli bulundu (p<0,05).

Sonug: Kaliteli bir uyku igin, koku ile uyku sureci arasinda bir baglanti olabilecegi disunilmektedir.

Anahtar Kelimeler: Tip 6grencileri, Uyku, Uyku kalitesi, Koku.
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ABSTRACT
Objective: The relationship between sleep quality and odor in medical faculty students was investigated.

Material-Method: Our study was approved by the clinical research ethics committee. In our cross-sectional
study, socio-demographic characteristics questionnaire, Pittsburg sleep quality index (PUKI) and odor-sleep
guestionnaire were used to evaluate the sleep quality of the medical faculty students of our university.

Results: Our work; 91 (46.9%) female students and 103 (53.1%) male students were included. The mean
age of the students included in the study is 21.91+1.94, the income level of the students is 79 (42.2%) 1000
TL and above, 87 (44.8%) people live in apartments, 149 (76.8%) people smoke and 143 (73.7%) people do
not use alcohol. 165 (86.4%) of the participants preferred to sleep in a dark environment. Of the students
participating in the study, 160 (82.9%) were noise, 149 (77.2%) light, 145 (75.1%) the temperature level of the
environment, 122 (63.2%) were physically in bed. structure, 107 (55.4%) polluted environment and 106
(54.9%) bad smell of the environment affected their sleep quality. 89 (45.9%) people agreed with the
relationship between smell and sleep, and 70 (36.1%) people agreed with the relationship between smell and
memory. The mean of the total PUKI scale in our study was found to be 12.88+5.60. There was a statistically
significant difference between the time to sleep in term | and Il students (p=0.040), and it was found that the
time to sleep was prolonged in term Il students. There was a significant difference in the duration of falling
asleep between the students who participated in our study, between the semester Il and the third semester
students (p=0.017). The sleep quality of the students included in our study during falling asleep was found to
be statistically significant (p<0,05).

Conclusion: For a quality sleep, it is thought that there may be a connection between the smell and the sleep
process.

Keywords: Medical Students, Sleep, Sleep quality, Smell.
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1. Giris

insanin bes duyusundan biri olan koku, diger duyular kadar belirgin olmasa da beyin yapilarinda
birgok aktivasyona neden olmaktadir. insan beyninde, olfaktér epitel igerisine yerlesmis olarak
yaklasik altt milyon olfaktér reseptdr hicre bulunmaktadir. Digaridan gelen havanin yaklagsik %10
kadar olfaktér epitele ulasir ve burada da olfaktér reseptérler koku molekillerini alirlar. Olfaktor
reseptor hicreleri iki kutuplu néronlardir ve bircok ndéronun aksine surekli olarak yenilenirler. Olfaktor
reseptodr hicreleri koku molekullerini beynin olfaktér bulb denilen bélgesine gdnderir. Buradaki iletici
hiicreler sayesinde ise koku bilgisi amigdalaya ve limbik sisteme iletilir. Amigdalaya gelen koku bilgisi
cesitli yollardan sonra hipotalamus ve orbitofrontal kortekse iletilir [1]. Koku duyumuzu tek boyutlu
distinmek mumkin degildir. Kokular farkli oldugu igin insanlarda farkli etkilere sebep olabilmektedir.
Bu durum bazen ruh hali, bazen de bilissel performanslar izerinde gecerli olabilir. Bu nedenle koku
degiskeni icin net bir cerceve cizmek mumkin degildir. Gorsel ve isitsel uyaran degiskenleri niteligine
gore davraniglarin degistigi sdylenebilirse, koku degiskeni icin de ayni degerlendirmeyi yapilabilir. Bazi
kokular daha uyarici olurken bazi kokular daha yatistirici etkiye sahip olabilmektedir [2-5]. Koku; bilme
yetisi ve duygu ile iligkili oldugu igin karmasik bir kavramdir [6]. Kokunun kisinin duygu, davranis ve
ruh hali Uzerindeki etkisi yadsinamaz. Bu noktadan hareketle farkli kokularin beyindeki uyariima
durumunu nasil etkiledigi arastirma konusu haline gelmistir. Birgok calismada isitsel ve gorsel 6gelere
yeterince yer verilir. Koku ise henliz yeterince anlagilabilen ve genellenebilir kavram degildir [7]. Uyku,
dis uyaranlarin duyarliigin azalmasiyla karakterize bir durumdur [8,9]. Birgok calismada; isitsel,
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somatosensoriyel ve gorsel uyaranlarin uyariimalari tetikleyerek, uyku uzunlugunu ve mimariyi
bozarak uykuyu bozdudunu dogrulamaktadir [10-12]. Buna karsilik, artan sayida kanit, diger
modalitelerdeki duyusal uyaranlardan farkli olarak, tamamen koku alma veya hafif trigeminal kokularin
uyanmaya veya uykudan uyanmaya yol agmadigini géstermektedir [13]. Birkag kokunun uykuyu tesvik
ettigine dair bazi kanitlar vardir. insanlarda, uyku sirasinda sunulan lavanta yagi uyku verimliligini
artirdi§i, toplam uyku siresini artirdigi, ertesi sabah artan canliik ve [14,15] uykusuzluk ceken
hastalarda uykuya tesvik ettigi goriimektedir eder [16].

Uyku, bilincin dis uyaranlarin bir kismini veya tamamini algilamadigi, tepki giicinin zayifladigi ve
vicudumuzdaki pek ¢ok organin etkilendiginin buyuk olglide azaldigi bir dinlenme durumudur. Pek gok
organ sistemi uyku sirasinda yavaslar. Beynin tam bir durgunluk veya dinlenme durumuna gegmedigi,
uyku sirasinda da cgalistigi, sadece etkinlik tirinG degistirdigi distnilmektedir. Uyku sirasinda
elektriksel olaylar devam ettigi icin beyinden c¢esitli elektroensefalografi (EEG) dalgalari
kaydedilmektedir [17]. Uyku saglikh bir yasam i¢in gereklidir. Gelisme, bUyime, 6grenme, istirahat ve
saglk icin dogumdan esastir. Yetiskin nifusun yarisindan fazlasi gecede 7-8 saat uyur [18]. Yasamin
vazgecilmez bir pargasi olan uyku kalitesi, dinlenme ve saglikli bir yasam icin da énemlidir. Klinik
pratikte uyku kalitesine ve uykuyla ilgili arastirmalara blyUk bir odaklanma olmustur, ancak kavramin
nesnel olarak tanimlanmasi ve dlgiimesi zordur [19].

Universite 6grencileri, yorgunluklari ve uyku yetersizlikleri nedeniyle egitim yasamlari boyunca ciddi
sorunlar yasayan bir grup insandan olusmaktadir. Universite égrencilerindeki yorgunluk seviyelerinin
agir el emegi olan isgilere esdeger oldugu bildiriimektedir [20]. Tum Gniversitelerin blyuk bir bélimun
olusturan tip égrencileri, en ciddi yorgunluk ve uyku problemlerinden bazilarini yagsamaktadir [21].
Medikal egitimin yodun teorik ve pratik yapisindan dolay! uykuda ge¢cen zamanin azaldigi, stres ve
gerginligin uyku kalitesini dislrdigu bilinmektedir [22-24].

Bu calismada, Tip Fakdiltesi ogrencilerinde koku ve uyku iliskisi sosyodemografik bilgileri iceren bir
giris anketi, uyku kalitesini degerlendirmek igin Pittsburgh Uyku Kalitesi Indeksi ve koku-uyku anketi
kullanilarak arastirildi.

2. Materyal ve Metot

Calismamiz Slleyman Demirel Universitesi Tip Fakdiltesi Klinik Arastirmalar Etik Kurulu'ndan onay
alindi (28.05.2019/191). Arastirma 3-7 Haziran 2019 tarihlerinde Siileyman Demirel Universitesi Tip
Fakdiltesinde dgrenim calismaya katilmaya gonulli géren 6grenciler Gzerinde yapildi. Calismaya; 91’i
(%46,9) kadin 6grenci, 103’0 (%53,1) erkek 6grenci dahil edildi. Ogrencilerin 29'u (%14,9) Dénem |,
45’i (%23,2) Dénem I, 35’i (%18,0) Dénem lIl, 29'u (%14,9) Dénem |V, 28’i (%14,4) Donem V, 28’i
(%14,4) Dénem VI 6grencisiydi. Verileri elde etmek icin literatir dogrultusunda gelistirilen koku-uyku
anket formu, Pittsburgh uyku kalite indeksi ve sosyodemografik bilgi formu kullanildi.

Pittsburg Uyku Kalitesi indeksi 19 maddelik bir ézbildirim 6lgegidir. Testin her maddesi 0-3 arasinda
esit olarak puanlanir. Sorular 0-3 arasinda puanlanir ve yuksek puanlar kétu uyku kalitesini yansitir.
Olgek subjektif uyku latansi, uyku kalitesi, uyku siresi, uyku bozukluklari, ahisiimig uyku etkinligi, uyku
ilaci kullanimi ve gunduz islevsellik kaybini degerlendiren 7 alt dlgekten olusmaktadir. Alt dlgekler
toplanarak 0 ile 21 arasinda degisen toplam PUKI puani elde edilmektedir. %89,6 duyarlilik ve %86,5
dzglillik ile besten biiyiik bir toplam PUKI puani, yetersiz uyku kalitesini gdsterir ve yukarida belirtilen
alanlardan en az ikisinde ciddi bozulmayi veya Ug¢ alanda orta dizeyde bozulmayi gdsterir [25].

Diger uygulanan ankette 8 adet sosyodemografik verileri iceren soru, 6 adet uyku fizyolojisi ve uyku
bozukluklarini ve 11 adet koku-uykuyu sorgulayan coktan se¢meli ve acik uc¢lu sorular veriler
kullanildr.

istatistiksel degerlendirmeler SPSS 15.0 for Windows paket programi kullanilarak yapildi. Gruplarin
tanimlayici istatistikleri ortalama ve standart sapma (sd) seklinde verildi. Degerlendirme 6ncesinde,
verilerin normal dagilim gésterip géstermedikleri Kolmogorov-Simirnov testi ile bakildi. incelenen
Ozelliklerin normal dagiim gosterdigi, sonrasinda gruplar arasi karsilastirmalar parametrik testler
(Anova, Ki-Kare Korelasyon analizi) yapildi. istatistiksel anlamliik degeri % 95 giiven araliyinda
p<0.05 olarak alindi.
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3. Bulgular

Arastirmaya katilan tim o6grencilerin yas ortalamasi 21,91+£1,94 olarak bulundu. Tim o&grenciler
Uzerinde yapilan istatistiksel degerlendirme sonucunda; 6grencilerin gelir dizeyleri 79'u (%42,2) nun
gelir dizeyleri 1000 TL ve Uzerinde, 87’i (%44,8) kisi apartta kalmakta, 149 (%76,8) kisi sigara ve 143
(%73,7) kisi alkol kullanmamaktaydi. Katilimcilara ginlik ders galisma sureleri soruldugunda; 1-2 saat
ders calisan 102 (%52,6), 4-5 saat ders calisan 74 (%38,1), 5-8 saat ders ¢alisan 16 (%8,2), 9 saat ve
Uzeri ders calisan 1 (%0,5) kisidir. Katiimcilardan 45’i (%23,2) uykuya dalmak igin besin takviyesi
kullandigina evet, 147 (%75,8) kisi ise hayir cevabini verdi. Calismaya dahil olan 6grencilere uyku
ortami tercihi soruldugunda 165 (%86,4) kisi karanlik, 23 (%11,9) kisi yari aydinlik ve 3 (%1,5) kisi
aydinlik ortami tercih ettigini belirtti. Uyku kalitesini etkileyen faktorler sorusu; 160 (%82,9) gurilti, 149
(%77,2) 151k, 145 (%75,1) ortamin 1s1 dizeyi, 122 (%63,2) fiziksel olarak yatak yapisi, 107 (%55,4)
ortamin kirli olmasi ve 106 (%54,9) kisi ortamin koti kokmasinin uyku kalitelerini etkiledigini belirtti
(Tablo 1). Calismaya danhil olan égrencilere “Kokulardan hangisi huzur verir?” sorusuna; 60 (%36,1)
kisi lavanta, 40 (%24,1) kisi nane, 27 (%16,3) kisi gul ve 20 (%10,3) kisi okaliptlis kokusunun huzur
verdigini belirtti. “Evlerinde herhangi bir koku verici cihazi kullaniyor musunuz?” sorusuna, 122
(%62,9) kisi hayir cevabini verdi. Koku duyumuz ka¢ saat calisir sorusuna 24 saat cevabini 71
(%36,6) kisi verdi. “Yatak odasinda sigara igiyor musunuz?” sorusuna 172 (88,7) kisi hayir cevabini
verdi. Odanizda koku kullaniyorsaniz, bu kokunun sizin lzerindeki etki sorusuna 39 (%20,1) Kisi
uykumu kagirir yanitini verdi. Yatak odamda uyku kalitemi artiracak koku kullanirim sorusuna 22
(%11,3) kisi evet seklinde cevapladi. Koku ile uyku arasinda iliskiye 89 (%45,9) kisi, koku ile hafiza
arasinda iligskiye70 (%36,1) kisi katiliyorum cevabini verdi. Gizel kokular uyku kalitesini arttirir
sorusuna 73 (%37,6) kisi, koti kokular uyku kalitesini azaltir sorusuna 86 (%44,3) kisi katiliyorum
cevabini verdi (Tablo 2). Calismamizda PUKI toplam &lgeginin ortalamasi 12,88+5,60 olarak bulundu.
Dénem | ve dénem Il égrencilerinde uykuya yatis zamani arasinda istatistiksel olarak anlaml fark
bulundu (p=0,040). Dénem Il &égrencilerinde yatis zamanin uzadidi bulundu. Calismamiza katilan
6grencilerin dénem |l ve dénem |ll égrencileri arasinda uykuya dalma suresinde anlamli farkhhk var
(p=0,017). Cahismamiza katilan 6grencilerin uykuya dalma sirasindaki uyku kalitesi istatistiksel olarak
anlamli bulundu (p<0,05). PUKI ve koku arasindaki iliski kargilagtiriidiginda ortalamalari okaliptiis
14,80+4,86, nane 13,95+6,04, lavanta 12,10+5,82 ve gll 11,66+5,43 olarak bulundu (Tablo 3).

Tablo 1: Sosyo-demografik ve uykuya dair degiskenler

Kadin 91 46,9
Erkek 103 53,1
Yas 21,01+1,94

Aylik gelir diizeyi
1000 TL ust 79 42,2

1000 TL alti 46 24,6

Nerede yasiyor?

Apart 87 44,8
Ev 73 37,6
Yurt 34 17,5

Sigara kullanimi

Evet 45 23,2
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Hayir

Evet

149

50

76,8

25,8

Hayir

Evet

143

45

73,7

23,2

Hayir

Evet

147

66

75,8

34,0

Hayir

50

25,8

1-2 saat 102 52,6
4-5 saat 74 38,1
5-8 saat 16 8,2
9 saat ve Uzeri 1 0,5

Aydinhk 3 1,5
Yari aydinlik 23 11,9
Karanlik 165 86,4

Gurdlta 160 82,9
Isik 149 77,2
Ortamin 1s1 diizeyi 145 75,1
Fiziksel olarak yatak yapisi 122 63,2
Ortamin kirli olmasi 107 55,4
Ortamin kot kokmasi 106 54,9
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Tablo 2: Koku ve Uyku Bilgilerine Dair Degiskenler

Anket sorusu n %

Kokulardan hangisi huzur verir?

Lavanta 60 36,1
Nane 40 24,1
Gil 27 16,3
Okaliptus 20 10,3
Evinizde herhangi bir koku verici kullaniyor
musunuz?
Evet 18 9,3
Hayir 122 62,9

Koku duyumuz kag saat ¢alisiyor?

Bir sey kokladigimiz zaman 30 15,5
Anlik 49 25,3
12 saat 15 7,7
24 saat 71 36,6
Bilmiyorum 29 14,9

Yatak odanizda sigara igciyor musunuz?

Evet 15 7,7

Hayir 172 88,7

Odanizda koku kullaniyorsaniz, bu kokunun
sizin Uzerinde ne gibi etkilerinin oldugunu
biliyor musunuz?

Rahat uyurum 37 19,1
Uykumu kagirir 39 20,1
Bas agrisi yapar 30 15,5
Sabah dinlenmis uyanirim 6 3,1
Uykuya hizli dalarim 7 3,6
Diger 12 6,2

Yatak odamda uyku kalitemi arttiracak koku

kullanirim.
Kesinlikle hayir 67 34,5
Hayir 58 29,9
Bazen 41 21,1
Evet 22 11,3
Kesinlikle evet 6 3,1

Koku ile uyku arasinda iligki bulunmaktadir.

Kesinlikle hayir 9 4,6

369




Hayir 21 10,8

Bazen 58 29,9
Evet 89 459
Kesinlikle evet 17 8,8

Koku ile hafiza arasinda iligki bulunmaktadir.

Kesinlikle hayir 9 4.6
Hayir 5 2,6
Bazen 23 11,9
Evet 70 36,1
Kesinlikle evet 87 44,8

Giizel kokular uyku kalitesini arttirir.

Kesinlikle hayir 7 3,6
Hayir 16 8,2
Bazen 77 39,7
Evet 73 37,6
Kesinlikle evet 19 9,8

Kotii kokular uyku kalitesini azaltir.

Kesinlikle hayir 11 57
Hayir 6 3,1
Bazen 24 12,4
Evet 86 44,3
Kesinlikle evet 67 34,5

Tablo 3: PUKI ve koku arasindaki karsilastirma

‘ Ortalamaztss

Okaliptus 14,80+4,86
Nane 13,95+6,04
Lavanta 12,10+5,82
Gul 11,66+5,43
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4. Tartisma ve Sonug

Uyku, insanlarin yasam kalitesine etki eden ve saglk durumlarini etkileyen bir durumdur. Uyku
vucudun dinlenmesini ve yenilenmesini saglar. Uyku surecindeki herhangi bir problem bireylerin
biyolojik ve psikolojik problemler yasamasina neden olur. Kokunun, uyku olusumu ve uyku surecinde
onemli etkileri bulunmaktadir.

Hastaneye yatan hastalarin uyku problemlerine yonelik yapilan bir calismada, hastalarin %67,7
ortamin girultistnden etkilendigini ortaya koymus. Bu gurlltilerden en ¢ok, hastalarin sesi (%55,3),
ayak sesi (%39,8), musluk, kapi, pencere sesi (%28,6), telefon sesi (%25,5), tamirat sonucu olugan
sesler (%17,4) ve hastane disindan gelen seslerden (%17,4) etkilendikleri saptanmistir [26].
Calismamizda, 160 (%82,9) kisi gurultils, 149 (%77,2) kisi-isik, 145 (%75,1) kisi ortamin is1 diizeyi,
122 (%63,2) kisi fiziksel olarak yatak yapisi, 107 (%55,4) kisi ortamin kirli olmasi ve 106 (%54,9) kisi
ortamin kétu kokmasinin uyku kalitelerini etkiledigini belitti. Bir arastirmada katiimcilara yatmadan
Once lavanta esansi, ertesi gun ise saf su koklatilmis. Bu Kigilerin lavanta esansi kokladiklari gece
boyunca beyin dalgalar incelenmis ve derin uyku evrelerinin uzadidi, buna ek olarak katihmcilar
lavanta esansi kokladiklari gecenin sabahinda daha enerjik uyandiklarini ifade etmislerdir [27]. Ritter
ve arkadaslarinin yaptigi bir arastirmada, katiimcilara 6grenilmesi gereken bilgiler kokuyla bir arada
verildi. Ayni glnin gecesinde uyku sirasinda ayni kokunun yeniden verilmesi sonucu ertesi gunin
yaratici olma durumunun artti§i gézlemlendi. Bu durum kokunun birey lzerinde pasif bir sekilde de
olsa animsatici etkisinin oldugunu goéstermekte ve kokunun biligssel performans gorevlerindeki etkisini
ortaya koymaktadir [28]. Calismamizda, koku ile uyku arasinda iligkiye 89 (%45,9) kisi, koku ile hafiza
arasinda iliskisine 70 (%36,1) kisi evet cevabini verdi. Glizel kokular uyku kalitesini arttirir sorusuna 73
(%37,6) kisi, kot kokular uyku kalitesini azaltir sorusuna 86 (%44,3) kisi evet cevabini verdi. Cin'de
yapilan bir calismada; 1602 tip fakiiltesi égrencisinin PUKI puan ortalamasi 6,24+2,44 olarak bulundu
[29]. iran'da yapilan calismada; 224 Tip Fakiiltesi égrencisinin 91'inde (%40,6) uyku kalitesi kéti
oldugunu bulmuslar [30]. Brezilya'da Tip Fakiiltesi égrencileri ile yapilan bir arastirmada PUKI
kullanildi ve 6grencilerin %38,9'unun uyku kalitesinin iyi olmadigini bulmuslar [31]. PUKI degeri 5'in
Uzerinde olanlar uyku kalitesinin koétu oldugu kabul edilmektedir (32). Uyku, genglerin sagliginda
onemli bir rol oynar. Yetersiz uyku, psikomotor, biligsel ve duygusal islevlerde azalmanin yani sira
sagligi tehdit eder [24,25]. Calismamizda, dgrencilerin PUKI toplam dlcegi ortalamasi 12,88+5,60
olarak bulundu. Yapilan bir calismada; inhalasyon yolu ile lavanta kokusu verildigi zaman Universite
dgrencileri igin uyku kalitesinin artirdigini bulundu [33]. Bizim calismamizda; PUKI ve koku arasindaki
iliski karsilastirildiginda ortalamalari okaliptiis 14,80+4,86, nane 13,95+6,04, lavanta 12,10+5,82 ve
gll 11,66+5,43 olarak bulundu.

Sonug¢ olarak; uyku kalitesi fiziksel ortam kosullarindan etkilendigi yapilan g¢alismalarla ortaya
konulmustur. Kokunun uyku kalitesini etkiledigi yoninde veriler bulunmaktadir. Bu nedenle koku ile
uyku kalitesine yonelik bir iliski oldugu dasindlmektedir. Calismamizda, tip fakultesi 6grencilerinde
kokunun uyku kalitesi Gizerinde etkileyebilecegini disinmekteyiz.

Arastirmanin Kisithhigi

Bu arastirmanin tek bir Universitede yapilmasi ve sorularin égrencilerin cevaplarina dayal olmasi bir
kisithhktir.

Etik Beyani

Bu calismada, “Yiksekdgretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesi” kapsaminda
uyulmasi gerekli tim kurallara uyuldugunu, bahsi gegcen ydnergenin “Bilimsel Arastirma ve Yayin
Etigine Aykirni Eylemler” basligi altinda belirtilen eylemlerden higbirinin gerceklestiriimedigini taahhit
ederiz.
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OZET

Amag: Pandemide saglik galisanlarinin COVID-19 hastaligi ve asisiyla ilgili yaklasim ve davraniglarini
belirlemek.

Materyal-Metot: Calisma, 1-31 Mart 2022 tarihlerinde hastanede gorevli saglik ¢alisanlarina COVID-19
enfeksiyonu ve asilariyla ilgili yaklasim ve davraniglarini sorgulayan 44 soruluk ankete Whatsapp
aplikasyonu Uzerinden verdikleri cevaplar toplanarak yapildi.

Bulgular: Calismaya katilan 311 saglik personelinin 209’'u kadindi. (%67,2). Ortanca yaglarn 36 idi.
Katiimcilarin 203’G (%65,3) Universite mezunu, 159'u (%51,1) hekimdi. Kronik hastaligi olan 51 olgu
(%16,4) vardi. Saglik calisanlarindan COVID-19 enfeksiyonu geciren 141 (%45,3), ailesinden biri
enfeksiyonu geciren 176 (%56,6), ailesinden biri enfeksiyona bagli yogun bakimda kalan 23 (%7,4) ve
ailesinden biri enfeksiyona bagl vefat eden 22 (%7,1) kisiydi. Asi olan 304 (%97,7) saglik calisanindan
211’inde (%67,8) en az bir yan etki gelisti. En sik gorilen yan etki 156’sinda (%73,9) halsizlikti ve en sik
yan etki Biontech (%59,8) ile gorildu. Secenek olsaydi %70,1’i Biontech agisinin ilk tercihleri olacagini
belitti. Turkovac asisina giivenen 131 (%42,1) kisi vardi. Toplum saghdi agisindan asinin zorunlu olmasi
gerektigini dislnenlerin orani %83,3, COVID-19 asisi ile pandeminin bitecegine inananlar %58,8 ve
hasta sayisinin azalacagina inananlar %80,4 idi. Saglik calisanlarinda asiya kargi kararsizigi arttiran
nedenler arasinda en sik asilarin yan etkilerine yonelik duyulan endise (%74) yer aliyordu. Hekim
grubunda gocuguna as! yaptirma, asi ile pandeminin bitecedi inanci, asi ile hasta sayisinin azalacagi
inanci ve yakinlariniza asi 6nerir misiniz sorununa pozitif cevap verenlerin orani istatistiksel olarak daha
yiksekti

Sonugc: Saglik calisanlar arasinda COVID-19 asisi olma orani ve Biontech asisina olan giiven yuksekti.
Bunun sebebi COVID-19 asisi ile pandeminin bitecegi veya hasta sayisinin azalacagi inancinin yiksek
olmasi olabilir.
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ABSTRACT

Objective: To determine the approaches and behaviors of healthcare professionals regarding COVID-19
disease and vaccination during the pandemic.

Material-method: The study was carried out by collecting the answers of the healthcare professionals
working at the hospital through WhatsApp application. This was done via 44-question survey questioning their
approaches and behaviors regarding COVID-19 infection and vaccines between 1-31 March 2022.

Results: 209 of 311 health workers participating in the study were female (67.2%). The median age was 36
years. Of the participants, 203 (65.3%) were university graduates and 159 (51.1%) were physicians. There
were 51 persons (16.4%) with chronic disease. Of the healthcare workers, 141 (45.3%) had COVID-19
infection, and 176 (56.6%) had a family member with COVID-19 infection. There were 23 (7.4%) family
members who stayed in the intensive care unit due to infection, and 22 (7.1%) whose family members died. At
least one side effect developed in 211 (67.8%) of 304 (97.7%) healthcare workers who were vaccinated. The
most common side effect was fatigue in 156 (73.9%) and the most common side effect was seen with
Biontech (59.8%). If there was an option, 70.1% stated that Biontech vaccine would be their first choice.
There were 131 (42.1%) people who relied on the Turkovac vaccine. The rate of those who thought that the
vaccine should be mandatory in terms of public health was 83.3%, those who believed that the pandemic
would end with the vaccine, 58.8%, and 80.4% believed that the number of patients would decrease. Among
the reasons that increased indecision towards COVID-19 vaccines in healthcare workers, side effects of the
vaccines was the most common concern with 74%. In the physician group, the rate of those who answered
positively to the question of having their children vaccinated, the belief that the pandemic will end with the
vaccine, the belief that the number of patients will decrease with the vaccine, and the question "Would you
recommend vaccines to your relatives" was statistically higher

Conclusion: Among healthcare workers, the rate of being vaccinated against COVID-19 and confidence in

Bionthec vaccine was high. The belief that the pandemic will end or the number of patients will decrease with
the COVID-19 vaccine may be a factor in this high rate.

Keywords: Biontech, healthcare worker, pandemic, Turcovac
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1. Giris

Cin'in Hubei eyaletinin Wuhan sehrinde 2019 sonunda pnémoni vakalariyla ortaya ¢ikan Severe Acute
Respiratory Syndrome-Coronavirus 2 (SARS-COV-2) virisinin neden oldugu tablo subat 2020'de
Dinya Saglik Orgiti (DSO) tarafindan COVID-19 hastali§i olarak tanimlandi [1]. Bu tarihten
ginimize (DSO 10 Nisan 2022 verilerine gére) hastalik 496 milyondan fazla konfirme vaka ve 6
milyondan fazla insanin hayatini kaybettigi bir pandemiye donisti [2]. Pandemide en buyuk
sorumlulugu Uzerine alan saglik ¢alisanlar hayatlar pahasina salginla miicadele ettiler. COVID-19’a
bagli saglik ¢alisanlarinin bir kismi hastanede, bir kismi yogun bakimda tedavi gordu, bir kismi da
vefat etti [3].

Pandemide saglik hizmeti sunumunda yer alan ve cani pahasina salginin kontrol altina alinmasinda
en blylk pay sahibi olan saglik ¢alisanlandir. Bu ¢galismada saglik emekgilerinin COVID-19 hastaligi
ve asllamayla ilgili yaklagim ve davraniglarinin belilenmesi amaclandi.
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2. Materyal ve Metot

Calismamiz 1-31 Mart 2022 tarihleri arasinda Siileyman Demirel Universitesi Tip Fakiiltesi
hastanesinde gorevli saglik calisanlarina gonullilik esasina dayall olarak Google formlar tGzerinden
olusturulan 44 soruluk anketin Whatsapp aplikasyonu ile telefon Gzerinden gdénderiimesi ve anketi
tamamlayanlardan veriler toplanarak yapildi. Calismamizin evreni hekimler ve yardimci saglik
personelinden olusmaktaydi. Anket formu; saglik ¢alisanlarinin sosyodemografik bilgilerini, ¢alistiklari
birimi, COVID-19 ile ilgili goérusleri, kendi veya ailesinde COVID-19 enfeksiyonu gegirme, yodun
bakimda kalma ve vefat durumlarini, COVID-19 asisi olma, yan etkileri ve agllar ile ilgili yaklagim ve
davraniglarini sorgulayan 44 adet sorudan olusmaktaydi. Calisma igin T.C. Saglik Bakanligi’'ndan ve
hastanemiz Klinik Arastirmalar Etik Kurulu'ndan 11.02.2022 tarih ve 51 karar numarasiyla onay alindi.
Helsinki Deklerasyonu Prensipleri’ne uyuldu.

istatistiksel Analiz

istatistiksel analizler SPSS 26.0 (SPSS Inc., Chicago, lllinois, ABD) kullanilarak yapildi. Ortalamalar
ve standart sapmalar hesaplandi. Degiskenlerin karsilastirimasinda ki-kare testi kullanildi, p<0.05
istatistiksel olarak anlamli kabul edildi.

3. Bulgular

Calismamiza saglik personeli olan toplam 311 kisi katildi. Katiimcilarin 209'u kadindi (%67,2).
Ortanca yaslari 36 (min-max:22-60) idi. Katilimcilar arasinda egitim dlizeyi olarak en ¢ok Universite
mezunu 203 (%65,3) ve meslek olarak hekim 159 (%51,1) vardi. Katiimcilarin ¢alistiklan yerler en sik
%61,4 poliklinik, %48,6 servis ve %27 yogun bakimda seklindeydi.

Saglik galisanlarin 187’sinin (%60,1) cocugu vardi ve hanesinde ortalama 3,1+1,44 kisi (min-max:1-
10) yasamaktaydi. Saglik calisanlarin 51’inin (%16,4) kendisinde, 84’Unin (%27) hanesinde
yasayanlarda kronik hastalik vardi. Kronik hastalik olarak gérilen en sik hastalik14’inde (%27,5)
hipertansiyondu. Saglik ¢alisanlarinin ézellikleri Tablo 1’de verildi.

Tablo 1: Katilimcilarin sosyo demografik 6zellikleri

Egitim Dizeyi n %
Universite 203 65,3
Lisansusti 77 24,8
Lise, 28 9
Ortaokul 3 1
Meslek n %
Hekim 159 51,1
Hemsire 67 21,5
Sekreter 37 11,9
Biiro personeli 32 10,3
Temizlik personeli 10 3,2
Eczaci 6 1,9
Kronik Hastaliklar n %
Hipertansiyon 14 27,5
Diyabet 11 21,6
Kalp hastaligi 9 17,6
Endokrin problemler 9 17,6
Astim 8 2,6
Romatolojik 8 2,6
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Norolojik 3 0,96
Bagisiklik problemi 1 0,32
Psikiyatrik problem 1 0,32
Malignite 1 0,32

Katilimcilarin 176’s1 (%56,6) COVID-19 enfeksiyonun laboratuvarda uretilen bir viris veya biyolojik bir
silah olduguna inaniyordu, 1401 (%45) 2-3 yil, 98'i (%31,5) 4-5 yil, 35i (%11,3) 6-10 yil, 29'u da
(%9,3) 11 yil ve Gzerinde enfeksiyondan kurtulacagimiz distincesindeydi.

Saglik galisanlarin 141’i (%45,3) COVID-19 enfeksiyonu gegirmisti. 53’0 (%37,6) asI bulunmadan
once gegirmisti. COVID-19 enfeksiyonu gegirmeden 6nce asi olmayan 80 kisi vardi. Bunlarin 53’Un(n
sebebi (%66,2) asi bulunmadigi, 27’si de (%33,8) kendisi asi olmayi istemedigdi icindi. Kendisi asi
olmak istemeyen 27 kisiden 9unun (%33,3) enfeksiyon sonrasi asi yaptirma dislincesinde pozitif
yonde degisiklik oldugu goéruldi. Saglik ¢alisanlarindan 1’i COVID-19 bagl gelisen durumlar nedeniyle
yogun bakimda kalmisti. Saglik ¢alisanlarinin 176’sinin (%56,6) ailesinden biri COVID-19 enfeksiyonu
gecirmig, 23’Unun (%7,4) ailesinden biri enfeksiyona baglh yodun bakimda kalmis ve 22’sinin (%7,1)
de ailesinden biri enfeksiyona bagli vefat etmisti. Ailesinden biri COVID-19 enfeksiyonuna bagli yogun
bakimda kalan veya vefat eden toplam 32 saglik g¢alisanindan 14’Gndn (%43,8) asl olma karari bu
durum sonrasi asl olma yoéniinde degistigi saptandi.

Saglik calisanlarinin 304’0 (%97,7) asl olmustu. 141'i (%45,3) 4 tane, 64’0 (%20,6) 5 tane, 64U
(%20,6) 3 tane, 29'u (%9,3) 2 tane ve 6'si (%1,9) toplamda 1 asI olmustu. Saglik ¢alisanlarinin
267’sinin (%85,9) hanesindeki veya yasadigi yerdeki tim bireyler COVID-19 agisI olmustu ve 292’si
(%93,9) COVID-19 asisini yakinlarina dneriyordu. Asi olan 304 saglik ¢alisanindan 211’inde (%67,8)
en az bir yan etki gelisti. En sik gorilen yan etki 156 (%73,9) halsizlikti. Asi yan etkileri Tablo 2’de
verildi. Yan etkiler 186’sinda (%59,8) Biontech, 24’linde (%7,7) CoronaVac, 1’inde (%0,3) Turkovac ve
6’sinda (%1,9) hem Biontech hem de CoronaVac asisi sonrasi goruldu.

Tablo 2: Asiya bagh goérilen yan etkiler

Asli yan etkileri n %
Halsizlik 156 73,9
Kas agrisi 148 70,1
Lokal kizariklik ve agri 95 45
Ates 69 32,7
Burun akintisi 19 9
Oksurik 10 4,7
Bas agrisi 7 3,3
Otonom sinir sitem bulgulari 7 3,3
Kusma-ishal 6 2,8
Lenfadenopati 5 2,3
Yuriyememe 4 1,9
Kalp kasi tutulumu 3 1,4
Serebrovaskiiler olay 1 0,47

Saglik calisanlarina segenek verilseydi ilk hangi asiyi olurdunuz sorusuna 218'’i (%70,1) Biontech, 60’1
(%19,3) CoronaVac, 23'U (%7,4) Turkovac, 6’sl (%1,9) uzun arastirmalardan gegmis bir asiy1 ve 4’u
(%1,3) Moderna’yi olmak istedigini belirtti. Katiimcilardan Turkovac asisina glivenen 131 (%42,1) kisi
vardi. COVID-19 ile ilgili bilgileri nerden edindikleri soruldugunda %74,3 Saghk Bakanligi, %62,7
hekimler, %49,8 ilgili akademik yayinlar, %41,8 televizyon ve gazete, %33,8 sosyal medyadan
oldugunu belirtti.
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Toplum saghgi agisindan asinin zorunlu olmasi gerektigini distinenlerin orani %83,3 ve ¢ocugunuza
asl yaptirir misiniz sorusuna olumlu cevap verenlerin orani %72,7 idi. Kronik hastalik varligi veya
kronik hastaligi oldugunu dastinmeleri durumunda asi olma kararinizi etkiler mi sorusuna %50,2,
hanenizdeki veya yasadiginiz ortamdaki kisilerin kronik hastaligi olsa bu durum asi olma karaniz
etkiler mi sorusuna %54, saglik sektérinde (riskli ortamda) ¢alismaniz asi olma kararinizi etkiledi mi
sorusuna %74 ve calistiginiz ortamda goérduguntz sikinti COVID-19 hastalari asi olma karanizi
etkiledi mi sorusuna ise %68,8 kisi evet cevabini verdi. Sagdlik ¢alisanlarinin 183’0 (%58,8) COVID-19
asisl ile pandeminin bitecegine, 250’si (%80,4) COVID-19 asisi ile hasta sayisinin azalacagdina
inaniyordu. COVID-19dan 6nce yillik grip agisi olanlarin orani %20,9 iken sonrasinda %16,1’e
distiga goéruldia. Saglik calisanlari arasinda COVID-19 asisina karsi kararsizligi arttiran nedenler
arasinda en sik asilarin yan etkilerine yénelik duyulan endise (%74) yer aliyordu. Saglik galisanlari
arasinda COVID-19 asisina karsi kararsizligi arttiran nedenler Tablo 3'te verildi.

Tablo 3: Katihmcilarda COVID-19 asisina karsi kararsizhdi arttiran nedenler

Saglik galisanlarinda COVID-19 asisina karsi kararsizhigi arttiran nedenler n %
Asilarin yan etkilerine yonelik duyulan endise 230 | 74
Asilarin igerigine givenmeme 192 | 61,7
Sosyal medya 187 | 60,1
Toplumda rol model kabul edilenlerin asilar hakkindaki olumsuz ifadeleri 159 | 51,1
ilag-as! sirketleri hakkinda olumsuz diisiincelere sahip olma 126 | 40,5
Geleneksel tip sempatizanlarinin asilar hakkindaki diisinceleri 125 | 40,2
Cehalet 40 1,3
Bencillik ve toplum bilinci olmamasi 20 0,6
Dini ve hurafe bilgiler 10 0,3
Saklama kosullarina duyulan guvensizlik 10 0,3

Calisanlar egitim dizeyine gore ilkokul, ortaokul, lise egitimi alanlar temel egitim grubu ve Universite ile
lisansUtu egitim alanlar lisans grubu olarak ikiye ayrilarak degerlendirildi. Calistigi birimin saglik
hizmeti olmasi ve galistigi ortamda gordigu sikintih COVID-19 hastalari bulunmasi lisans egitimi alan
gruptakilerde asl olma karaninin istatistiksel olarak pozitif yonde etkilendigi géruldi (p:0.000, p:0.003).
Ayrica lisans egitimi alan gruptakilerin COVID-19 asisi ile pandeminin bitecegine inanma ve COVID-19
asis! ile hasta sayisinin azalacagini disinme orani temel egitim grubuna gore istatistiksel olarak
anlamli yiksekti (p:0.005, p:0.000). Saglik ¢alisanlari hekim ve hekim disi saglik personeli seklinde
incelendiginde hekim grubunda cocuguna asi yaptirma, asi ile pandeminin bitecedi inanci, agl ile
hasta sayisinin azalacagi inanci ve yakinlariniza asi 6nerir misiniz sorununa pozitif cevap verenlerin
orani istatistiksel olarak daha yuksekti (p:0.000, p:0.016, p:0.000, p:0.001).

4. Tartigsma ve Sonug

Gozle géremedigimiz mikroskobik canlilar sonucu olugan pandemiler Ulkelerin 6zellikle saglik sistemi
basta olmak Uzere ekonomisinden, egitim sistemine kadar her bakimdan derin izler birakir. Sosyal
yasam tarzlarinin degisimine neden olarak toplumlarin psikolojisini ve yasamlarini derinden
etkileyebilir. Bu donemlerde enfeksiyon kontroliinde en énemli roll hastalarla yakin temas halinde olan
saglik personeli Ustlenmistir. COVID-19 pandemisinde saglik personelleri olaganusti kosullarda ve
uzun saatler calismak durumunda kalmistir [4].

Yilmaz ve ark.larinin ¢alismasinda saglik ¢alisanlari arasinda COVID-19’un laboratuvar ortaminda
uretildigini dustinenlerin orani %47,7 ve biyolojik silah oldugunu distnenler ise %45,9 saptanmigstir
[5]. Galismamizda ise bu inanig daha yuksek %56,6 saptandi.

Aloglu ve ark.’larinin galismasinda kendisi ya da akrabalari COVID-19 gecirenler %63,4, COVID-19
tedavisi alanlar %62,32, akraba ya da yakin gevresinde COVID-19 nedeniyle vefat edenler %42,8
oraninda bildiriimistir [4]. Saghk Bakani Koca’nin acgiklamasinda saglik galisanlarinda COVID-19
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pozitiflik orani %10,3, Folgueira ve ark.larinin ¢alismasinda %11 bulunmustur [6,7]. italya’da yapilan
bir calismada COVID-19 kliniklerinde goérevli saglik calisanlarinin ilk iki ay iginde %20’sinin enfekte
oldugu bildirilmistir [8]. Cin’de yapilan bir ¢alismada ise saglik calisanlarinda hastalik orani %3,8
saptanmis ve bunlarin yaklasik %15'inin hastalidi ciddi dizeyinde gegcirdigi tespit edilmistir [9].
Calismamizda saglik g¢alisanlarindan kendisi COVID-19 enfeksiyonu gegirenlerin orani %45,3 ve
ailesinde biri gecirenlerin orani %56,6 idi. Saglk c¢alisanlarindan %7,4’GUnin ailesinden Dbiri
enfeksiyona bagli yogun bakimda kalmisti ve %7,1'nin de ailesinden biri enfeksiyona bagh vefat
etmisti.

Kurtulus ve ark.’larinin [10] Harran Universitesi Tip Fakiiltesi Hastanesi'nde saglik galisanlari arasinda
yaptiklari anket galismasinda asl yaptirmak isteyen saglik calisanlarinin orani %53,6, Shaw ve
ark.’larinin [11] New York eyaletindeki bir Universite hastanesinde yaptiklari anket galismasinda
%57,5, Gagneux-Brunon ve ark.’larinin [12] Fransa’da yaptiklari bir anket calismasinda da %76,9
olarak tespit edilmistir. Kabul orani en ylksek meslek grubu %92 ile doktorlar ve %96 ile
fizyoterapistler yer almaktayken, en disiuk %65 ile hemsireler ve %60 ile yardimci hemsirelerdir.
Ulkemizden Kader ve ark.larinin [13] galismasinda COVID-19 agisi olma istedi %83 ile en fazla
doktorlarda iken %37,7 ile en az hemsirelerde saptanmigtir. Yas artikca asi olma isteginin arttigi
g6zlenmistir. Ayrica saglik calisanlarinin %58’i asiy1 ailelerine Onerecegini belirtmistir.  Dinya
nufusunun %65'i en az bir doz COVID-19 agisi olmustur. Dinya ¢apinda 11.48 milyar doz asi
uygulanmig ve her gin 10.76 milyon doz asI uygulanmaktadir. Dar gelirli Ulke insanlarin ise sadece
%15,2'si en az bir doz asI olmustur [14]. Calismamizda sadlik calisanlarinin %97,7’si asi olmustu.
Calisanlarin gogunlugu (%45,3) toplamda 4 tane asi olmus ve %93,9'u COVID-19 asisini yakinlarina
oneriyordu. Buradan saglik ¢alisanlarinin COVID-19 asilarini yiksek oranda yaptirdidi ve topluma rol
model olmak anlaminda érnek bir davranis sergiledikleri sdylenebilir.

Aloglu ve ark.’larinin ¢alismasinda katilimcilarin %47’si ilk sirada yerli asi Turcovac, ikinci sirada
%?24,7 ile Alman Biontech asisi, U¢lncul sirada %20,5 ile Cin CoronaVac agisini tercih etmisti [4]. Lin
ve ark.’larinin Cin’de yaptiklari bir anket calismasinda yerli asi isteyenlerin orani %48,7 olarak
bulunmustur [15]. Yilmaz ve ark.larinin ¢alismasinda katiimcilar %64,3 ile Turkiye, %51,3 ile
Almanya ve %23 ile ingiltere kaynakli asiy! yaptirmak istediklerini belirtmiglerdir [5]. Erdem ve
ark.larinin yaptigi ankette %46,8 ile Tirkiye, %12,2 ile Almanya, %5,1 ile Kilba ve %2,9 ile isvicre
(%2,9) kaynakli asi tercih edilmistir [16]. Calismamizda diger ¢alismalardan farkli olarak ilk hangi asiyi
olurdunuz sorusuna saglik calisanlari %70,1 ile Biontech ve %19,3 ile CoronaVac en sik alinan
cevaplardi. Buradan saglik ¢alisanlarimiz arasinda asi gelistirimesinde Turk bilim adamlarinin da yer
aldigi Biontech asisina guivenin ylksek oldugu sdylenebilir.

Giao ve ark.’larinin ¢galismasinda hekimlerin COVID-19 ile ilgili bilgilerini %91,1 sosyal medya, %82,6
Saglik Bakanligi ve %79,2 televizyondan edindigi goérilmustir [17]. Bhagavathula ve ark.’larinin
yaptidi bagka bir calismada da %61i sosyal medyadan ve resmi kamu sitelerinden edindigini
belirtmistir [18]. Baska bir calismada bilgiye ulasma yolu olarak énceki calismalarda farkli akademik
yayin takibi bulunmustur [19]. Calismamizda COVID-19 ile ilgili bilgileri nerden edindikleri
soruldugunda en sik %74,3 ile Saglik Bakanligi cevabi alindi.

ingiltere’de 2020 yilinda yapilan bir ¢alismada saglik personelinde pozitiflik orani %14 saptanmistir.
Bu oran salgin baslangicinda %5 iken sonrasinda %29 a kadar yukselmistir [20]. Tayland’da yapilan
calismada kronik hastaligi olan katilimcilarin bilgi dizeyleri ve tutumlarinin olmayanlara gére daha
yuksek oldugu belirtiimistir [21]. Baskol ve ark.’larinin ¢alismasinda da COVID-19 enfeksiyonu
nedeniyle hayatini kaybeden yakini/tanidigi olmasinin da asi olmaya tesvik edebilecek bir etken
olabilecegi disunulmustir [19] Calismamizda saglik galisanlari kronik hastalik varligi veya kronik
hastali§i oldugunu dustinmeleri durumunda asi olma kararlarini %50,2, hanenizdeki veya yasadiginiz
ortamdaki kisilerin kronik hastaligi olmasi asi olma kararlarini %54 ve saglik sektériinde (riskli
ortamda) calisma asi olma kararlarini %74 pozitif yonde etkileyecegi cevabini verdi.

Baskol ve ark.’larinin galismasinda 2019-2020 sezonunda Influenza asisi olanlarin orani %21,2, 2020-
2021 sezonuda %45,3 saptanmistir. Koronavirus asisi igin endiseler devam ederken diger pndmokok
ve influenza gibi asilara yonelik de gonlllilik oranlannin arttigi gorilmdastir [19]. Literatirden farkl
olarak calismamizda COVID-19'dan 6nce yillik grip asisi olanlarin orani %20,9 iken sonrasinda
%16,1’e dustigu gorildi. Tunger ve ark.’larinin galismasinda katilimcilarin %46,6’s1 asinin zorunlu
olmasi gerektigini belirtmistir [22]. Calismamizda ise toplum saghdi agisindan asinin zorunlu olmasi
gerektigini dustnenler %83,3 gibi yiksek bir orandaydi. Cihan ve ark.lari pandemide aktif rol
Ustlenecek saglik calisani adaylarinda COVID-19'un yayihminin 6nlenmesi ve kontrol altina
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alinabilmesi i¢in hiyerarsik bilgi tabanli 6gretimin modeli énerilmistir [23]. Buradan saglik 6grencilerinin
dogru yetistiriimesiyle hem hizmet sunumunda hem de topluma 6érnek olma agisindan buyudk bir
adimin atilabilecedi sOylenebilir.

Sonug olarak saglik galisanlari arasinda COVID-19 asisi olma orani ve Alman menseili asiya olan
guven yuksekti. COVID-19 agisi ile pandeminin bitecedi veya hasta sayisinin azalacad! inanci bu
oranin yiksek olmasinda etken olabilir. Saglik ¢alisanlarinin yiksek asilanma oranlari ile topluma rol
model olmak anlaminda érnek bir davranis sergiledikleri sdylenebilir.
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ABSTRACT

Objective: The nursing image is built on a tripod of the public, nursing students, and nurses. Determining how
each leg of this tripod perceives the nursing is crucial to improving the professional image. This study aimed to
determine the nursing image perceptions among nurses at a private hospital group in Istanbul.

Material-Method: This descriptive-cross-sectional study was carried out with 428 nurses at four private
hospitals affiliated with a foundation university in Istanbul. Data were collected through a random sampling
method using a self-administered questionnaire, including a personal information form, and The Image Scale
for Nursing Profession. Data analysis was performed using descriptive statistics, Mann-Whitney U test, and
Kruskal Wallis-H variance analysis.

Results: Nurses generally perceived the nursing image as positive with a median score of 169 (160-177) out
of 210. Nursing image for gender and professional status subscales was perceived more negatively than others,
with median scores of 23 (19-28) and 19 (17-22), respectively. Nurses who were female (p=0.007), younger
than 22 years (p=0.001), unwilling to re-choose nursing as a career (p=0.001), had professional experience
less than a year (p=0.002), and worked more than 55 hours a week (p=0.000) perceived nursing image more
negatively.

Conclusion: The results of this study showed that nurses working at a private hospital group had positive
perceptions of the nursing image at a high level, except in terms of gender and professional status. Reflecting

a gender equality perspective on nursing management, employing only undergraduate nurses for nursing, and
planning an effective work schedule are recommended.
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OZET

Amag: Hemsirelik imaji, genel olarak toplum, hemsirelik 6grencileri ve hemsgireler olmak tzere Gglu bir sag
ayag! Uzerine kurulmustur. Her sa¢ ayaginin hemsireligi nasil algiladigini belirlemek, mesleki imaiji
gelistirmek icin oldukga ®nemlidir. Bu arastirmada, Istanbul’da 6zel bir hastane grubunda calisan
hemsirelerin hemsirelik imaji algilarini belirlemek amacglanmigtir.

Materyal-Metot: Tanimlayici- iligki arayici arastirma, Istanbul’da ézel bir vakif Giniversitesine bagli dért
hastanede calisan 428 hemsire ile gerceklestiriimistir. Kisisel Bilgi Formu ve Hemsirelik Meslegine Yoénelik
imaj Olgegini iceren 6z bildirime dayali bir anket araciligiyla rasgele érnekleme ydéntemi kullanilarak veriler
toplanmigtir. Verilerin analizinde tanimlayici istatistikler, Mann-Whitney U testi ve Kruskal Wallis-H varyans
analizi kullanilmigtir.

Bulgular: Hemsgireler, 210 puan tzerinden 169 (160-177) medyan puani ile genel olarak hemsgirelik imajini
olumlu olarak algilamigtir. Cinsiyet ve mesleki statu alt boyutlarina yénelik hemsirelik imaiji, sirasiyla 23 (19-
28) ve 19 (17-22) medyan puanlari ile diger alt boyutlara gore daha olumsuz algilanmigtir. Kadin (p=0,007),
22 yasindan geng (p=0,001), mesleki deneyim suresi bir yilin altinda olan (p=0,002), haftada 55 saatten
fazla galisan (p=0,000) ve hemsireligi kariyer olarak tekrar segmek icin isteksiz olan (p=0,001) hemsirelerin,
hemsirelik imajini daha olumsuz algiladiklari belirlenmisgtir.

Sonugc: Bu galismanin sonugclari, 6zel bir hastane grubunda galisan hemsirelerin, cinsiyet ve mesleki durum
disinda, hemsirelik imajina iliskin olumlu algilarinin yiksek duzeyde oldugunu gdstermistir. Hemsgirelik
yénetimine toplumsal cinsiyet esitligi bakis agisinin yansitilmasi, hemsirelik icin sadece lisans hemsirelerin
istihdam edilmesi ve etkin bir galisma takviminin planlanmasi énerilmektedir.

Anahtar Kelimeler: Hemsgirelik tarihi, hemsireler, hemsirenin roli, hemsirelik
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1. Introduction

The nursing profession has the highest level of interaction with the public and plays a key role in
providing quality and safe healthcare, with nearly 28 million members comprising 59% of the global
healthcare workforce [1]. Despite this strategic importance, the professional image is still among the
global problems of nursing.

Nursing image is defined as the sum of beliefs, views, and observations about nurses and nursing [2].
Studies with nursing students and nurses in different geographical regions reported that nursing image
is a significant ongoing problem. As a result of these studies, nursing has been defined as a job rather
than a profession that helps physicians, has negative working conditions, cares, and cleans, is low paid,
limited career opportunities, and low social status, value, and prestige. In addition, nurses and nursing
students are perceived as women, altruistic, helpful, obedient, and dependent [3-7]. However, the media
often portray nurses and nursing with stereotypes of angels of mercy, the sexual object, the physician's
handmaiden, and battle-axe, highlighting femininity and powerlessness [4-6]. A negative public nursing
image threatens the quality and safety of healthcare by affecting nurses' competence development,
mental health, work behaviours, and job satisfaction [6-8]. Besides, such a negative image perception
may result in a more powerless workforce providing healthcare services to the public in the future by
causing less qualified and reluctant candidates to choose nursing as a career [9]. As a result, a negative
image affects nursing candidates and members negatively and is negatively reflected in the public's
perceptions of the nursing image.

Tirkiye had less than three nurses per 1.000 population, which was the lowest number of nurses among

the Organization for Economic Cooperation and Development countries in 2018 [10]. Therefore,
attempts to increase the number of nurses for the ideal nursing workforce in recent years have led to
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qualitative differences among nurses. Although nursing education was started at the undergraduate
level in Tarkiye in 1955, health vocational high schools continued to educate nurses simultaneously until
2014. In the same year, graduates of health vocational high schools were given the title of assistant
nurse and their duties, authorities and responsibilities were defined legally [11]. Therefore, today's
nursing workforce consists of members who graduated from undergraduate programs and secondary
education in Turkiye. Midwives who graduated from undergraduate programs perform nursing roles and
responsibilities in different working units despite having job descriptions in the neonatal unit, maternity
unit, and gynaecology wards. Emergency medicine, dialysis, operating room, and elderly care
technicians who graduate from associate programs perform nursing duties and authority in working units
other than job descriptions [12]. As a result, nursing services in Turkiye are provided to the public by
nurses and health employees graduating from secondary education, associate programs, and
undergraduate programs.

Studies in different geographical regions and different periods in Turkiye reported that nursing students
and the Turkish public had moderate positive perception levels of nursing image [13-20]. In a study of
eleven Turkish films, nursing was defined as a profession that lacks professional autonomy, ignores
independent roles, and helps physicians [21]. As a result, the nursing image is built on a tripod of the
public, nursing students, and nurses. Determining how each leg of this tripod perceives the nursing and
nurses is crucial to improving the nursing image. Previous studies have examined nurses’ perceptions
of the nursing image working at public hospitals in Istanbul [22], in the paediatric units of public and
university hospitals in Ankara [23], and in the surgical units of a private hospital in Istanbul [24]. However,
studies on nurses' perceptions of the professional image at private hospitals are limited in Turkiye. From
this point of view, the study was carried out to determine the nursing image perceptions among nurses
at a private hospital group in Istanbul. This study aimed to answer the following questions:

*  What is the level of the nursing image perceptions among nurses?
* Does the level of the nursing image perceptions change through the personal characteristics of
nurses?

2. Material and Method

Design and Setting

A descriptive, cross-sectional study was conducted from January to March 2019, in Tirkiye. The study
setting included four private hospitals located in Istanbul. Private hospitals are equipped with over 300
beds in emergency services, paediatric, gynaecology, internal medicine, and surgery, as well as
coronary, adult, and paediatric intensive care units. Further, these hospitals are affiliated with a
foundation university in Istanbul.

Sample and Participants

The population consisted of all nurses working at the time of the study and meeting the inclusion criteria:
(a) to be a full-time nurse, (b) to be employed for at least three months, and (c) willing to participate in
this study. The exclusion criterion was an incomplete filling of the study instrument. The sample size
was calculated using an online sample size calculator at https://clincalc.com/stats/samplesize.aspx. The
sample size was determined as 417 nurses according to a previous study (24), based on 95%
confidence level and a 5% margin of error. Questionnaires were distributed to 493 nurses using a
random sampling method to allow for a non-response level of approximately 20%.

Instruments

Data were collected using a self-administered questionnaire including a personal information form, and
Image Scale for Nursing Profession.

A personal information form is designed by researchers to question personal characteristics. These
characteristics included age, gender, marital status, education level, length of professional and
institutional experience, working shift, working unit, work position, working hours a week, and willingness
to re-choose nursing as a career.

The Image Scale for Nursing Profession, developed by Dost and Bahcecik (2015), was used to
determine nurses’ perceptions of the nursing image. It consists of 42 items and six subscales:
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professional qualifications (11 items), working conditions (10 items), gender (8 items), education (5
items), professional status (5 items) and appearance (3 items). Each item is rated on a 5-point Likert
scale with ranges from “1=strongly disagree” to "5=strongly agree”. Fifteen items are reverse-scored.
The total score is created by summing and ranges from 42 to 210. Higher scores indicate positive
perceptions of the nursing image. Cronbach’s alpha coefficient for the original version was 0.88 [25].

Data Collection

Researchers reached out to nurses at shift change. Researchers gave the questionnaires to the nurses
at the beginning of the shift. At the end of the shift, the researchers received from nurses the completed
guestionnaires. The mean response time for the questionnaires was determined as 10-15 minutes.
Overall, 493 nurses completed the questionnaire (response rate: 86.8%), although 63 filled
guestionnaires incompletely were excluded. Consequently, 428 questionnaires were analyzed.

Ethical Considerations

The study protocol was approved by the Non-Invasive Research Ethics Committee, Istanbul Medipol
University (Date: 14.11.2018; Decision Number: 662) and written approval was obtained from the
hospitals to collect data. The personal characteristics of nurses' identities remained confidential, and
each nurse's anonymity was assured by assigning each nurse a code number. Participation in this study
was voluntary; participants were informed about this study verbally and gathered consent forms.

Data Analysis

Data analysis was performed using Statistical Package for Social Sciences (SPSS, Version 25.0) at a
significance level of p<0.05. The personal characteristics of nurses were summarized into numbers with
percentages. As a result of the Kolmogorov-Smirnov test, the Image Scale for Nursing Profession
showed non-normal distribution (p<0.05). The score of the scale was reported as the median score (Q1-
Q3). The mean rank of two independent groups was compared with the Mann-Whitney U test, as Kruskal
Wallis-H analysis of variance was used to compare more than two independent groups. The internal
consistency of the scales was calculated by Cronbach’s alpha coefficient.

3. Results
Personal Characteristics

The mean age of nurses was 26.3 years (range: 19-52; SD:5.4) with a small percentage of nurses
younger than 22 years (16.8%). Most nurses were female (75.7%) and single (59.1%). More than half
of nurses had a health vocational high school level (52.8%). Approximately half of the nurses had 1 to
5 years of professional (40.6%) and hospital (48.4%) experience. Almost two-thirds were willing to re-
choose nursing as a career (61.4%). Approximately half of the nurses worked in inpatient services
(44.2%), day shifts (42.8%), and 46 to 55 hours a week (52.8%).

Descriptive Results

Table 1: Descriptive results of Image Scale of Nursing Profession (n=428)

Scale and Subscales Median Cronbach’s
(Q1-Q3) Alpha
Image Scale of Nursing Profession (42-210) * 169 (160-177) 0.80
Professional Qualification (11-55) * 50 (46-53) 0.82
Working Conditions (10-50) * 44 (41-46) 0.70
Gender (8-40) * 23 (19-28) 0.75
Education (5-25) * 21 (18-23) 0.70
Professional Status (5-25) * 19 (17-22) 0.73
Appearance (3-15) * 14 (12-15) 0.84

*: Score ranges of the scale and subscales

Table 1 summarized the data on nurses’ perceptions towards nursing image as median scores (Q1-Q3).
The median score for the nursing image among nurses was 169 (160-177), which was a high level.
Similarly, nurses had the highest level of nursing image perceptions on the subscales of appearance
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with a median score of 14 (12-15), professional qualifications with a median score of 50 (46-53), working
conditions with a median score of 44 (41-46), education with a median score of 21 (18-23). The highest
scores on these subscales are 15, 55, 50, and 25 respectively. The nursing image perceptions towards
professional status subscale was accepted at a moderate level with a median score 19 (17-22) since
the highest score on this subscale is 50. Also, the nursing image perceptions towards gender subscale
was at a low level with a median score 23 (19-28) since the highest score on this subscale is 40. In this
study, the scale (Cronbach’s a=0.80) and all subscales (Cronbach’s a 0.70-0.84) demonstrated
acceptable reliability.

Comparative Results

As presented in Table 2, nurses who were younger than 22 years (p=0.001), female (p=0.007), unwilling
to re-choose nursing as a career (p=0.001), had professional experience less than a year (p=0.002),
and worked 45 hours a week (p=0.000) perceived nursing image more negatively. There was no
significant difference between nurses' other personal characteristics and perceptions of nursing image
(p>0.05).

Table 2: Comparative results between personal characteristics and the nursing image perceptions of nurses
(n=428)

Image Scale for

Personal Characteristics Nursing Profession
Mean Testand p
Rank

Age Groups

Younger than 22 years? 164.24 KW=15.450

22-25 years® 216.30 p=0.001

26-29 years® 230.50 a<b,d

Older than 30 years® 230.62

Gender

Female 205.43 Z=-2.678

Male 242.75 p=0.007

Marital Status

Married 219.65 Z=-0.716

Single 210.94 p=0.474

Educational Level

High school/associate level 207.69 7=-1,425

Undergraduate/Postgraduate level 225.15 p=0.154

Professional Experience

Less than a year? 169.35 KW=12.719

1-5 years® 224.98 p=0.002

6 years or more€ 224.15 a<b,c

Hospital Experience

Less than a year? 208.78 KW=0.391

1-5 years® 216.96 p=0.823

6 years or more€ 216.89

Working Units

Outpatient units 230.91 KW=4.148

Inpatient units 219.94 p=0.386

Emergency service 218.47

Operating room 201.43

Intensive care unit 192.62

Working Shift

Days 218.91 KW=2.630

Nights 192.01 p=0.269

Rotating 218.43

Work hours a week

45 hours? 261.27 KW=21.657

46-55 hoursP 209.72 p=0.000

More than 55 hours® 181.58 c<b<a

Willingness to re-choose nursing as a career

Willing? 225.26 KwW=14.111

Unwilling® 161.64 p=0.001

Unstable® 220.55 b<a,c

KW: Kruskal-Wallis variance analyses Z: Mann-Whitney U test
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Table 3: Comparative results between some personal characteristics and nurses’ nursing image perceptions towards subscales (n=428)

Professional Working Gender Education Professional Appearance

Personal Characteristics Qualifications Conditions Status

Mean Test and p Mean Test and p Mean Test and p Mean Test and p Mean Test and p Mean Test and p

Rank Rank Rank Rank Rank Rank
Age Groups
Younger than 22 years? 212.07 KW=2.886 188.06 | Kw=15.264 | 185.10 KW=8.263 165.97 | Kw=16.315 | 180.90 KW=8.241 193.65 KW=3.694
22-25 years® 213.97 p=0.410 202.75 p=0.002 224.23 p=0.041 223.16 p=0.001 211.43 p=0.041 211.09 p=0.296
26-29 years® 203.10 212.82 a,b,c<d 231.06 a<b,c 237.68 a<b,c,d 224.86 a<c,d 222.36
Older than 30 years® 232.07 256.57 200.58 208.86 232.62 226.32
Gender
Female 217.49 Z=-0.880 213.60 =-0.265 220.93 =-1.889 215.31 =-0.238 203.06 Z=-3.368 198.90 Z=-4.724
Male 205.30 p=0.379 217.27 p=0.791 194.71 p=0.059 212.01 p=0.812 249.70 p=0.001 262.49 p=0.000
Professional Experience
Less than a year® 229.82 KW=2.346 151.78 | KW=27.936 | 205.90 KW=3.741 229.36 KW=1.424 186.15 KW=5.483 193.90 KW=2.985
1-5 years® 204.89 p=0.309 216.46 p=0.000 204.42 p=0.154 210.00 p=0.491 216.45 p=0.064 221.71 p=0.225
6 years or more® 217.21 240.64 a<b,c 228.28 212.36 225.14 216.51
Work hours a week
45 hours? 232.31 | KW=18.881 | 204.28 KW=1.518 203.05 | KW=14.256 | 248.48 KW=9.572 265.05 | KW=35.701 | 256.65 | KW=15.553
46-55 hours® 190.65 p=0.000 213.75 p=0.468 201.05 p=0.001 204.49 p=0.008 217.33 p=0.000 202.96 p=0.000
More than 55 hours® 249.38 b<a,c 225.55 254.02 c>ab 204.65 a>b,c 161.71 a>b>c 200.41 a>b,c
Willingness to re-choose
nursing as a career
Willing? 226.64 | KW=6.619 | 216.46 | KW=0.629 | 215.14 | KW=3.987 | 216.98 | KW=6.293 | 224.13 | KW=8.415 | 218.94 | KW=8.562
Unwilling® 194.17 p=0.037 203.33 p=0.730 189.72 p=0.136 181.42 p=0.043 174.62 p=0.015 175.48 p=0.014
Unsure® 195.79 a>b,c 216.62 228.93 229.50 b<a<c 215.10 b<a<c 228.20 b<a<c

KW: Kruskal-Wallis variance analyses Z: Mann-Whitney U test
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Table 3 summarized the comparative results between nurses’ personal characteristics and subscales
of nursing image. Nurses who were younger than 22 years had lower nursing image perceptions in the
subscales of working conditions (p=0.002), gender (p=0.041), education (p=0.001), and professional
status (p=0.041). Male nurses had higher nursing image perceptions towards professional status
(p=0.001) and appearance (p=0.000). Nurses with less than a year of professional experience had
significantly lower perceptions of the nursing image towards working conditions (p=0.000). Nurses who
worked 46 to 55 hours a week had significantly lower nursing image perceptions towards professional
qualifications (p=0.000). Also, nurses working more than 56 hours a week had significantly higher
perceptions of the nursing image towards gender (p=0.001). Nurses working 45 hours a week had
significantly higher nursing image perceptions towards education (p=0.008), professional status
(p=0.000), and appearance (p=0.000). Whereas nurses who were unwilling to re-choose nursing as a
career had significantly lower perceptions in the subscales of education (p=0.043), professional status
(p=0.015), and appearance (p=0.014), nurses who were willing had significantly higher perceptions
towards professional qualifications (p=0.037).

4. Discussion and Conclusion

Determining the professional image perceptions of the nurses is essential to contribute to the
consolidating of professional identity and consequently increase the place of nurses in public. Therefore,
this study was conducted to determine the nursing image perceptions among nurses at a private hospital
group in Istanbul. In this study, nurses perceived the nursing image as highly positive with a median
score of 169 (160-177). Studies in other countries have reported different results related to the nursing
image perceptions of nurses. Nurses had a highly positive professional image in Egypt, Israel, Iran, and
East Africa [7, 26-28], whereas Vietnamese, Nigerian, and Indonesian nurses perceived that the nursing
profession has a negative image [29-31]. The nursing image varies globally from country to country.
Therefore, nurses may perceive the nursing image more negatively, especially in low-income countries
with less advanced health and nursing systems and a shortage of nursing workforce markedly.

Previous studies using the same scale in Turkiye reported lower image perceptions of nurses than this
study, at a moderate level [22,23]. However, a study conducted with surgical nurses in a private hospital
found that the professional image perceptions of nurses were at a low level. The authors explained the
reason for low professional image perception as nurses’ short-term professional experiences and
patients’ needs outside of healthcare [24]. Among nursing students in Tlrkiye, the professional image
was perceived as moderately positive [16-20]. Similarly, studies using another scale reported that the
public's perception of the nursing image was at a moderate level in Erzurum, Duzce and Istanbul [13-
15]. In the literature, the nursing image perceptions of nurses, nursing students, and the public were
lower than in this study. The main aim of private hospitals is to provide quality and safe healthcare
services to gain a competitive advantage. The reasons for high professional image perceptions among
nurses working in private hospitals may be having a more impressive appearance, performing
professional roles and responsibilities more competently, working in more positive conditions, and
following current scientific research through continuous education. Supporting this view, nurses in this
study had a highly positive perception of the subscales of appearance, professional qualification,
working conditions and education in the Image Scale for Nursing Profession, respectively.

Analysis of the subscales of The Image Scale for Nursing Profession revealed that nurses had highly
positive perceptions of the other subscales, except for the gender and professional status subscale.
Whereas nurses perceived the professional status subscale moderately, the professional image
perceptions towards the gender subscale are at a low level.

Previous studies in Turkiye reported different results regarding the gender subscale: the most positive
perceptions among nurses working in private hospitals [24], and the most negative perceptions among
nursing students [18,19]. Additionally, Tarhan et al. (2020) reported that the Y generation in public
perceived male nurses more positively than the other generations and there was no difference between
the generations in terms of nurses being female [15]. Considering that three-quarters of the participants
in this study were female, nursing is still considered a female-dominated profession in Tirkiye. A
systematic review reported that male nurses worked more in high-level important units such as
emergency departments, intensive care units, and operating rooms rather than in obstetrics and
paediatrics [32]. However, a qualitative study in Tirkiye showed that males exclude females from
advanced career positions in nursing by reflecting gender stereotypes on the profession and using
symbolic violence. This strengthens the glass ceiling that limits the career advancement of females in
nursing [33]. Additionally, males' perceptions of the nursing image were higher than females' significantly
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in this study. Whereas males and females working in public and university hospitals in Turkiye and Israel
perceived the nursing image at a similar level [22,23,26] males working in a private hospital had a higher
perception of the nursing image than females [24]. Private hospitals had more advanced career
opportunities than public and university hospitals. Male nurses may have the advantage of these career
opportunities, particularly in managerial positions. Thus, male nurses may gain professional status, more
pay, and a positive image. Supporting this view, the professional image perceptions of male and female
nurses in this study showed significant differences only in the subscales of professional status and
appearance.

Comparing this study, in the professional status subscale, whereas nursing students had similar
perceptions [17,19,20] the perceptions of nurses working in private hospitals were lower [24].
Statements in the professional status subscale indicate that professional status is related to public
image. Tarhan et al. (2020) highlighted that there was no difference between generations in terms of
nursing as a profession with independent practices and high prestige [15]. The residents of Duzce
regarded nurses as people carrying out secondary tasks, like assistants to physicians [14]. Sis Celik et
al. (2013) reported that nearly half of the residents in Erzurum partially agreed with the high prestige of
nurses in society [13]. Therefore, in this study, nurses may have perceived the professional status
subscale more negatively, considering the public image in Turkiye. Abdelrahman (2018) reported that
there was a positive relationship between nurses' self-image and public image, and a negative
relationship between nurses’ self-image and self-esteem [7]. Another study determined that the
perceived public image was to affect nurses’ work performance and intentions to leave the profession
[34]. Additionally, Grinberg and Sela (2022) showed the correlation between the nursing profession’s
self-image and self-reported good quality of care [26]. As a result, a negative public image may force
private hospitals to seek strategies to improve nurses' self-image because of providing quality and safe
healthcare services and maintaining the continuity of the nursing workforce.

Previous studies have shown different results regarding the comparative results between age groups
and perception of the nursing image. Professional image perceptions of nurses working in public
hospitals decrease according to age groups [22]. The professional image perceptions of paediatric
nurses between the ages of 41 and 50 working in public and university hospitals were more positive
[23]. In a study from Iran, the professional image perceptions of nurses aged 41 and above working in
university hospitals were more positive [28]. In all these studies, comparative results between age
groups and the professional image perceptions of nurses were reported without any significant
difference. However, Asc¢i (2019) found that surgical nurses between the ages of 20 and 25 working in
a private hospital had significantly lower perceptions of professional image, consistent with the result of
this study [24]. In general, nurses' perception of the professional image more positively can be explained
by accepting as a member of the profession themselves. According to Higher Education Institution
Statistics, undergraduate students in Tlrkiye are mainly between the years of 18 and 22 [35]. Therefore,
most of the nurses younger than 22 years in this study may have graduated from an associate-level or
vocational medical high school. Supporting this view, the professional image perceptions of
undergraduate and postgraduate nurses were higher than vocational medical high school and
associate-level graduates in this study, without any significant difference. In analyses of subscales, there
was no significant difference in the subscales of professional qualifications and appearance. The main
reason may be that private hospitals focused on patient satisfaction expect nurses at all educational
levels to perform similar roles and responsibilities and have a positive appearance. However, the
perceptions of nurses younger than 22 years regarding the subscales of gender, education and
professional status were significantly lower. It is thought that most nurses in this group graduated from
vocational medical high school or associate level. Nurses in this group may have perceived gender,
education, and professional status as an unimportant part of the nursing image because they were
educated focusing on technical skills rather than professional values and evidence-based practices.

In this study, nurses with longer professional experience had more positive perceptions of professional
image. Whereas the professional image perceptions of nurses working in public and university hospitals
were similar based on professional experience [22,23], nurses, who had long professional experience,
had higher perceptions of the nursing image in a private hospital [24]. In Turkiye, nurses are employed
in public and university hospitals for some periods of the year with an exam result called the Public
Personnel Selection Exam. Therefore, new graduates usually enter the workforce in private hospitals.
The main reason for lower nursing image perceptions among new graduate nurses may be a challenging
period called transition shock that requires adapting to the healthcare system [36]. Supporting this view,
in this study, nurses with less than a year of professional experience had lower nursing image perception
in the subscale of working conditions. During this period, the main problems of new graduate nurses are
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inexperience regarding professional practices, communicating and collaborating ineffectively, and
exposing negative workplace behaviours [36]. A study found that nurses entered the profession with
positive nurse image perceptions, but they developed negative perceptions about the profession,
influenced by the work environment and interactions with experienced nurses [3]. As a result, private
hospitals may need to consider the negative nursing image among new graduate nurses, especially in
terms of the working environment, to facilitate the transition into practice.

In this study, only a quarter of the nurses stated that the working hours were 45 per week. This result is
a small cross-section showing the nursing workforce shortage in Turkiye. However, nurses who worked
45 hours a week had more positive nursing image perceptions. Previous studies reported that the
professional image perceptions of nurses who stated the number of nurses sufficient or insufficient was
at a similar level [22,24]. Heavy workload is associated with fatigue, job stress, job dissatisfaction, and
burnout [37]. However, job dissatisfaction and turnover intention were associated with a poor nursing
image [34,38]. These negative results by affecting self-concept and self-esteem levels may have caused
nurses to perceive nursing as a negative career option. In support of this view, nurses who were unwilling
to re-choose nursing as a career had significantly lower perceptions of the professional image in this
study. Also, nurses working more than 55 hours a week in the gender subscale had higher image
perceptions. Male nurses, who spend less time on home and family responsibilities than females, have
more time for themselves than females [33]. Considering that most of the nurses in this study were
female, nurses working more than 55 hours a week may think that males could cope with heavy
workloads more easily due to these characteristics.

Conclusion

The results of this study showed that the nursing image was strongly positively perceived by nurses
working in private hospitals. However, nursing image perceptions towards gender and professional
status were more negative. Nurses who were younger than 22 years, female, unwilling to re-choose
nursing as a career, had professional experience less than a year and worked 45 hours a week
perceived nursing image more negatively.

Firstly, raising awareness about the effects of males in professionalism and planning a nursing workforce
including males in all working units are recommended. Nursing management should reflect a gender
equality perspective on promotion and wages, which give nurses a positive appearance and professional
status. Secondly, nursing management should employ only undergraduate nurses to perform nursing
duties, authority, and responsibilities. This may contribute to the perception of nursing as a professional
profession integrating professional values and evidence-based practices, rather than a workforce profile
performing only technical works, and increase the status of the profession. Also, a more professional
nursing workforce may facilitate the transition into practice by contributing to a positive work environment
and maintaining a positive perception of new graduate nurses' professional image. Thirdly, because the
heavy workload is an essential factor for the poor image, nursing management should effectively plan
weekly working hours and shifts to maintain the continuity of the workforce. Future studies should focus
on gender discrimination in nursing, the factors affecting the image perceptions of undergraduate
nurses, and innovative management approaches that will strengthen the professional image perceptions
of nurses, especially new graduates.
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ABSTRACT
Aims: Unorganized accumulation of calcium stored in soft tissues is termed as heterotopic calcification,
organized accumulation of it is termed as heterotopic ossification. The aim of this study was to evaluate
retrospectively all head and neck region soft tissue calcifications/ossifications that are detected incidentally
on computed tomography (CT) images of Turkish patients and to analyze them according to age and
gender.

Methods: CT images of 917 patients were retrospectively analyzed in terms of the presence of head and
neck soft tissue calcification/ossification, and demographic characteristics (age and gender) of the patients
were recorded. The data were analyzed with descriptive statistical methods and the relationship between
soft tissue calcification/ossification and gender was evaluated with the chi-square test.

Results: Soft tissue calcification/ossification was detected on CT images of 214 (mean age= 61.35+14.7
years, 50.5% female, 49.5% male) of 917 patients examined (23.3%). Among the
calcifications/ossifications detected, tonsillolith (n=120, 56.1%), arterial calcifications (n=61, 28.5%) and
sialolith (n=15, 7%) were determined in the first three rows. Tonsillolith was significantly more common in
female and ossified stylohyoid ligament (OSL) was significantly more common in male (p<0.05).

Conclusions: Soft tissue calcifications/ossifications can be detected incidentally in radiographic images
taken from head and neck region for various purposes. In the study, tonsillolith was the most common soft
tissue calcification on CT images. It was found that the tonsillolith was statistically higher in female, and the
OSL in male. These calcifications/ossifications were most frequently found in patients over age 40.

Keywords: Multidetector computed tomography, physiologic calcification, pathologic calcification, heterotopic
ossification
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OZET

Amag: Kalsiyumun yumusak dokularda birikmesine heterotopik kalsifikasyon, organize birikimine heterotopik
ossifikasyon denir. Bu galismanin amaci, Tirk hastalarin bilgisayarli tomografi (BT) goériintilerinde rastlantisal
olarak saptanan tim bas ve boyun bdlgesi yumusak doku kalsifikasyonlarini/ossifikasyonlarini retrospektif
olarak degerlendirmek yas ve cinsiyete gore analiz etmektir.

Ydntemler: 917 hastanin BT goruntileri bas boyun yumusak doku kalsifikasyonu/ossifikasyonu agisindan
retrospektif olarak incelendi ve hastalarin demografik 6zellikleri (yas ve cinsiyet) kaydedildi. Veriler tanimlayici
istatistiksel yontemlerle analiz edildi ve yumusak doku kalsifikasyonu/ossifikasyonu ile cinsiyet arasindaki iligki
ki-kare testi ile degerlendirildi.

Bulgular: incelenen 917 hastanin (%23,3) 214’(iniin (ortalama yas= 61,35x14,7 yil, %50,5 kadin, %49,5 erkek)
BT gorintilerinde yumusak doku kalsifikasyonu/ossifikasyonu tespit edildi. Tespit edilen
kalsifikasyonlardan/ossifikasyonlardan ilk ¢ sirada tonsillolit (n=120, %56.1), arteriyel kalsifikasyonlar (n=61,
%28.5) ve sialolit (n=15, %7) saptandi. Tonsilolit kadinlarda, ossifiye stilohyoid ligament (OSL) erkeklerde
anlamli olarak daha sikti (p<0.05).

Sonug: Bas ve boyun boélgesinden ¢esitli amaglarla alinan radyografik gérintiilerde rastlantisal olarak yumusak
doku kalsifikasyonlari/ossifikasyonlari saptanabilmektedir. Calismada, BT gorlntilerinde en sik gorilen
yumusak doku kalsifikasyonu tonsillolit idi. Kadinlarda tonsillolit, erkeklerde OSL istatistiksel olarak daha yiksek
bulundu. Bu kalsifikasyonlar/ossifikasyonlar en sik 40 yas Ustl hastalarda bulundu.

Anahtar Kelimeler: Cok kesitli bilgisayarli tomografi, fizyolojik kalsifikasyon, patolojik kalsifikasyon, heterotopik
osifikasyon

VUV VAN
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1. Introduction

Physiological mineralization is limited to the certain regions in skeletal tissues like growth cartilage,
bones and teeth. However, calcium salts can accumulate uncontrollably in any soft tissue [1]. Soft tissue
calcifications/ossifications are divided into groups according to their formation mechanism, etiology and
localization [2,3]. As unorganized accumulation of calcium salts stored in soft tissues is termed as
heterotopic calcification, organized accumulation of it is termed as heterotopic ossification [2,4].
Heterotopic calcifications are divided into three different categories as dystrophic, idiopathic and
metastatic calcifications. Dystrophic calcifications are a form of calcification that occur in degenerated,
diseased or dead tissues in individuals with normal serum calcium and phosphate levels. Calcifications
in this group are calcified lymph node, tonsillolith, cysticercosis and arterial calcifications. Idiopathic
calcifications take place as a result of the accumulation of calcium in normal tissues despite the normal
levels of serum calcium and phosphate. The examples of such calcifications are sialolith, phlebolith,
laryngeal calcification and anthrolith-rhinolith-dacryolith [2,3]. Metastatic calcifications of the soft tissues
are detected in conditions with high serum calcium and phosphate levels, such as hyperparathyroidism,
hypercalcemia of malignancy, hypervitaminosis D and chronic kidney failure [4]. As for heterotopic
ossification types, ossified stylohyoid ligament (OSL), osteoma cutis and myositis ossificans can be
given as examples [2,5]. Soft tissue calcifications/ossifications in maxillofacial region are common and
they are usually detected incidentally after routine radiographic images taken for diagnosis and
treatment in dentistry [3,6]. When soft tissue calcifications/ossifications are detected, the primary object
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should be to determine whether treatment is required. Knowing the frequency, gender and age
distribution of soft tissue calcifications/ossification helps to determine the treatment status [2]. Conditions
such as sialoliths that may cause pain, swelling and salivary gland dysfunction, OSL that may be
associated with Eagle’s syndrome, and atherosclerotic plaque that may be associated with
cardiovascular disease risk are clinically important, may require intervention and follow-up [2,7].

Most of these calcifications are asymptomatic and diagnosed incidentally on panoramic radiography
which is one of the two-dimensional imaging techniques frequently used in dentistry [8]. For detecting
the soft tissue calcifications/ossifications, it may be beneficial to take a radiograph from different angles,
examine with ultasonography or use three-dimensional imaging techniques in addition to the patient’s
history and clinical examination [2,4]. Computed tomography [CT], which is one of the three-dimensional
imaging technique, allows examining normal and pathological conditions in soft tissues in different
planes as well as showing the changes in the bone.

It was aimed in this study to determine the incidence, age and gender distribution of soft tissue
calcifications/ossifications in the head and neck region on CT images, to review the information on this
subject in the light of current literature and to increase the awareness of clinicians.

2. Material and Method

In this study, head and neck CT images of 1323 patients who consulted Suleyman Demirel University
with adenoid hyperplasia, acute pharyngitis, sialadenitis, thyroiditis, localized swelling in the neck,
lymphadenitis, dysphagia reasons were analyzed retrospectively by two observer (a dentomaxillofacial
radiology research student and specialist radiolog). CT images were obtained with a 128-slice multi-
detector SOMATOM Definition AS Siemens CT device (Siemens Healthcare, Erlangen, Germany) and
taken as the section thickness of the acquired images = 1 mm; matrix = 512x512; collimation = 128x0.6;
section increment = 0.7; pitch = 0.8 and FOV = (25-30 cm). All pathologies and images with artifacts
were excluded from the study, except for soft tissue calcifications/ossifications in the head and neck
region. Besides, CT images of the patients who were requested due to the detected soft tissue
calcifications/ossifications were excluded from the study. CT images of 917 patients (524 men, 393
women) with diagnostically optimum quality were included in the study and analyzed by examining axial,
coronal and sagittal sections on the PACS system [Picture Archiving and Communication Systems]. The
presence of soft tissue calcifications/ossifications, which could be detected in the head and neck region,
and the demographic characteristics [age and gender] of the patients were evaluated. SPSS 22 software
program [IBM SPSS Statistics 22] was used to evaluate the findings obtained from the study. Soft tissue
calcifications/ossifications were classified and the data were analyzed by descriptive statistical methods.
The frequency of soft tissue calcification/ossification and the relationship between genders were
evaluated with the chi-square test. A value of p<0.05 was considered statistically significant.

3. Results

Soft tissue calcification/ossification was detected in 214 of 917 patients examined in our study (23.3%).
Of the patients with soft tissue calcification/ossification, 50.5% were female (n=108) and 49.5% were
male (n=106). These calcifications/ossifications were most frequently found in patients over age 40
years (n=193, 90.2%). Multiple calcifications/ossifications were detected in only seven patients. The
gender distribution, mean age values and age ranges of the patients with soft tissue
calcification/ossification are shown in Table 1.

Table 1: Gender distribution, mean age values and age range in soft tissue calcifications/ossifications

Mean Age + Standard
Female Male deviation [SD] Age range

Tonsillolith 69 51 58.9 + 14 19-90
Arterial Calcifications 31 30 71.1+11 40-93
Sialolith 6 9 47.7+16 27-82
Ossified Stylohyoid Ligament 2 12 58.7 + 16 26-90
Calcified Lymph Node 1 6 59.3+13 45-82
Osteoma cutis 2 2 63.3+8 53-72
Arytenoid Cartilage Calcification 1 0 71 71

More than one calcification/ossification were detected in only seven patients.
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It has been observed that the most common type of calcification/ossification was tonsillolith, while the
least common was arytenoid cartilage calcification. The distribution of identified soft tissue
calcifications/ossifications is depicted respectively tonsillolith (n=120, 56.1%), arterial calcifications
(n=61, 28.5%), sialolith (n=15, 7%), OSL (n=14, 6.5%), calcified lymph node (n=7, 3.3%), osteoma cutis
(n=4, 1.9%), arytenoid cartilage calcification (n=1, 0.5%) (Figure 1).

Figure 1: Yellow arrows pointing to soft tissue calcifications/ossifications in axial and coronal sections of CT. a
Tonsillolith located in left tonsilla closer to airspace in axial section, b Calcified atheroma plaque located in right
carotid arter in axial section [arterial calcification], ¢ Sialolith in the right parotid gland in axial section, d Ossified
stylohyoid ligament extending from the temporal bone in coronal section, e Calcified lymph node in the
submandibular lymph node in axial section, f Osteoma cutis in subcutaneous adipose tissue at left side of the head
in axial section, g Arytenoid cartilage calcification in axial section.

It has been seen that tonsillolith and arterial calcifications were more common in female, while sialolith,
OSL and calcified lymph node were more common in male (Table 2). There was a significant difference
between genders considering tonsillolith and OSL (p<0.05). No statistically significant difference was
found between genders considering sialolith, arterial calcifications and calcified lymph node (p>0.05).

Table 2: Distribution of soft tissue calcifications/ossifications by gender

Soft Tissue Female Male Total [n]
Calcifications/Ossifications n % n % n % P
Tonsillolith 69 63.9 51 48.1 120 | 56.1 0.021

Other calcifications/ossifications 39 36.1 55 51.9 94 43.9

Arterial Calcifications 31 28.7 30 28.3 61 28.5

Other calcifications/ossifications 77 713 76 717 153 | 715 0.948
Sialolith 6 5.6 9 8.5 15 7.0 0.567
Other calcifications/ossifications 102 | 94.4 97 91.5 199 | 93.0

Ossified Stylohyoid Ligament 2 1.9 12 11.3 14 6.5 0.012
Other calcifications/ossifications 106 | 98.1 94 88.7 200 | 93.5 )
Calcified Lymph Node 1 0.9 6 5.7 7 3.3 0.064
Other calcifications/ossifications 107 | 99.1 100 94.3 207 | 96.7 )
Osteoma Cutis 2 1.9 2 1.9 4 1.9

Other calcifications/ossifications 106 | 98.1 104 98.1 210 | 98.1 i
Arytenoid Cartilage Calcification 1 0.9 0 0.0 1 0.5

Other calcifications/ossifications 107 | 99.1 106 100.0 | 213 | 99.5 i

*p<0.05
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4. Discussion and Conclusion

Soft tissue calcifications/ossifications occur as a result of the organized or unorganized accumulation of
calcium salts in different places rather than the skeleton. The calcification/ossification types frequently
seen in the head and neck region are calcified lymph node, tonsillolith, arterial calcifications, sialolith
and OSL. These may not cause any obvious signs or symptoms and are mostly detected incidentally
during radiological examination. Panoramic radiography is one of the two-dimensional imaging methods
that are routinely used in dentistry and provide information about soft tissue calcifications/ossifications
in the head and neck region within the image layer [2]. Two-dimensional imaging methods have
limitations such as superposition and distortion that negatively affect the examination. Therefore, three-
dimensional imaging techniques such as CT or cone-beam computed tomography (CBCT) are utilized
to eliminate these limitations [9,10]. In literature, certain soft tissue calcifications/ossifications were
examined on panoramic radiography, CT or CBCT images [6,7,8,11,12,13]. To the best of our
knowledge, any study retrospectively examining all types of soft tissue calcifications/ossifications on
head and neck region on CT images of Turkish patients does not exist. So CT imaging method was
preferred in our study, which helps to distinguish the soft tissues better due to its better contrast
resolution and less image-noise properties, and helps the examination of normal and pathological
conditions in different planes.

The prevalence of soft tissue calcification/ossification at different populations varies between 2.61-
27.64% in studies performed on panoramic radiography images [6,12,14,15], and 15-62.6% in studies
performed on CBCT images [7,13,16]. In a study examining soft tissue calcification/ossification in the
head and neck region of Turkish patients, their incidence was reported to be 33.4% on CBCT images
[8]. In our study, the incidence of soft tissue calcification/ossification in the head and neck region on CT
images of Turkish patients was indicated to be 23.3%. The variation in the results given in literature
was thought to be due to the difference in the population studied, number of patients, and the imaging
procedures used.

Demographic characteristics differ in patients with soft tissue calcifications/ossifications according to the
population. In literature, some studies indicate that soft tissue calcification/ossification is more common
in female [12, 17], in some other studies is more common in male [18,19], while some other studies it is
reported to no difference between the genders [8,16]. Soft tissue calcifications/ossifications are
generally seen in patients over the age of 40, but they can also be seen in children [6,20]. In three recent
studies examining patients in Turkey, the mean age of patients with soft tissue calcification/ossification
was 52.12 + 17.62, 44.17 + 16.04, 51.2 + 15.6, respectively [8,12,19]. In these studies, it was reported
that the patients with soft tissue calcification/ossification were mostly 40 years and older. Considering
the demographic characteristics of the patients in our study, there was no difference between the
gender, but when their age was evaluated, the majority were over 40 years old, which is consistent with
the literature.

In studies evaluating the frequency of soft tissue calcifications/ossifications, it was stated that tonsillolith
[6,14], OSL [12] or arterial calcification [15] were most common on panoramic radiographs; tonsillolith
[8,16] or arterial calcifications [17] are frequently seen on CBCT; on the other hand, it was stated that
tonsillolith [11] was seen frequently on CT. In our study, which will examine on CT images, the most
common soft tissue calcification/ossification type was tonsilloliths and it was found to be compatible with
most studies in literature. In addition, it was thought that the most common type and ranking of soft
tissue calcification in literature differed according to the characteristics of the population [race, mean
age], except for the imaging procedures.

Palatine tonsils are lymphatic tissue collections located in the palatine fossa on both sides of the
oropharynx, which is limited to the palatoglossal and palatopharyngeal arches [21]. With the recurrence
of inflammation in the tonsils, the crypts of the tonsils enlarge and tonsillolith occurs [2]. Tonsilloliths can
be recognized on the lateral radiograph of the pharynx and on the panoramic radiograph. However, it is
not possible to distinguish tonsils from arteries, lymph nodes or salivary glands on two-dimensional
radiographs. Tonsilloliths can be easily distinguished from the surrounding bone structures by three-
dimensional imaging methods such as CT and/or CBCT [21]. Tonsilloliths are identified as multiple small
radiopague masses superposed to the anterior border of the oropharyngeal airway space on panoramic
radiography, as dense and homogeneous oval shaped opacities resembling multiple clusters of “rice
grains” adjacent to the lateral oropharyngeal airway space on CBCT or CT imaging [22]. They are usually
asymptomatic and do not require treatment, but treatment may be considered in elderly patients with
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immunosuppression due to the risk of aspiration pneumonia [23]. In studies evaluating the prevalence
of tonsilloliths on CT images have reported that the prevalence ranged from 16% to 46.1%
[11,21,24,25,26,27], while the prevalence of tonsilloliths on CBCT images ranged from 4.9% to 34.1%
[15,23,28]. In some studies, it has been reported that tonsilloliths are seen more frequently in men
[24,26,27] and in some studies it is more common in female [21,25,28], there is also a study that found
no difference between the genders [19]. While in our study, the prevalence of tonsilloliths was found to
be 13.3% [in 120 of 917 patients]. It was determined that there was a statistically significant relationship
between tonsilloliths and gender, and it was seen at a higher rate in female. The difference in results
between studies; may depend on soft tissue resolution characteristics of imaging procedures [CT or
CBCT], slice thickness, number of study populations, hormonal changes.

In cases such as old age, genetic disorders, and some systemic diseases, calcification may occur in the
vessels [3]. Arterial calcifications are an important risk factor in cardiovascular diseases [19]. Calcified
atherosclerotic plaque is often observed in the spaces between the cervical third vertebrae or adjacent
to the greater cornu of the hyoid bone on panoramic radiographs. On CBCT image, it is noticed in the
form of rice grains or as linear calcifications in the region of the carotid artery. Atherosclerosis appears
as opacities called “tubule body” or “train track” on panoramic radiographs along the outer wall of the
vessel, more often in the facial artery and less frequently in the carotid artery, and this appearance is
pathognomonic [2,3,15]. Atherosclerosis causes high mortality, so early diagnosis is critical. It has been
associated with various diseases, such as diabetes, osteoporosis, coronary artery disease and chronic
kidney failure, and often occurs in after 50 years of age. The appearance and localization of arterial
calcifications are helpful in the differential diagnosis [28]. It has been reported that the prevalence of
carotid artery calcification in patients admitted for dental treatment varies between 3-5% [17]. In a study
performed on panoramic radiographs, it was reported that carotid artery calcification was the most
common in 1615 patients and it was more common in women than men [15]. Taguchi et al. [29] reported
that carotid artery calcification is more common in postmenopausal women due to the loss of the
protective effect of hormones. In our study, arterial calcifications were seen in the second frequency. It
was thought that this situation was affected by systemic diseases due to the high mean age of the
patients.

Sialoliths are soft tissue calcification that are formed by precipitation of calcium and phosphate salts in
the salivary gland or duct, and most of them occur in submandibular salivary glands. Imaging methods
such as plain radiographs, CT, CBCT, ultrasonography, and sialography are used for imaging sialoliths
[12,30]. In studies evaluating the prevalence of sialoliths on panoramic images have reported that the
prevalence ranged from 0.01% to 1% [6,31], while the prevalence of sialoliths on CBCT images ranged
from 0.2% to 1.7% [8,23,28]. In our study, the incidence of sialolith was found to be 1.63%. This situation
was thought to be caused by the use of different imaging methods and the population difference.

The stylohyoid complex includes the styloid process, the stylohyoid ligament, and the cornu minus of
the hyoid bone. The styloid process, which is located anteromedially of the stylomastoid foramen, is a
thin, long and cylindrical bony prominence of the temporal bone. The structure, which is approximately
20-25 mm in length and resembles a dry tree branch that thins from top to bottom, is located between
the internal and external carotid arteries and the internal jugular vein. The stylohyoid ligament is a
connective tissue band that attaches to the cornu minus of the hyoid bone originating from the apex of
the styloid process and plays a role in chewing and swallowing processes. The ossification of the
stylohyoid ligament usually extends down from the skull base and occurs bilaterally. The ossifying
ligament can usually be noticed as a hard, pointed structure on palpation on the tonsils [2,3,32,33].
Although it is mostly asymptomatic, it is called “Eagle Syndrome” when symptoms accompanying
ossification of the ligament are observed [2]. Classic eagle syndrome causing compression in cranial
nerves and carotid artery syndrome causing compression of carotid arteries are seen as symptoms
associated with OSL [12]. In classical type Eagle syndrome, there are complaints such as foreign body
sensation in the throat during speech and swallowing, turning head, and tinnitus as a result of
compression of the cranial nerves accompanying the ligament. Recent history of trauma in the neck
region supports the diagnosis. In carotid artery syndrome, syncope and hemiparalysis accompany the
findings in the midface and orbital region as a result of the pressure of the ossifying ligament on the
internal and external carotid arteries and the accompanying sympathetic nerve network [34]. OSL is
detected incidentally on panoramic radiographs [33]. In literature, their incidence in panoramic
radiography has been reported as 1.4-19.7% [12]. Accurate diagnosis of OSL on panoramic images is
sometimes difficult due to the superposition of different bone structures such as the mandible, teeth, or
base of the skull. CT and CBCT images provides reliable visualization of the features of the OSL and its

398



relationship to the surrounding anatomy [35]. In a study comparing the incidence of OSL in panoramic
and CBCT images, it was reported that the incidence was 42% on panoramic images and 63% on CBCT
images. In addition, it was stated in the study that there was no relationship between the presence of
OSL and gender in both imaging methods [35]. Gozil et al. [36] evaluated the relationship of OSL with
gender using CT images and reported that OSL generally occurs in male. In our study, as reported by
Gozil et al. [36], OSL was statistically higher in males.

Presence of calcified lymph nodes may be a sign of a previously treated pathology or an active disease
[2]. Calcified lymph nodes can be identified on routine panoramic radiographs taken in dentistry. On
panoramic radiographs, they are observed slightly below the inferior border of the mandible, around the
angulus mandible, between the posterior border of the ramus and the cervical vertebrae [13]. In a study
evaluating the prevalence of soft tissue calcification/ossification on panoramic radiographs, calcified
lymph nodes were reported at a rate of 2.1% [15]. Yalgin et al. [8] reported the frequency of calcified
lymph node as 0.2% in the Turkish population on CBCT images. Eisenkraft and Som [37] found 1%
cervical lymph node calcification as a result of neck CT examination of 2300 patients, and in our study
that conducted on CT images, calcified lymph node was found 0.7%, which is consistent with this study.

There are few studies in literature that retrospectively scanned all head and neck soft tissue
calcifications [6,8,11,12,14,15,16,17]. Most studies have examined one or more calcifications
[21,24,25,26,28,33,35,37]. The results of our study in this direction could not be fully compared in
literature, since it is the first study to look at all types of calcifications in Turkish patients on CT images.
In our study, calcification/ossification types which may found in this region such as cysticercosis,
phlebolith, laryngeal cartilage calcification, rhinolith, antrolith, myositis ossificans were not detected.
When soft tissue calcification/ossification is identified, the primary object is to identify it well and
determine if follow-up and treatment is required. Incidentally found soft tissue calcifications/ossifications
in the head and neck region are usually followed, but rarely, they can be life-threatening. In parallel with
the clinical importance of the lesions, the rate of reporting and follow-up of incidentally detected soft
tissue calcifications/ossifications should increase.
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OZET

Amagc: Siddetli akut solunum sendromu koronaviriis 2'nin (SARS-CoV-2) neden oldugu COVID-19,
sistemik tutuluma neden olur ve dalak hedef organlardan biri olabilir. Bu calismamizda COVID-19
hastalarinin hastane basvurusu sirasinda gekilen bilgisayarli tomografi (BT) kesitlerindeki dalak boyutu ve
laboratuvar parametrelerinin COVID-19'un sonlanimi izerine etkisini degerlendirmeyi amacladik.

Materyal-Metot: Bu retrospektif kohort galismasina Nisan ve Aralik 2020 tarihleri arasinda hastanemize
bagvuran 644 COVID-19 hastasi alindi. Hastalarin medikal kayitlari toplandi ve bagvuru aninda ¢ekilen
Toraks BT kesitlerinde dalagin timunin deg@erlendirilebildigi Toraks BT’ler gézden gegirildi.

Bulgular: Calisma populasyonu, medyan yasi 59 (45 — 69 yil) olan 644 hastay (387 erkek, 57 kadin)
icermektedir. COVID-19 ile iligkili en yaygin Ug¢ sistemik hastalik hipertansiyon (%28), diabetes mellitus
(%22.2) ve kalp hastaligiydi (%18.6). Bagvuru sirasinda en sik gorulen aktif sikayet nefes darligi (%57,5)
ve Oksurikdi (%46). 644 hastann 109'u mortal seyretti. Bagvuru sirasinda, mortalitesi olan hastalarda
medyan lokosit sayisi daha yiksek olmasina ragmen (8.9'a karsi 6.5, p<0.001), lenfosit sayisi (1.3'e karsi
1.0, p<0.001) ve trombosit sayisi (200'e kargi 187, p= 0.035) mortalitesi olmayan hastalarda daha
yuksekti. Calisma popullasyonunun 173'Unde (%26,9) splenomegali vardi ve mortalitesi olmayan
hastalarda splenomegali orani oldukga yuksekti (%31'e karsi %6,4, p<0,001).

Sonug¢: COVID-19 o6zellikle erken donemde akciger tutulumu ile kendini gosterse de sistemik tutuluma da
neden olur ve hedefteki organlarindan biri dalak olabilir. Ayrica hastalarin basvuru anindaki lenfosit,
monosit ve trombosit sayilari COVID-19'un ilerlemesini 6ngorebilir. Calismamizin sonuglari dalak boyutu
artisinin - COVID-19 sonlanimi agisindan dikkate alinmasi gereken bir belirteg olabilecegini
diustindirmektedir.
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ABSTRACT

Objective: COVID-19, caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), causes
systemic involvement and the spleen may be one of the target organs. In this study, we aimed to evaluate the
effect of spleen size and laboratory parameters in computed tomography (CT) sections taken during hospital
admission of COVID-19 patients on the outcome of COVID-19.

Material-Method: This retrospective cohort study included 644 COVID-19 patients admitted to our hospital
between April and December 2020. The medical records of the patients were collected, and the thorax CT
scans in which the entire spleen could be evaluated in the thorax CT sections taken at the time of admission
were reviewed.

Results: The study population included 644 patients (387 men, 257 women) with a median age of 59 (45 — 69
years). The three most common systemic diseases associated with COVID-19 were hypertension (28%),
diabetes mellitus (22.2%), and heart disease (18.6%). The most common active complaints at admission were
shortness of breath (57.5%) and cough (46%). 109 of 644 patients were mortal. At admission, patients with
mortality had higher median leukocyte count (8.9 vs 6.5, p<0.001), lymphocyte count (1.3 vs 1.0, p<0.001)
and platelet count (187 vs 200, p=0.001). 0.035) was higher in patients without mortality. Of the study
population, 173 (26.9%) had splenomegaly, and the rate of splenomegaly was significantly higher in patients
without mortality (31% vs. 6.4%, p<0.001).

Conclusion: Although COVID-19 manifests itself with lung involvement especially in the early period, it also
causes systemic involvement and one of the target organs may be the spleen. In addition, the lymphocyte,
monocytes and platelet counts of the patients at the time of admission can predict the progression of COVID-
19. The results of our study suggest that increased spleen size may be a marker that should be considered in
terms of COVID-19 outcome.

Keywords: SARS-CoV-2, spleen size, laboratory , CT-SS, pandemic
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1. Giris

Aralik 2019'da Cin’de yeni bir koronavirls tespit edildi ve siddetli akut solunum sendromu koronavirls
2 (SARS-CoV-2) olarak adlandinidi [1]. SARS-CoV-2 ¢ok sayida kisiyi enfekte ederek kuresel halk
saghgi icin bir tehdit olusturdu ve COVID-19 pandemisine neden oldu.

COVID-19'un en yaygin Klinik belirtileri ates, kuru oksurik, dispne, yorgunluk ve kas agrisidir.
Bununla beraber belirti ve semptomlar, bireyler arasinda asemptomatikten siddetli enfeksiyona kadar
degisebilir [2]. COVID-19 sadece solunum sistemini degil ayni zamanda vicuttaki diger hayati
organlari da etkiler. Bununla beraber hastalarin dalak tutulumlari hakkinda ¢ok az sey bilinmektedir.
SARS-CoV-2 Konak hiicre reseptori olarak anjiyotensin donusturict enzim 2'yi (ACE2) kullanir [3].
Yapilan galismalar tim dokular arasinda akcigerlerin orta dizeyde ACE2 ekspresyonuna sahip
oldugunu, dalagin ise en distik ACE2 ekspresyon seviyelerine sahip oldugunu bildirmistir [4].

Dalak, insan viucudundaki en bulylk periferik lenfoid organdir. Kan filtreleme, kan depolama,
hematopoietik ve imminomodilasyon fonksiyonlari ile bagisiklik tepkileri ve bagisikhik hicresi
yerlesimi icin ana bolgedir [5]. Sinirli sayidaki otopsi galismalari COVID-19 nedeniyle viris tarafindan
dogrudan dalagin saldiriya ugrayabilecegini; hiicrelerde T ve B lenfosit sayisinda azalma, lenfoid
folikiillerde atrofi gibi degisikliklere neden olabilecegini gostermistir [6]. Ayrica yapilan galismalarda
hematolojik parametreler ve inflamatuar belirteglerin, enfeksiyonlarin ve diger bircok hastaligin
prognozu igin dnemli bir prediktif degeri oldugu bildirilmistir [7]. Ozellikle trombositopeni, lenfopeni ve
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goreceli olarak daha yuksek monosit-notrofil seviyeleri SARS-CoV-2 enfeksiyonlarinda yaygin
bulgulardir [8]. Ayrica COVID-19 tanili hastalarda klinik siddete eslik edecek diizeyde dalak boyutunda
degisiklikler oldugu bildirilmistir. Bununla birlikte trombositopeni, splenomegali ve mortalite ile iligkisi
tam olarak aydinlatilamamistir [9]. Bu ¢alismada COVID-19 tanili hastalarin bagvuru anindaki dalak
boyutu ve lenfosit, lokosit, trombosit sayisi ile hastaligin seyri arasindaki iliski incelenmistir.

2. Materyal ve Metot

Hastalar

Bu cgalisma Van Egitim ve Arastirma Hastanesi Tip Etik Kurulu tarafindan gdézden gegirilmis ve
onaylanmistir (onay numarasi: 2020/09, 22.05.2020 tarih). Calismaya katilan tim katimcilardan yazili
ve s0zli onay formlar alinmistir. Acil servise 01.04.2020 ile 31.12.2020 tarihleri arasinda bagvuran ve
olasi COVID-19 vaka tanimina uygun hastalar arasinda molekduler yontemlerle saptanan SARS-CoV-2
olgulari galismaya dahil edildi. Calismaya, etik kurul izninin alindigi tarihten sonraki 6 aylik ddnemde
dahil edilen hastalarin tomografi ¢cekimleri, dalagin da dézellikle gérintileme alanina girecedi sekilde
yapilmamistir. Toraks BT incelemesinde dalak buyukligl goéris alaninda olmayan hastalar ¢alisma
disi birakildi. Demografik veriler ve laboratuvar degerleri elektronik tibbi kayitlardan ve hasta
dosyalarindan ¢ikarildi.

Goriintiileme Teknigi ve Goruntu Analizi

Kollar kaldiriimis olarak sirtisti pozisyonda ve inspirasyonun sonunda bilgisayarli tomografi
goéruantilemesi (BT calismalari Toshiba, Alexion/Advance, Toshiba Medical Systems Corporation
Nashua, Japonya) yapildi. Torasik BT radyolojisinde deneyimli iki radyolog sirasiyla ince kesitli BT
goruntulerini gdzden gecirdi ve fikir birligi ile varilan bir karar esliginde son degerlendirmeler yapildi.
Aksiyal BT incelemesinde dalagin en uzun ekseni mediastinal pencerede 0lguldi. Dalagin maksimum
uzunluk ve dikey ylkseklik gercek dalak blyUkligu ile yakin sonug¢ vermektedir. Kucybala ve ark.
tanimladigi 6lgim yoéntemine gére 115 mm’nin Ustd uzunluk splenomegali icin ylksek hassasiyet
degerlerine sahiptir [10]. Biz de ¢alismamizda bu metodda tanimlanan élgimleri kullandik.

istatistiksel Analiz

Surekli degiskenler normal dagilim igin Shapiro-Wilk normallik testi kullanilarak degerlendirildi. Normal
dagihm gosteren sirekli degiskenlerin higbiri ortanca olarak sunulmadigindan (1.-3. ¢eyreklik) ve
gruplar arasindaki karsilastirma Mann-Whitney U testi kullanilarak yapildi. Kategorik degiskenler igin
karsilastirmalar Pearson'un ki-kare testi ile Yate'in sureklilik duzeltmesi veya Fischer'in kesin testi
kullanilarak yapildi. P degeri 0.05 anlamli kabul edildi.

3. Bulgular

Calisma popitlasyonunun yas ortalamasi 59 (45-69) idi. Ug yiiz seksen yedi (%60.1) hasta erkekti.
Calisma poptlasyonunda tablo 1'de 6zetlenen bir (0-2) iliskili sistemik hastalik vardi. En sik gorilen Ug
iligkili sistemik hastalik sirasiyla sistemik hipertansiyon (%28), diabetes mellitus (%22.2) ve kalp
hastaliyi (%18.6) idi. Laboratuvar degerlendirme sonuglari tablo 1'de sunulurken, calisma
popllasyonunun 173'Unde (%26.9) splenomegali vardi. Ek olarak, ¢alisma populasyonunda tablo 2'de
sunulan iki (1-3) aktif sikayet vardi. Bunlarin arasinda nefes darligi (%57.5) bagvuru sirasinda en sik
gorilen aktif sikayetti, bunu sirasiyla oksurik (%46) ve ates (%27) izledi. 178 (%27,6) hasta yodun
bakim Unitesine (YBU) bagvurmayi zorunlu kilarken, YBU ve hastanede kalis siiresi sirasiyla 7 guin (3-
13 giin) ve 8 giin (5-13 giin) idi (Tablo 1).

Calisma populasyonu mortalite sonu¢ noktasindan degerlendirildiginde (Tablo 1), mortalitesi olan
hastalar mortalitesi olmayan hastalarinkinden anlamli derecede daha yashydi (p<0.001). Cinsiyet
gruplar arasinda anlamli bir fark ortaya koymazken (p= 0.053), iligkili sistemik hastalik sayisinin
ortancasi mortalitesi olan hastalarda daha yuksekti (p<0.001), farkin yiksek oranda sistemik
hipertansiyon oranina (p<0.001), kalp hastahiina (p<0.001), kronik akciger hastaligi (p= 0.015) ve
norolojik hastalik (p<0.001). Mortalitesi olan hastalarda ortanca aktif sikayet sayisi daha yuksekti (p=
0.021). Kabulde, 6limlu hastalarda ortanca I6kosit sayisi daha ylksek olmasina ragmen (8.9'a karsi
6.5, p<0.001), lenfosit sayisi (1.3'e karsi 1.0, p<0.001) ve trombosit sayisi (200'e karsi 187, p= 0.035)
mortalitesi olmayan hastalarda daha yuUksekti. Mortalitesi olmayan hastalarda splenomegali orani
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Tablo 1: Calisma populasyonunun demografik ve klinik 6zellikleri

oldukga yiiksekti (%31'e karsilik %6.4, p<0.001). Mortalitesi olan hastalarda YBU bagvuru orani ve
YBU ve hastanede kalis slrelerinin ortanca streleri anlamli olarak daha yiksekti.

Tuma Mortal (+) Mortal (-)

Degiskenler (n=644) (n=109) (n=535) p value
Yas, yil 59 (45 - 69) 69 (59.5-79) 57 (41 -67) <0.0012
Erkek, n (%) 387 (60.1) 75 (68.8) 312 (58.3) 0.053°
iliskili sistemik hastalik sayisi, n 1(0-2) 2(0.5-3) 0(0-1) <0.0012
Hipertansiyon, n (%) 180 (28) 48 (44) 132 (24.7) <0.001°P
Diyabet, n (%) 143 (22.2) 31 (28.4) 112 (20.9) 0.111P
Kalp hastaligi, n (%) 120 (18.6) 39 (35.8) 81 (15.1) <0.001°P
Kronik akciger hastaligi, n (%) 72 (11.2) 20 (18.3) 52 (9.7) 0.015°
Kronik boébrek yetmezIigi, n (%) 24 (3.7) 7 (6.4) 17 (3.2) 0.176°
Norolojik hastalik, n (%) 23 (3.6) 13 (11.9) 10 (1.9) <0.001°
Psikiyatik hastalik, n (%) 19 (3) 6 (5.5) 13 (2.4) 0.084°
Kronik karaciger hastaligi, n (%) 4 (0.6) 2(1.8) 2(0.49) 0.135°
Malinite, n (%) 11 (1.7) 4(3.7) 7 (1.3) 0.098°
Obesite, n (%) 5(0.8) 1(0.9) 4 (0.7) 1.0

Aktif sikayet sayisi, n 2(1-3) 2(1-3) 2(1-3) 0.0212
Lenfosit sayisi, birim 1.23(0.9-1.7) 1.0(0.6-1.4) 1.3(0.9-1.7) <0.0012
Lokosit sayis, birim 6.63 (5.2-19.1) 8.9(5.7-12) 6.5(5.1-8.8) <0.0012
Trombosit sayisi, birim 199 (162 — 252) | 187 (144 —239) | 200 (166 — 254) 0.0352
Splenomegali, n (%) 173 (26.9) 7 (6.4) 166 (31) <0.001°
YBU kabulii, n 178 (27.6) 99 (90.8) 79 (14.8) <0.001°
YBU kalig, guin* 7(3-13) 8(5-13) 5(3-13) 0.0042
Hastanede kalis, gin 8(5-13) 11 (5-19) 7(-12) <0.0012

YBU: yogun bakim dnitesi. 2Mann-Whitney U test, PPearson’s chi-square test ile Yate’s continuity
dogrulamasi, °Fischer’s exact test. * 178 hasta arasinda.

Tablo 2: Hastaneye yatis sikayetleri

Sikayet degiskenleri n (%)
Nefes darligi 370 (57.5)
Okstiriik 296 (46)
Ates 174 (27)
Asemptomatik 173 (26.9)
Miyalji 112 (17.4)
Bas agrisi 25 (3.9)
Balgam 24 (3.7)
Bulanti-Kusma 23 (3.6)
Diyare 8 (1.2
Koku ve tat durusu kaybi 6 (0.9
Biling kaybi 1(0.2)

405



Hastaligin seyri siddetine gore kategorize edildiginden (Tablo 3),% 32.9'u komplike olmayan,% 39.1'i
hafif-orta siddette,% 16.9'u mortalitesi olan hastalar dahil% 27.9'u siddetli seyir gésterdi.

Tablo 3: Hastaligin seyri

Siddet Kategorileri n (%)
Komplike olmayan 212 (32.9)
Hafif-orta siddete seyir 252 (39.1)
Siddetli seyir 71 (11)
Mortal seyir 109 (16.9)

Hastalik seyrinin siddeti koétllestikge hastalarin yas ortalamasi artmis bulundu (p<0.001). Benzer
sekilde, iliskili sistemik hastalik sayisinin ortanca degeri ve aktif sikayet sayisi da ylkseliyordu. iligkili
sistemik hastaliklarin alt grup analizinde, sistemik hipertansiyon, kalp hastalidi, kronik akciger
hastaligi,kronik bdbrek yetmezIligi ve ndrolojik hastalik oranlari, hastalik seyrinin koétllesmesinde
oldugu gibi dogrusal bir artis goéstermistir. Hastaligin siddetinin artmasinda oldugu gibi, ortanca lenfosit
(p<0.001) ve trombosit sayisi (p= 0.037) belirgin bir diisls egilimi gosterirken, I6kosit sayisi (p<0.001)
artis egilimi gosterdi (Tablo 4).

Tablo 4'te sunuldugu gibi, kabulde splenomegali olan hastalar daha yash (p= 0.0217), ortanca aktif
sikayet sayisi (p<0.001), yogun bakim Unitesi (p<0.001) ve hastanede kalis sureleri (p<0.001) daha
uzundu ve yogun bakim Unitesine kabul orani daha ylksekti (p<0.001).

Tablo 4: Hastaligin seyri ile iligkili faktorlerin dagilimi.

Komplike Hafif-orta
Degiskenler olmayan seyir siddete seyir Siddetli seyir Mortal seyir p value
(n=212) (n=252) (n=71) (n=109)

Yas, yil 48.5 (32.2-63) 58 (46.2 — 67) 66 (56 — 72) 69 (59.5-79) <0.001°
Erkek, n (%) 121 (57.1) 148 (58.7) 43 (60.6) 75 (68.8) 0.216°
lligkili sistemik hastalik 0(0-1) 1(0-2) 1(0-2) 2(0.5-3) <0.001°
sayisl, n
Hipertansiyon, n (%) 34 (16) 64 (25.4) 34 (47.9) 48 (44) <0.001°
Diyabet, n (%) 27 (12.7) 64 (25.4) 21 (29.6) 31 (28.4) 0.001P
Kalp hastaligi, n (%) 15 (7.1) 45 (17.9) 21 (29.6) 39 (35.8) <0.001°
Kronik akciger hastaligi, 7 (3.3) 32 (12.7) 13 (18.3) 20 (18.3) <0.001°
n (%)
Kronik bobrek 1(0.5) 8(3.2 8 (11.3) 7 (6.4) <0.001°
yetmezligi, n (%)
Norolojik hastalik, n(%) 6 (2.8) 2(0.8) 2(2.8) 13 (11.9) <0.001°
Psikiyatik hastalik, n (%) 4 (1.9 5(2) 4 (5.6) 6 (5.5) 0.031°
Kronik karaciger 1(0.5) 1(0.4) 0(0) 2(1.8) 0.229°
hastaligi, n (%)
Malinite, n (%) 2(0.9) 5(2) 0 (0) 4 (3.7) 0.175°
Obesite, n (%) 1(0.5) 3(1.2) 0 (0) 1 (0.9) 0.864°
Aktif sikayet sayisi, n 1(0-2) 2(2-3) 2(1-3) 2(1-3) <0.001°
Lenfosit sayisi, birim 15(1.1-1.9) 1.2(0.9-1.6) 1.0 (0.6 - 1.5) 0.9(0.6-1.4) <0.001°
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Lokosit sayis, birim 6.1 (4.7-8.0) 6.6 (5.5 - 9.0) 7.0 (5.4-10.4) 8.9(5.7-12) <0.001°
Trombosit sayisi, birim 201 (171—250) | 200 (163-263) | 185(153—238) | 187 (144 — 239) 0.082°
Splenomegali, n (%) 46 (21.7) 111 (44) 9 (12.7) 7 (6.4) <0.001°P
YBU kabulii, n 0 (0) 22 (8.7) 57 (81.4) 99 (90.8) <0.001P
YBU kalis, giin* 3(3-3) 3(2-7) 6 (3-13) 8 (5-13) 0.003°
Hastanede kalig, gin 5(4-8) 8(5-11) 18 (12 - 27) 11 (5-19) <0.001°P

bDogrusal-dogrusal iligkilendirme ile ki-kare testi.

Ek olarak, splenomegali orani gruplar arasinda anlaml bir fark ortaya koydu. YBU’ne kabul orani ve
ortanca YBU ve hastanede kalis suresi, hastalik seyri kotulestikce énemli bir artis egilimi gdstermistir
(Tablo 5).

Tablo 5. Splenomegali ile iligkili faktorlerin dagilimi

Splenomegali (+) Splenomegali (-)

Degiskenler (n=173) (n=471) p value
Yas, yil 61 (53 — 68.5) 58 (41 - 70) 0.0172
Erkek, n (%) 97 (56.1) 290 (61.6) 0.241°
iliskili sistemik hastalik 1(0-15) 1(0-2) 0.7882
sayisl, n
Aktif sikayet sayisi, n 2(2-3) 2(1-3) <0.0012
Lenfosit sayisi, birim 1.3(0.9-1.7) 1.2(0.8-1.7) 0.1812
Lokosit sayis, birim 6.5(5.4-8.8) 6.8(5.0-9.3) 0.6062
Trombosit sayisi, birim 192 (162 — 257) 200 (163 — 250) 0.903?
YBU kabulti, n 2(1.2) 176 (37.4) <0.001°
YBU kalig, guin* 6 (4-10) 8(5-14) <0.0012
Hastanede kalig, giin 7 (4) 102 (21.7) <0.001°

YBU: yogun bakim (nitesi. 2Mann-Whitney U test, °Pearson’s chi-square test ile Yate’s continuity dogrulamasi,
°Fischer’s exact test. * 178 hasta arasinda.

4. Tartigma ve Sonug

COVID-19 hastalarinda virlisiin akcigerden periferik kana girip viremiye neden oldugu sonrasinda
Ozellikle ACE2 eksprese eden hedef organlara saldirdidi (dalak, testis, kalp, kolon, karaciger ) yapilan
calismalarda gosterildi. Hem SARS-Cov-2 hem de otoimminite, dalak, periferik lenf dugimleri ve
diger lenfoid dokularin bagisiklik hicrelerine zarar verir [4]. COVID-19 dalaga girdiginde, bir dizi
bagisiklik tepkisi baslatilir ve ¢oklu sitokinler salinir [11]. Bazi ¢alismalar, artan inflamasyonla iliskili
splenomegali vakalari bildirmistir (8). Cogu durumda dalak rutin muayenede olmadigindan, literatiirde
SARS-CoV-2 enfeksiyonunun dalak Uzerindeki etkisi ¢ok fazla arastiriimamistir.

Laboratuvarca dogrulanmis 120 COVID-19 hastasinin BT sonuglarini degerlendiren bir calismada 22
hastada hafif splenomegali vardi. Bu galismaya dahil edilen hastalarin 96'si serviste, 11'i yodun
bakimda yatarak takip edilmis ve 13'U takip sirasinda ex olmustur; bu i¢ grubun splenomegali oranlari
%19,8 (19/96), %27.3 (3/11) ve 0 idi [12]. Yine bir baska ¢alismada; basvuru ani ve 1 hafta sonra
cekilen BT lerde dalak hacminin anlamh olarak arttigi gosterildi. Bizim c¢alismamizda literatir ile
uyumlu olarak, enfeksiyonun ilk evrelerinde dalak boyutunun hafif-orta derecede arttigini ve bu artisin
ozellikle hafif siddetli enfeksiyon tablosu olan hastalarda daha sik saptandigini gostermistir.

Bircok calisma, SARSCoV-2 enfeksiyonunun bagisiklik hasarina neden olabilecegini ve siddetli veya
yasli COVID-19 hastalarinda lenfositlerin azalmasinin ¢ok yaygin oldugunu bildirmigtir [13].
Calismamizda da literatlr ile benzer olarak hastalarda hastalik siddetinin artmasiyla birlikte medyan
lenfosit ve trombosit sayilari belirgin bir diists egilimi gosterirken, I6kosit sayisi artis egilimi gosterdi.
Calismamizda ileri yas, hipertansiyon, DM ve kalp hastaligi COVID-19 siddeti igin, literatiir ile uyumlu
olarak 6ngorict olmustur [14].
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Calismamiz ile, hastaneye ilk bagvuruda splenomegali saptanan hastalarda; COVID-19’'un komplike
olmadan daha hafif seyretti§i, hastanede kalis siresinin daha kisa oldugu ve mortalitenin bu grupta
daha az goéruldigu sonucuna variimistir.

COVID-19 o6zellikle erken dénemde akciger tutulumu ile kendini gosterse de sistemik tutuluma da
neden olur ve hedefteki organlarindan biri dalak olabilir. Ayrica hastalarin bagvuru anindaki lenfosit,
monosit ve trombosit sayilari COVID-19'un ilerlemesini 6ngdrebilir. Calismamiz sonucunda dalak
boyutu artisinin COVID-19 sonlanimi agisindan dikkate alinmasi gereken bir belirte¢ olabilecegini
distnduirmektedir.

Kisithihiklar

Calismamizin  kaciniimaz kisithliklart  mevcuttur. Calismanin  retrospektif tasarimi, hastalara
taburculuktan belli bir sure sonra kontrol BT cekilerek dalak boyutu yeniden degerlendirilerek
karsilastirma yapilmamasi ve es$ zamanh COVID-19'un torasik gorintileme 6zelliklerini
degerlendirmemis olmasi  bu kisithliklardan  sayilabilir.  Bununla birlikte galismamizda
azimsanamayacak sayida hasta populasyonunun degerlendirilmesi, dalak boyutlarinin ek bir tetkike
ve maliyete ihtiyag duyulmadan acile ilk basvuruda c¢ekilen goéruntilemelerden Olculebilmesi,
hastalarin klinik sonlanim verilerinin ortaya konulmasi bakimindan degerli veriler elde edilmigtir.

Etik Beyani

Bu calismada, “Yiiksekégretim Kurumlari Bilimsel Aragtirma ve Yayin Etigi Yénergesi” kapsaminda
uyulmasi gerekli tim kurallara uyuldugunu, bahsi gecen ybdnergenin “Bilimsel Arastirma ve Yayin
Etigine Aykiri Eylemler” bagsligi altinda belirtilen eylemlerden higbirinin gerceklestirimedigini taahhiit
ederiz.
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ABSTRACT

Objectives: It was aimed to investigate the usability of MMP-2 and TIMP-1 levels as biomarkers in the
oosteoarticular complications of brucellosis.

Methods: The subjects were categorized into three groups as the healthy control group, brucella group,
and brucella patients with osteoarticular involvement groups. Before medical treatment, serum samples
from patients and control groups were stored at -80°C until the day of study. MMP-2 and TIMP-1 serum
levels were quantified by the ELISA method.

Results: Serum level of MMP-2 (mean + SD) in healthy control group was 1.71 +/- 0.10 ng / mL. Brucella
patient group and Osteoarticular complication group were 14.3 +/- 2.52 ng / ml 20.65 +/- 2.33 ng / ml
respectively (p=0.001). The mean TIMP-1 level in the control group was 3578.96 +/- 67.2 ng / mL, while in
the Brucella group, this rate was 998.27 +/- 66.7 ng / mL and in the bone involvement group, 1656. 17 +/-
17.3 ng / ml. The difference between the control group and the brucella patients and the complicated
group was statistically significant (p= 0.001).

Conclusions: We think that the significant change in serum levels of MMP-2 and TIMP-1 when evaluated
together with the radiological method, can be used as a biochemical indicator of the development of
osteoarticular complications.
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OZET

Amag: Brusellozun oosteoartikiler komplikasyonlarinda MMP-2 ve TIMP-1 dizeylerinin biyobelirte¢ olarak
kullanilabilirliginin aragtiriimasi amaglandi.

Metot: Olgular saglikli kontrol grubu, brusella grubu ve osteoartikiler tutulumu olan brusella hastalari olarak
U¢ gruba ayrildi. Medikal tedavi 6ncesi hasta ve kontrol gruplarindan alinan serum érnekleri ¢calisma giniine
kadar -80°C'de saklandi. MMP-2 ve TIMP-1 serum seviyeleri, ELISA yontemiyle 6lguldu.

Bulgular: Saglikh kontrol grubunda MMP-2 (ortalama + SD) serum diizeyi 1,71 +/- 0,10 ng / mL idi. Brusella
hasta grubu ve Osteoartikiler komplikasyon grubunda sirasiyla 14,3 +/- 2,52 ng / ml 20,65 +/- 2,33 ng / ml idi
(p=0,001). Kontrol grubunda ortalama TIMP-1 diizeyi 3578,96 +/- 67,2 ng/ml iken, Brucella grubunda bu oran
998,27 +/- 66,7 ng/ml, kemik tutulumu grubunda 1656, 17 +/- 17,3 ng / ml idi . Kontrol grubu ile brusella
hastalari ve komplike grup arasindaki fark istatistiksel olarak anlamliydi (p= 0,001).

Sonug¢: Radyolojik yontemle birlikte degerlendirildiginde, MMP-2 ve TIMP-1 serum seviyelerindeki énemli

degisiklik, brusellozun osteoartikiler komplikasyonlarinin gelisiminin biyokimyasal bir gostergesi olarak
kullanilabilecegini disuniyoruz.

Anahtar kelimeler: Brusellozis, MMP-2, TIMP-1 ,osteoartikiiler komplikasyon, byiobelirteg

~
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1. Introduction

Brucellosis is a zoonotic bacterial infection that affects many organs and systems. It is transmitted by
direct or indirect contact with infected animals or their products. Although brucella infection can be
transmitted to humans in various forms, the most common way of spreading is by consuming
unpasteurized milk and dairy products from an infected animal [1,2]. Besides, it can also be
transmitted directly through the damaged skin, conjunctival inoculation, and inhalation of infectious
aerosols. There is no specific clinical finding as it can involve all organs and tissues. Although the liver,
bone marrow, spleen, and lymph nodes are the most frequently involved organs, they can also include
organs and tissues such as the heart, genitourinary system organs, central nervous system, and joints
[1,2,3]. Bone and joint involvement, with a rate of about 40%, are the most common complications of
brucellosis [2,4,5]. The most commonly affected areas are sacroiliac joints, peripheral joints and spinal
regions. Various clinical conditions have been reported, including peripheral arthritis, osteomyelitis,
sacroiliitis, bursitis, spondylitis, and tenosynovitis [5,6,7].

Although the clinical and radiological features of osteoarthritic brucellosis are well known, the
mechanisms of bone involvement are still poorly understood. Under different conditions, matrix
metalloproteinases (MMPs) are released in the inflammatory environment. MMPs are produced not
only by macrophages and neutrophils but also by several osteoblasts, including MMP-2. Type |
collagen in Bone and MMP-2 degrades type Il collagen in cartilage [8].TIMPs, which are specific tissue
inhibitors, play a crucial role in the control of MMP activity. Tetracyclines, a 2-macroglobulin, heparin,
and synthetic inhibitors are among the active MMP inhibitors [9]. TIMPs are proteins necessary for
regulating connective tissue metabolism. They are found in many tissues and body fluids. It activates
the latent enzyme form by binding irreversibly and non-covalently to MMPs and preventing catalytic
activity maintenance [10,11].
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We aimed to investigate the levels of MMP-2 and TIMP-1, which play a role in the regulation of
connective tissue metabolism in patients with brucellosis who have osteoarticular involvement.

2. Material and Method

Ethical Approval

The study was conducted by Research Ethics Committee of the Suleyman Demirel University
(no:116137).

Study Population

Laboratory and radiological data of outpatient and inpatient brucellosis patients admitted to xxx
infection diseases clinic were evaluated between January 2018 and January 2020. People aged 25 to
65 years without another inflammatory, autoimmune and malignant diseases were included in the
study. The subjects were categorized into three groups, the healthy control group (n=30), the brucella
group (n=30), and the brucella patients with osteoarticular complication group (n=30).

Group-A (Healthy control group)

A control group was created with individuals without acute or chronic disease, symptoms, or
pathological physical examination. It was similar in age and gender in both groups.

Group-B (Brucella group)

Patient serums for the Rose Bengal test positive were examined by immunocapture-agglutination
technique to eliminate the factors that caused false negativity/positivity. A brucella patient group (n =
30) was created by patients without complications.

Group-C (Osteoarticular complication group)

Brucella patients with osteoarticular involvement were evaluated as a separate group. Traditional
radiological methods were used to assess morphological changes in the osteoarticular system.
Patients with osteoarthritic participation were identified with cases of sacrailiitis, peripheral arthritis,
spondylitis, and osteomyelitis.

Diagnosis of Brucellosis

Brucellosis was diagnosed based on clinical, bacteriological, and serological findings. Patient serums
were first screened by the Rose Bengal slide agglutination test (Seromed, Istanbul, Turkey). Then the
Brucellacapt test (Vircell SL, Granada, Spain) was performed according to the manufacturer's
instructions. Antibody titers of 1/160 and above were considered positive for brucellosis, whereas
those lower than 1/160 were considered negative. Blood cultures were performed by using
BacT/ALERT 3D (bioMérieux, France) automated blood culture system. The isolated bacterial strains
were identified using conventional methods and Phoenix 100 (Becton Dickinson, USA) automated
system. Osteoarticular brucellosis is diagnosed with clinical inflammatory signs of the affected joints,
with positive serological tests and positive cultures. Radiological evaluations such as joint sonography,
direct radiography, computed tomography, and magnetic resonance imaging were performed to
diagnose osteoarticular brucellosis.

ELISA detection of MMP-2 and TIMP-1

Blood samples were centrifuged, and serum was stored at -80°C until testing. Stored serum was
analyzed for MMP-2 (Human MMP-2 ELISA Kit, Elabscience, USA) and their specific inhibitors TIMP-
1(Human TIMP-1 ELISA Kit, Elabscience, USA) with commercially available sandwich ELISA
according to the manufacturer guidelines. ELISA testing was performed at the Suleyman Demirel
University research laboratory using the ELISA plate washer (Medispec ESW 300, Palmcity 72, USA)
and ELISA plate reader (Biotek FLX50, Absorbance Microplate Reader, ABD).
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Statistical analysis

SPSS 16.0 (for Windows) version was used for statistical evaluation. For the assessment of the
results, standard statistical methods were used. Average, standard deviation, minimum and maximum
values of the data were determined. The student's t-test was used to compare independent
guantitative data with normal distribution. Mann Whitney U-test was used to compare independent
guantitative data without normal distribution. Comparing the categorical and continuous variables
between the groups was performed using the chi-square test and ANOVA. Correlation between the
investigated variable was found using Pearson's coefficient linear correlation. The data were evaluated
in the 95% confidence interval, and p <0.05 were considered significant. The ROC curves were
generated to assess the sensitivity and specificity for the prediction of osteoarticular complication.

3. Results

The mean ratios (mean = SD) of MMP-2 in the control group, Brucella patient group and osteoarticular
complication group were 1.71 +/- 0.10 ng / mL,14.3 +/- 2.52 ng / ml 20.65 +/- 2.33 ng / ml respectively.
The difference between the control group, the brucella patients, and the complicated group was
statistically significant (p = 0.001). Compared with the control group, the MMP-2 ratios increased about
sevenfold in the brucella group and about tenfold in the bone involvement group (Figure-1).

GROUP-A ‘ GROUP-C
- 5 | ﬁ o e
P | D = | e
s e | ©9 o° el e E; - | <% o°
f‘ ~ e ~ |
s T A ° s ' 1o ' '
% e LJ ! | w0 !
= o w P b3 °® A 4
P v (
; o o2 = ! |
) ~ - wy ® e e L
Healthy control group Brucalla with no complication
GROUP - B The mean ratios of MMP-2
; LI
= ® <
£ 3
w, 0e &
N * - - 3
%‘ *— e H
s o o Ut .
1 hd L] h ,0“. 090 nd
C
™ o e
1( 1 20 . 3 . '
Brucella with osteoarticular complication GROUP-A GROUP-8 GROUP-C

Figure 1: Distribution of MMP-2 serum levels and mean rates by study groups

The mean TIMP-1 level in the control group (n = 30) was 3578.96 +/- 67.2 ng / mL, while in the
Brucella group this rate was 998.27 +/- 66.7 ng / mL and in the bone involvement group, 1656, 17 +/-
17.3 ng / ml. The difference between the control group, the brucella patients, and the complicated
group was statistically significant (p: 0.001). Compared with the control group, TIMP-1 ratios
decreased about four times in the brucella group and about twice in the bone involvement group
(Figure-2).
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Figure-2: Distribution of TIMP-1 serum levels and mean rates by study groups

This difference was statistically significant (p: 0.001). When all groups were evaluated, a negative
correlation was found between serum levels of MMP-2 and TIMP-1 (p < 0.05; p = 0.001). When we
compared the MMP-2 / TMP-1 ratios, this ratio was 0.045 +/- 0.029 ug / ml in the control group and
1.438 +/- 0.588 pg / ml in the Brucella patient group and 1.246 +/- 0.456 pg / ml in the bone
involvement group (Figure-3)
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Figure-3: Distribution of MMP-2/TIMP-1 serum levels and mean rates by study groups

414



The difference between the control group, the brucella patients, and the complicated group was
statistically significant (p: 0.001). ROC analysis was performed to evaluate the osteoarticular
complication of brucella, which demonstrated that areas under the curve (AUC) of MMP-2, TIMP-1
ROC analysis also showed a cut-off value of the sensitivity, specificity, positive predictive value, and
negative predictive value. (Table 1, Figure 4). MMP2 and TMP1 measurement results had a significant
ROC curve, whereas MMP2 / TMP1 ratios did not have a significant curve between brucella patients
and bone involvement groups.

Table 1:The area under the curve (AUC) values for MMP-2 and TIMP-1 serum levels

Variables AUC (95% ClI) Sensitivity | Specificity PPV NPV P-Value | Accuracy
MMP-2 0.84 (0.79-0.89) 53% 83% 0.76 0,64 0,054 68%
TIMP-1 0.78 (0.65-0.87) 100% 56% 0.69 1 0,005 78,3%

A B
ROC Curve ROC Curve

Sensitivity
Sensitivity

00 02 04 08 08 10
1 - Specificity 1 - Specificity

Diagonal segments are produced by ties Diagonal segments are produced by ties

Figure-4: A; ROC curves of MMP-2 serum level for discriminating osteoarticular involvement B; ROC curves of
TIMP-1 serum level for determining osteoarticular involvement

4. Discussion and Conclusion

Brucellosis is a common disease worldwide and causes a considerable disease burden in endemic
countries such as Turkey. Brucellosis may involve many organs and systems. The clinical
manifestations of brucellosis are related to inflammatory processes in acute and chronic periods [3,4].
Brucellosis may become chronic, resulting in osteoarticular complications leading to bone and joint
damage. In most cases of osteoarticular involvement, bone and joint damage are caused by the
inflammatory reaction, including increased MMP activity, provoked by the infection [11]. While clinical
and radiological evaluations are revealed in brucellosis, immunopathological mechanisms have not
been fully elucidated yet. In recent studies, the role of matrix metalloproteinases in the
immunopathogenesis of human brucellosis has been tried to be explained. It is assumed that MMPs
have essential in developing brucella complications [12,13].
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Osteoblasts have been shown to produce several MMPs, including MMP-2. MMP-2 is extremely
important because it degrades the type-Il collagen in the bone and the cartilage. The potential
contribution of MMPs to tissue damage in osteoarticular brucellosis has not been evaluated [8]. We
aimed to investigate the levels of MMP-2 and TIMP-1 in patients with brucellosis who have
osteoarticular involvement. The current study showed an increased serum MMP-2 level in the brucella
group and the bone involvement group compared with the control group (Figure-1). This study showed
increased serum matrix metalloproteinase levels in all brucellosis patients (p = 0001). Serum MMP-2
levels were higher in all patients with osteoarticular involvement. This increase was statistically
significant between the group with osteoarticular involvement and other groups. (p <0.05; p = 0.001).
The results of the presented study suggested that MMP-2 has a vital role in the development of
osteoarticular complications.

Studies on several cell lines have shown that MMP production can be induced by GM-CSF
(Granulocyte macrophage-colony Stimulating Factor) [14,15]. This factor, produced by Brucella-
infected osteoblasts, may stimulate MMP-2 in the same cells [12,13]. Different studies have shown
that GM-CSF is an essential mediator of MMP-2 production by brucella-infected osteoblasts.
Cytokines such as TNF- and IL-1 induce MMP-2 secretion by osteoblasts [15,16]. But Brucella-
infected osteoblasts do not produce detectable levels of TNF- or IL-1. Therefore, the role of GM-CSF
secreted by Brucella-infected osteoblasts is essential in increasing MMP-2 production [8,17]. Sisirak et
al. demonstrated that the detection of matrix metalloproteinases in the serum is necessary for
assessing the disease activity and predicting the development of complications of brucellosis [18].
MMPs are capable of breaking down the components of the extracellular matrix. However, they also
break down some proteinases, chemotactic molecules, adhesion molecules, and cell surface
receptors. The activated forms are all inhibited by TIMPs that bind tightly to each activated enzyme
and block its action. However, the localization and clearance of MMPs are also tightly controlled
[11,8,19]. In vivo, the activity of MMPs is counterbalanced by the activity of TIMPs. This balance
between MMPs and their inhibitors TIMPs is of great importance in maintaining physiological events in
organisms, such as remodeling of the ciliate, wound healing, angiogenesis, inflammation, apoptosis,
and development of the immune response [20,21,22]. Our study showed that TIMP-1 was expressed
in serum samples of all brucellosis patients. Compared with the control group, the serum level of
TIMP-1 decreased about two times in the bone involvement group (figure-2). This difference was
statistically significant (p: 0.001). The area under the curve of TMP1 was found to be more important.
In osteoarticular infections or inflammatory conditions, TIMPs generally do not increase to the same
extent as MMPs. Therefore, increasing the MMP / TIMP ratio is a biomarker that supports cartilage
and joint damage [23,24,25].

When all groups were evaluated, a negative correlation was found between MMP-2 and TIMP-1. Our
study showed that serum levels of MMP-2 / TMP-1 ratios were higher in the brucella and bone
involvement group compared to the control group. Compared with the Brucella patient group, the
serum level of the MMP-2 / TMP-1 ratios was lower in the bone involvement group. The presented
study showed no statistically significant correlation between serum levels of MMP-2 / TMP-1 ratios and
the development of osteoarticular complications (p 0.05). In other words, our results show that MMP-2
/ TIMP-1 ratios cannot be used as a biomarker to show osteoarticular complications. Serum levels of
MMP-2 dominated in all patients with osteoarticular complications. The equilibrium MMP activity bias
shift leads to uncontrolled destruction of the matrix and, ultimately, pathophysiological events.
Osteoarthritic joints contain increased MMP and, less frequently, increased TIMP [8,24]. It was
demonstrated that osteoarticular complications in human brucellosis were manifested as cartilage
degradation and bone loss [12,13,25].

Measurement of metalloproteinase concentration in serum is non-invasive, easy to administer, and
relatively fast. It could be a promising procedure for determining osteoarticular involvement of brucella.
Although the significant change in serum levels of MMP-2 and TIMP-1 does not provide a definitive
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clinical diagnosis, they can be used as a biochemical indicator of the development of osteoarticular
complications of brucellosis when evaluated together with the radiological method.
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Education Institutions Scientific Research and Publication Ethics Directive" are complied with, and that
none of the actions stated under the heading "Actions Against Scientific Research and Publication
Ethics" are not carried out.

References

[1] Young, E.J. 2010. Brucella Species. Ss 2921-25. Mandell GL, Douglas RG, Bennett JE.,7th ed.2010.
Principles and Practice of Infectious Diseases. Churchill Livingstone,Philadelphia,USA, 4028s

[2] Akpinar, O. 2016. Historical perspective of brucellosis: a microbiological and epidemiological overview. Le
Infezioni in Medicina, 24(1),77-86.

[3] Corbel, M. J. 2006. Brucellosis in humans and animals. World Health Organization. CDS/EPR/2006.7, 89s.

[4] Franco, M. P., Mulder, M., Gilman, R. H.,Smits, H. L. 2007. Human brucellosis. The Lancet infectious
diseases, 7(12), 775-786.

[5] Akpinar, O., Kilig, H. (2012). Bruselloz: 382 olgunun geriye déniik irdelenmesi. Sileyman Demirel Universitesi
Saglik Bilimleri Dergisi, 3(3), 108-113.

[6] Ibero, 1., Vela, P., & Pascual, E. (1997). Arthritis of shoulder and spinal cord compression due to Brucella disc
infection. British journal of rheumatology, 36(3), 377-381.

[7] Duman, A., & Akpinar, O. (2016). Brucellar spondylodiscitis in chronic low back pain patients. Suleyman
Demirel Universitesi Saglik Bilimleri Dergisi, 7(3), 63-65.

[8] Burrage, P. S., Mix, K. S., Brinckerhoff, C. E. 2006) Matrix metalloproteinases: role in arthritis. Frontiers in
Bioscience-Landmark, 11(1), 529-543.

[9]Nagase H, Woessner JFJr. 1999.Matrix metalloproteinases. J Biol Chem ,274,21491-4.

[10] Lambert, E., Dassé, E., Haye, B., Petitfrére, E. 2004. TIMPs as multifacial proteins. Critical reviews in
oncology/hematology, 49(3), 187-198.

[11] Behera, A. K., Hildebrand, E., Scagliotti, J., Steere, A. C., Hu, L. T. 2005. Induction of host matrix
metalloproteinases by Borrelia burgdorferi differs in human and murine Lyme arthritis. Infection and
immunity, 73(1), 126-134.

[12] Delpino, M. V., Fossati, C. A., Baldi, P. C. 2009. Proinflammatory response of human osteoblastic cell lines
and osteoblast-monocyte interaction upon infection with Brucella spp. Infection and immunity, 77(3), 984-995.

[13 ]Scian, R., Barrionuevo, P., Fossati, C. A., Giambartolomei, G. H.,Delpino, M. V. 2012. Brucella abortus
invasion of osteoblasts inhibits bone formation. Infection and immunity, 80(7), 2333-2345.

[14] Kohno, Y., Tanimoto, A., Cirathaworn, C., Shimajiri, S., Tawara, A., Sasaguri, Y. 2004. GM-CSF activates
RhoA, integrin and MMP expression in human monocytic cells. Pathology international, 54(9), 693-702.

[15] Krubasik, D., Eisenach, P. A., Kunz-Schughart, L. A., Murphy, G., English, W. R. 2008. Granulocyte-
macrophage colony stimulating factor induces endothelial capillary formation through induction of membrane-type
1 matrix metalloproteinase expression in vitro. International journal of cancer, 122(6), 1261-1272.

[16] Scian, R., Barrionuevo, P., Giambartolomei, G. H., Fossati, C. A.,, Baldi, P. C., & Delpino, M. V. (2011).
Granulocyte-macrophage colony-stimulating factor-and tumor necrosis factor alpha-mediated matrix
metalloproteinase production by human osteoblasts and monocytes after infection with Brucella abortus. Infection
and immunity, 79(1), 192-202.

[17] Saklatvala J, Nagase H, Salvesen G, Brew K. 2003. Designing TIMP (tissue inhibitor of metalloproteinases)
variants that are selective metalloproteinase inhibitors. Biochem Soc Symp, 70:201-12.

417



[18] Sisirak, M., & Huki¢, M. (2015). Osteoarticular complications of brucellosis: The diagnostic value and
importance of detection matrix metalloproteinases. Acta medica academica, 44(1), 1.

[19]Cawston, T. 1993. Blocking cartilage destruction with metalloproteinase inhibitors: a valid therapeutic target?.
Annals of the rheumatic diseases, 52(11), 769.

[20]Galis, Z. S., & Khatri, J. J. (2002). Matrix metalloproteinases in vascular remodeling and atherogenesis: the
good, the bad, and the ugly. Circulation research, 90(3), 251-262.

[21]Jacob, M. P., Badier-Commander, C., Fontaine, V., Benazzoug, Y., Feldman, L., Michel, J. B. 2001.
Extracellular matrix remodeling in the vascular wall. Pathologie Biologie, 49(4), 326-332.

[22]Brinckerhoff, C. E., & Matrisian, L. M. 2002. Matrix metalloproteinases: a tail of a frog that became a prince.
Nature reviews Molecular cell biology, 3(3), 207-214.

[23]Kevorkian, L., Young, D. A., Darrah, C., Donell, S. T., Shepstone, L., Porter, S., Clark, I. M. 2004. Expression
profiling of metalloproteinases and their inhibitors in cartilage. Arthritis & Rheumatism: Official Journal of the
American College of Rheumatology, 50(1), 131-141.

[24]Malemud, C. J., Islam, N., Haqqi, T. M. 2003. Pathophysiological mechanisms in osteoarthritis lead to novel
therapeutic strategies. Cells Tissues Organs, 174(1-2), 34-48.

[25] Murphy, G., Lee, M. H. 2005. What are the roles of metalloproteinases in cartilage and bone damage?.
Annals of the rheumatic diseases, 64(suppl 4), iv44-iv47.

418



Suleyman Demirel University
Journal of Health Sciences
Volume 13, Issue 3, 419- 431, 2022

Siileyman Demirel Universitesi
Saglik Bilimleri Dergisi
Cilt 13, Sayi 3, 419 -431, 2022

—— —’

A Comparison of the Short-Term Efficacy of Physiotherapy Approaches in
Patients with Lateral Epicondylitis

Sahin CAKIR !® | Aysenur TUNCER2® | Muhammed Furkan ARPACI3® | Mine ARGALI| DENiz *®

! Turgut Ozal University, Malatya Training and Research Hospital, Department of Physiotherapy and Rehabilitation, Malatya,
Turkey
2 Hasan Kalyoncu University, Faculty of Health Sciences, Department of Physiotherapy and Rehabilitation, Gaziantep, Turkey
3 Malatya Turgut Ozal University, Faculty of Medicine, Department of Anatomy, Malatya, Turkey
4 Suleyman Demirel University, Research and Application Hospital, Department of Physical Therapy and Rehabilitation, Isparta,
Turkey,

PUVON VAN
W WP WIS

ABSTRACT

The study aimed to investigate the short-term effects of radial nerve self-mobilization [RNSM], manual therapy
[MT], and extracorporeal shock wave therapy [ESWT] on pain, pain-free grip strength, functional status, and
patient satisfaction in patients with Lateral Epicondylitis [LE] and to determine the superiority of these
methods to each other. 48 patients diagnosed with LE were included in the study and were randomly divided
into three groups. RNSM was applied to all patients as a home program. The first group [n=16] received only
the RNSM as a home program, the MT group [n=16] received MT combined with RNSM, and the ESWT
group [n=16] received ESWT combined with RNSM. The RNSM was applied five days per week, and the MT
and ESWT for two sessions per week for three weeks. Pain severity, pain-free handgrip strength, functionality
levels, and patient satisfaction were evaluated before and after three weeks of treatment. The pain level
significantly decreased, and handgrip strength and functionality increased in all groups after three weeks
[p<0.001]. In comparison between the groups, the decrease in pain level, the increase in maximum grip
strength, and patients' overall satisfaction scores were found to be higher in the MT group than in the ESWT,
and only the RNSM groups [p<0.05]. MT application combined with radial nerve self-mobilization exercises in
the treatment of LE appears to be more effective.
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OZET

Calismamizdaki amag Lateral Epikondilit'te [LE] self radial sinir mobilizasyonu [RSM], manuel terapi [MT],
ekstrakorporeal sok dalga tedavisi[ESWT]'nin agri, kavrama kuvveti, fonksiyonel durum ve hasta
memnuniyeti Gzerindeki erken dénem etkilerinin arastirilmasi ve bu yéntemlerin birbirlerine gére Ustlnlugini
belirlemektir. Calismaya 48 LE tanili hasta dahil edildi ve rastgele Ui¢ gruba ayrildi. Tim hastalara ev programi
olarak RSM uygulandi. Birinci grup [n=16] sadece RSM'yi ev programi olarak, MT grubu [n=16] RSM ile
birlikte MT ve ESWT grubu [n=16] RSM ile birlikte ESWT aldi. RSM haftada bes giin, MT ve ESWT ise ug¢
hafta boyunca haftada iki seans uygulandi. Ug haftalik tedaviden dnce ve sonra agri siddeti, agrisiz kavrama
guicl, islevsellik diizeyleri ve hasta memnuniyeti degerlendirildi. Ug haftalik tedavi sonrasinda tiim gruplarda
agri dizeyi anlamli olarak azalirken kavrama gicu ve fonksiyonellikte artis oldu [p<0.001]. Gruplar arasi
karsilagtirmada ise agri dizeyindeki azalma, maksimum kavrama gucindeki artis ve hastalarin genel
memnuniyet skorlari MT grubunda ESWT ve sadece RSM gruplarina gore daha ylksek bulundu [p<0.05]. LE
tedavisinde RSM egzersizleri ile kombine MT uygulamasinin daha etkili oldugu disintlmektedir.

Anahtar Kelimeler: Lateral epikondilit, radial sinir mobilizasyonu, manuel terapi, ekstrakorporeal sok dalga tedavisi, agri
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1. Introduction

Lateral epicondylitis [LE] is one of the most common upper extremity lesions, characterized by pain in
the epicondyles lateralis and forearm extensor muscles [1]. It is generally seen in those exposed to
repetitive wrist extension, forearm pronation-supination, and vibrations. There is a reported prevalence
of 1-3% in the general population, and it is seen more often between the ages of 30-60 years,
primarily in females and on the dominant side [2,3]. Symptoms of LE are seen as tenderness on the
lateral epicondyle, pain with resistant middle finger extension and wrist extension, a decrease in pain-
free grip strength, and difficulty in daily living activities [4].

Many conservative therapies have been used in the treatment of LE, and no standard protocol is
documented in the literature [4-6]. The general principle in LE is to relieve pain, accelerate recovery,
increase function, and ensure a rapid return to daily life activities. Most patients can recover with
conservative treatment. Surgical treatment is indicated in 5-10% of patients whose symptoms do not
improve with conservative treatment [4]. Treatment procedures include modifications of daily life
activities, exercise, manual therapy, orthosis, taping, laser treatment, extracorporeal shock wave
therapy, and pharmacotherapy [2, 4-7].

Exercise therapy, including radial nerve mobilization exercises, has been used to treat
musculoskeletal problems, including LE [8,9]. Nerve mobilization or neurodynamics mobilization,
defined by David Butler, is aimed at restoring homeostasis in and around the nervous system through
facilitating movement between neural structures and their surroundings. It is stated that neural shifting
reduces adhesions between the nerve and surrounding tissue, improves neural vascularity, and
improves the axoplasmic flow [9-11]. Manual therapy [MT] increases joint and soft tissue mobility by
stimulating mechanoreceptors. By stimulating the mechanoreceptors, the mechanical effect enables
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the collagen fibrils to regain the ability to glide over scar tissue and increase joint mobility. It has been
reported that in this way, articular structures increase flexibility and tissue strength, and these effects
are utilized in LE. The biomechanical effects seen help to reveal indirect neurophysiological
responses. Receptor nerve endings in periarticular structures affect pain, proprioception and muscle
relaxation. Matrix production is stimulated, circulation increases, histamine release decreases and
reflex sympathetic effect is inhibited. This reduces pain and protective muscle spasm. With increased
intra-articular movement, synovial fluid movement is stimulated, edema is reduced with increased
circulation and intra-articular structures are nourished [12-14]. In the 1990s, extracorporeal shock
wave therapy [ESWT], developed for soft-tissue problems, was widely used in the treatment of
musculoskeletal problems. Although the analgesic effect of ESWT has not been fully elucidated, it is
widely accepted that shock waves cause hyperstimulation analgesia of nerve endings at the painful
point. It is thought to contribute to the analgesic effect by increasing cell membrane permeability,
blocking nociceptors, reducing neuropeptides such as Substance P and calcitonin gene-related
peptide (CGRP) [15]. Although the current level of evidence for ESWT is largely unknown yet, the
success rate of treatment varies between 65% and 91% [16].

Since lateral epicondylitis as a common disease results in economic losses, efficient, safe, and easily
applicable treatment approaches should be preferred. Most patients diagnosed with lateral
epicondylitis can be effectively managed with non-surgical treatment. There are numerous studies for
the non-surgical treatment of LE, but the current literature does not provide conclusive evidence for
the treatment of LE. Therefore, the aim of this study was to determine the short-term effects of RNSM,
MT, and ESWT approaches on pain, pain-free grip strength, functional status and patient satisfaction
in patients with LE; to evaluate the superiority of these approaches to each other. The hypothesis of
the study was that there would be a difference in respect to pain, pain-free grip strength and
functionality between the results.

2. Material and Method

This randomized, controlled study was conducted in the Malatya Training and Research Hospital
Department of Physiotherapy and Rehabilitation. Participants randomized the list in order of arrival
method was divided into groups. The study was approved by the Hasan Kalyoncu University School of
Health Sciences Non-Interventional Research Ethics Committee [2018-5]. All the subjects were given
an explanation of the study and signed a consent form before the examination.

Participants

Volunteer patients older than 18 years of age with a diagnosis of LE were included in the study. The
study inclusion criteria were defined as follows; the patients had complaints of pain and tenderness on
and around the lateral epicondyle and increased pain with resistant elbow extension, wrist extension,
gripping, and supination. The study exclusion criteria were defined as follows: patients with tendon
rupture, limited joint movement as a result of known ulna, radius or humerus fracture, undergoing
surgery in the elbow region, using painkillers, with bilateral symptoms, cardiac arrhythmia or
pacemaker, nerve or nerve root compression, local dermatological problems, with diabetes mellitus or
neurological problems, and those who had received physical therapy and injections in the last six
months. The first group received only the RNSM exercise as a home program. The MT group received
the same RNSM combined with MT. The third group received ESWT combined with the same RNSM.

Interventions

Radial Nerve Self Mobilization [RNSM] group: All the patients in the study received general training
about the mechanism of LE, progression, and preventative measures. The patients were also taught
how to apply home exercises comprising radial nerve mobilization. While applying radial nerve self-
mobilization, the patient was in a standing position, depressed the shoulder and rotated the shoulder
internally, extended elbow, turned wrist flexion and towards the ulnar deviation, looked towards the
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hand, and held at it for 5 seconds before returning to the initial position [Fig. 1a] [9]. These exercises
were to be performed at home five days a week, with ten repetitions in each session for a total of three
weeks. Once a week, a reminder message was sent to all the patients.

Manual Therapy [MT] group: For the MT group, in conjunction with RNSM, MT techniques were
applied two days a week for three weeks by the physiotherapist [SC], who was seven years of
clinically experienced and was trained in manual therapy. Deep friction massage was applied to the
extensor carpi radialis brevis muscle in transverse direction for 5 minutes, with the patient in a
comfortable position on the bed, elbow flexed, and forearm in pronation. For joint mobilization, starting
with cervical tractions, mobilizations were applied to the distal and proximal radio-ulnar and humero-
ulnar joints at grade 1-2 intensity. Mobilization oscillations 1-2/sec., 5 sets and 20 sec each set. was in
the form. [Figure 1b-f] [2, 7,13].

4

Figure 1. Mobilization techniques applied to patients; a: mobilization of radial nerve b: deep friction massage c:
mobilization of the humeroulnar joint d: mobilization of the humeroradial joint e: mobilization of the proximal
radioulnar joint f: mobilization of thedistal radioulnar joint.

Extracorporeal Shock Wave Therapy [ESWT] group: Similarly, in conjunction with RNSM, a total of
six ESWT sessions were applied two days a week for three weeks by the physiotherapist [SC]. The
ESWT therapy was applied at 8 Hz frequency, 1.8 bar intensity, and 2000 beats using a Swiss
DolorClast® Master ESWT device [EMS SA, CH, Nyon, Switzerland] [16]. ESWT was applied to the
lateral epicondyles and the sensitive points around them. As the area of application is narrow, to
minimize complications, low pressure was preferred. The patients were followed up until the end of the
study, and no local tissue effect was reported.

Outcome measures

The demographic information, affected side and duration of complaints was recorded for all the
patients at baseline before the treatment. Evaluations were made of pre-and post-treatment pain
intensity, wrist ROM, hand and finger grip strength, functional status of the upper extremity, and
patient satisfaction.

Pain severity: This was evaluated using a Visual Analog Scale [VAS]. On a 10 cm horizontal line, the
patients indicated the pain level at rest, during activity, and at night before the treatment at baseline,
and at the end of 3 weeks following the last treatment [17].

Pain-free handgrip strength: Pain-free maximum grip strength was taken with a hand dynamometer
[Baseline Hydraulic Hand Dynamometer, Irvington, NY, USA]. The test was measured until the
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patients felt discomfort. The pain-free maximum grip strength test was performed in two positions of
the elbow. First, the patient is seated with the shoulder in adduction, the elbow in 90° flexion, the
forearm neutral, and the wrist in 0-30° extension and 0-15° ulnar deviation, and the second
measurement was taken on the elbow in the extension [18]. The measurements were repeated three
times at the affected side at 30-second intervals, and the average of the measurements was taken for
analysis. Values were recorded in the kg-force.

Level of functionality: The Turkish version of the Disabilities of the Arm, Shoulder, and Hand [DASH]
was used to assess upper extremity functions [19]. The questionnaire consists of three sections, 38
guestions in total related to symptoms and activities of daily living scored on a 5-point system. The
maximum score is 100, and higher scores indicate greater disability.

Patient satisfaction: The Turkish version of the Patient Satisfaction Questionnaire Short Form [PSQ-
18] was used to assess the patient’s overall satisfaction with the treatment. PSQ-18 consists of seven
scales general satisfaction, technical quality, interpersonal attitude, communication, financial aspects,
time spent with the health care provider, accessibility, and convenience. Each item is scored between
1-5 [20]. The PSQ-18 was administered at the end of 3 weeks following the last treatment.

Statistical Analysis

Data obtained in the study were analyzed statistically using IBM® SPSS®© 21.0 software [SPSS Inc.,
Chicago, IL, USA] [21]. Descriptive statistics were presented as meanzstandard deviation values and
number [n] and percentage [%]. Categorical variables were compared using the Pearson Chi-Square
Test and Fisher's Exact Test. Conformity of the variables to normal distribution was assessed with the
Shapiro-Wilk Test. In comparisons between three independent groups, the one-way ANOVA test and
posthoc Tukey test were applied when data were homogenous. The Welch test and posthoc Tamhane
test or Kruskal-Wallis test were used in case of honhomogeneity. Homogeneity was examined using
Levene’s test. The Paired T-test was used for normally distributed variables to compare pre and post-
treatment values in two dependent groups. Relationships between categorical variables were
examined with Spearman correlation analysis. A value of p <0.05 was considered statistically
significant in all analyses. Power analysis to calculate the sample size was applied using G-power
3.19 software. A moderate effect size [effect size = 0.5] was set based on Cohen’s d, and the
significance level was set to a = 0.05 and power = 0.8, resulting in a minimum of 15 subjects per group
required [22].

3. Results

52 of the patients eligible to participate in the study, four patients were excluded because they could
not continue with the treatments, so the analysis was made of 48 patients [31 females, 17 males]
[Figure 2].

Demographic Findings

There was no significant difference between the groups in terms of age, gender, weight, height,
dominant side, affected side, occupation, and duration of complaints [p>0.05] [Table 1]. There was a
significant, positive, and moderate relationship between the dominant and affected sides [r=0.334;
p=0.020].

Clinical Findings

Pain severity: A statistically significant decrease was observed in pain symptoms during rest, activity,
and at night after treatment in all three groups [p<0.001] [Table 2]. Comparing the groups there was no
significant differences between the groups at the beginning of the therapy [p>0.05] [Table 3]. After 3
weeks of treatment a statistically significant decrease was found in pain symptoms during rest
[p=0.006], activity [p=0.000], and at night [p=0.003] between the groups [Table3]. In the comparison of
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the post-treatment pain values, a significant difference was determined between the groups RNSM -
MT [p=0.010] and MT-ESWT [p=0.023]. There were no significant differences between the RNSM-
ESWT group in all pain symptoms during rest [p=0.948], activity [p=0.344], and at night [p=0.992]
[Table 4].

Pain-free handgrip strength: A significant increase was observed in all handgrip strength
measurements after treatment on the affected side in all three groups [p=0.000] [Table 2]. Comparing
the groups there was no significant differences between the groups at the beginning of the therapy
[p>0.05] [Table 3]. Comparing the groups there was no differences at the beginning of the study. After
treatment period a statistically significant decrease was found in maximum grip [p=0.025], and
painless grip [p=0.034], at elbow extension, and painless grip at elbow flexion [p=0.026] between the
groups [Table3]. In the evaluation of the post-treatment, a statistically significant difference was found
in the MT group in terms of maximum grip in elbow extension [p=0.034], painless grip in elbow
extension [p=0.026], and painless grip in elbow flexion [p=0.020] on the affected side compared to the
ESWT group. No difference was seen between the RNSM and MTgroups [p>0.05] and between
RNSM and ESWT [p>0.05] groups [Table 4].

Level of functionality: DASH measurements were found to be statistically significantly decreased in
all three groups after treatment [p=0.000] [Table 2]. No statistically significant difference was found
between the groups at the baseline [p=0.711] and after treatment [p=0.489] evaluation of DASH
scores [Table 3].

Patient satisfaction: There was a difference in the PSQ-18 parameters of mean “overall satisfaction”
and “mean time spent with a healthcare provider” levels after the treatment [p<0.05] [Table 2]. A
statistically significant difference was determined in the MT group compared to RNSM and ESWT
groups [p<0.05] [Table 4].

Identification
Accessed for eligibility
(n=64)

Notincluded: n =16

Exclusion - Not met the inclusion criteria (n = 12)
- Refused to provide written informed
consent (n=4)

Randomized for the study
(n=48)

! .

l l |

Inclusion

Radial Nerve Self-Mobilization Manual Therapy (MT) Group ESWT Group
Group (RNSM) = MT+RNSM =ESWT +RNSM
(n=16) (n=16) (n=16)

S

Analysis after three weeks ]

l A4 A

RNSM Group MT Group ESWT Group
(n=l6) (n=16) (l’l:lﬁ)
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Figure 2: Flow diagram of the study

Table 1: Comparison of demographic characteristics of the groups

Home Manual ESWT group Toplam F P
program therapy [n=16] [n=48]
group [n=16] group [n=
16]
Age [year] 45,43+10,43 45,93+9,11 46,81+11,15 46,06+£10,06 0,074 0,929
[X£SS]
Gender Female 11 [%68,8] 9 [%56,3] 11[%68,8] 31 [%64,6]
N[%] 0,695°
Male 5 [%31,3] 7 [%43,8] 5 [%31,3] 17 [%35,4]
Weight [kg] 72,31+11,85 75,43+9,55 70,37£13,79 72,70£11,79 0,742 0,4822
[X£SS]
Height [cm] 167,25+8,52 169,12+8.56 164,12+10,09  166,83+9,13 1,235  0,3002
[X£SS]
Dominant Right 14 [%87,5] 14 [%87,5] 13 [%81,3] 41 [%85,4]
Side 1,000°
N[%] Left 2 [%12,5] 2 [%12,5] 3[%18,8] 7 [%14,6]
Affected Right 12 [%75,0] 11 [%68,8] 9 [%656,3] 32 [%66,7]
Side 0,519°
N[%] Left 4 [%25,0] 5 [%31,3] 7 [%43,8] 16 [%33,3]
Working Housewife 7 [%43,8] 6 [%637,5] 7 [%43,8] 20 [%41,7]
conditions i
N[%] Working 3 [%18,8] 4 [%25,0] 3 [%18,8] 10 [%20,8]
1,000°
Retired 3 [%18,8] 3 [%18,8] 2 [%12,5] 8 [%16,7]
Others 3 [%18,8] 3 [%18,8] 4 [%25,0] 10 [%20,8]
Complaint period 6,94+3,13 6,56+2,80 7,75+3,89 7,08+3,27 0,539 0,5872
[months]
[X£SS]
a: One-way ANOVA test, b: Chi-square test, c: Fisher's exact test
Table 2: Intragroup changes of measurements before and after treatment
Home program group Manual therapy group ESWT group
Pre- Post t p Pre-T Post t p Pre-T Post-T t p
Rest T -T -T
325 1,97 4873 4,06+1, 1,09 12,7 , 3,51+ 207+0,87 6,04
+1,3 0,9 3 38 0,8 10 8 121 3 3
4 6 3 8 3 3
Pain
[VAS] Activit
y 6,90 480 5195 7,31+1, 364 16,7 , 7,39+ 538+135 6,63
+1,0 1,3 3 08 0,7 93 8 1,02 1 3
6 0 3 9 3 3
Night 358 265 4,358 457+1, 165 144 4 3,96+ 269+0,82 559
1,1 11 3 89 0,7 11 8 1,04 2 3
o o o
5 0 =) 2 = S
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Maximu 23,7 26,5 -5781 24,477 28,3 - 21,33  23,76+7,0

© @ - ]
mgrip  0+7, 547, S 39 748, 8, 8 46,33 0 597 8
atelbow 06 54 = 17 3 2 7 2
extensio 5
n
Maximu 21,8 24,0 - < 21,99+7 24,8 - . 1864 2258495 - B
Hand & morip 06, 87, 413 3 .16 9+7, 6, S 46,28 1 209 3
grip @ atelbow 88 46 8 = 70 48 Z 4 g
streng &  flexion 5
th ¢ Painless 19,7 22,2 - . 19,356 252 - ¢ 16,60 18,49+6,2 - o
£ gripat 446, 2+7, 522 8 72 6+7, 9, & 557 7 431 gJ
elbow 43 39 7 = 60 08 & 5 2
extensio 5
n
Painless 185 19,6 - . 17,476 23,0 - . 1476 16,60%56 - B
gripat  3%7, 86, 142 & 65 6£7, 7, 8 4535 7 600 &
elbow 65 64 1 = 12 % g 3 g
flexion 5
Lateral 3,12 399 -5450 , 3,300, 4,49 - . 3,16+ 4,03+090 - B
finger  +0,7 0,8 3 81 0,9 871 8 074 565 o
e 9rip 6 7 8— 7 5 g— 9 g—
T
Finger S — :
9 ¢ Fingerti 1,93 2,62 -5,126 © 1,87+0, 2,74 - © 1,91+ 2,70+0,76 - «
9P & pgrip 0,6 0,5 3 59 0,7 832 8 050 755 8
w o o o
4 9 S 9 2 S 9 P
439 354 5549  4542+5 335 677 , 4533 3517+#4,4 106
DASH 446, 65, 3 ,65 3+4, 1 8 4527 7 62 3
03 41 = 71 = S
Overall 2,
satisfactio 4,31+0,47 4,54+0,34 4,15+0,30 q
n S
; =
Technical 4,53+0,40 4,67+0,29 4,48:0,44 5
quality =
PSQ-18 -
o
Interperso 4,96£0,12 5,00£0,00 4,960,12 o
nal attitude e
- 5
Communic 4,62+,0,34 4,65+0,35 4,53:0,34 g
ation S
Financial S
dimension 5,00+0,00 4,93+0,17 4,93+0,17 3
S S
=)
Health 4,5620,30 4,93+0,17 4,71+0,25 S
Service S
Accessibilit ©
y and 4,65+0,30 4,62+0,32 4,71+0,30 3
comfort ©
=
Total 83,62+3,87 85,56+2,58 84,37+2,65 ]
o

*p<0.05; a: Paired T test, b: One-way ANOVA test, c: Kruskal-Wallis test, d: Welch test.
ESWT: Extracorporeal Shock Wave Therapy, VAS: Visual Analog Scale, Pre-T: Before treatment, Post-T: After

treatment, DASH: Disabilities of the Arm, Shoulder, and Hand, PSQ-18: Patient Satisfaction Questionnaire Short
Form.
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Table 3: Comparison of the evaluation parameters between groups before and after treatment

Evaluation - Home ESWT
criteria ] " program Manual group F p2
g B group therapy
g E,_ group
= (X+SS) (X+SS) (X+SS)
PAIN (VAS) Rest Pre-T 3,25+1,34 4,06+1,38 3,561+1,21 1,588 0,216
Post-T 1,97+0,96 1,09+0,88 2,07+0,87 5,666 0,0062
Activity Pre-T 6,90+1,06 7,31+1,08 7,39£1,02 0,976 0,385
Post-T 4,80+1,30 3,64+0,79 5,38+1,35 9,083 0,0002
Night Pre-T 3,58+1,15 4,57+1,89 3,96+x1,04 3,135 0,0532
Post-T 2,65+1,10 1,65+0,72 2,69+0,82 6,841 0,003
Hand Maximum grip at Pre-T 23,70+£7,06 24,47+7,39 21,33+6,33 0,892 0,417
grip elbow extension Post-T 26,55+7,54 28,37+8,17 23,76x7,00 1,493 0,025
strength g
g Maximum grip at Pre-T 21,80+6,88 21,99+7,16 18,64+6,28 1,234 0,301
% elbow flexion Post-T 24,08+7,46 24,89+7,70 22,58+9,51 0,322 0,727
& Painless grip at Pre-T 19,74+6,43 19,35+6,72 16,60+5,57 1,197 0,311
2‘3 elbow extension Post-T 22,22+7,39 25,26+7,60 18,49+6,27 3,635 0,034
% Painless grip at Pre-T 18,53+7,65 17,47+6,65 14,76+5,35 1,38 0,262
3 elbow flexion Post-T 19,68+6,64 23,06+7,12 16,60+5,67 3,942 0,026
Finger g Lateral finger grip Pre-T 3,12+0,76 3,30+0,81 3,16+0,74 0,259 0,773
grip E Post-T 3,99+0,87 4,49+0,97 4,03+0,90 1,453 0,245
Fingertip grip Pre-T 1,93+0,64 1,87+0,59 1,91+0,50 0,05 0,951
Post-T 2,62+0,59 2,74+0,79 2,70+0,76 0,122 0,885
DASH Pre-T 43,94+6,03 45,42+5,65 45,33+5,27 0,343 0,711

Post-T 35,46+5,41 33,53+4,71 35,17+4,47 0,726 0,489

p<0.05; a: F: One-way ANOVA test

Table 4: Differences in variation of measurements between groups

Home program Manual therapy Home program
group group group
- Manual therapy -ESWT group - ESWT group
group
p? p? p?
Rest 0,010 0,023 0,948
Pain Activity 0,021 0,000 0,344
[VAS] Night 0,008 0,006 0,992
Hand Affect Maximum grip at elbow 0,321 0,034 0,343
grip side extension
streng Painless grip at elbow 0,454 0,026 0,309
th extension
Painless grip at elbow flexion 0,316 0,020 0,381
Overall satisfaction 0,204 0,016 0,485
Pfg Health Service 0,001 0,026 0,343

*p<0.05; a: Tukey Post-hoc test
ESWT: Extracorporeal Shock Wave Therapy, VAS: Visual Analog Scale, PSQ-18: Patient Satisfaction Questionnaire Short
Form.
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4. Discussion and Conclusion

The results of this study demonstrate that all groups, the RNSM group as a home program, RNSM
combined with soft and joint mobilization (MT group), and RNSM combined with ESWT (ESWT group),
experienced significant improvements in pain, pain-free grip strength, functional status and patient
satisfaction following three weeks treatment. The MT group experienced significant outcomes for all
variables compared to those receiving only RNSM and ESWT group treatment. The MT group had the
combination of deep friction massage, humeroradial, humeroulnar, proximal and distal radioulnar joint,
and cervical traction, in conjunction with a home program of radial nerve mobilization was determined
to be the most effective treatment method for pain reduction, pain-free grip power, increased
functionality, and patients' overall satisfaction scores. We hypothesized that there would be a
difference in pain, pain-free grip strength, and functionality between the groups' results. Considering
these results, we confirmed the hypothesis of our study.

It has been suggested that inflammation of the extensor digitorum muscle tendons of the wrist causes
reactive synovitis and fibrosis in the annular ligament in LE. The local edema increases the pressure
on the radial nerve [2, 9]. Studies pointed out that the pain level and loss of grip strength will affect the
upper extremity functionality in patients [8-10]. Therefore, the pain level and grip strength are used as
valid tests to evaluate the effect of treatment. Neural mobilization exercises performed on patients with
LE reduce pain by reducing pressure on the neural tissues and providing an appropriate physiological
function range. According to Butler, nerve mobilization increases the nerve's sliding ability and blood
supply, providing healing [10]. On the other hand, different results appear in the literature. Yilmaz et al.
[9] reported that the neuro mobilization technique did not increase grip strength but decreased pain
level. Vilfane et al. [23] suggested that nerve mobilization increases grip strength but found no
significant difference between the groups.

In our study, effective results were obtained in all groups. All three groups in this study were given
nerve mobilization exercises as a home program. Even in the first group that underwent only RNSM, it
was observed that the active nerve mobilization of the patients effectively reduced the pain and
increased maximum grip strength. We believe the mobilization of the radial nerve has increased the
sliding ability of the nerve and decreased the pressure on the nerve and around the tissue. Therefore,
decreased pain level may have increased grip strength.

The effect of MT approaches has been demonstrated in the literature. Studies have recommended
manual therapy alone or as part of multimodal physical therapy interventions in patients with LE
[6,7,14]. Richer et al. [14] suggested that wrist mobilizations were influential in the long and short-term
improvement of pain and functional status. Hoogvliet et al. [7] reported that exercise and joint
mobilization could be applied together with other medial and lateral epicondylitis therapies. Evidence
suggests that mobilization positively affected pain and functional capacity and pain-free maximum grip
strength scores compared to the control group [12,24]. Yi et al. [25] reported a significant difference in
pain reduction with deep friction massage for two weeks compared to the other groups.

Our findings agree with the results of the literature, indicating the effectiveness of MT treatment in LE
patients. As there was a significant reduction in pain and increased maximum grip strength in the MT
group in our study, soft tissue, and joint mobilizations can be considered one of the effective treatment
methods for reducing pain, similar to the literature mentioned above. MT is a complex intervention
involving multiple interactions of complementary mechanisms. It works through biomechanical and
neurophysiological mechanisms [26]. Bialosky et al. postulate that an MT intervention results in
neurophysiological responses within the peripheral and central nervous systems responsible for pain
inhibition [27]. In our study, we proposed that the mobilization of the soft tissue and joints with
combined RNSM may reduce pain and increase functionality through biomechanical and
neurophysiological mechanisms.

There has been increasing in the number of ESWT studies over the years. However, conflicting study
results are seen in the literature. Different application methods and parameters were used in the
studies [22, 28-32]. For this reason, the results of the studies differ, and no definite results can be
given about the effectiveness of shock waves. While some studies report that ESWT is not superior to
the control group [15,28], other studies show that this application is especially effective in healing
inflamed tendon problems [16, 29-31]. Yao et al. [16] compared 501 patients who applied with ESWT
and 534 patients with other methods and reported that the ESWT application effectively reduced pain
and improved finger grip strength. In the comparison of various techniques, one study reported the
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superiority of ESWT application over the laser [29], corticosteroid injection [30], and wrist splint [31].
Haake et al. [15] conducted an active ESWT and placebo study on 30 LE patients. They gave three
treatments weekly and found no differences between treatment groups. Significantly more side effects
like skin reddening, pain, and small hematoma were documented in the active ESWT group than in the
placebo group. In the current study, we performed two ESWT applications a week, for three weeks
and did not see any side effects, and our patients did not report any complaints during or after the
treatment. ESWT group was found to be effective after three weeks in all measurements. However,
when we compared the groups, the MT group was influential in pain, pain-free grip strength, and
patient satisfaction. The MT group experienced significant outcomes compared to those receiving
ESWT, and home program groups. Moreover, there was no statistical significance between the RNSM
and the ESWT groups.

The pain and decreased grip strength in patients with LE can affect functionality. In the current study,
we used the DASH to measure the functionality of the upper extremity. Studies have demonstrated
improvement in the upper extremity function following eccentric exercises [32], and nerve mobilization
exercises [33]. Similarly, in the current study, DASH measurements were significantly decreased in all
three groups after the treatment period. Although there was no statistically significant difference
between groups, the DASH functionality value was found lowest in the MT group following three
weeks treatment. In addition, it was observed that the patient's overall satisfaction levels from the
treatment were higher in the MT group. Patient satisfaction is most often mentioned in healthcare
institution management literature and has become a leading subject examined in the research. In the
current study, patient satisfaction was evaluated with the PSQ-18. The results showed that in the
parameter of “time spent with the healthcare provider,” the values of the MT group were higher than
those of the other two groups. This difference was thought to be due to the longer time spent with the
patient and that touching the patient during the application was influential on the pain and other
values.

Although many medical and conservative methods are used for lateral epicondylitis, there is no
definite consensus about the effectiveness of these treatments. In this study, we aimed to determine
the short-term effects on pain, pain-free grip strength, and functionality of three different approaches
discussed in the literature and to evaluate the superiority of these to each other. This study can be
considered that treatment interventions treating patients with LE were influential in the short term in all
study groups. Comparing the results, MT including soft tissue and joint mobilizations supported with
RNSM, was the most effective treatment protocol in LE treatment. It was thought that there might be
some differences between the groups which did not emerge in the short term but would be seen after
the long-term follow-up. Therefore, there is a need for longer-term follow-up to better understand the
efficacy of these treatment methods.

Limitations of the Study

The patients included in the study had ongoing complaints for 2 -17 months. This range includes
subacute and chronic periods, which could affect the efficacy of the treatment. Also, radial nerve
mobilization exercises given as a home program made follow-up of the patients more difficult.
Although the follow-ups are made with weekly controls, we can say that the exercises may have 5-
10% margin of error as a limitation. Moreover finally, although early results of the treatment were seen,
the follow-up period of 3 weeks can be considered short.

Declaration of Ethical Code

In this study, we undertake that all the rules required to be followed within the scope of the "Higher
Education Institutions Scientific Research and Publication Ethics Directive" are complied with, and that
none of the actions stated under the heading "Actions Against Scientific Research and Publication
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Amag: Bu calismanin amaci probiyotik laktik asit bakterilerine ait hicresiz filtratlarin g6z yizeyinden izole
edilmis olan Listeria monocytogenes, Pseudomonas putida, Pseudomonas stutzeri, Stenotrophomonas
maltophilia ve Staphyloccocus epidermidis’in Urettikleri biyofilm Uzerine antibiyofiim aktivitesinin
arastiriimasidir.

Materyal-Metot: Laktik asit bakterileri olarak Lactobacillus rhamnosus 1743, Lactobacillus
plantarum1771, Lactobacillus rhamnosus 3111, L. rhamnosus KAl ve L. rhamnosus 1724 kullanildi.
Kullaniimadan 6nce hem laktik asit bakterilerinin hem test bakterilerinin safliklar kontrol edildi. Laktik asit
bakterileri hicresiz filtratlari 22um’lik filtreden gegirildi. Hucresiz filtratin antibiyofilm etkisi icin TSB
ortaminda kdltire edilen test bakterileri kuyucuklara dagitildi. Kuyucuklar yikandiktan sonra 570 nm’de
spektrofotometrik olarak optik yogunluga gore biyofilm olusumu degerlendirildi.

Bulgular: Laktik asit bakterilerinden elde edilen hicresiz filtratlarin farkli test bakterilerinde farkh
oranlarda biyofilm olusumunu inhibe ettigi gézlendi. L. rhamnosus KA1'in hiicresiz filtrati test edilen tim
bakterilerin biyofilmlerini ortalama en fazla azaltan filtratti. Laktik asit bakterilerinin filtratlarinin biyofilmi en
cok azalttiklar test bakterisi P. stutzeri 23 CZPX olarak tespit edildi.

Sonug: Probiyotik laktik asit bakterilerinden elde edilen hucresiz filtratlar bakterilerin olusturdugu
biyofilmlerin énlenmesinde yardimci olabilir. Farkli LAB htcresiz filtratlarinin farkli test bakterilerinin

olusturdugu biyofilme etkileri degisebilmektedir. Genis spekturumlu bir LAB hcresiz filtratin tespiti ve
etkinligi icin ileri calismalara ihtiyag vardir.

Anahtar Kelimeler: Hicresiz filtrat, laktik asit bakterisi, probiyotik, biyofilm, parabiyotik
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ABSTRACT
Objective: The aim of this study was to investigate the antibiofilm activity of the acellular filtrates of probiotic
lactic acid bacteria on the biofilm produced by Listeria monocytogenes, Pseudomonas putida, Pseudomonas
stutzeri, Stenotrophomonas maltophilia and Staphyloccocus epidermidis, isolated from the ocular surface.

Material-Method: Lactobacillus rhamnosus 1743, Lactobacillus plantarum1771, Lactobacillus rhamnosus
3111, L. rhamnosus KAl and L. rhamnosus 1724 were used as lactic acid bacteria. The purity of both lactic
acid bacteria and pathogenic test bacteria was checked before use. Cell-free supernatant of lactic acid
bacteria were passed through a 22um filter. For the antibiofilm effect of the acellular filtrate, test pathogenic
bacteria cultured in TSB medium were dispersed into the wells. After washing the wells, biofilm formation was
evaluated spectrophotometrically at 570 nm according to optical density.

Results: It was observed that acellular filtrates obtained from lactic acid bacteria inhibited biofilm formation at
different rates in different test bacteria. The L. rhamnosus KA1 acellular filtrate was the filtrate that reduced
the biofilms of all tested bacteria at most. It was also determined that the filtrates of lactic acid bacteria
reduced the biofilm of P. stutzeri CZPX 23 at most.

Conclusion: Cell-free supernatants obtained from probiotic lactic acid bacteria can help prevent biofilms
formed by bacteria. The effects of acellular filtrates of different lactic acid bacteria on the biofilm formed by
different test bacteria may vary. Further studies are needed for the detection and efficacy of a broad-spectrum
lactic acid bacteria acellular filtrates.

Keywords: Cell-free supernatant, lactic acid bacteria, probiotic, biofilm, parabiotic
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1. Giris

Biyofilm “bir alt tabakaya veya ara ylize ya da birbirlerine geri donlisimsuz olarak baglanan, sahip
olduklar hicre digi polimerik maddelerden olusan bir matriks icine gomulmus hicrelerle karakterize
edilen sabit bir mikrobiyal topluluk” olarak tanimlanmaktadir [1,2]. Biyofilmler mikroorganizmalarin
olusturdugu bir savunma seklidir. Bulasici hastaliklarin yaklasik %65'inin biyofilmle ilgili enfeksiyonlar
oldugu belidenmistir [3]. Biyofiim ve biyofilmle iliskili enfeksiyonlarin varligi géz hastaliklarinda da
g6zlenmektedir. GOz ici lensler, kontakt lensler, sutir materyali, kapak implantlari, soket implantlari,
orbita implantlar ve skleral serklaj materyalleri, punktum tikaclari ve sert ve yumusak kontakt lensler
Uzerinde okuler bakterilerin biyofilm olusturdugu bildirilmistir. Bu durum iyilesme konusunda sorunlara
neden olmaktadir [2,4,5].

Biyofilm olusturarak enfeksiyona neden olan bakteriler arasinda Pseudomonas putida, Pseudomonas
stutzeri, Stenotrophomonas maltophilia, Staphyloccocus epidermidis yer almaktadir [2,6,7]. Biyofilm
olusturan bir baska ajan olan Listeria monocytogenes de konjonktivit, keratit, sklerokeratit, endoftalmi
ve akut koryoretinite neden olmaktadir [8,9].

Bakterilerin, hizla antibiyotiklere direng kazanmasi ve biyofim olusturmasi nedeniyle
mikroorganizmalari kontrol altina almak igin farkli stratejiler gelistiriimistir; bu stratejilerin arasinda
laktik asit bakterilerinin kullanimi da yer alir. Laktik asit bakterilerinin (LAB) antibiyofilm etkileri
gosterilmigtir [10,11]. Laktik asit bakterileri olusturduklari antimikrobiyal bilesikler, bakteriyosinler,
bakteriyosin benzeri maddeler, hidrojen peroksit, laktik asit gibi maddeler nedeniyle mikroorganizmalar
Uzerine antimikrobiyal ve antibiyofilm aktivite gosterdigi diisinilmektedir [12-18].
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Bu galismada probiyotik laktik asit bakterilerinin hilcresiz filtratlarinin L. monocytogenes, P. putida, P.
sututzeri, S. maltophilia, S. epidermidis biyofilmi Gzerine antibiyofilm aktivitesi arastirimistir.

2. Materyal ve Metot

Bakteriler

Probiyotik laktik asit bakterileri (LAB) Lactobacillus rhamnosus 1743, Lactobacillus plantarum 1771,
Lactobacillus rhamnosus 3111, Lactobacillus rhamnosus KA1, Lactobacillus rhamnosus 1724, ve test
bakterileri daha dnce yapilan ¢alismalarda géz ylzeyinden izole edilen ve stoklanan Pseudomonas
stutzeri CZPX 23, Pseudomonas putida CZPX 25-1, Listeria monocytogenes PCA 47
Stenotrophomonas maltophilia 25-1A, S.epidermidis PCA 4-1 Eskisehir Teknik Universitesi Fen
Fakiltesi Mikrobiyoloji biriminden saglanarak kullaniimigtir. Stoktan ¢ikarilan LAB Man, Rogosa, and
Sharpe (MRS) brotha ekilerek 35°C de %5 CO: iceren ortamda 24 saat inkiibe edildikten sonra MRS
agara ekilerek ayni kosullarda inkiibe edilmistir. inkiibasyondan sonra koloni 6zellikleri incelenerek ve
Gram boyama yapilarak morfolojik 6zellikleri incelenerek safliklari kontrol edilmigtir. Test bakterileri ise
beyin kalp inflizyon (BHI) brothta ekilerek 37°C de 24 saat inklibe edilerek aktive edilmis daha sonra
BHI agara ekilerek 35°C de 24 saat inkube edilmis ve kiltirlere Gram boyama yapilarak mikroskobik
olarak safliklari kontrol edildikten sonra kullaniimistir.

Test bakterilerinin biyofilm aktivitesi mikrotitrasyon plaklarinda Stepanovic ve arkadaglarinin belirttikleri
yonteme gore belirlenmistir [19].

Hiicresiz Filtratin Hazirlanmasi

Laktik asit bakterileri MRS brotha ekilerek 35°C de %5 CO: igeren ortamda 48 saat sure ile inkiibe
edilmistir. Daha sonra kiiltirler 15dk +4 derecede 10000 rpm de santrifij edilerek Gst kisimdaki
filtratlarin pH’s1 5.5 ‘a ayarlanmistir. Her bir hiicresiz filtrat 22um’lik filtreden gegirilerek kullaniimistir.

Hucresiz Filtratlarin Antibakteriyel ve Antibiyofilm Aktivitesi

Hucresiz filtratlarin  antibakteriyel aktivitesi agar difiuzyon yontemi ile beliflenmistir. Test
mikroorganizmalari BHI broth icerisinde 35°C'de 24 saat inkiibe edilerek aktive edilmistir. Steril Petri
plaklarina aktif test mikroorganizmalarindan 10® kob/mL olacak sekilde aktarilarak tzerlerine 20 ml 45
°C’ye kadar sogutulmus nutrient agar besiyeri konularak karistiriimis ve agar donduktan sonra agarda
0,8 cm c¢apinda steril mantar delici ile gukurlar agilmistir. Daha sonra ¢ukurlarin dipleri ince bir agar
tabakasi ile kaplanmistir. Her kuyucuga 80 pl hicresiz filtrati aktarilarak 37°C’de 24 saat inklbe
edilerek degerlendirilmistir [20].

Laktik asit bakterilerinin hicresiz filtratinin antibiyofilm aktivitesi icin test bakterileri TSB icerisine
ekilerek 18 saat 35°C’de inklibe edilmistir. Bu kiltirlerden 10 pL (108 kob/ml) ¢ok kuyucuklu ELISA
plaginin kuyucuklarina dagitildi. Uzerine %2 glikoz iceren 140 yL TSB aktarildi. Daha sonra 50 pL
laktik asit bakterilerinin filtratlarindan ilave edildi ve 35°C'de 48 saat inkibe edildi. Bir grup kuyucugu
da kontrol olarak test bakterileri ve TSB eklendi. inkiibasyondan sonra, plakalar bosaltildi ve her bir
kuyucuk, steril fizyolojik tuzlu su ile 3 kez yikandi. Kuyucuklar, 15 dakika 200uL %99 metanol ile
muamele edildi. Bu sure sonunda kuyucuklar bosaltilarak kurumaya birakildi. Daha sonra her bir
kuyucuk, 5 dakika boyunca 200 pL %2 kristal viyole ile boyandi. Bu siire sona erdiginde kuyucuklar
distile su ile yikandi ve kurutuldu. Kurutmadan sonra, kuyucuklara160uL %33 glasiyal asetik asit ilave
edildi ve 570 nm'de spektrofotometrik olarak degerlendirildi. Optik yogunluga (OD) goére biyofilm
olusumu degerlendirildi. Test iki paralel halinde gergeklestiriimistir. Yizde biyofilm giderimi hesaplandi.

- L ODBlank — ODDeney
% Biyofilm giderim = ODBlank x100
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3. Bulgular

Test bakterilerimiz L. monocytogenes PCA 47 ve P. stutzeri CZPX 23 yuksek, S. maltophilia 25-1A ve
S. epidermidis 4-1 orta, P. putida CZPX 25-1 zayif biyofilm olusturan izolatlardi.

Hucresiz filtratlar antibakteriyel etkinlik géstermemistir ancak bakterilerin biyofilm olusumunu degdisen
oranlarda engellemistir (Tablo 1). Probiyotik laktik asit bakterilerinin hlcresiz filtratlari géz ylizeyinden
izole edilen bakterilerin invivo olarak biyofilm olusumunu %98,69-%4,88 oranlarinda inhibe etmistir. En
direncli bakteri S. epidermidis 4-1 olmustur. L. rhamnosus 1743 ve L. rhamnosus 1724’e ait hiicresiz
filtratlan S. epidermidis 4-1’in biyofilm olusumunun artmasina neden olmustur. Laktik asit bakterilerin
hepsinin filtratlan P. stutzeri CZPX 23 biyofilmini %50’nin Gzerinde inhibe etmistir. P. putida CZPX 25-
1 biyofilmi L. rhamnosus 3111 ve L. rhamnosus 312 haricinde %50 Uzerinde inhibisyon saglanmistir.
L. monocytogenes PCA 47 biyofilmini L. plantarum 1771 ve L. rhamnosus KA1 filtratlari sirasi ile
%82,88 ve 91,78 oraninda inhibe etmistir. L. rhamnosus KA1 filtrati S. maltophilia 25-1A %95,95
oraninda inhibe etmisgtir.

Tablo 1: Probiyotik laktik asit bakterilerinin hlcresiz filtratlarinin antibiyofilm aktivitesi

Test bakterilerinin biyofilmlerinin yiizde giderimi (%)

P. stutzeri P. putida S. maltophilia L. monocytogenes  S. epidermidis Ortalama
CZPX 23 CZPX 25-1 25-1A PCA 47 4-1
L. rhamnosus 76,35 77,93 68,32 21,73 -8,58 47,15
1743

L. plantarum 82,06 81,17 82,30 82,88 49,32 75,55
_ 1771
5
E L. rhamnosus 98,69 7,69 41,73 44,71 79,05 54,37
= 3111
N
2]
g L. rhamnosus 80,68 82,83 95,95 91,78 80,52 86,35
2 KAl
£
3 L. rhamnosus 83,08 67,15 9,93 37,29 -6,58 38,17
I 1724
=
©
i L. rhamnosus 58,89 16,33 19,12 63,68 4,88 32,52
5 312
>
Q
E Ortalama 79,96 55,51 52,89 57,01 33,10

Not: Negatif deger biyofilm Uretiminin tetiklendigini géstermektedir.

L. rhamnosus KA1 filtrati test edilen tim bakterilerin biyofilmlerini en fazla azaltan filtrat olmustur.
Laktik asit bakterilerinin filtratlarinin biyofilmi en ¢ok azalttiklar test bakterisi P. stutzeri CZPX 23
olarak tespit edilmigtir.

4. Tartigsma ve Sonug

Bakterilerin biyofilm olusturmasi antibiyotik direncine neden olarak bazi terapétik segenekleri etkisiz
hale getirebilir. Bu durum ise uygun bir tedavi seciminde zorluklara neden olabilir. Biyofilmin yasi ve
matriks bilesimi antibiyotik direng seviyesini etkilediginden, biyofilm duyarliik testleri 6nem
tasimaktadir. Bir monokiiltirde veya diger tirlerle birlikte biyofiimlerin olusumu, enfeksiyonlarin
etyopatogenezi icin énem tasimaktadir. Biyofilm icindeki mikroorganizmalar hem fagositoza hem de
antibiyotiklere karsi artan direng gostermektedir [2,21].

Laktik asit bakterilerine ait hicresiz filtratlar galismada kullandigimiz test bakterilerine karsi
antibakteriyel aktivite gdstermemistir. Bulgularimizin aksine vyapilan c¢alismalarda laktik asit
bakterilerinin hiicresiz filtratlarinin bakterilere kargi antimikrobiyel aktivite gosterdigi bildirilmistir [22-
24]. Forestier ve arkadaslari (ark.) [23] Lactobacillus casei rhamnosus hicresiz filtratinin K.
pneumoniae, Enterobacter cloacae, Pseudomonas aeruginosa, Enferococcus faecalis’in blyimesini
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engelledigini rapor etmislerdir., Muhammad ve ark. [24], L. plantarum’un hicresiz filtratinin L.
monocytogens, Staphylococcus aureus ve Salmonella typhimurium’a karsi antimikrobiyel aktivite
gosterdigini bildirmiglerdir. El-Mokhtar ve ark. [22], L. plantarum izolatlarina ait hiicresiz filtratlarin
¢ogunun L. monocytogenes Uzerine inhibe edici etkisi varken bir izolatin etkisinin olmadigini
bildirmiglerdir. Yine test edilen L. plantarum izolatlarinin yarisina ait hicresiz filtratlarin S. aureus’u
inhibe etmedigini bildirmislerdir. Arastiricilar antimikrobiyal aktivitenin asitlik ile iligkili oldugunu ileri
sirmuglerdir. Calismamiza benzer olarak L. acidophilus hicresiz filtratinin klinik P. aeruginosa
izolatlarinin buyimesini engelleyemedigi bildiriimistir. Arastiricilar bunun hicresiz filtrat iginde bulunan
antimikrobiyel maddelere P. aeruginosa'nin direncini gdstermiglerdir [25] Laktik asit bakterilerinin
antimikrobiyel aktivitesi organik asitler, yag asitleri, hidrojen peroksit, antimikrobiyal peptitler ve
bakteriyosinlerin Uretimi gibi farkli mekanizmalar yoluyla olmaktadir [12-18,24,26] Bulgularin farklihgi
test patojenlerinin farkli kaynaklardan izole edilmis olmasindan kaynaklanabilecedi gibi kullanilan
filtratin yodunlugundan da kaynaklaniyor olabilir.

Laktik asit bakterilerinin hlcresiz filtratlarinin antibiyofilm etkileri son dénemde yapilan ¢alismalarda
gOsterilmistir [27,28]. Fermente palmiye o6zitinden elde edilen Lactobacillus brevis’in hicresiz
filtratinin hem A. baumanii hem E. coli’'nin olusturdugu biofilm Uzerine yuksek inhibitér etkisi oldugu
gorulmustdr [27]. Avokado ve salataliktan izole edilen L. monocytogenes suglarina kargl fermente
misir gevreginden izole edilen Lactobacillus brevis ve hazir L. acidophilus ve Lacticaseibacillus
rhamnosus suslari kullaniimistir. Hicresiz filtratin varhiginin, bu suslarin biyofilm olusum yeteneklerini
azalttigi ve o6nceden olusturulmus biyofilmlerinin bUtunliglinid bozdugu tespit edilmistir [28]. Son
dénemde yapilan bu ¢alismalarda ¢ogunlukla bitkisel kaynakli bakteriler kullanilimistir.

Bizim calismamizda test bakterisi olarak P. stutzeri CZPX 23, P. putida CZPX 25-1, S. maltophilia 25-
1A, S. epidermidis 4-1 ve L. monocytogenes PCA 47 bakterileri kullaniimigtir. Pseudomonas spp. ince,
cubuk seklinde, spor olusturmayan Gram negatif basillerdir. P. stutzeri bir, P. putida bir veya daha
fazla polar flagella nedeniyle hareketli bakterilerdir. Test bakterilerinden P. putida 25-1 dusuk biyofilm
olusturmaktadir. P. putida CZPX 25-1’in biyofilmine karsi en yiksek etki gosteren hicresiz filtrat %83
inhibisyon orani ile L. rhamnosus KA1’e aitti. Yapilan bir galismada P. putida logaritmik biyume fazina
girdikten sonra, uygulanan tetrasiklinin P. putida’nin biyofilm olusumunu doza bagimli olarak gugli bir
sekilde uyardigi gosterilmistir. Tetrasiklin stresine yanit olarak, P. putida’nin biyofilm ile ilgili genlerinin
(lapa) ekspresyon seviyesinin modile oldugu belirlenmistir. Buna bagh olarak hicrenin yapisma
kabiliyetinin arttigi ve sonugta daha saglam bir biyofilm olustugu gézlenmistir. Biyofilm icindeki bakteri
populasyonu bu kosullarda antibiyotikten etkilenmeden hayatta kalmistir. Antibiyotiklerin, biyofilm
olusumu Uzerinde daha glglu bir indUkleyici etki yaptigi rapor edilmistir [29,30]. Bu durum igin
biyofilmlerin inhibisyonu igin alternatif bir yol olarak probiyotik laktik asit bakterileri yararl olabilir. L.
plantarum 1771 ve L. rhamnosus KA1’e ait hlcresiz filtralar bu konuda Umit vaat etmektedir. Ding ve
arkadaslari P. stutzeri’ de, biyofilm olusumunun hiicre digi protein miktari ile ylksek pozitif korelasyon
gosterdigini bildirmislerdir [31]. Bir baska calismada ise ylksek tuz, asidite ve ylksek isiI gibi stres
faktorlerinin P. stutzeri’nin biofilm olusturma etkisini indikledigini tespit etmislerdir [32]. Calismamizda
LAB hdcresiz filtratlarinin en etkili oldugu test bakterisi P. stutzeri CZPX 23 idi. L. rhamnosus 3111’in
hicresiz filtrati P. stutzeri CZPX 23’Un olusturdugu biyofilmi %99 oraninda inhibe etmistir. Benzer
olarak yapilan bir calismada El-Mokhtar ve ark., laktobasillus izolatlarina ait hucresiz filtratlarin P
aeruginosa'nin biyofilm olusumunda hicresiz filtrat dozuna bagl olarak bir azalma gozlemlediklerini
bildirmiglerdir. Ayrica, 24 saatlik biyofilmlere hicresiz filtrat ilavesinde olusan biyofilmin %41 oraninda
bozuldugunu saptamiglardir [22]. Razaei ve ark., lahana tursusundan elde ettikleri Lacticaseibacillus
rhamnosus ve Lactiplantibacillus plantarum suslarinin hiicresiz filtratlarini yiyecek patojeni olan P.
aeruginosa’nin biyofilm olusturma Uzerine etkilerine bakmiglardir. Genel olarak hicresiz filtrat etkisi
altinda kontrol grubuna goére ¢ok daha zayif bir biyofilm gelistigi tespit edilmistir. L. rhamnosus'un P.
aeruginosa biyofilminin olusumu Uzerinde 6nemli bir inhibitor etkisi oldugunu saptamislardir [33].
Jeyenatan ve ark., ortopedik implantlar Uzerinde gelisen P. aeruginosa biofilmine L. acidophilus, L.
plantarum ve Lactobacillus fermentum hiicresiz filtratlarinin etkisini arastirmislardir. Hicresiz filtratlarin
P. aeruginosa’ya karsi yapisma 0Onleyici, anti-biyofilm ve toksik etkileri gérilmustir [34].

Calismamizdaki bir baska test bakterisi ise S. maltophilia 25-1A’dir. S. maltophilia, fermentatif
olmayan, gram negatif bir basildir. Farkh ylzeylere tutunarak biyofilm olusturabilmektedir [35-40]. S.
maltophilia, 6énemli bir firsat¢i okiler patojen olarak ortaya g¢ikmaktadir. Bu organizmanin neden
oldugu enfeksiyonlarin gogu, okiiler bozuklugu olan hastalarda meydana gelir ve karakteristik olarak
S. maltophilia’nin direngli antibiyogrami, tedavi segeneklerini sinirlar. Keratit, konjonktivit gibi okiler
enfeksiyonlar ve katarakt cerrahisi sonrasi endoftalmiye neden olan mikroorganizmalardan biri olan S.
maltophilia kullanilan birgok antibiyotige igsel direng gostermekie ve bu nedenle tedavide bazi
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sikintilar ortaya gikarmaktadir [37-39]. S. maltophilia B-laktamazlar ve diger proteolitik, inaktive edici
proteolitik enzimler Uretir. DNAse, RNAse, elastaz, lipaz, hiyaluronidaz, misinaz ve hemolizin gibi
hicre digi enzimler ile antibiyotikleri etkisiz hale getirir. Ayni zamanda dis membran gegirgenliginde
meydana gelen degisiklikler ve antibiyotikler tarafindan hedeflenen yapilarin modifikasyonu nedeniyle
uygulanan antibiyotikler S. maltophilia’nin inhibisyonunda etkisiz kalmaktadir [35]. Biyofilm icindeki S.
maltophilia‘nin test edilen bir ¢gok antibiyotige duyarhliginin blylk dlglide azaldidi ortaya konmustur.
Ancak levofloksasinin S. maltophilia biyofilm olusumunu inhibe ettigini elektron mikroskobu ile
gOsterilmistir [36]. Calismada test edilen probiyotik laktik asit bakterilerine ait hicresiz filtratlarin S.
maltophilia biyofilmi Gzerine farkli oranlarda inhibe edici etki gosterdikleri belirlendi. L. plantarum 1771
S.maltophilia biyofilmini % 82 oraninda giderirken L. rhamnosus KAL filtrati biyofilmi %96 oraninda
inhibe etmistir. Antibiyotiklere direng gosteren S. maltophilia biyofilminin probiyotik laktik asit bakterileri
ile inhibe olmasi 6nem tasimaktadir. Bu bulgular laktik asit bakteri filtratlarinin S.maltophilia
biyofilminin inhibisyonu ile ilgili ilk bulgulardan biridir.

S. epidermidis 4-1 de calismadaki test bakterilerindendir. S.epidermidis, koagllaz negatif, gram pozitif
kok seklindeki bakterilerdir. S. epidermidis, endoftalmide izole edilen en yaygin patojenlerden biridir.
intraokiiler lenslerden izole edilen S. epidermidis’in biyofilm olusturma potansiyeline sahip oldugu ve
antibiyotiklere de diren¢ gosterdigi vurgulanmistir [2,41,42]. Bu ¢alismada L. rhamnosus 1743 ve L.
rhamnosus 1724’e ait hicresiz filtratlar S. epidermidis 4-1 biyofilminin artmasina neden olmustur.
Buna karsin L. rhamnosus 3111 filtrati %79, L. rhamnosus KA1 %81 oraninda biyofilmi inhibe etmistir.
Frickman ve arkadaglarinin yaptiklari ¢calismada L. rhamnosus hicresiz filtratinin S. epidermidis ve S.
aureus’un biofilmleri Uzerine etkisi izlenmigtir. Bizim calismamiza benzer sekilde L. rhamnosus
hicresiz filtrati S. epidermidis planktonik hticre kulttrleri Gzerinde kullanildiginda, etkili bulunmamigtir.
S. aureus’a karsl ancak hucresiz filtrat miktari 15 katina c¢ikartildiginda pozitif kontrol degerlerinin
altina inmig olarak bulunmustur; S. epidermidis icin tim dozlarda pozitif kontrol ile ya benzer ya da
Uzerinde sonu¢ bulunmustur. Buna karsilik biyofilm Uzerine etkisine bakildiginda, L. rhamnosus
hicresiz filtratinin kullaniimasi, pozitif kontrole kiyasla biyofilmin hem S. aureus icin hem de S.
epidermidis igin biyofilm buylmesinin azalmasina neden oldugu tespit edilmis ancak farkli hiicresiz
filtrat konsantrasyonlari icin degisken ve hatta celigkili etkiler gézlemlenmistir [43].

Calismamizdaki son test bakterisi L. monocytogenes’dir. L. monocytogenes gram pozitif bir bakteridir.
L. monocytogenes enfeksiyonunun en yaygin okuler sekli konjonktivittir. Listeria ile iliskili konjonktivit,
menenjitli hastalarda endojen veya eksojen olabilmektedir. insanlarda listeria ile iligkili keratit ve
endoftalmi vakalari da bildirilmistir. insanda listeria iliskili endoftalmi, karakteristik bir pigmentli
hipopiyon ve ylksek goz ici basinci ile iligkilendirilmistir [44, 45]. L. monocytogenes PCA 47 yiksek
biyofilm olusturan bir bakteridir. L. plantarum 1771, L. rhamnosus KA1l ve L. rhamnosus 312’ye ait
filtratlar sirasiyla %83, %92 ve %64 oranlarinda biyofilmi inhibe etmistir. Calismamiza benzer olarak,
Hossain ve ark. [46], LAB suslari ile birlikte kultirlendiginde L. monocytogenes tarafindan biyofilm
olusumunun baskilandigini géstermistir. Camargo ve ark. [12], L. monocytogenes’in biyofilm
olusumunu Onlemek igin laktik asit bakterilerinin hucresiz filtratlarini  kullanmiglardir. Beraber
verildiginde biyofilm olusumunu engelleyen hicresiz filtratin olusmus biyofiime etkisiz oldugu
gorulmustir. EDTA ile etkinligin artabilecegi ileri surilmuistir. L. acidophilus, Lactiplantibacillus
plantarum ve Lacticaseibacillus rhamnosus suslarinin hicresiz filtratlarinin L. monocytogenes
izolatlarinin biyofilm olusumunu azalttigini ve olgun biyofilmlerini dagittigi belirlenmistir. Arastiricilar,
hiicresiz filtrat varliginda L. monocytogenes'’te biyofilm dizenleyici faktor A (prfA) gen ekspresyonunun
o6nemli dlgude azaldigini ortaya koymuslardir [28].

Laktik asit bakterilerinin hiicresiz filtratlarinin nasil etki ettikleri incelendigi ¢alismalar laktik asit bakteri
filtratlarn icinde bulunan bakteriyosin veya bakteriyosin benzeri maddelerin antibiyofiim aktivite
gOstermis olabilecegi lzerinde durmuslardir [12-18]. Bakteriyosin Ureten L. curvatus ET31in hiicresiz
filtratt G¢ L. monocytogenes susunun biyofilmlerini inhibisyonu agisindan degerlendirilmistir. L.
curvatus ET31'in hicresiz filtrati biyofilm olusumunu engellemis ancak olusmus biyofilm lzerine etkisiz
kalmistir [12]. Laktik asit bakterilerilerinin antibiyofilm aktivitesi bu bakteriler tarafinda olusturulan
biyosirfektanlar ile de ilgili olabilir. Laktik asit bakterileri tarafindan sentezlenen biyosufektanlar
antibiyofilm aktivitesi gosterebilir [13]. L. jensenii ve L. rhamnosus hiicre yiizeylerinden izole edilen
biyosirfaktanlar, 25 ila 100 mg/ml arasindaki konsantrasyonlarda uygulandiginda, yaralarda, tibbi
implantlarda ve endustriyel ylzeylerde siklikla biyofilm olusturan goklu antibiyotik direngliligine sahip
E. coli, S. aureus ve A. baumannii'nin suslarina karsi antibakteriyel, anti-adeziv ve anti-biyofilm aktivite
gOstermistir. A. baumannii hiicre zarina ve S. aureus hiicre duvarina zarar verdigini ortaya ¢ikarmistir.
S.aureus’a karsi antiadeziv aktivite gostermistir [14]. Iki Lactobacillus casei susunun hiicre
yuzeylerinden izole edilen ham biyosurfaktanlar, oral firsatgi S. aureus suslarina karsi gigli yapisma
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Onleyici ve biyofilm 6nleyici maddeler olarak rapor edilmistir [15]. Lactiplantibacillus plantarum’a ait
biyosiirfaktan P. aeruginosa biyofilmini doza bagl olarak inhibe etmistir. Arastiricilar biyosirfektanin
anti-Quorum sensing (Cekirdek algilama) aktivitesi gosterdigini ayrica piyosiyanin, toplam proteaz,
LasA ve LasB elastazda azalmaya neden oldugunu saptamislardir. Cekirdek algilama (QS, quorum
sensing ), virllans faktorleri de dahil olmak Uzere bakterilerdeki gesitli biyolojik 6zelliklerin ifadesini
kontrol etmektedir. QS sistemini etkileyen bilegikler, bakteriyel biyofilmi dnlemek icin potansiyel bir
strateji olarak kabul edilmektedir [47]. Bakteriyosinler, farkli pH konsantrasyonlarinda stabildir ve
bazilar biyofilmleri yok etme yetenekleriyle ilgili olan farkl biyolojik ve fiziko-kimyasal ©zelliklere
sahiptir [16]. Laktik asit bakterilerinin etkisinin nedenlerinden biri de metabolik atik olarak hidrojen
peroksit veya organik asitler Uretmeleri ve maddelerin biyofiimde bulylyen hicreleri gevreleyen
ortamin pH'sinda bir degisiklige neden olarak etkili olmasidir [17]. Ancak bazi kosullarda
calismamizda S. epidermidis 4-1’de goruldigl gibi laktik asit bakteri metabolit Grininden
faydalanabilir veya ondan etkilenmeyebilir [18].

Sonug olarak probiyotik laktik asit bakterilerinin hiicresiz filtratlari biyofilmin dnlenmesinde alternatif
maddeler olarak gorev alabilirler. Ancak biyofilmi olusturan bakterilerin 6zelligine gore etkili olabilecek
laktik asit bakterisi degisiklik gosterebilmektedir. Genis spekturumlu antibiyofilm olarak kullanilabilecek
hicresiz LAB filtratlarinin tespiti ve test edilmesi icin ileri calismalara ihtiyag vardir.

Etik Beyani

Bu calismada, “Yiiksekbgretim Kurumlari Bilimsel Aragtirma ve Yayin Etigi Yénergesi” kapsaminda
uyulmasi gerekli tim kurallara uyuldugunu, bahsi gecen ybdnergenin “Bilimsel Arastirma ve Yayin
Etigine Aykiri Eylemler” bagsligi altinda belirtilen eylemlerden higbirinin gerceklestirimedigini taahhiit
ederiz.
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OZET

Amag: Escherichia coli (E.coli) O157:H7 insan saghdi acisindan 6nemli morbidite ve mortalite
nedenlerinden biridir. E. coli O157:H7’ye bagli enfeksiyonlarin ¢ogunlugu gida kaynakhdir. Bu ¢alismada,
Mersin ilinde tiiketime sunulan ¢ig sutlerde E. coli O157:H7 prevelansinin tespiti amacglanmistir.

Materyal ve Metot: Mersin ilinde cesitli pazar ve bakkallarda satisa sunulan 60 adet ¢ig sut ornegi
incelenmigstir. Her bir sit numunesi steril kaba alinmis olup, soguk zincirde bakteriyoloji laboratuvarina
getirilmigtir. Sut 6rneklerinden 25 ml olacak sekilde alinarak, zenginlestirme islemi icin 225 ml olarak
hazirlanan Triptic Soy Broth'a inokile edilmistir. Zenginlestirme islemi sonrasinda, MacConkey veya
Eozin Metilen Blue (EMB) agara Kkiiltiire edilmistir. Inkiibasyon sonunda tireyen siipheli koloniler IMVIC
testi ile E. coli olarak dogrulandiktan sonra E. coli O157:H7 arastiriimasi igin Sorbitol-Mac-Conkey
(SMAC) agar Uzerine inokile edilmistir. Soyutlanan izolatlar antimikrobiyal diren¢ profilleri agisindan
arastiriimak tzere Clinical and Laboratory Standards Institute (CLSI) kilavuzlarina gore Kirby Bauer disk
difiizyon yéntemi ile antibiyotik duyarhlik testi yapiimistir.

Bulgular: Analize alinan 60 adet ¢ig stt 6rneginin iki tanesinde (%3,3) E. coli 0157:H7 soyutlanmigtir. E.
coli O157:H7 izolatlarinin ampisilin ve kloramfenikole karsi direngli oldugu, gentamisin ve siprofloksasine
ise yalnizca birinin direngli iken diger izolatin duyarli oldugu bulundu. Ayrica her iki izolatin da tetrasiklin,
nalidiksik asit ve sefuroksime karsi duyarli oldugu goruldu.

Sonugc: Cig sit ve sut drunlerinin E. coli O157:H7 icin kaynak olabilecegi ve halk sagligi agisindan risk
teskil edebilecegi sonucuna variimistir.

Anahtar Kelimeler: E. coli, Gig sut, Antibiyotik direnci
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ABSTRACT

Objective: Escherichia coli (E.coli) 0157:H7 is one of the important causes of morbidity and mortality in terms
of human health. Most infections due to E. coli O157:H7 are foodborne. In this study, it was aimed to
determine the prevalence of E. coli O157:H7 in raw milk offered for consumption in Mersin.

Materials and Methods: Sixty raw milk samples sold in various markets and grocery stores in Mersin
provience were examined. Each milk sample was taken into a sterile container and brought to the
bacteriology laboratory in the cold chain. 25 ml of milk samples were taken and inoculated into 225 ml of
Tryptic Soy Broth, which was prepared for enrichment. After enrichment, it was cultured on MacConkey or
Eozin Metilen Blue (EMB) agar. After the suspicious colonies that grew at the end of the incubation were
confirmed as E. coli by IMVIC test, they were inoculated on Sorbitol-Mac-Conkey (SMAC) agar to investigate
E. coli O157:H7. Antibiotic susceptibility test was performed by Kirby Bauer disk diffusion method according to
Clinical and Laboratory Standards Institute (CLSI) guidelines to investigate the isolated isolates in terms of
antimicrobial resistance profiles.

Results: E. coli O157:H7 was isolated in two (3.3%) of 60 raw milk samples analyzed. E. coli O157:H7
isolates were found to be resistant to ampicillin and chloramphenicol, whereas only one isolate was resistant
to gentamicin and ciprofloxacin, while the other isolate was susceptible. In addition, both isolates were found
to be sensitive to tetracycline, nalidixic acid and cefuroxime.

Conclusion: It was concluded that raw milk and dairy products may be a source for E. coli O157:H7 and
pose a risk to public health.

Keywords: E. coli, Raw milk, Antibiotic resistance
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1. Giris

Sit, temel besin bilesenleri ile beslenmede buyik énem tasir [1]. Saglikli bir memeden elde edilen sut,
islenmesi nedeniyle cogalabilen bircok bakteri icerir [2]. Ayrica essiz bilesimi ile sit, bakteri Gremesi
icin mikemmel bir ortam saglar. Bu nedenle tiketim agisindan 6nemli bir bakteriyel enfeksiyon
kaynagidir. Sutte bulunan patojen bakteriler insan saghgini tehdit etmekte olup, antibiyotige direngli
patojen etkenlerinin yayilmasi icin énemli bir vektor olabilir. Patojenik mikroorganizmalar dogrudan
memeden sute yayilabilirken, sagim sirasinda ve sonrasinda ahirdan, havadan, sit sagim cihaz ve
ekipmanlar ile personeller gibi 6nemli kontaminasyon kaynaklari araciligiyla yayilabilir. Sttte bulunan
baslica patojenler: Staphylococcus aureus, Salmonella spp., Listeria monocytogenes, Escherichia coli
ve Campylobacter'dir [3]. Ozellikle E. coli 0157 ve O157:H7 gibi E. coli serogruplari digkidan siit ve
sUt drdnlerine yayilabilir ve ciddi enfeksiyonlara neden olabilir [4]. E. coli, Enterobacteriaceae ailesinde
siniflandirilan Gram negatif, fakiiltatif anaerob bir bakteridir. insan normal florasinin bir lyesi olarak
bagirsagin 6énemli kommensallerinden biri olan E. coli, ¢ogunlukla fekal kontaminasyon ve hijyen
analizleri igin indikator olarak kullanilan mikroorganizmadir [5]. Bununla birlikte, birkag E. coli serotipi,
yeni ortamlara uyum saglamak adina virllans faktorleri kazanimiyla ciddi hastaliklara neden
olmaktadir. insanlarda koliform bakteri grubunda yer alan E. coli genel olarak bagirsak epitel
hiicrelerini etkileyen alti patojenik serotipe sahiptir. Bunlar; enterohemorajik E. coli (EHEC);
enteropatojenik E. coli (EPEC); enterotoksijenik E. coli (ETEC); enteroagregatif E. coli (EAEC);
enteroinvaziv E. coli (EIEC); dir. Bu patojenik E. coli serotipleri arasinda yiiksek viriilansi nedeniyle E.
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coli O157:H7 olarak da bilinen EHEC suslari dusik sayida bakteri ile bile (5-50 arasi bakteri)
enfeksiyon gelisebilmektedir ve bu oran st igerisinde de bulunabilmektedir. E. coli O157:H7, Avrupa
gida glvenligi otoritesi raporuna goére (EFSA, 2009a), endise duyulan baglica E. coli
serotip/serogruplari arasinda yer almaktadir [6]. Dolayisiyla sit ve sut Urtnlerinin elde edildigi
hayvanlardan kaynakli olarak fekal kontaminasyona maruz kalan su ve gida maddeleri, gida givenligi
icin ®nemli bir tehdit unsuru olabilir [5]. Ayrica, tlkemize ailesi ile tatile gelen iki yasinda ingiliz bir kiz
cocugunun, E. coli 0157 enfeksiyonuna bagh olarak gelisen Hemolitik Uremik Sendrom (HUS) ile
bdbrek yetmezligi nedeniyle hayatini kaybetmesi basinda genis yer tuttu [7].

Dunya nifusunun artmasiyla beraber ¢ig sit ve ¢ig sut ile yapilan peynir, tereyadi, dondurma ve kefir
gibi UrGnlere kargsi tiketici talebi de artmaktadir. Dolayisiyla, pastérizasyon yapilmadan hazirlanip
tiketime sunulan pek ¢ok peynir ¢esidi bulunmaktadir. Ginimizde bu drlnlerin tiketimi ile patojenik
mikroorganizmalarin neden oldugu kontaminasyondan kaynaklanan hastalik risklerinin arttigi
gorulmektedir.

Sut ve sut Urlnleri agisindan kontaminasyon gdstergelerinden biri; koliform bakteri grubunda yer alan
E. coli’dir. E. coli’nin yukarida bahsedilen birgok farkli serotipi vardir. Bu serotiplerden E. coli O157:H7
insan sagligr icin énemli morbidite ve mortalite nedeni olmasinin yaninda Onemli bir de gida
patojenidir. Bu etkenin enfeksiyon dozunun da oldukga disik olmasi énemini daha da arttirmaktadir.

E. coli 0157:H7 sulu ishal gibi hafif enfeksiyonlardan hemorajik kolit, hemolitik tiremik sendrom (HUS)
ve trombositopeni gibi adir seyirli olabilen enfeksiyonlara kadar degisiklik gostermektedir [8]. E. coli
0157:H7'nin ciftlik hayvanlarinin bagirsak sisteminde yaygin olarak kolonize oldugu bildiriimektedir.
Son zamanlarda yapilan epidemiyolojik calismalarda E. coli O157:H7'nin baslica tasiyicilarinin stt
sigirlari  oldugu belirtiimistir. Dunya saglik o6rgutinin 2018 raporuna goére E. coli O157:H7
enfeksiyonlarinin gcogunun az pisiriimis et ve pastérize edilmemis sit Urlnleri ile ¢iftlik hayvanlarinin
diskisi ile kontamine olmus sebzelerle iliskili oldugu bildirilmistir [9].

Dolayisiyla bu calismada, pek ¢ok patojen etkenin bulagsmasinda énemli bir rezervuar olabilen ¢ig
sitlerde E. coli O157:H7 prevalansinin tespiti amaglanmistir.

2. Materyal ve Metot

Mersin ilinde halk pazarinda ve bakkallarda tiketime sunulan ¢i§g sut orneklerinden 01.04.2019-
31.05.2019 tarihleri arasinda aseptik kosullar altinda yaklasik 250 ml olacak sekilde steril tasima
kaplarina alinarak soguk zincir altinda Cukurova Universitesi Tip Fakiiltesi, Tibbi Mikrobiyoloji
laboratuvarina getirildi. Steril pastor pipeti ile siit drneklerinden 25 ml alindi ve zenginlestirme islemi
icin 225 ml olarak hazirlanan Triptic Soy Broth'a inokiile edilerek 37°C’de 48 saat inklibe edildi.
Zenginlestirme islemi sonrasinda, MacConkey agar veya EMB agara kiiltire edildikten sonra 37°C’de
48 saat siiresince inkiibe edildi. inkiibasyon sonunda iireyen metalik refle veren siipheli koloniler
IMVIC testi ile E. coli olarak dogrulandi. Ancak akabinde E. coli izolatlarinin tanimlanmasinda IMVIC
testine ek olarak bu bakteriye ait biyokimyasal bazi 6zelliklerinin tespitine olanak taniyan testler
dikkate alinmigtir. Bu kriterler arasinda MacConkey veya EMB agar besiyerinde metalik refle veren
kolonilerin Uremesinin yaninda Triple Sugar Iron agar, Sulfide Indole Motility agar ve sitrat agar
besiyerlerindeki karakterlerinin belirlenmesiydi. E. coli olarak tanimlanan izolatlar sonraki islem
basamaklari icin %20 gliserol iceren saklama besiyerinde -70°C'de saklandi.

E. coli O157:H7 arastiriimasi igin -70°C'de tutulan E. coli izolatlari SMAC agar Uzerine inokule edildi.
37°C'de en az 24 saat inkilbasyon sonunda sorbitol negatif koloniler E. coli O157:H7 olarak
tanimlandi. Sorbitol-negatif koloniler ayrica O157 antiserumu ile dogrulandi [10, 11].

Sorbitol negatif E. coli suslari antimikrobiyal direng profilleri tespiti icin Clinical and Laboratory
Standards Institute (CLSI) kilavuzlarina goére Kirby-Bauer disk diflizyon yontemi ile arastirildi. Bu
amacla; ampisilin (10 pg), gentamisin (10 pg), sefuroksim (30 pg), tetrasiklin (30 pg), siprofloksasin (5
ug), nalidiksik asit (30 pg), ve kloramfenikol (30 pg) (Oxoid, Iingiltere) antibiyotikleri kullanildi.
Sonuglar CLSI (2016) kriterlerine gore yorumlandi. Negatif standart sus olarak E. coli O157: H7 ATCC
43888, pozitif standart sus olarak E. coli 0157: H7 ATCC 43895 ve ATCC 43889 kullanildi.
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3. Bulgular

'Birlesmis Milletler Gida ve Tarim Orgiitli (Food and Agriculture Organization of the United Nations,
(FAQ)) standartlari gbz 6ntnde bulundurularak 60 adet ¢ig st 6érneginin 20’sinde E. coli izole edildi.
izole edilen E. coli izolatlar E. coli'ye ait énemli bir serotip olan E. coli O157:H7 agisindan
incelendiginde ise iki (n=2) izolatin (%3,3) E. coli O157:H7 olarak tespit edildigi gorildi (Tablo 1).

Cig sutte tespit edilen E. coli O157:H7 izolatinin ikisi de ampisilin ve kloramfenikole karsi direncliydi.
Gentamisin ve siprofloksasine ise yalnizca biri direncli iken digeri duyarliydi. Ayrica her iki izolatin da
tetrasiklin, nalidiksik asit ve sefuroksime kargi duyarli oldugu bulundu (Tablo 2).

Tablo 1: Cig sutlerde E.coli O157:H7 varligi

Ornek tipi Ornek Sayisi E.coli 0157:H7 %

Cig St 60 2 %3.3

Tablo 2: Cig sutte tespit edilen E.coli O157:H7 izolatinin Kirby Bauer disk difizyon yontemi ile
antibiyotik duyarlilik sonuclari

Antibiyotikler Duyarli izolat sayisi Direngli izolat sayisi
Ampisilin (10 mg) - 2
Gentamisin (10 mg) 1 1
Sefuroksim (30 mg) 2 -
Tetrasiklin (30 mg) 2 -
Siprofloksasin (5 mg) 1 1
Nalidiksik Asit (30 mg) 2 -
Kloramfenikol (30 mg) - 2

4. Tartigma ve Sonug

Birlesmis Milletler Gida ve Tarim Orgiitii 2015 yilinda, diinya siit Gretiminin 724 milyon tona ulastigini
yayinlamigtir (FAO, 2015) [12]. Dolayisiyla bu oran st Urinleri tiketimi ve ticaretinde muazzam bir
artis oldugu bilgisini de beraberinde getirmistir. Ayrica bu kadar yuksek sut tiketim oranlan sut
kaynakli gida patojenlerinin guvenligi ve kontroli/6nlenmesi halk saghdi igin birincil éneme sahip
oldugunu da gozler 6niine sermektedir. Ciftlik hayvanlari, site gegebilen énemli patojen rezervuarlari
barindirir. Sit ve sut Grunleri ile insan bulasi yUksek olabilen bakteriyel patojenler arasinda Salmonella
spp, L. monocytogenes, S. aureus, Campylobacter spp ve patojenik E. coli dnemli bir yere sahiptir. Cig
slt bu bakteriler icin potansiyel bir biyime ortami saglar [3].

Cig sut agisindan degerli bir diger bilgi ise et ve et Urlnlerinden sonra E. coli O157:H7 enfeksiyonuna
neden olan ikinci 6nemli gida grubunda olmasidir. Cig sut ile ilk E. coli O157:H7 enfeksiyonu 1986
yiinda Amerika Birlesik Devletinde gorilmis olup [13], yine benzer tarihlerde Kanada'da ¢ig sit
tiiketen bir kresteki gocuklarda da rastlanmistir [14]. ilerleyen yillarda ise iskogya'da E. coli O157:H7
ile kontamine pastorize sut tiketen 100 kisinin enfeksiyonuna neden oldudu bilgisine Lancet
dergisinde yer verilmistir [15]. Cig sutlerin bu enfeksiyon etkenine karsi 6nemli bir rezervuar olabilecegi
bilgisinin guin ylzune ¢ikmasindan sonra bu konu hakkinda Ulkemizde ve dunyada pek ¢ok arastirma
yapilmigtir.
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Turkiye’'de st drneklerinde E. coli 0157:H7 prevalansi konusunda; Oksiiz ve ark [16] tarafindan 2004
yilinda ¢ig sit ve peynir érneklerinde %1 ila %4 oraninda; Aslantas ve Yildiz [17] tarafindan 100 ¢ig
siit érneginden 2 (%2)’sinde; Aksu ve ark [18] tarafindan 100 ¢i§ siit drneginin 2’sinde (%2); inat ve
ark [18] tarafindan 2017 yilinda ¢ig inek sitinin 1'inde (%0,66), Akkaya ve ark [20], 100 adet ¢ig sut
orneginden 3’Unde (%3) ve 1 (%1) taze beyaz peynir 6rneginde; Seker ve Yardimci [21] tarafindan
2008 yilinda, 213 ¢ig sut érneginin 3'Unde (%1,4); E. coli O157:H7 tespit ettikleri gortlmustir. Sancak
ve ark [22] ise 2015 yilinda; ¢ig inek sutl 6rnekleri ile gerceklestirdikleri calismada E. coli O157:H7
izole etmediklerini bildirilmigtir. Farkli Ulkelerde gergeklestiriien calismalarda ise; 6rnedin Amerika
Birlesik Devletlerinin farkli eyaletlerinde Padhye ve Doyle [23] 115 ¢ig st érneginden 11 (%10)’inde;
Abdul-Raouf ve ark [24] 50 adet ¢ig sut 6rneginden 3’Unde (%6); Wells ve ark, [25] 23 adet ¢ig sut
orneginden 1’inde (%4,34) Arimi ve ark [26] 2005 yilinda Kenya'da gerceklestirdikleri galismada 264
adet sut 6rneginin ikisinde (%0,76), Dontorou C ve ark [27] 2003 yilinda Yunanistan'da 100 adet
koyun, inek ve kegi sitl 6rneginin birinde (%0,33) ve Reuben A ve ark [28] Kosta rika'da ise 100 ¢ig
st érnegdinin ikisinde (%2) E. coli O157:H7 tespit edildigi géralmastir. Mevcut ¢calismada ¢i§ sitlerde
tespit edilen %3.3 E. coli O157:H7 oraninin yukarida yer verilen calismalarin bazilari ile benzer
birkacindan yuksek birkacindan da disuk oldugu goérulmustir. Etken mikroorganizmanin farkli
prevalanslarda bulunmasi; bdlgesel ve mevsimsel farkliliklar ile st toplama ve sadim alanlarindaki
hijyenik kosullarin farklihgindan kaynaklaniyor olabilecegini gdstermektedir.

Enfeksiyon etkeni mikroorganizmalar stt igerisine memeden direkt bulasabilecedi gibi hayvanin deri
ve mukoz membalarindan, sut sagim aletlerinden, kontamine olabilen sagim kaplarindan, sutlerin
toplandigi tanklardan, biyolojik vektor olarak énemli bir yere sahip olan bdcekler ve kemirgenlerden ve
fiziksel olarak kir ve diskidan da bulagsabilmektedir [20].

Ulkemizin birgok bdlgesinde ¢ig siitten peynir yapma aliskanligi yaygin olarak devam etmektedir. Bu
patojenin ¢ig sltten tlketime sunulan peynirlerde bulunmasi durumunun peynirin c¢esidine, pH
degerine, tuz konsantrasyonuna, laktik asit konsantrasyonuna ve laktik asit florasinin metabolik
aktivitesine bagh oldugu distnidlmektedir [29]. GUnidmuizde ticari olarak da bireysel tlketim amaglh
olarak da hijyen kurallarini géz éninde bulundurmaksizin geleneksel yéntemlerle yaygin olarak peynir
Uretimi ve tuketiminin gerceklesmekte oldugu disinuildiginde tliketime sunulan peynirlerin halk
saghidi agisindan risk tasidigi gortlmektedir [30].

E. coli O157:H7 c¢ig sut orneklerinde disuk yayginlik oranina sahip olmasina ragmen, minimum
enfeksiyon dozunun disik olmasi, hastalik olusturma yeteneginin yuksek olmasi, capraz
kontaminasyon riskinin olmasi, ylksek asiditeye karsi toleransinin yiksek olmasi E. coli O157:H7’nin
hijyen ve halk sagligi agisindan tehdit edici boyutta oldugunu bir kez daha goézler énliine sermektedir
[20]. Ayrica bu patojenin asidik kosullara yiksek uyum saglama yetenegine sahip olmasi ve bu
nedenle fermente sut Urlnlerinde dahi uzun sire canliligini koruyor olmasi hijyen kurallarina karsi
6zverinin daha da arttinimasi gerekliligini gdéstermektedir [31].

E. coli O157:H7 kontamine gida numunelerinde disik miktarlarda bulundugundan, konvansiyonel
yontemlerle teshiste problemler ve sinirlamalar olabilir. Etkenin tespiti icin kultlr testleri ve antijen-
antikor tepkimelerine dayali serolojik testler gibi farkli yontemler kullanilsa da ginimuzde E. coli
0157:H7'nin dogru ve hizli teshisi agisindan altin standart kabul edilen PCR’a dayali molekdiler
tekniklerin kullanilmamasi ¢alismamizin kisithh@ini olugsturmaktadir.

Sonug olarak; bu arastirma ile ¢ig sutlerin E. coli O157:H7 ile bulasinda dnemli bir kaynak olabilecegi
gOsterilmistir. Bu nedenle ¢ig sut ve sit Grtnleri tiketimi ciddi saglik sorunlarina neden olabilmektedir.
Hijyenik olmayan udretim kosullarinin bu patojenin sofralara ulasmasinda Onemli faktérlerden biri
oldugu g6z 6nune alindidinda; ¢ig sut elde edim asamalari agisindan hayvanlarin barindigi yerlerin
hijyeninden baglayarak, 6zellikle sit sagim alet ve kaplarina diski bulagmasinin 6nine gecilmesi,
peynir yapiminda pastérizasyon isleminin 6neminin bilinmesi, ¢apraz kontaminasyon riskinin g6z
onlnde bulundurulmasi gibi ¢i§ sutten sut ve sut drtnlerinin Uretiminden paketlenmesine kadar tim
streclerde 6zen gosterilmesi halk saghgi agisindan oldukga degerlidir. Tim bu kritik sureglerde;
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Tehlike Analizi Kritik Kontrol Noktalari (HACCP) kurallarinin uygulanmasi ile ¢ig sut ve st driinlerinin
kontaminasyon risklerinin dnlenmesi saglanabilir.
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Girig: Rotenon, bir tasiyicidan bagimsiz olarak hucresel membranlan kolayca gecen, lipofilik, genis
spektrumlu insektisit ve pisisit sinifi bir pestisittir. Bu calismada Rotenon’un insan periferik kan
lenfositlerinde DNA Uzerine olan etkisi comet metodu ile dederlendirilmigstir.

Materyal-Metot: Calismada 4 erkek 4 kadin toplam 8 goéndilliden alinan periferik kan lenfositleri Rotenon
ile 10, 50 veya 100 uM olmak Uzere Ug¢ farkli dozda ve her bir doz i¢in 1, 2 veya 4 saat olmak lzere Ug
farkl sirede muamele edilmistir. Comet metodu uygulanmis ve kuyruk DNA yizdesi parametresi DNA
hasarinin gostergesi olarak negatif ve pozitif kontrol gruplari ile istatiksel olarak karsilastiriimistir.

Bulgular: Rotenon uygulamalari inkiibasyon saatine ve doza bagl olarak farkli sonuclar ortaya
koymustur. 10 veya 50 uM Rotenon ile 1 s ve 2 s inkiibasyon uygulanan gruplar negatif kontrol gruplarina
kiyasla DNA hasarinda artisa sebep olmus ancak bu artis istatistiksel olarak anlamli bulunmamistir
(p>0,05). 100 pM doz ile 1 ve 2 s inklibasyon uygulanan gruplar, kontrol gruplarina kiyasla DNA
hasarinda anlamli artisa sebep olmustur (p<0,05). 10, 50 veya 100 pM Rotenon ile 4 s inkibasyon
uygulanan gruplarda negatif kontrol grubuna kiyasla DNA hasarinda anlamli seviyede artis tespit
edilmistir (p<0,05).

Sonugc: Rotenon maruziyeti kisa sireli ve dusuk dozlarda oldugunda DNA hasarinda artis olmakla birlikte
bu artis anlamli degildir. Doz yukseldikge, kisa maruziyet surelerinde de anlamli seviyede DNA hasari

olusmaktadir. Uzun sureli Rotenon maruziyetinde ise doz bagimsiz sekilde anlamh seviyede DNA hasari
gorilmektedir.
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ABSTRACT

Objective: Rotenone is a lipophilic, broad-spectrum, insecticide and piscicide class pesticide that readily
crosses cellular membranes. In this study, the effect of Rotenone on DNA of human peripheral blood
lymphocytes was evaluated by the comet assay.

Material-Method: In the study, peripheral blood lymphocytes taken from 8 volunteers, 4 male and 4 female,
were treated with Rotenone at three different doses as 10, 50 or 100 uM, and for three different time periods
of 1, 2 or 4 hours for each dose. Comet assay was applied and tail DNA percentage parameter was chosen
as measure of DNA damage and statistically compared with negative and positive control groups.

Results: Rotenone applications showed different results depending on incubation time and dose. Groups
incubated with 10 or 50 UM Rotenone for 1 and 2 h caused an increase in DNA damage compared to the
negative controls, but this increase was not statistically significant (p>0,05). There was a significant increase
in DNA damage in the groups that were incubated with 10, 50 or 100 uM Rotenone for 4 h compared to the
negative control group.

Conclusion: When Rotenone exposure is short-term and at low doses, there is an increase in DNA damage,
but this increase is not statistically significant. As the dose increases, statistically significant DNA damage
also occurs in short-term exposures. Long-term exposure to Rotenone, on the other hand, shows significant
DNA damage regardless of dose.

Keywords: Comet assay, DNA damage, Pesticide, Rotenone
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1. Giris

Pestisitler, tarimsal zararlilari engellemek, zararlarini azaltmak ya da kontrol altina almak igin
kullanilan zirai ilaglardir [1]. Tarimsal verimi arttirmak icin 6nemli olsalar da, insanlar ve diger canlilar
icin potansiyel toksisiteleri sebebiyle kullanimlari gesitli sorunlara neden olmaktadir [2]. Saglik
Uzerindeki olumsuz etkileri konusunda tartismalar devam etmektedir. Kanser, solunum yolu
hastaliklari ile immiin sistem ve sinir sistemi bozukluklarina neden olabilecekleri bildirilmistir [3].

Rotenon, Leguminosae familyasina ait Lonchocarpus ve Derris cinsi bitkilerin koklerinden elde edilen
ve dogal olarak olusan, insektisit ve pistisit grubu bir pestisittir [4]. Lipofiliktir ve bu nedenle kan-beyin
bariyeri dahil tim biyolojik zarlari kolaylikla gecger, tasiyicilara ihtiyag duymaz [5]. Rotenon
toksisitesinin mekanizmasi henuiz tam olarak agikhida kavusturulamamistir [6]. Mitokondriyal kompleks
1 inhibisyonuna sebep olarak elektron transferini ve dolayisi ile ATP Uretilmesini engelledigi [7, 8],
ROS aktivitesini tetikleyerek mitokondriyal apoptotik yolaklar aracihidiyla oksidatif hasara ve DNA,
protein ve lipit yapisinda degisiklige neden oldugu belirtiimektedir [9-11]. Bazi arastirmalar ise
Rotenon’un pro-apoptotik etkilerinin kompleks | inhibisyonundan bagimsiz oldugunu, ROS kaynakli
oksidatif stresin kaspaz bagimli apoptotik yolagi indikledigini gostermistir. Ancak Rotenon’un kaspaz
bagimsiz apoptoza da neden oldugu gosterilmistir [12]. DNA hasari; kanser, bagisiklik sistemi
bozukluklari ve nérodejeneratif hastaliklar gibi 6nemli saglik problemlerinin gelisiminde rol oynayabilir
[13]. Dolayisi ile genotoksisite biyobelirtecleri, pestisitlere maruz kalan insan populasyonlarinda
incelenmektedir [14-16]. Saglik risklerinin tespiti icin sitogenetik yontemlerden elde edilen sonuclar,
pestisitlerin etkilerinin ortaya konulmasinda énem tasimaktadir [17] ve pestisitlerin DNA hasarina
neden olabilecedi de gosterilmistir [18, 19]. Rotenon’un noérodejeneratif hastaliklara neden olmasindan
dolayl merkezi sinir sistemi hucrelerinde etkileri hala arastiriimaktadir. Bununla birlikte merkezi sinir
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sistemi Uzerindeki etkilerinin biyolojik olarak izlenmesi, biyolojik materyalin 6rneklenmesindeki
problemlerden dolayi zordur. Bu nedenle, maruz kalma dozu ve stresinin etkisini degerlendirmek igin
aracl hucrelere ve analizlere de ihtiya¢ duyulmaktadir. Dolayisi ile bu g¢alismada, Rotenon’un insan
lenfosit DNA’sina etkisinin ortaya konulmasi amagclanmistir. Bu amagla, farkli konsantrasyon ve
uygulama strelerinde genotoksik etkisinin ortaya konulmasi i¢in, hem in vivo hem de in vitro olarak
farkli hucre tiplerinde DNA hasarini hizli ve guvenilir bir sekilde dlgebilen comet metodu [20, 21]
kullanilarak DNA hasarinin tespiti yapiimistir.

2. Materyal ve Metot

Calisma Dizayni

Siileyman Demirel Universitesi Tip Fakiiltesi Klinik Arastirmalar Etik Kurulundan aragtirma onayi
alinmistir (10.10.2022 tarih ve 284 sayili karar). Gondullilerden bilgilendirilmis onay alinmis ve ¢alisma
“Helsinki Deklarasyonuna” uygun olarak yUratiimastir. Gonudllller icin kati diglama kriterleri
uygulanmistir. Son 6 ayda radyolojik muayene gegirmemis, bilinen hastaligi ya da stirekli ila¢ kullanimi
olmayan ve sigara icmeyen 18—45 yas araliginda 4 erkek ve 4 kadin gondlliiden 15 mL kan alinmis ve
her katilimcinin kani ¢alisma dizayninda yer alan tim gruplar icin kullanilmistir. Gruplar Tablo 1’de
gorulmektedir. Buna goére her grup icin 8 katihmcinin timu degerlendirilmistir. Dozlar ve uygulama
saatleri literatlr taramasi sonucunda secilmistir. Arastirmada kullanilan Rotenon (%95<saf, CAS
N0:83-79-4, MA: 394,42, Sigma-Aldrich, Missouri, ABD) yerel saticilar aracilidi ile temin edilmistir.

DNA Hasarinin Tespiti

DNA hasar tespiti icin comet metodu “OECD in Vivo Memeli Alkalin Comet Metodu Kilavuzu” [22]
uyarinca uygulanmigtir. Kullanilan tim kimyasallar aksi belirtimedigi sirece Merck (Darmstadt,
Almanya) veya Sigma (St. Louis, MO, US) firmalarindan yerel saticilar araciligi ile temin edilmistir.

Gondllilerden heparinize tliplere 15 mL kan alinmis ve bekletmeden comet proseduriine gegilmistir.
Lenfosit ayiraci olarak histopak-1077 kullaniimis ve kanlar ile 1:1 oraninda karistirilarak 2000 RPM’de
20 dk santriftij islemi uygulanmistir. Lenfositler ayri bir tipe alinarak 1:1 oraninda PBS ile karistirimis
ve tekrar 2500 RPM’'de 10 dk santriflij edilmistir. Yikamanin ardindan lenfositler tekrar ayri bir tipe
alinmis %10 FBS iceren RPMI 1640 eklenerek son hacim 1 mL olacak sekilde Rotenon uygulamasina
gecilmistir. Rotenon lenfositlere 3 farkli dozda (10, 50 ve 100 yM) ve her bir doz icin 3 farkl saatte (1,
2 veya 4 s) uygulanmistir. inkiibasyon 37°C’de etiivde yapilmistir. Her inkiibasyon saati icin ayri ayri
internal kontrol gruplarn olusturulmus, hicbir uygulama yapilmayan negatif kontrol ve 100 uM H20:
uygulamasi yapilan pozitif kontrol gruplar karsilastirma igin kullaniimistir. inkiibasyon sonrasinda
hicreler santriflj ile dibe ¢cokturilerek ayriimis ve PBS ile 2500 RPM’'de 10 dk santrifllj edilerek tekrar
yikama yapilmistir. Ardindan tim gruplar 37°C’de 1 s daha inklibe edilmistir. Daha sonra 20 pL hicre
suspansiyonu 100 pL % 0,7’lik disik erime noktali agaroz (LMA, Fisher Scientific, Massachusetts,
ABD) ile karistirimigs ve daha Onceden %7lik normal erime noktali agaroz (NMA, Serva
Electrophoresis, Almanya) ile kaplanmis lamlara yayilmistir. Lamlar taze soguk lizis sollisyonunda
(pH:10, 2,5 M NaCl, 100 mM Naz-EDTA, 10 mM Tris, %10 DMSO ve %1 Triton X-100) karanlkta ve
+4 °C'de 90 dk bekletilmistir. Ardindan elektroforez asamasina gegilmistir. Ornekler taze, buz
soguklugunda elektroforez solisyonunda (pH:13, 300 M NaOH, 1 mM EDTA) karanlikta ve +4°C’de
30 dk bekletilmistir. Daha sonra 25 V (1,02 V/cm) ve + 4°C 25 dk elektroforez islemi uygulanmistir. 25
dk sonunda elektroforez tankindan dikkatlice gikarilan lamlar nétralizasyon soliisyonu ile 3 kez 5 dk
yikanmis ve kurumaya birakilmistir. Kuruma surecinin ardindan o6rnekler preparat basina 20 pL
etidyum bromir ile boyanmis ve karanlik odada floresan mikroskop (Zeiss Imager A1) altinda
goruntulenmistir. Preparat basina 50 hiicrenin fotografi rastgele ¢ekilmistir (Axiocam Icc 1). Fotograflar
OpenComet [23] programi araciligi ile DNA hasarinin tespit edilebilmesi icin analiz edilmistir. Kuyruk
DNA Yuzdesi (TDNAP) parametresi DNA hasarinin géstergesi olarak segilmisgtir.

istatistik Analiz
Elde edilen sonuglar SPSS v20 [24] programinda tek — yonli ANOVA (posthoc Tukey) kullanilarak

istatistiksel olarak degerlendirilmistir. Sonuglar ortalamazstandart hata olarak sunulmus ve p<0,05
anlamli kabul edilmisgtir.
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3. Bulgular

Her preperattan ortalama 50 hucrenin sonucunun rastgele degerlendiriimesi yapildiginda Rotenon ve
H202 uygulamalari (pozitif kontrol) DNA hasarinda internal negatif kontrol gruplarina kiyasla artisa
sebep olmustur (Tablo 1). DNA hasarinda meydana gelen bu artiglarin istatistiksel olarak anlamh olup
olmadiginin tespiti icin saat ve doz uygulamalari tek - yonli ANOVA ile karsilastiriimis ve bazi anlamli
sonuglar elde edilmistir.

Pozitif kontrol gruplari beklendigi gibi ayni inkibasyon siresine sahip gruplardan anlamli sekilde
yiuksek DNA hasarina sebep olmustur (p<0,05). Rotenon uygulamalari ise inklibasyon saatine ve doza
bagli olarak farkli sonuglar ortaya koymustur. Sirasi ile 10 ve 50 uM doz ile 1 s inkibasyon uygulanan
grup 7 ve 8 internal negatif kontrol grubuna (grup 1) kiyasla DNA hasarinda artisa sebep olmus ancak
bu artis istatistiksel olarak anlamli bulunmamistir (p>0,05). Benzer sekilde sirasi ile 10 ve 50 yM doz
ile 2 s inkibasyon uygulanan grup 10 ve 11 internal negatif kontrol grubuna (grup 2) kiyasla DNA
hasarinda artisa sebep olmus ancak bu artis da istatistiksel olarak anlamli bulunmamistir (p>0,05).
Bunun aksine 100 uM doz ile 1 veya 2 s inkiibasyon uygulanan grup 9 ve 12, internal negatif kontrol
gruplarina kiyasla (sirasi ile grup 1 ve 2) DNA hasarinda anlamli artisa sebep olmustur (p<0,05). 10,
50 veya 100 uM dozlar ile 4 s Rotenon uygulanan grup 13, 14 ve 15'de ise internal negatif kontrol
grubuna (grup 3) kiyasla anlamli seviyede DNA hasari tespit edilmistir (p<0,05). Hasar grup 13 ve
14’de benzer seviyede iken grup 15'de bu gruplara kiyasla daha ytksektir. Ancak grup 15'de, grup 13
ve 14’e kiyasla meydana gelen bu artis istatistiksel olarak anlamli degildir (p>0,05). Benzer sekilde 1
ve 2 s inkiibasyon strelerinde de Rotenon uygulama dozu arttikga DNA hasarlarinda artis meydana
geldigi ancak bu artiglarin anlamh olmadigi bulunmustur (p>0,05).

Buna gore Rotenon maruziyeti kisa sureli ve dlstk dozlarda oldugunda DNA hasarinda artis olmakla
birlikte bu artis anlamli degildir. Doz ylkseldik¢e kisa maruziyet slrelerinde de anlamli seviyede DNA
hasari olusmaktadir. Uzun sureli Rotenon maruziyetinde ise doz bagimsiz sekilde anlamh seviyede
DNA hasari gorilmektedir.

Tablo 1. Ortalama kuyruk DNA yiizdesi (DNA hasari) degerleri

Uygulama Siiresi Kuyruk DNA Yuzdesi

Grup Uygulama (Saat) Doz (Ortalam: + Standart
ata)

1 1 - 2,14+0,11
2 (Negatz‘o}i(ontrol) 2 ) 2,610,13
3 4 - 2,79+0,14
4 05 1 100 uM 45,30+1,29 *
5 (Pozitif Kontrol) 2 100 uM 44,36£1,30 ™
6 4 100 uM 41,77+1,35 ***
7 1 10 uM 3,68+0,38
8 1 50 uM 4,62+0,32
9 1 100 uM 6,22+0,46 #
10 2 10 uM 4,32+0,35
11 Rotenon 2 50 uM 4,68+0,33
12 2 100 uM 6,36+0,52
13 4 10 uM 6,43+0,55 ###
14 4 50 uM 6,43+0,39 ##
15 4 100 uM 7,94+0,68 ##

"Grup 1, 7, 8 ve 9 ile karsilastirildiginda istatiksel olarak anlamli (p<0,05);

" Grup 2, 10, 11 ve 12 ile kargllastirildiginda istatiksel olarak anlamli (p<0,05);
" Grup 3, 13, 14 ve 15 ile karsilastirildiginda istatiksel olarak anlamli (p<0,05);
#Grup 1 ile karsilagtiriidiginda istatiksel olarak anlamli (p<0,05);

# Grup 2 ile karsilagtirildiginda istatiksel olarak anlamli (p<0,05);

## Grup 3 ile kargilagtirildiginda istatiksel olarak anlamli (p<0,05)
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4. Tartisma ve Sonug

Pestisitlere maruz kalan insanlar Gzerinde yapilan biyoizleme ¢alismalari, maruziyetin genotoksisite ve
sitotoksisiteye neden oldugunu goéstermektedir [15-17, 25, 26]. Cesitli pestisitlerin Uretiminde galisan
iscilerin periferik kan lenfositlerinde DNA hasari comet metodu ile kesitsel ve uzamsal olarak
degerlendirilmis ve DNA hasarinda artis tespit edilmistir. Pestisit maruziyeti olmadan gegen 6 ayin
ardindan, isgilerin DNA hasarinin kontrole gore halen yiksek oldugu ancak ilk analize kiyasla dnemli
Olciide azaldigi bildiriimistir [16]. Benzer bir calismada tarimsal pestisit maruziyeti ve genotoksik hasar
arasindaki iliski periferik kan érneklerinde comet ve mikronikleus (MN) metotlari ile arastiriimistir.
Tebuconazole, 2,4-D veya cyfluthrin'e yiksek oranda maruz kalan kisilerde genotoksik hasar
seviyelerinde artis goralmustir [15]. En az 1 yil pestisitlere maruz kalan 33 isginin lenfosit DNA hasari
yine comet metodu ile incelenmis, iscilerin DNA hasari, kontrol grubuna gore énemli dl¢ide yuksek
bulunmustur. Bireysel gluvenlik dnlemlerini uygulayan iscilerde ise DNA hasarinin édnemli dlgiide daha
dislk oldugu tespit edilmistir. Pestisitlere maruz kalma siresi ile DNA hasarinin derecesi arasinda
anlamh bir iliski bulunmamistir [17]. Arastirmamizda ise Rotenona maruz kalma slresi arttikca DNA
hasarinda artisin oldudu tespit edilmistir. Ancak c¢alismamiz in vitro olarak yapildigindan arastirilan
maruziyet sureleri, iscilerin pestisite maruz kaldigi sureler ile kiyaslanmayacak kadar kisadir. Buradaki
¢alismalara benzer bircok arastirma bulunmakla birlikte, bircok pestisitin in vivo veya in vitro
genotoksik potansiyeli hakkindaki bilgiler oldukca sinirlidir.

Lenfositler tum dokularda dolagan, kolay elde edilebilen, uzun émurld, in vitro DNA hasarini tespit
etmede siklikla kullanilan hicrelerdir [27, 28]. Calismamizda oldudu gibi lenfositlere in vitro pestisit
uygulayarak genotoksisiteyi arastiran birgok arastirma oldugu gériilmektedir. insan lenfositlerinde
farkli pestisitlerin DNA’ya olan etkilerinin comet metodu ile incelendidi bir calismada, 37°C'de 30 dk
sureyle 10, 50, 100 ve 200 pg/mL dozlarinda inkibasyon uygulanmis ve énemli genotoksik etkiler
g6zlenmistir. 100 ve 200 pg/mL'de dimethoat ve metil parathion; 50, 100 ve 200 pug/mL'de propoksur
ve 200 pg/mL'de pirimicarb, cypermethrin ve permethrinin, DNA hasarini énemli élgclide arttirmistir
[29]. insan lenfositlerinde a-cypermethrin pestisitinin genotoksisitesi, kardes kromatid degisimi (SCE),
kromozomal aberasyon (CA) ve mikroniikleus (MN) testleri ile in vitro olarak incelenmistir. insan
lenfositleri, 24 ve 48 s boyunca 5, 10, 15 ve 20 pg/mL a-cypermethrin ile muamele edilmistir. TUm
konsantrasyon ve sirelerde SCE ve CA’da artis gdzlemlenirken MN sikhgi 5 ve 10 ug/mL dozlarinda
artis gostermistir. Benzer sekilde proliferasyon indeksi, mitotik indeks ve niikleer bélinme indeksinde
onemli 6lglide azalma gorulmustir [30].

Rotenon’un ise merkezi sinir sistemi hlicrelerinde meydana getirdigi hasar detayli olarak arastiriimistir
[31-33]. Ornegin Rotenon’un sigan glioma hiicrelerinden tiiretilen hiicreler olan C6 hiicrelerinde etkisi
4 s inktibasyon ve 0.1, 1 ve 10 yM dozlarinda arastiriimistir. Rotenon hilicre sag kaliminin azalmasina,
serbest radikal olusumuna ve sonugta DNA hasarinda artisa neden olmustur [34]. Buna ragmen
Rotenon’un lenfositlerde doz ve/veya zamana bagl etkilerini ortaya koyan c¢alismalar oldukga sinirhdir.
Rotenon’un, beyinde lipid peroksidasyonunu arttirdidi farkli organlarda ve |6kositlerde DNA hasarinda
artisa neden oldugu bildiriimistir [35]. Bir metabolik aktivator varliginda ve yoklugunda insan lenfosit
kiltarlerinde Rotenon’un farkli dozlarda (0,1, 0,25, 0,50, 1 pg/ml) genotoksisitesi degerlendirilmigtir.
Rotenon’'un MN sikhgini arttirdigi ve hiicre dénglsuniu durdurucu etkiye neden oldugu ancak CA ve
SCE sikhgini arttirmadigi bildirilmistir [36]. Bir diger ¢alismada Rotenon’un, comet ve CA metotlar ile
farkli hiicre dongust asamalarinda yer alan hucrelerdeki genotoksik ve klastojenik etkileri
degerlendirilmistir. Kultirlenmis insan lenfositleri, hiicre dongisunin G1, G1/S, S (1 ve 6s) ve G2
fazlan sirasinda 1, 1,5 ve 2 pyg/mL Rotenon ile muamele edilmistir. Rotenon’un klastojenik etkiye ve
DNA hasarina neden oldugu bildirilmistir [10]. Rotenon’un, nikleer DNA’nin yani sira mitokondriyal
DNA’ya hasar verdigi de bildirilmistir [37].

Bu arastirmadaki veriler, literatirdeki bulgulari desteklemekle birlikte farkli doz/zaman ve hiicre
donglsinden bagimsiz surelerin segilmesi nedeniyle farklilik gostermektedir. Bu ¢alisma, Rotenon’un
doz ve zamana bagl olarak lenfositlerde meydana getirdigi DNA hasarini ortaya koymaktadir. 10 ve
50 uM Rotenon ile 1 s ve 2 s inklibasyon uygulanan grup, kontrol grubuna kiyasla DNA hasarinda
artisa sebep olmus ancak bu artis istatistiksel olarak anlaml bulunmamistir. 100 yM doz ile 1 ve 2 s
inkibasyon uygulanan grup kontrol gruplarina kiyasla DNA hasarinda anlamli artisa sebep olmustur.
Hem doz hem de sure arttikga DNA seviyesinde artis gozlenmekle birlikte anlaml dizeyde artisin
sure bagimh olmasi Rotenon maruziyet siresinin énemini ortaya koymaktadir. 10, 50 ve 100 yM
dozlar ile 4 s Rotenon uygulanan grupta kontrol grubuna kiyasla anlamli seviyede DNA hasari tespit
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edilmistir. Verilerimiz maruziyet slresi arttikga dustik dozlarin da anlamli dizeyde DNA hasarina
neden oldugunu ortaya koymaktadir.

In vitro ve in situ ¢alismalar, Rotenon maruziyetinin genotoksisiteye sebep oldugunu gdstermektedir.
Bu calismada da Rotenon’un doza ve zamana bagl olarak lenfositlerde DNA hasarina neden oldugu
ortaya konulmus ancak bu hasarin molekuler temeli arastirimamistir. Genotoksisitenin engellenmesi
icin Rotenon’un etki mekanizmalarini ortaya koyacak detayl ¢calismalara ihtiya¢c bulunmaktadir.

Etik Beyani

Bu galismada, “Yiksekégretim Kurumlari Bilimsel Aragtirma ve Yayin Etigi Yénergesi” kapsaminda
uyulmasi gerekli tim kurallara uyuldugunu, bahsi gegen ybdnergenin “Bilimsel Arastirma ve Yayin
Etigine Aykiri Eylemler” bagsligi altinda belirtilen eylemlerden hicbirinin gerceklestirimedigini taahhiit
ederiz.
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OZET

Bu calismada Burdur Agiz ve Dis Sagligi Merkezi’'ne basvuran periodontal hastaligi olan bireylerde
Entamoeba gingivalis ve Trichomonas tenax varliginin arastirnimasi amaclanmigtir. Agiz ve Dis Sagligi
Merkezi’'ne Nisan - Kasim 2021 tarihleri arasinda bagvuran ve periodontal hastalidi bulunan 18-80 yas
arasl 46 hasta (30 gingivitis ve 16 periodontitis) ¢alismamiza dahil edilmistir. Hastalarin agiz icindeki
supragingival dental plak ornekleri bir kretuar yardimiyla kazinarak lam Uzerine sirme preparatlar
hazirlanmig, bunlar E. gingivalis yoninden incelemek i¢in Trichrome boyama ve T.tenax yodninden
incelemek igin Giemsa boyama yapilarak isik mikroskobu altinda incelenmistir. Alinan drneklerin
mikroskobik incelemesinde 25 hastada (% 54,34) E. gingivalis tespit edilirken, ©rneklerin higbirinde
T.tenax ile karsilasiimamistir. Cinsiyet, yas, dis fircalama aliskanhgi, sigara kullanimi, sistemik
hastaliklar, antikoagulan ilag kullanimi ve COVID-19 hastaligi ile E. gingivalis varligi arasinda istatistiksel
olarak anlamli bir fark bulunmazken (p > 0,05), egitim durumu ile E. gingivalis varligi arasinda istatistiksel
olarak anlaml bir fark tespit edilmistir. Sonug olarak; agizda yerlesen protozoonlardan E. gingivalis,
yaygin olarak saptanmis olup, yapilacak yeni ¢alismalarla Turkiye'nin farkli bélgelerinde bu parazitlerin
prevalansinin belirlenmesi, korunma ve kontrol yontemlerinin gelistiriimesi gerektigi distinulmustur.
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ABSTRACT

In the present study, it was aimed to determine the presence of Entamoeba gingivalis and Trichomonas tenax
in individuals with periodontal disease who applied to Burdur Oral and Dental Health Center. Forty six patients
with periodontal disease (30 gingivitis and 16 periodontitis) between the ages of 18-80 who applied to the Oral
and Dental Health Center between April - November 2021 were included in this study. Supragingival dental
plague samples in the mouth of the patients were scraped with the help of a scaler. Trichrome staining was
performed to examine the E. gingivalis, Giemsa staining was performed to examine the T. tenax, and samples
were examined under a light microscobe. In the microscobic examination of the samples; E. gingivalis was
detected in 25 patients (54.34 %), while T. tenax was not encountered in any of the samples. While there was
no statistically significant difference betwen gender, age, tooth brushing habbits, smoking, systemic diseases,
use of anticoagulant drugs and the presence of COVID-19 disease and E. gingivalis in the questionnaire (p >
0.05), a statistically significant difference was found between education status and the presence of
E. gingivalis. As a result; one of the protozoans settled in the mouth E. gingivalis, has been detected widely,
and it is thought that the prevalence of these parasites in different regions of Turkey should be determined
and prevention and control methods should be developed with further studies to be carried out.

Keywords: Entamoeba gingivalis, Gingivitis, Periodontitis, Trichomonas tenax
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1. Giris

Periodontal hastaliklar dis destek dokularini etkileyen, tedavi ediimezse dis kaybi gibi olumsuz
durumlarin gorilebildigi, sistemik hastaliklarla da etkilesebilen kronik iltihabi hastaliklardir. Kendi
iclerinde pek c¢ok gesidi olsa da genel olarak ‘Gingivitis’ ve ‘Periodontitis’ olarak siniflandirilirlar. Bu
hastaliklarin etiyolojisi ¢ok ¢esitli olmasina ragmen oral hijyenin k6t olmasi en énemli sebeplerden
sayilabilir [1,2].

Entamoeba gingivalis ve Trichomonas tenax isimli iki parazitin oral paraziter enfeksiyonlardan sorumlu
olabilecegi cesitli calismalar ile gdsterilmistir [3,4,5,6]. E. gingivalis ve T.tenax agiz boslugunda
gorulebilen ve diseti olugundan alinan 6rneklerde tespit edilebilen protozoonlar olup, bulas yollar;
tukrik, damlacik enfeksiyonu, Opusmek veya ortak tabak, catal, kasik, bardak kullanimi vb.
olabilmektedir [7].

E. gingivalis gingival dokuda kolonize olabilen, ortalama 10-30 um boyutunda, yalanci ayaklari olan,
hareketli, sitoplazmasinda sindirilmis bakteri, 16kosit ve epitel hicreleri iceren firsat¢i patojen bir
protozoondur. Cekirdegi icinde kromatin grantlleri bulunur ve bir ¢ekirdek zari ile gevrilidir. Besin
vakuollerinde bulunan sindirilmis I6kositler taninmalarinda yardimci olmaktadir [8,9].

T. tenax ise insan agiz boslugunda yasayan tek kamgili protozoon olup, oral hijyen bakimindan zayif
insanlarin agiz boslugunda goérulir. Ortalama 6,5-10 ym boyutunda ve armut seklindedir. Her iki
protozoonun da kist formu yoktur, trofozoit halde bulunurlar [6,10].

Her iki protozoon da periodontal hastaliklarla iliskilendirilse de, literatir taramasi sonucunda bunlarin
yayginliklanyla ilgili sinirli sayida galisma bulundugu gérilmustir. Bu konuyla ilgili daha fazla galisma
yapilmasinin; bu parazitlerin sebep olduklari hastaliklar, toplumdaki yayiligi ve korunma yoéntemleriyle
ilgili katki saglayacagi dusutnilmektedir. Bu nedenle c¢alismamizda Burdur Adiz ve Dis Saghgi
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Merkezi'ne bagvuran ve periodontal hastaligi olan bir hasta grubunda E. gingivalis ve T.tenax
yayginliginin arastiriimasi amaglanmistir.

2. Materyal ve Metot

Bu galisma igin Siileyman Demirel Universitesi Tip Fakiiltesi Klinik Arastirmalar Etik Kurulu’ndan
23.03.2021 tarih ve 148 sayi ile etik kurul onayi alinmistir.

Bu galismanin kapsamina Burdur AJiz ve Dis Sagligi Merkezi (ADSM)Yne basvuran hastalar
arasindan Periodontal hastaligi (gingivitis ya da periodontitis) olan, oral hijyeni yetersiz ve 18-80 yas
arahgindaki hastalar secilmistir. Burdur ADSM’ye 06.04.2021-12.11.2021 tarihleri arasinda bagvuran
ve periodontal hastaligi bulunan 46 hastadan (16 periodontitis, 30 gingivitis) toplam 92 6rnek
toplanmistir. Calisma kriterlerine uygun olan hastalara ’Bilgilendiriimis Gondlli  Olur Formu’
imzalatiimistir. Ayrica hastanin adi-soyadi, cinsiyeti, yasl, egitim durumu, sigara kullanimi, dis
fircalama aligkanhgi, sistemik hastaliklari, antikoagilan kullanimi, COVID-19 hastaliyi gegirip
gecirmedigi gibi bilgilerin yer aldidi bir soru kadidi uygulanmistir.

Periodontal hastaligin teshisinde gingivitis tanisi icin Klinik Atasman Kaybi (KAK) olmamasi, agiz
icinde en az % 10 bdlgede sondlamada kanama olmasi gibi tani kriterleri kullaniimigtir. Periodontitis
tanisi icin komsu olmayan en az iki diste KAK saptanmasi veya en az iki diste 3 mm ve Ustinde
bukkal ya da oral KAK ve 3 mm uzerinde periodontal cep bulunmasi gibi tani kriterleri kullaniimistir.
Calisma grubundaki 46 hastanin 30’'una gingivitis, 16’sina periodontitis tanisi konmustur.

Orneklerin mikroskobik incelemesi Burdur Mehmet Akif Ersoy Universitesi Veteriner Fakiiltesi
Parazitoloji laboratuvarinda Giemsa ve Trichrom boyama ydéntemlerinden yararlanilarak yapilmigtir.
Hasta agzindaki Ust ¢gene 1. molar dislerin bukkal yuzeyinden (agizda mevcut degilse 2. molar ya da 2.
premolar dislerden) supragingival dental plak érnedi bir kretuar ile kazinti seklinde alinarak iki adet lam
Uzerine yayllmistir. Havada birka¢ dakika kurumasi beklendikten sonra alinan érneklerden biri metil
alkolde 3-5 dakika, digeri ise Schaudinn fiksatifi icerisinde bir saat sure ile fikse edilmistir. Metil alkolle
fikse edilen drnek % 5’lik Giemsa soliisyonu ile 45 dk sure ile; Schaudinn fiksatifi ile fikse edilen diger
ornek ise Masson Trichrome Boyama Kiti ile kit protokoliine uygun sekilde boyanmistir. Boyama islemi
tamamlanan preparatlar immersiyon yagi kullanilarak 1sik mikroskobunun x100 objektifi altinda
E. gingivalis ve T. tenax yoninden incelemeye tabi tutulmustur.

Olympus CX21 model 1sik mikroskobunda incelenen preparatlar Olympus DP26 model kamera ile
mikroskobik dijital fotograflar cekilerek bilgisayar ortamina aktarilmistir. Mikrofotografi icin Database
Manual Cell Sens Life Science Imaging Software System (Olympus Co. Tokyo, Japan) kullaniimistir.

Bu calismada elde edilen mikroskobik sonuglarin ve anket sonuclarinin istatistik analizi IBM SPSS
versiyon 23.0 (IBM Corp., Armonk, NY) kullanilarak yapilmistir. Tanimlayici istatistik olarak sayi,
yuzde degerleri kullaniimistir. Verilerin analizi ki-kare testi ile yapilmis ve p < 0,05 istatistiksel olarak
anlamli kabul edilmisgtir.

3. Bulgular

Trichrome boyama yapilan 46 adet preparatin mikroskobik incelemesinde 25 hastada buyik ve
sitoplazmasinda granuller olan ¢ok sayida E. gingivalis trofozoiti saptanmistir (Sekil 1., Sekil 2.).
Giemsa boyama yapilan 46 preparatin mikroskobik incelenmesi sonucunda ise drneklerin higbirinde
T. tenax’a rastlanmamistir.
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Sekil 2. Periodontitisli bir hastada tipik E. gingivalis trofozoitinin gérinimu (ok), Trichrome boyama, Bar= 10um.

Calismaya katilan 16 periodontitis hastasinin 10’'unda (% 62,5) ve 30 gingivitis hastasinin 15'inde
(% 50) E. gingivalis tespit edilmistir (Tablo 1). Yapilan istatistiksel analizde kisilerin periodontitis ya da
gingivitisli olmalari ile parazit goérilme oranlari arasinda istatistiksel olarak anlamh bir fark
bulunmamistir (p = 0,310). Yirmi ¢ erkek hastanin 11’i (% 47,8), 23 kadin hastanin ise 14’0 (% 60,9)

olmak Uzere toplam 25 (% 54,34) hasta E. gingivalis agisindan pozitif bulunmustur (Tablo 2).

Tablo 1: Periodontal hastaligin tirtine gére E. gingivalis varlig

EG var EG yok Toplam P
Periodontal hastalik
n (%)* n (%)* n (%)*
Gingivitis 15 (50,0) 15 (50,0) 30 (100,0)
0,310
Periodontitis 10 (62,5) 6 (37,5) 16 (100,0)
Toplam* 25 (54,3) 21 (45,7) 46 (100,0)

EG: Entamoeba gingivalis
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Tablo 2: Bazi parametreler ile E. gingivalis pozitifligi arasindaki iligki

Istatistik Pozitif n Negatif n

Parametreler (%) (%) P degeri
. Erkek (n: 23) 11 (47,8) 12 (52,2)
Cinsiyet 0,277
Kadin (n: 23) 14 (60,9) 9 (39,1)
0-19 (n: 2) 1 (50,0) 1 (50,0)
20-29 (n: 8) 2 (25,0) 6 (75,0)
30-39 (n: 9) 7 (77,8) 2(22,2)
Yas grubu > 0,05
40-49 (n: 12) 8 (66,7) 4(33,3)
50-59 (n: 7) 4 (57,1) 3(42,9)
60 Uzeri (n: 8) 3(37,5) 5 (62,5)
. 8 yil ve alti (n: 29) 19 (64,5) 10 (35,5)
Egitim durumu L 0,046
8 yil Gzeri (n: 17) 6 (35,3) 11 (64,2)
Dis firgalama Var (n: 4) 2(50,0) 2(50,0) 0.626
aliskanhg Yok (n: 42) 23 (54,8) 19 (45,2) ’
Sigara kullanma Var (n: 16) 8 (50,0) 8 (50,0) 0.451
aligkanhigi Yok (n: 30) 17 (56,7) 13 (43,3) ’
) ) Var (n: 10) 5 (50,0) 5 (50,0)
Sistemik hastalik > 0,05
Yok (n:36) 20 (55,6) 16 (44,4)
Antikoagiilan Var (n: 3) 1(33,3) 2 (66,7) 0.433
kullanimi Yok (n: 43) 24 (55,8) 19 (44,2) '
Covid-19 gegirmis Evet (n: 5) 1(20,0) 4 (80,0) 0.124
olma Hayir (n: 41) 24 (58,5) 17 (41,5) '

Tablo 1 ve Tablo 2'de goruldagu Uzere; ¢alismada incelenen parametrelerden periodontal hastaligin
tipi, yas grubu, cinsiyet, dis fircalama, sigara kullanimi, sistemik hastalik, antikoagtlan kullanimi ve
COVID-19 gecirmis olma ile E. gingivalis varli§i arasinda istatistiksel olarak anlamh bir fark
bulunmamistir. Buna kargin 8 yil ve alti egitim almis 29 kisinin % 64,5’inde E. gingivalis goérdlmus ve
egitim durumu ile E. gingivalis varli§i arasinda istatistiksel olarak anlamh bir fark tespit edilmistir
(p = 0,046).

4. Tartigma ve Sonug

Mikrobiyal dental plakta hizlica ¢gogalip patojenite gostermeleri nedeniyle, E. gingivalis ve T. tenax’in
periodontal hastaliklarin etiyolojisindeki 6nemi son yillarda daha iyi anlagiimaya baglanmasina karsin
bu patojenlerle ilgili hala sinirli sayida ¢alisma bulunmaktadir [6,10,11].

Ghabanchi ve ark. (2010) tarafindan yapilan galismada tukurik ve diseti sivilar incelenmis; deney
grubunun % 66,7’sinde E. gingivalis, % 33,3’inde T.tenax, kontrol grubunda sadece bir hastada
E. gingivalis tespit edilmistir [4]. Bu ¢alismada ise periodontal hastaligi olan 46 hastadan dental plak
ornekleri alinmis, benzer sekilde E. gingivalis % 54,34 oraninda bulunmustur. Parazitin, agiz boslugu
icerisinde cesitli yerlerde ve biyolojik materyallerde bulunabilecedi anlagiimaktadir.

Ozcelik ve ark. (2010), tarafindan yapilan bir calismada 220 hastadan kretuarla direkt kazinti érnekleri
alinarak bekletiimeden incelenmis, ayrica her hastadan ikinci bir 6rnek alinarak Trichrome boyama
yapiimistir. incelenen érneklerin % 21,8'inde E. gingivalis, % 1’inde T.tenax, % 3,6’sinda her ikisi
birden goriimistir. Boyama yontemi ile direkt mikroskobik baki yontemine gére daha az pozitiflik
saptanmistir. Cinsiyet, yas gruplarn ve sistemik hastalik ile parazit varligi arasinda anlamh bir fark
bulunmazken sigara kullanimi ve dis firgalama aliskanligi ile parazit varligi arasinda istatistiksel olarak
anlamh bir fark bulunmustur [10]. Benzer sekilde Hamad ve ark. (2012), periodontal hastaligin tipi ve
yas gruplari ile parazitin varligi arasinda anlamli bir iliski bulmazken, dis firgalama ve egitim dizeyi ile
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parazit varli§i arasinda istatistiksel olarak anlamli bir fark bulmuslardir [12]. Calismamizda da bu
parazitin varligi ile disik egitim seviyesi arasinda istatistiksel olarak anlamli bir iligki saptanmis olmasi
yukaridaki ¢alismalarin sonuglari ile benzerlik gostermektedir. Bu sonuglara gore, enfeksiyon varligi ile
istatistiksel olarak anlamli bulunan her ¢ parametrenin de kisisel hijyen aliskanligi ile yakindan iliskili
olmasi dikkat ¢ekicidir.

Albuquerque jr ve ark. (2011), yaptiklari ¢alismada dokuzu saglikli olmak Uzere 51 hastanin takarik
ve biofilm 6rneklerini E. gingivalis i¢in sadece direkt mikroskobik baki ile incelemis, T. tenax igin ise
ayrica Giemsa boyama da yapmislardir. Biofilm érneklerinin % 31,37’sinde, tlkrik orneklerinin % 35,
29unda E. gingivalis; biofilm drneklerinin % 22,53'Unde ve tukrik 6rneklerinin % 9,81'inde T. tenax
tespit etmiglerdir [13]. Bu ¢alismada ise 6rnek alinan kisi sayisi yakin olmakla beraber sadece dental
plak Ornekleri Giemsa ve Trichrome ile boyanarak incelenmistir. E. gingivalis gérilme orani daha
yuksek bulunmakla birlikte, T. tenax tespit edilmemistir. Burada tlkiruk, biofilm, dental plak érnegi gibi
birden fazla ve farkli materyallerin incelenmesinin parazit tespiti igin daha saglikli sonuglara ulasma
acisindan 6nemli oldugu anlasiimaktadir.

Giemsa ve Trichrome boyama yontemi kullanilan benzer bir calismada Abualqgomsaan ve ark. (2010),
13’0 saglikh 46 kiside, E. gingivalis ve T. tenax pozitifligini sirasiyla % 19,44 ve % 2,17 olarak tespit
etmisler, bu protozoonlarin dis ve diseti hastaliklarinin patogenezindeki rollerinin daha fazla
arastiriimasinin yararl olacagi sonucuna varmislardir [11]. Bu ¢alismada ise érnek sayisi ayni olmakla
beraber yalnizca periodontal hastaligi olan hastalardan érnek alinmis oldugu igin daha ylksek bir
E. gingivalis pozitifligi tespit edilmis olabilecegdi disunulmustir.

Bir diger calismada E. gingivalis, dental plak 6rneklerinin % 31,6’sinda saptanmis, parazit varhgi ile
periodontal hastaligin tipi, cinsiyet ve yas gruplari arasinda istatistiksel olarak anlamh farkhliklar
bulunmustur [14]. Yazar ve ark. (2016) ise, Kayseri’de periodontitisli ve gingivitisli hastalarda
E. gingivalis yayginligini sirasiyla % 35,5 ve % 32,4 seklinde bulurken, periodontal hastalik tird,
cinsiyet, yas, sigara kullanimi, egitim durumu, sistemik hastalik gibi parametrelerle parazit varligi
arasinda istatistiksel olarak bir fark bulmamiglardir [6]. Bizim ¢alismamizda ise yalnizca egitim durumu
ile E. gingivalis varli§i arasinda istatistiksel olarak anlamli bir fark tespit edilmistir. Daha fazla ¢alisma
yapildikg¢a farkli parametreler ve gesitli predispoze faktorlerin bu firsatgi patojenlerin hastalik olusturma
potansiyelleri izerindeki etkilerinin daha iyi anlasilacagdi distiniimektedir.

Fransa’da yuritlilmuas olan bir galismada ise direk mikroskobik muayeneye ilaveten Polimeraz Zincir
Reaksiyonu tekniginden de yararlaniimig, E. gingivalis % 81 gibi yiksek bir oranda bulunarak,
periodontitis ile baglantisi kesin olarak tespit edilmis ve molekuler tekniklerin daha hassas sonuglar
verdigi gosterilmistir [15].

Periodontal tedavi oncesi ve sonrasi, E. gingivalis ve T.tenax goérilme oraninin arastinldigi bir
calismada, tedavi sonrasi bu parazitlerin tikirikteki gortlme orani istatistiksel olarak anlamli bir
sekilde azalmigken, plaktaki azalma ise anlamli bulunmamistir [8]. Bu durum parazitlerin 6ncelikle
dental plakta ¢cogalip sonra tikulrik salgisina gegis yapiyor olabilecegini diisindirse de, daha detayli
arastirmalar yapilmasi gerekliligini bir kez daha ortaya koymaktadir. Parazitlerin daha iyi taninmasina
yardimci olabilecek bdyle g¢alismalardan birinde Garcia ve ark. (2018), molekiler biyoloji tekniklerini
kullanarak E. gingivalis’in yeni bir alt tipini belirlemigler ve bu alt tipi ‘E. gingivalis ST2, kamaktli variant’
seklinde isimlendirmiglerdir [16]. Calismamizda molekiler biyoloji teknikleri kullaniimadigi igin
orneklerde varyant degerlendirmesi mimkin olmamistir.

Arpag ve Kaya (2020) 40’1 saglikli grup ve 1071’i periimplantitis olmak tGzere 141 katilimci ile yaptiklari
calismada; Saglikli implantlarin ¢evresinden alinan érneklerde parazite rastlamazken, peri-implantitis
vakalarindan alinan o6rneklerin % 30,7’sinde E. gingivalis, % 33,6’sinda T. tenax saptamiglardir.
Ayrica cinsiyet, duslk egitim seviyesi, dizenli dis hekimi ziyareti ve dis fircalama aliskanhg: ile
E. gingivalis varligi arasinda istatistiksel olarak anlamli bir iliski bulmuslardir [17]. Bizim ¢alismamizda
sadece egitim durumu ile E. gingivalis arasinda istatistiksel olarak anlamli bir iliski tespit edilmistir.

Yine bir bagka calismada Rosa ve ark. (2020) periodontal hastaliklar ile her iki parazitin baglantili
oldugu sonucuna varmiglar, ayrica gingivitisli hastalarda periodontitisli olanlara gbére daha yuksek
pozitifik bulmuslardir [5]. Bizim calismamizda periodontal hastaligin tipi ile E. gingivalis varligi
arasinda istatistiksel olarak anlamli bir fark bulunmamistir.
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Bao ve ark. (2020) tarafindan Berlin Universitesi Tip Fakiiltesi Periodontoloji bélimiinde yapilan bir
calisma ise E. gingivalis’in ylksek virulans potansiyelini gdstermesi bakimindan énemli gérilmektedir
[18].

Sadece erkeklerin katildigi bir calismada diseti hastaligi olanlarin % 81,35'inde, saglikli grubun ise
% 50’sinde E. gingivalis tespit edilmistir [19]. Bizim calismamizda calisma grubu olusturulurken
cinsiyet ayrimi yapiimamis, hem kadin hem erkek hastalardan érnek alinmigtir.

Sonug olarak; E. gingivalis ve T. tenax, periodontal hastaliklarin tanisinda g6z éninde bulundurulmali
ve elimine edilmelerine ydnelik tedaviler uygulanmalidir. Epidemiyolojisi ve patojenitesi hakkinda
yeterli bilgi bulunmayan bu protozoonlarin adiz boslugu ile iligkilerinin ortaya konmasi, Turkiye'de yeni
yapilacak galismalarla birlikte prevalansin belirlenmesi, korunma ve kontrol yéntemleri gelistiriimesi
gerektigi muhakkaktir. Agiz boslugunda bulunan protozoonlar ile ilgili var olan veriler daha ¢ok ¢alisma
ile desteklenmelidir. Ayrica kisisel temizlik ve hijyen aliskanligi ile iliskili oldugu cesitli calismalarla
ortaya konmus olan bu ve dider hastalik etkenlerinden korunmak icin toplumsal olarak agiz bakim ve
hijyen aligkanliklarinin gelistiriimesi gerektigi anlagilmaktadir.
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Bu calisma Burdur Mehmet Akif Ersoy Universitesi Bilimsel Arastirma Projeleri Koordinat6rlGgu
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OZET

Amag: Birinci basamak saglik hizmeti sunuculari olan aile hekimleri; kapsamli yaklagimin birinci basamak
saglik hizmetleri igerisinde, kisileri hastaliklara yakalanmadan 6nce tespit etmek ve gereken taramalar
yapmakla gorevlidir. Koruyucu hizmetler igerisinde bulunan ve saglikli nesillerin devamhhgini saglamak
icin yapilmasi gereken evlilik 6ncesi donem taramalari da aile hekimleri tarafindan yapiimaktadir. Bu
galisma, Isparta ilinde calismakta olan aile hekimlerinin evlilik dncesi taramalar hakkinda bilgi ve
tutumlarinin 6grenilmesi, farkindaliklarinin artirilmasi amaciyla yapilimigtir.

Materyal Metot: Kesitsel, tanimlayici analitik ¢alismamiz Isparta ilinde calismakta olan Tim Aile
Hekimlerine 15 Subat — 15 Mayis 2021 tarihleri arasinda ‘Google Forms’ araciligiyla gevrimici e-anket
olarak, kisilerin e- posta adreslerine gonderilerek yapildi. Anket calismasina mevcut ¢alismakta olan 156
aile hekiminden anketlere yanit veren 137 (%87,8) aile hekimi dahil edildi.

Bulgular: Calismamiza katilan hekimlerin %25'i evlilik raporuna onay vermedigi bir durum oldugunu
belirtti. Evlilik raporu verirken istedigi tetkiklerin VDRL (%99,3) hemogram (%97,8), Anti-HIV (%97,8)
oldugu tespit edilip calisma yihinin evlilik 6ncesi rapor vermek icin istenilen tetkikler ile iliskisi anlamli
bulunmamigken (p>0,05) ilgedekilerin bulasici hastalik tetkiklerini anlamli derecede daha ¢ok istedigi
tespit edildi (p<0,001).Tetkikler ise genel olarak il merkezinde cgalisan hekimler tarafindan daha g¢ok
istenirken, hekimlerin %68,6’sI tarama sirasinda istenen tetkiklerin yeterli oldugunu belirtti. .

Tartigma-Sonug: Isparta ilindeki aile hekimlerinin evlilik 6ncesi taramalar konusundaki genel bilgi
dizeyleri iyi olarak gikmis olsa da, evlilik 6ncesi tarama kapsamindaki istenecek tetkiklerin net bir sekilde
dizenlenmesi ve standardizasyonun saglanmasi gerektigi, evlilik Oncesi suregte es adaylarina
verilebilecek danismanlik konularinda hekimlere gerekli egitimlerin donemsel olarak yapilmasina ihtiyac
oldugu ayrica verilecek egitimlerin igeriginde evlilik 6ncesi taramalarinin hekimler agisindan yasal
boyutunun da tekrar vurgulanmasi gerektigi sonucuna ulasildi.

Anahtar Kelimeler: Evlilik éncesi taramalar, Talasemi, Aile Hekimligi
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ABSTRACT

Objective: Preventive care includes premarital screening, which is included in preventive care and is crucial
to ensure the continuation of healthy generations. This study's purpose was to educate and inform family
physicians in the Isparta province about premarital screening.

Material and Metot: Our cross-sectional, descriptive, analytical study was sent to all Family Physicians
working in the province of Isparta using ‘Google Forms' between February 15 and May 15 2021. 137 (87.8%)
family physicians who responded to the questionnaires out of 156 currently working family physicians were
included in the survey study.

Results: Twenty-five percent of the doctors in our study stated they didn't always approve the marriage
report. In terms of pre-marital examinations, VDRL (99.3%), hemogram (97.8%), and anti-HIV (97.8%) were
the most often requested (p>0.05). Residents in the district showed a greater interest in infectious illness
examinations (p=0.001).

Discussion-Conclusion: The premarital counseling that can be given to spouse candidates throughout the
premarital period, and the examinations to be requested within the scope of premarital screening, should be
clearly organized and standardized. The legal component of premarital screening should be emphasized
again in the content of the trainings, it was observed.

Keywords: Premarital Screening, Thalassemia, Family Medicine
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1. Giris

Birinci basamak saglik hizmeti sunuculari olarak aile hekimleri; mevcut risk durumlarinin ortaya
konulmasi amaciyla saglik taramalari yapmakla yukimlidir [1]. Bu taramalar saglikli nesillerin
devamlih@ini saglamak icin ¢ok onemlidir. Ayrica 4721 sayili Tirk Medeni Kanunu’nun 136.
maddesinde ve 18921 sayii 07.11.1985 tarihli Resmi Gazete'de yayimlanan Evlendirme
Yonetmeligi'nde de belirtildigi gibi ciftlerin evlilik 6ncesi muayene ve tetkiklerini yaptirmalari ve sonugta
saglik raporu almalari zorunludur [2].  Unutulmamaldir ki evlilik éncesi hazirlik dénemi, koruyucu
saglik hizmetini yerine getirebilmek ve olasi saglik sorunlarinin dnitine gegebilmek igin taramalarin
yapildigi bir firsattir. Tiirkiye istatistik Kurumu verilerine gére 2020 yilinda 487 bin 270 kisinin eviendigi
g6z 6nlne alinirsa, yilda yaklasik bir milyon kisinin evlilik 6ncesi taramalari yaptirdigi anlasiimakta bu
da aile hekimleri igin firsatin ve sorumlulugun buyukliguna ortaya koymaktadir [3].

Evlilik 6ncesi verilen saglik raporunda, ciftlerden istenilecek tetkikler bolgesel ve hastanin durumu géz
ondne alinarak doktorun kararina bagl olarak farklilik géstermektedir. Saglik raporu verilirken detayl
anamnez alinmali, gerekli muayeneler yapilmali, cesitli enfektif hastaliklar, cinsel yolla bulasan
hastaliklar, genetik gegis olabilecek hastaliklar, ABO ve Rh uyusmazlidi ve psikolojik rahatsizliklar
acisindan gerekli tetkikler yapilarak, engel olan bir durum yoksa rapor verilmelidir [4]. Tetkiklerin
sonucuna gore bazi durumlarda saglik raporu verilememekte ya da ertelenebilmektedir. Mevzuata
gore evlenmeye engel olusturan bulasici hastalik durumlarinda (sifiliz, gonore, sankroid, tiberkiloz,
lepra) tetkik yaptinimasi mecburi olup, aksi halde rapor dizenlenmesi uygun goérilmemektedir.
Evlenmeye engel olusturmayan bulasici hastalik durumlarinda ise (Hepatit B, Hepatit C, HIV (Human
Immunodefficiency Virus)) kisinin rizasina gore hareket edilmesi gerekmektedir [5, 6]. Saglik raporu
verileceginde ciftlere; cinsel yolla’kan yoluyla bulasabilecek hastaliklar, genetik agidan aktarilan
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hastaliklar, kontrasepsiyon ve saglikli cinsel yasam, gebelik durumlari ve cesitli riskler ile ilgili
danismalik da veriimelidir. Calismamizda da bahsedilen konular Uzerinde verilecek danigmalik
hizmetleri birinci basamaktaki firsatlari degerlendirmek adina gok 6nemli oldugundan lIsparta ilinde
calismakta olan aile hekimlerinin raporlarda istedikleri tetkikler, verdikleri danismanliklar hakkinda bilgi
ve tutumlarini 6grenmek ve farkindaliklarini arttirmak amaglanmistir.

2. Materyal ve Metot

Tanimlayici, kesitsel, 6zellikte olan bu ¢alisma; 15 Subat — 15 Mayis 2021 tarihleri arasinda ‘Google
Forms’ aracihidiyla gevrimici e-anket olarak hazirlanip uygulandi. Calisma evrenini Isparta’da il
merkezi ve ilgelerde aile saghgi merkezlerinde galisan 156 aile hekimi olusturmaktadir. Arastirmada
butln evrene ulasiimaya ¢alisildi.

Etik Kurul Onay:

Stileyman Demirel Univeristesi Tip Fakiiltesi Klinik Aragtirmalar Etik Kurul Bagkanligi'ndan 27.11.2020
tarih ve 72867572-050.01.04-638 sayisi ile etik kurul onayi alindi.

Veri toplama araglari

Hekimlerin evlilik 6ncesi yapilan saglik taramalari hakkindaki tutum ve davraniglarini degerlendirmek
icin tarafimizca literatlr taranarak 22 soruluk anket hazirlandi. Anketin ilk blimunde; hekimlerin yasi,
cinsiyeti, medeni hali, meslekteki calisma yili, gorev yeri, aile saghdi merkezine bagli toplam nifuslari,
evlilik raporuna onay verilmeyen ciftlerin olup olmadigi, varsa nedeni ve evlilik dncesi muayene igin
basvuran kisilerden istenilen tetkikler sorgulandiktan sonra diger bélimde hekimlerin evlilik 6ncesi
muayene, taramalar ve danismanlik ile ilgili tutum ve davranislarini élgen sorular uygulandi.

Verilerin Degerlendirilmesi

SPSS 26.0 programi kullanilarak istatistiksel analizler yapildi. Shapiro-Wilk testi ile degerlendirildikten
sonra, Normal dagilan verilerde ortalama * standart sapma; normal dagilmayan verilerde medyan
(IQR), frekans belirten ifadeler sayi ve ylzde (%) olarak verildi. Bagimsiz gruplarda c¢oklu
karsilastirmalarda non-parametrik testlerden Kruskall-Wallis ve Mann-Whitney-U testleri; iki ve daha
fazla kategorik degisken analizi icin ki-kare, gerekli durumlarda Fisher Exact testi kullanildi. %95
guven araliginda p degeri 0.05 ‘in altinda olanlar anlamli kabul edildi.

3. Bulgular

Calismaya 137 aile hekimi katildi. Hekimlerin yas ortalamasi 43,94 + 8,08 (min:27, max:63), % 68,6’sI
(n=94) erkekti. Hekimlerden % 91,2'si (n=125) evli, % 60,6'si (n=83) il merkezinde gdrev
yapmaktaydi. Meslekteki calisma yili ortalamalari 18,85+7,98 (min:1, max:38) olarak saptandi.
Calismaya dahil olan aile hekimlerinin tanimlayici verileri Tablo 1 de detayl olarak verildi.

466



Tablo 1: Calismaya Katilan Aile Hekimlerinin Sosyodemografik Ozellikleri

Ozellikler n %

Cinsiyet

Kadin 43 31,4

Erkek 94 68,6

Medeni Hal

Evli 125 91,2

Bekar 12 8,8

Gorev Yeri

il Merkezi 83 60,6

iige 54 39,4
Ort£SS Ortanca

(Min-Max)
Yas 43,94+8,08 45 (27-63)
Meslekteki ¢alisma yili 18,85+7,98 20 (1-38)

Ankette hekimlere yoneltilen ‘Daha énce evlilik raporuna onay vermediginiz ¢iftiniz oldu mu?’ sorusuna
hekimlerin %24,8’i (n=34) ‘evet’ cevabini verirken, onay vermeme sebebi olarak %6,6’s1 (n=9) ‘bulagici
hastalik’, % 8’ (n=11) ‘mental durum’, % 2,9'u (n=4) ‘psikiyatrik hastalik’, % 2,9'u (n=4) ‘talasemi’, %
2,9'u (n=4) ‘yas’, % 1,4’U (n=2) ‘diger’ (Diger seceneginde ‘test sonuglarinin tekrarini istedim.’, 'Sevk
ettim.” ) olarak belirtti. Gorev yerinin il merkezi ya da ilce olmasi ve c¢alisma siresi ile evlilik 6éncesi
saglik raporuna onay verme durumu (p=0,169, p=0,083) ve onay vermeme sebepleri ( p=0,415,
p=0,238) arasinda anlamli bir fark saptanmadi.

Hekimlerin, evlilik 6ncesi rapor almak igin basvuran ciftlerden en ¢ok VDRL ( Venereal Diseases
Research Laboratory ) tetkikini istedikleri tespit edildi. istenen tetkikler acisindan gorev yerinin il
merkezi veya ilge olmasi arasinda istatistiksel olarak anlamh bir fark bulundu (p<0,001). Hemogram ve
diger istenilen tetkikleri ilgede calisan hekimlerin daha ylksek oranda istedigi, fakat genel olarak
bakildiginda il merkezinde gbérev yapanlarnn ilgcedekilere gére anlamli derecede daha fazla tetkik
istedigi saptandi. Calisma suresi ile istenilen tetkikler arasinda ise istatistiksel olarak anlamli bir fark
saptanmadi (p=0,229). Gorev yerlerine gére anket sorularina verilen yanitlar incelendiginde ise;
“Evlilik dncesi gelen ciftlere kontrasepsiyon agisindan danismanlik veririm.” sorusuna ‘kesinlikle evet’
yanitini veren hekimlerin %37,3'U (n=31) il merkezinde, %31,5'i (n=17) ilgede gdrev yapmaktaydi. I
merkezinde gorev yapmakta olan hekimlerin ilgedekilere kiyasla anlamli derecede daha ylksek
oranda kontrasepsiyon ile ilgili danismanlik verme fikrine sahip olduklari gorildi (p=0,024). Goérev
yerinin diger sorularla karsilastirmasinda anlamli bir fark saptanmadi. “Evlilik dncesi tarama testlerinin
yapilmasi gereklidir.” sorusuna “Kararsizim” yanitini sadece il merkezinde ¢alisanlar, “Hayir” yanitini
ise sadece ilgedeki hekimlerin verdigi gorildi. “Evlilik 6éncesi tarama testleri sadece aile hekimleri
tarafindan yapiimahdir.” sorusuna ve “Yapilan tetkikler yeterlidir.” sorusuna “Kesinlikle hayir’ yanitini
sadece il merkezinde ¢aliganlar vermis olup, diger sorularda bu sekilde belirgin bir ayrim saptanmadi.

Hekimlerin evlilik dncesi muayenede istedikleri tetkiklerin gorev yerine gore degerlendiriimesi Tablo 2
de verilmektedir.
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Tablo2: Hekimlerin Evlilik Oncesi Muayenede istedikleri Tetkiklerin Gérev Yerine Goére
Degerlendirilmesi

il Merkezi iice p*

n % n %

Tetkikler

Kan grubu 65 78,3 37 68,5

Serum demir

diizeyi 69 831 43 796
Total demir

baglama 68 819 44 815
kapasitesi

Ferritin 69 831 42 778
Folik asit 64 771 35 648
B12

64 77,1 34 63

Hepatit paneli 82 98,8 51 94,4

Akciger grafisi 58 6.9 32 593 <0,001
Tiberkiloz

olmadigina dair 74 89 2 25 46.3

rapor ' '

Anti-HIV 82 988 52 963

VDRL 82 988 53 981

Hemogram 80 964 54 100

Hemoglobin

elektroforezi 80 96,4 o1 94,4

Diger
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Hekimlerin %97,8'i (n=134) “Evlilik 6ncesi tarama testlerinin yapilmasi gereklidir.” sorusuna “kesinlikle
evet” ve “evet” yanitlarini verdigi gorulirken, “Evlilik 6ncesi tarama testleri aile hekimleri tarafindan
yapilmalidir.” sorusuna ise aile hekimlerinin %73’G (n=100) “kesinlikle evet” ve “evet "cevabini verdi.
Aile hekimlerinin evlilik 6ncesi taramalarla ilgili tutum ve davraniglarinin dederlendirilmesi Tablo 3 te
verilmektedir.

Tablo 3: Aile Hekimlerinin Evlilik Oncesi Taramalarla llgili Tutum ve Davraniglarinin
Degerlendirilmesi

Kesinlikle Evet Karasizim Hayir Kesinlikle
evet hayir

n (%) n (%) n (%) n (%) n (%)

Evlilik dncesi tarama
testlerinin yapilmasi 110 (80,3) 24 (17,5) 1(0,7) 2 (1,5) 0
gereklidir.

Evlilik dncesi tarama
testleri aile hekimleri
tarafindan
yapilmahidir.

47 (34,3) 53 (38,7) 24 (17,5) 11 (8) 2 (1,5)

Evlilik 6ncesi yapilan
taramalarla bulasici
ve genetik hastaliklar
engellenir. 54 (39,4) 71 (51,8) 7 (5,1) 5 (3,6) 0

Yapilan tetkikler
yeterlidir. 30 (21,9) 64 (46,7) 24 (17,5) 17 (12,4) 2 (1,5)

Evlilik dncesi tarama
icin gelen ciftlerden
yazili/soézlu onam
alinm. 60 (43,8) 58 (42,3) 8 (5,8) 11 (8)

Cinsel yolla bulasan

hastaliklar agisindan
tarama gereklidir. 78 (56,9) 52 (38,0) 4 (2,9) 3(2,2) 0

Cinsel yolla bulasan
hastaliklar igin tedavi
ve danismanhk
hizmeti veririm.

51 (37,29 71 (51,8) 6 (4,4) 9 (6,6) 0

Hastanin

VDRL/HIV/Hepatit

testi pozitif c¢ikarsa

hastanin esine haber 33 (24,1) 34 (24,8) 29 (21,2) 26 (19) 15 (10,9)
veririm.

Hastanin

VDRL/HIV/Hepatit

testi pozitif c¢ikarsa

hastanin esine haber

vermesi i¢in yasal 75 (54,7) 52 (38,0) 8 (5,8) 2 (1,5) 0
kurallari hatirlatirim.
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Hepatit testlerine
gore kisilerin
asilamalarini
yaparim.

53 (38,7) 66 (48,2) 9 (6,6) 9 (6,6)

o

Talasemi
taramasinda siipheli
durumlarda genetik 69 (50.4) 45 (32,8) 12 (8,8) 11 (8)

analiz isterim.

o

Evlilik 6ncesi gelen
ciftlere
kontrasepsiyon
agisindan
danigsmanhik veririm.

48 (35,0) 69 (50,4) 9 (6,6) 11 (8)

Evlilik 6ncesi yapilan
taramalarda
psikiyatrik muayene
gereklidir.

67 (48,9) 51 (37,2) 12 (8,8) 7 (5,1) 0

Cinsiyete gore incelendiginde, “Evlilik 6ncesi tarama igin gelen ciftlerden test dncesi yazili/s6zIi onam
alinrm.” sorusuna kadinlarin %65,1’i (n=28), “Hepatit testlerine goére kisilerin asilamalarini yaparim”
sorusuna ise %58,1'i (n=25) “kesinlikle evet” cevabini verdi. Her iki soruda da kadinlarin erkeklere
gore istatistiksel olarak anlamli derecede daha fazla olumlu yanit verdigi gorildi (p=0,004; p=0,004).
“Kararsizim” yanitini ise her iki soruda da sadece erkekler vermis olasi dikkat ¢ekiciydi “Cinsel yolla
bulasan hastaliklar agisindan tarama gereklidir’ sorusuna verilen yanitlarda kadinlarin anlamli sekilde
daha olumlu yanit verdigi bulundu (p<0,001). “Evlilik éncesi gelen giftlere kontrasepsiyon agisindan
danigsmanlik veririm.” sorusu ile “Evlilik dncesi yapilan taramalarda psikiyatrik muayene gereklidir.”
sorusuna verilen yanitlarda “kesinlikle evet” cevabi kadinlarda anlamli derecede yuksek tespit edilmis
olup (p=0,004; p=0,001), diger sorularla cinsiyet arasinda anlamli fark saptanmadi. “Yapilan tetkikler
yeterlidir.” ve “Hastanin VDRL/HIV/Hepatit testi pozitif cikarsa esine haber veririm.” sorulari haricinde
kararsiz olma ve olumsuz yanit verme orani erkeklerde daha fazla bulundu.

Calisma yilina gore cevaplar incelendiginde ise “Hastanin VDRL/HIV/Hepatit testi pozitif ¢ikarsa
hastanin esine haber vermesi igin yasal kurallar hatirlatinm.” sorusuna 19 yil lzerinde calismig
olanlar anlamli derecede yuksek oranda (%64,9 (n=48)) “kesinlikle evet”’ yanitini vermis iken, ¢calisma
yili 19 ve altinda olanlarin (%50,8 (n=32)) daha ylksek oranda “evet’ yanitini verdigi gorildu
(p=0,022). Diger sorular ile galisma yili arasinda istatistiksel olarak anlaml bir fark bulunmadi.

4. Tartigsma ve Sonug

Aile hekimlerinin birinci basamaktaki gorevlerinden birisi de evlilik éncesi saglik raporu vermek ve
bunun igin gerekli muayene, tetkik, tarama ve danismanlik hizmetlerini yerine getirmektir. Tirk Medeni
Kanunu’nun 136. maddesinde ve Evlendirme Yo&netmeligi'nde de yer aldigi lizere evlenecek ciftlerin
almak zorunda oldugu saglik raporunu verirken yapilan hizmetlerin, giftler ve gelecek nesillerin sagligi
acisindan o6nemi blyUktir [7, 8]. Surekli Tip Egitimi Dergisi 2002 yih basiminda Turk Tabipler
Birligi’nin (TTB) evlilik 6ncesi saglik raporlari ile ilgili toplantisina yer verilmistir. Bu toplantida gerek
psikiyatrik muayene gerekse genetik ve enfeksiyon hastaliklari agisindan zorunlu bir muayene veya
zorunlu tetkik isteminin, tip ahlakina uygun olmadigi belirtimistir. Ruhsal degerlendirmede, kisinin
sOylenenleri anlayabilmesi ve kendi yararini goézetebilmesi, durumunu ayirt edebilir olmasi yeterlidir.
Ancak diger es adaylari tarafindan belirtilecek sikayet, itiraz veya talep olmasi durumunda kiginin
kendi istegi ile bir psikiyatri uzmani tarafindan degerlendirme yapilabilecegi belirtiimistir. Enfeksiyon
hastaliklari agisindan hastanin sikayetleri dogrultusunda siphelenilip, halen yurarlikte olan Umumi
Hifzisihha Kanunu'nun 122. maddesinde goénderme yapilan 17 Agustos 1931 tarihli "Evlenme
Muayenesi Hakkinda Nizamname" nin 4. ve 5. maddesinde kadin ve erkek icin ayri ayri belirtilen
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esaslara uygun olarak muayene yapilmasi, bulgu saptanmazsa kisinin kendi rizasi olmadan herhangi
bir muayene veya tetkik yapilmamasi uygun goértlmastir [9] Anayasanin 20. maddesine gdre "herkes
6zel hayatina ve aile hayatina saygi gdsterilmesini isteme hakkina sahiptir". Bu madde uyarinca Turk
Tabipler Birligi’nin toplantisinda kisileri zorunlu muayene ve tetkiklere tabii tutmak yerine onlarin durum
hakkinda bilgilendirilmesi ve onlarin onayi dogrultusunda test ve muayenelerin yapilmasinin insan
haklarina uygun olan uygulama oldugu belirtiimistir [10]

‘Evlilik 6ncesi tarama testlerinin yapilmasi gereklidir.” sorusuna hekimlerimizin %97,8’i olumlu cevap
vermigtir. Benzer olarak Baris ve arkadaslari tarafindan 2017°de Malatya’da yapilan ¢alismada “Evlilik
Oncesi muayene ve testler bir toplumun daha saglikli olmasini saglayan bir stire¢ oldugundan zorunlu
olmasinin gelecek nesiller icin faydali oldugunu dusunuyorum.” ifadesine hekimlerden %84,9’u ‘evet’
cevabini vermis olup, hekimlerin blyUk bir gogunlugu muayene ve testleri gerekli gérmektedir. Ayni
calismadaki “Turkiye’deki mevcut hukuki dizenlemeler bu zorunlu muayene ve testler yerine evlilik
oncesi aile hekimlerinin kisilere danismanlik yapmasi seklinde olursa insan haklarina daha uygun
olacaktir.” ifadesini ise hekimlerin %54,6's1 ‘evet’ seklinde yanitlamistir. Bu sonug¢, ¢odu hekimin
zorunlu muayene ve test yerine danismanlik olmasini etik olarak daha uygun buldugu fakat zorunlu
muayene ve testlerin faydasini da g6z ardi edemediklerini ortaya koymaktadir [10]. “Evlilik 6ncesi
tarama testleri aile hekimleri tarafindan yapilmaldir.” sorusunu hekimlerin %730 olumlu olarak
yanitlamistir. Fakat muayene ve danismanlik sonunda verilen saglik raporunun aile hekimlerine
6nemli bir sorumluluk ylUklemesi ve gerektiginde diger bolimlere danisiimasi gerekliligi gibi nedenlerle
bazi hekimlerin bu konuya katilmadigini digindirmektedir.

“Evlilik éncesi yapilan taramalarla bulasici ve genetik hastaliklar engellenir.” sorusuna hekimlerden
%91,2’si olumlu yanit vermistir. Hemoglobinopatilerin fazla goérildigu Ulkemizde verilecek genetik
danismanligin etkin olmasi, bulasici hastaliklarin tespiti ve tedavisinin mimkin olmasi, Rh
uyumsuzlugunun gebelikte anne ve c¢ocuk igin yaratabilecegi sorunlarin da ¢ézUmuUinin muimkidn
olmasi hekimlerimizin ¢ogunlugunun olumlu yanit vermesine sebep olabilmektedir. Talasemi
tasiyicilarinin laboratuvar tetkikleri sonucu saptanip, danismanlik verilerek engellenebilir bir hastalik
oldugu bilinmesine ragmen gosterilmistir ki her yil diinyada 60.000 ve Uzerinde talasemili bebek
diinyaya gelmektedir [11]. Ulkemizde de yapilan evliliklerin %24’Uniin akraba evliligi oldugu ve halen
onlne gecgilemeyen bu durumun sebep oldugu bazi genetik hastaliklardaki artis g6z Onilne
alindiginda, bu konuda verilen danismanhdin énemsenmedigini disindidrmekte ve bu durum
yorumlarimizi desteklemektedir [12].

Ankette yer alan ‘Daha 6nce evlilik raporuna onay vermediginiz ciftiniz oldu mu?’ sorusuna hekimlerin
%24.,8'i ‘evet’ cevabini vermistir. En sik saptanan onay vermeme sebebi mental durumdan siphe
edilmesi olmustur. Akil saghginin dolayisiyla ayirt etme giclinin olmayigi yasalarda da belirtildigi
Uzere evlenmeye engel bir durum oldugu icin hekimlerin onay vermemesi beklenen bir sonugtur.
Bulasici hastalik segenegi kapsaminda onay verilmeme sebebi olarak Sifiliz ve HIV cevaplar
verilmistir. Umumi Hifzisthha Kanunu’'nda da belirtildigi gibi sifiliz evlenmeye engel bir hastalik olup
hekimlerin yaklasimi dogru olarak degerlendiriimektedir [5]. Fakat verilen cevaplarda bulunan HIV
pozitifligi, yasal olarak evlenmeye engel degildir. HIV nedeniyle gelisen AIDS (Acquired Immune
Deficiency Syndrome) tablosunun o6limcul boyutlara ulasabilmesi, hem es adayr hem de sahip
olunabilecek cocuklar agisindan risk olusturabilecedi icin hekimler rapor vermeme nedeni olarak
gosterebilmektedir. Bulasici hastaliga sahip kisilerin sevk edilip, ilgili bélimden onay alinmasi
gerekebilmektedir. HIV, Hepatit B/C gibi hastaliklarin ilerleyisi, komplikasyonlari ve dolayisiyla tedavi
slresi ongorilemeyecedi icin bu hastaliklara sahip olan kisilere evlilik icin saglik raporu verilip
veriimemesi konusunda yasal diizenlemeler getirilmeli ve standardize edilmelidir. Talasemi tasiyiciligi
evlenmeye engel olmamasina ragmen genetik tetkikler agisindan hekimlerin ilgili kisileri bir st
basamaga sevk ettigi, bu sebepten dolayl onay vermedikleri tespit edilmistir. Hekimlerin “Evlilik dncesi
saghk raporu almak igin basvuran ciftlerden hangi tetkikleri istiyorsunuz?” sorusuna verdigi
cevaplarda; VDRL, hemogram ve Anti-HIV testlerinin en ¢ok istenen tetkikler oldugu saptanmistir.
Barig tarafindan 2017°’de Malatya’da 152 hekim ile yapilan bir galismada benzer sekilde en ¢ok
istenen 3 tetkik; “hepatit paneli, Anti-HIV ve VDRL “olarak belirtilmistir [12]. Mevzuatta evlilige engel
olan bulasici hastaliklar arasinda sifilizin de bulunmasi ¢alismamizda en c¢ok istenen tetkikin VDRL
olmasini agiklamaktadir. Talasemiden siiphelenilebilmesi icin basit bir test olan hemogramin ve kisinin
kendisi, diger es aday! ve ¢ocuklar agisindan énemli morbidite ve mortalite riski tasidigi icin tespit ve
tedavi edilebilmesi gereken AIDS hastaldi igin anti-HIV testinin digerlerinden fazla istenmis olmasi
beklenen bir sonugctur. Ulkemizde ilk defa 1985 yilinda goriilen HIV enfeksiyonunun yillar iginde
katlanarak artmasi ve 2018 yilinda vaka sayisinin 21.520’ye ulasmasi bu hastaligin taranmasinin
gerekliligini gozler 6niine sermektedir[13].
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Calisma yilinin istenilen tetkikler Gzerinde anlamli bir etkisi bulunmazken, gorev yerinin anlaml bir
etkisi oldugu tespit edilmistir. il merkezinde bulunan hekimlerin, ilgede calisanlara gére daha fazla
tetkik istedikleri gorilmektedir. Tetkik isteme ve c¢alisiima durumlarinin il merkezinde daha kolay
olmasi nedeniyle bu farkliigin ortaya cikabilecedi dusiinilmektedir. istenen tetkiklerin farklilk
goOstermesinin, kilavuzdaki kanunen zorunlu olan durumlarin haricinde degerlendiriimesi gereken
kisimlarin hekime birakilmasi kaynakli oldugunu diasundirmektedir.

Evlilik 6ncesi tarama icin gelen ¢iftlerden yazili/s6zlG onam alinm.” ifadesini hekimlerin %86,1’i “olumlu
olarak cevaplamistir. Tibbi etik agisindan hastalarin 6zerkligine saygi gosterilmesi gerekliligi ve
aydinlatiimis onam almanin saglik galisanlarinin etik ve hukuki sorumlulugu oldugu dusunuldaginde
hekimlerimizin bu cevabi vermesi beklenmektedir [14]. 2017°de Baris tarafindan Malatya’da yapilan
c¢alismada hekimlere tetkik istemeden dnce kisilerden onay alip almadiklari sorulmus, benzer sekilde
katihmcilarin %71,1’i evet yanitini vermistir [11].

“Hastanin VDRL/HIV/Hepatit testi pozitif ¢ikarsa hastanin esine haber veririm.” ifadesini hekimlerin
%48,9 u olumlu olarak cevaplamistir. Aile hekimleri, evlilik dncesi suregte bahsi gecen hastaliklarla
ilgili tetkik yaptiriimak istenmediginde veya testler pozitif ¢iktiginda eger pozitif gikan taraf bunu diger
es adayina sdylemek istemezse de kisiye hastaliginin sdylendidine dair teblig- tebellig belgesi almak
ve hasta kisiye esi ile ilgili yasal sorumluluklarini hatirlatmak zorundadir. Yani es adayina kisinin izni
olmadan test sonucu hakkinda bilgi vermekle degil, test yaptirmak/sonu¢ bildirmek istemeyen kisinin
bunlari istemedigini bildirmekle yukimltdir [13]. Ayrica Anayasa’nin 20. Maddesinde “6zel hayatin ve
aile hayatinin gizliligine dokunulamayacag ve herkesin kigisel verilerin korunmasini isteme hakkina
sahip oldugu” agikga belirtilmistir [15]. Ancak Turk Medeni Kanunu 150, maddeye gére “2. Davacinin
veya altsoyunun saghgi igin agir tehlike olusturan bir hastalik kendisinden gizlenmigse” eslerden digeri
evliligin iptali icin dava acabilir [16]. ] Bu nedenle bahsi gegen enfeksiyon hastaliklarinin bildiriminin
zorunlu olmasi fakat bildirildigi takdirde anayasaya aykiri davranilip hak ihlali yapilacag ikilemi,
hekimlerimizin kararsiz kalma sebebi olabilmektedir. 2017 yilinda Baris tarafindan Malatya’'da yapilan
c¢alismada yer alan “Ciftlerden birinde zihrevi hastalik tespit edildiginde bu durum sizce hasta olan
esin rizasi aranmaksizin diger ese sOylenmeli midir?” sorusuna katilan hekimlerin %42,1'i “evet”,
%44,1'i “hayir” cevabini vermigtir [11]. Bizim ¢alismamizda dider ese haber verme taraftar olanlarin
oraninin, bu calismadakilerden daha fazla oldugu saptanmistir. “Hastanin VDRL/HIV/Hepatit testi
pozitif ¢cikarsa hastanin esine haber vermesi i¢in yasal kurallar hatirlatinm.” ifadesine hekimlerden
%92,7 si olumlu yanit vermistir. Cogu hekimin olumlu yanit vermesi aile hekimi olarak yasalara uygun
sekilde yukumlaliklerin yerine getirilmesi gerektigini ortaya koymaktadir. Ancak hekimlerin yasalar ve
vicdanlarn arasinda kalmaya zorlanmayacaklari sekilde, bireyin mahremiyetini yok saymadan karsi
tarafin saghgini korumaya yonelik yeni yasal diizenlemelere ihtiyag oldugu da asikardir.

“Evlilik 6ncesi gelen ciftlere kontrasepsiyon agisindan danismanlik veririm.” ifadesine hekimlerden %
85,4 U olumlu yanit vermistir. Es adaylarinin evlilik stirecinde saglikli bir cinsel yasam surdurebilmeleri,
sahip olacaklari ¢ocuk veya ¢ocuklarin zamanina ve sikligina karar verebilmeleri, cinsel yolla bulasan
hastaliklarin’larin éntine gecilebilmesi ve sahip olunacak ¢ocuklarda herhangi bir hastalik durumunun,
stk dogumdan dolay! olabilecek dusuklerin, istenmeyen ¢ocuk sahibi olma durumunda yapilacak
kiretajlarin ve bu durumlardan kaynaklanabilecek komplikasyonlarin 6nine gegilebilmesi
kontrasepsiyon yontemleri ile mUmkin olabilmektedir. Her yil dinya capinda yaklasik 73 milyon
isteyerek kirtaj gerceklesmektedir. istenmeyen tim gebeliklerin 10'undan altisi (%61) ve tim
gebeliklerin 10'undan 3'G (%29) isteyerek duslkle sonuglanir. Evli kadinlarin %53’Unin daha fazla
cocuk istemedigi, %14’Unln ise sonraki ¢ocuk igin en az 2 yil beklemek istedigi, halen evli olan
kadinlarin  %12’sinin  karsilanmamis aile planlamasi ihtiyaci oldugu bilinmektedir [17]. Artan
kontraseptif ydontem kullanimi ve halen daha kullanima ihtiya¢ oldugu bu verilerle anlasilmakta ve bu
durum verilecek danismanligin 6énemini artirmaktadir. Kirici ve arkadaslarinin 2020’de Adiyaman’da
yaptidi calismada, arastirmaya katilan kadinlarin %95,2’sinin aile planlamasi danismaninin ilk énerdigi
yontemi tercih ettigi saptanmis ve yontemlerin etkinligi ve yan etkileri konusunda verilen danismanhgin
kadinlarin uygun yontemi segmesini kolaylastirabilecedi sonucuna ulasiimistir [18]. 2020 yilinda
Gaziantep’'te Mutlu tarafindan yapilan tez calismasinda ise katilimcilardan %80,4’Gnin ebe-
hemsirelerden, %36’sinin hekimlerden danismanlik aldigi tespit edilmistir [19]. Oztas ve arkadaslarinin
2015'te Ankara’da yaptigi bir calismada saglik personeli 6nerisiyle kontraseptif ydntem kullanim orani
%64,7 olarak saptanmis, kadinlardan %26,1’inin plansiz gebeligi oldugu ve %6,1’inin ise kontraseptif
yontemler hakkinda bilgisinin olmadigi anlasiimistir [20]. Bunlar ve literatirdeki diger ¢alisma sonuglari
verilen danismanhidin énemini ve danismanliga duyulan ihtiyaci gdstermektedir.

“En ¢ok “Kararsizim” cevabi verilen soru “Hastanin VDRL/HIV/Hepatit testi pozitif cikarsa hastanin
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esine haber veririm.” olmustur. Bu konunun hekimler arasinda en ¢ok tartigilan, hekimlerin vicdani ve
kanun arasinda en ¢ok kaldiklari, kanunlarla net aciklik getirilemeyen bir konu oldugu bilinmektedir. Bu
konuda verilecek egitimler net bir tutum sergilemek agisindan énemlidir. intiyag duyulan konular kesin
bir sekilde belirlenmeli ve bu konular Gzerinde eksiklikler belirlenerek egitimde deginilecek konular
bunlara gére yeniden olusturulmalidir.

Evlilik 6ncesi taramalarin koruyucu hekimlik yapilabilmesi agisindan bir arag olarak goéraldigu agiktir.
Hekimlerin godunlugunun taramalari ve bu taramalar sonucunda gerekli tedavi ve danismanlik verme,
asllama, ileri tetkik isteme gibi davraniglari gerekli gérmelerine ragmen gerekli gdérmeyenlerin az
oranda da olsa mevcut olusu ve onay vermeme sebepleri gdéz dnine alindiginda, bu durum bazi
hekimlerde bilgi eksikliginin olabilecegini dusindirmuastir. Bu sebeple evlilik dncesi taramalarin
kapsami ve tetkik sonuglarina gére yapilmasi gerekenler ve rapor dizenleme konusunda bilgi ve
deneyim eksikliklerini giderecek sekilde uygun egitimlerin verilmesi ve yasal dizenlemelerin yapilmasi
Onerilebilir.

Etik Beyani

Bu calismada, “Yiksekégretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yénergesi” kapsaminda
uyulmasi gerekli tim kurallara uyuldugunu, bahsi gegen ybdnergenin “Bilimsel Arastirma ve Yayin
Etigine Aykiri Eylemler” basligi altinda belirtilen eylemlerden higbirinin gerceklestirimedigini taahhiit
ederiz.
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ABSTRACT

Objetive: The aim of the study was to develop thymol thermosensitive in situ gels based on poloxamers in
order to prolong dental contact time, control drug release, and enhance dental bioavailability.

Materials and Methods: Poloxamer 188 (P188) and poloxamer 407 (P407) were used in varying amounts to
designed the in situ gels. Mucoadhesive excipient, like hydroxypropyl methylcellulose (HPMC), was
transferred to the in situ gels to improve the formulation's ability to adhere to biological surfaces. For the
created formulations, in vitro drug release, pH, clarity, and sol-gel transition temperature were all evaluated.

Results: The all of in situ gels gelation temperatures of the developed formulations range from 33 to 37°C, pH
values are around 7, and syringeability is defined as the amount of force necessary to discharge each
formulation from a syringe fitted with a 20-gauge needle. The quantities of P407 and HPMC with the
preparations, decreasing in vitro burst release while also increasing the viscosity but every in situ gel
formulation releases for six hours.

Conclusion:The results show that in situ gels containing P407 and P188 show promise for thymol dental
application.
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OZET

Amag: Bu calismanin amaci, dental temas siresini uzatmak, ila¢ salimini kontrol etmek ve dental
biyoyararlanimi arttirmak igin poloksamerlere dayali timol yUkli in situ jel formilasyonlari gelistirmektir.

Gerec¢ ve Yontem: in situ jellerin tasariminda Poloksamer 188 (P188) ve Poloksamer 407 (P407) farkli
oranlarda kullaniimigtir. Jelin biyolojik yuzeylere yapisma yetenegini gelistirmek icin formulasyonlara
hidroksipropil metilseliloz (HPMC) gibi muko-yapiskan bir yardimci madde eklenmistir. Olusturulan
formulasyonlar icin in vitro ilag salimi, pH, berraklik ve sol-jel gegis sicakligi degerlendirilmistir.

Bulgular: Gelistirilen formilasyonlarin jellesme sicakliklari 33 ila 37°C arasinda oldugu, pH degerlerinin
yaklasik 7 oldugu ve 20 numaral igne ile siringalanabilir oldugu goérilmastir. Preparat igerisindeki, P407
ve HPMC miktarlari ylkseldikge, in vitro patlama salim azalirken ayni zamanda viskozitenin arttidi tespit
edilmistir, batln in situ jel formdlasyonlarinin alti saat sire ile salim yaptidi belirlenmigtir.

Sonugc: Sonuglar, timol iceren P407 ve P188 in situ jellerin timol dis uygulamasi igin umut verici oldugunu
gOstermektedir.

Anahtar Kelimeler: Timol, Poloksamer, in Situ Jel, Dental llag Tasiyici Sistemler, Hidroksipropil metilseliiloz
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1. Introduction

Up to 90% of people worldwide are affected by periodontal diseases, which are quite frequent. The
least serious type of periodontal disease, gingivitis, is a nondestructive periodontal condition brought
on by bacterial biofilm that grows on teeth close to the gingiva. The most typical indications of gingivitis
are bleeding, sore, or swollen gums as well as bad breath.

Although gingivitis may be treatable, if it isn't treated, it can progress into a serious form of periodontal
disease that can obliterate the connective tissue and bone that support the teeth, resulting in tooth
loss in adults [1]. Periodontitis has been linked to infectious endocarditis, cardiovascular illness,
diabetes mellitus, respiratory problems, and poor pregnancy outcomes.

Various approaches are often used to treat periodontal disorders, namely the use of systemic
antibacterial and anti-inflammatory medications [2]. However, prolonged use of systemic medications
has possible risks, such as superimposed infections and resistant strains [3]. The interest in finding
novel anti-infective natural compounds originating from plant origin increased as many prevalent
infections developed growing resistance to treatment medicines already in use. In light of this, thymol
has intriguing properties for oral treatment. Thymus, Origanum, and Saturejaare, plants that contain
thymol and carvacrol, have long been utilized, particularly in the treatment of a variety of medical
ailments [4]. In diverse locations of the eastern Mediterranean, Thymus pectinatus (Lamiaceae) grows
wild [5]. Thymol is the most common monoterpene phenol found in Thymus sp. voletile oils [6-8]. It
possesses appropriate organoleptic qualities for oral administration as well as antibacterial [9, 10] and
antioxidant [11] capabilities. It is volatile and only very little soluble in water. Through the avoidance of
considerable gut and first pass metabolism and the extension of drug residency at the site of action,
local thymol delivery to the mouth cavity has the potential to maximize its local impact. Thus, a highly
promising method for treating periodontitis can be achieved by locally injecting thymol into a system
while maintaining its chemical stability and improving its solubility.
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The use of in-situ gel formulations, which first administer medications in a liquid dosage form before
forming strong gels at the delivery site to prolong the time that the active ingredient remains in the
body, is currently a novel method for doing so [3]. Thermosensitive systems, such as pluronic, have
been investigated as an appropriate dosage form for injection into dental pockets among in-situ gelling
polymers. In addition, semisolid formulations containing mucoadhesive polymers as carbopol,
polycarbophil, and hydroxypropyl methylcellulose (HPMC) have been suggested to enhance contact
intimacy and lengthen the dose form's stay in the periodontal pocket [12].

In this study, thymol in-situ gels were created and evaluated as a local medication delivery system for
treating periodontitis in pockets. These formulations included a thermosensitive polymer, " poloxamer
407 (P407) and poloxamer 188 (P188)," as well as a mucoadhesive one, " (HPMC)." The developed
formulations were designed to stabilize thymol in order to ensure its effectiveness over the whole
application period. In order to improve clinical efficacy and patient compliance, such formulations
combine the benefits of simple administration, decreased frequency of administration, and prolonged
drug release.

2. Material and Method

A phosphate buffered saline (PBS) tablet, hydroxypropyl methylcellulose (HPMC) (4K), pluronic
(poloxamer) 407 (P407) and pluronic poloxamer 188 (P188) were all received from Sigma in
Steinheim, Germany.

Plant material

Thymus pectinatus specimens were gathered in Erzincan in 2021 and verified by Prof. Dr. Ali
Kandemir of the biology department of Erzincan Binali Yldrm University's Faculty of Science and Art.
The dried aerial parts of T. pectinatus were chopped into little pieces and powdered in a mill after
drying in the shade.

Isolation procedure

The dried aerial parts of T. pectinatus (650 g) were hydro-distilated for 4 hours in 2 L of water using a
Clevenger-type equipment with a water-cooled oil receiver to stop the formation of artifacts as a result
of hydrodistillation overheating. The volatile oils were collected, dried over anhydrous sodium sulfate
(Merck), and kept at refrigrator 4-6 °C. The volatile oils (5 mL) which was dissolved hexane:DMSO
(9:1) were subjected to column chromatography (CC) over silica gel (200-300 mesh) and eluted with
n-hexane:ethylacetate (100:0 — 50:50 v/v). This elution gave the fractions Fr. A (520 mg) and Fr. B
(1240 mg). Fr. A (520 mg) was subjected to Sephadex LH-20 using MeOH and gave thymol (480 mg).
Its structure was compared with the literature information [13] and was identified by means of spectral
method [1D-NMR (Varian Mercury Plus 400 MHz, USA) (Figure 1-2).
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Figure 2: 13C-NMR Spectra of Thymol
The process of making the in-situ gels

Various amount of P188 and P407 with mucoadhesive like HPMC were used to create thymol in situ
forming gels. To create medicated in situ forming gels depending on weight, a modified cold method
was applied [14]. The ingredients in the produced formulations are listed in Table 1.

In this method, P188 and P407 were dispersed in distilled water and then mixed for 1 hour. The partly
dissolved poloxamer solutions were maintained in the refrigerator and sometimes mixed to get clear,
kept in the refrigerator at 4°C overnight. During manufacture, additional amounts of the mucoadhesive
polymers HPMC were combined with the total poloxamer content, each at concentrations of 0.5-1 %
(w/w) (Table 1). Finally, 0.5% thymol was added.
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Table 1: Ingredients in in situ gels

Content of ingredients in each formulation (%, w/w)

Code  ThYMOl  pgjoyamer 407 Poloxamer 188 HPMC (4K) Water (gs)
FB-1 0.5 15 5 0 100
FB-2 0.5 15 5 0.5 100
FB-3 0.5 15 5 1 100
FB-4 0.5 16 5 0 100
FB-5 0.5 16 5 0.5 100
FB-6 0.5 16 5 1 100
FB-7 0.5 17 5 0 100
FB-8 0.5 17 5 0.5 100
FB-9 0.5 17 5 1 100

pH

The pH was measured with a pH meter (Germany's HANNA). Three measurements (n=3) were taken
in total.

Clarity

After gelation, the clarity of the in situ gels was evaluated on a black background. [15].
Syringeability Study

Using the same technique as Maheshwari et al., the produced formulations' capacity to flow readily
through a syringe with a 20 gauge needle was evaluated. A 20 gauge needle syringe was loaded with
one ml of the cold gel before testing its flowability at standard handling pressure. It has been
determined whether the formulation flows from the tip of the syringe number 20 used in dental
applications [16]

Gelation Temperature

Each polymer solution (10 ml) was stirred with a magnetic stirrer in a water bath. The heated polymer
solutions were swirled at 100 rpm at 1 °C/min (Thermomac-TM19). The temperature at which the
magnetic bar stopped moving was marked as the gelling temperature. Each was subjected to three
measurements.

Viscosity

The Brookfield, DV2T-RV Viscometer (Essex, UK) was used to gauge the viscosity of in situ gels using
a CP 52 spindle. Viscosity at 10 rpm was also shown for comparison (Table 2). Each was subjected to
three measurements [17].

Drug Content

To determine the amount of MHL in in situ gel, 1 mL of in situ gel was diluted in 1 mL of ethanol water
mixture (Ethanol:Water) 50:50. Thymol concentrations were determined using a UV
spectrophotometer (UVmini-1240 Shimadzu) at 278 nm [18, 19]. (Calibration of the method was
carried out by measuring a series of standards of diluted stock solutions of Thymol. Absorbance
values were plotted against Thymol concentrations over a range of 0,5-15 ppm).

Drug Loading (%)= [Amount to encapsulated thymol/Total Weighted]x100
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Figure 3:Thymol calibraion curve with the calibration equation and correlation coefficient The linear
regression equation Thymol was found as y=0.0585x where y is the average and X is concentration
(ppm), with a correlation 0.0934.

In Vitro Release Studies

The dialysis bag method was used to examine the in vitro release of thymol [20]. Closing the dialysis
bags, adding 100 uL of thymol, and depositing them at 37 °C in 25 mL of an isotonic phosphate buffer
with a pH of 7.4 were the next steps. The sink condition is provided in this way. At several time point
(15 minute, 30 minute, 60 minute, 120 minute, 180 minute, 240 minute, and 360 minutes), equal
amounts of the medium were taken out and replaced with equal portions of the new buffer media. UV-
vis spectrophotometer measurements of thymol concentrations were made. The amount of medication
released from in situ gel over time was utilized to develop a thymol release profile. The experiment
was repeated three times.

3.Results

Thymol Isolation from T. pectinatus

T. pectinatus was used to isolate thymol (Figure 1). Nuclear Magnetic Resonance (NMR)
spectroscopy was used to determine the chemical structure. The isolated substance's spectrum data
are as follows:'H NMR (400 Hz), &: 1.29 (6H, d, J=6.8 Hz, H-9, 10), 2.33 (3H, s, H-7), 3.22 (1H, m,
J=6.8 Hz, H-8), 4.79 (1H, s, -OH), 6.62 (1H, s, H-2), 6.79 (1H, d, J=7.6 Hz, H-5), 7.14 (1H, d, J=7.6
Hz, H-4);"*C NMR (400 Hz), &: 20.9 (C-7), 22.72 (C-9,10), 26.75 (C-8), 116.39 (C-2), 121.95 (C-6),
126.47 (C-5), 131.52 (C-4), 137.08 (C-1), 152.44 (C-3). These data are similar to those previously
reported The information is comparable to what has already been published [13].

Characterization of in situ gel formulations

All of the thymol in situ gel were observed to gel between 33 and 37 °C, making them suitable for
dental administration. The data in Table 2 demonstrated that the pH of all formulations ranges
between 7.01 to 7.11. It has been found to be syringable from a 20 gauge needle.

As a consequence, viscosity coefficients were obtained for all formulations at 10 rpm at both 25 °C
and 37 °C. The results indicated that the viscosity values changed depending to the polymer
concentrations (Table 2)
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Table 2: Results of in situ gels' in vitro characterization analysis

Gelation
temperature (°

Viscosity

Viscosity

Formulation pH (£SD) C+£SD) (centipoise) 25 °C (centipoise) 37 °C  Clarity
FB-1 7.02+0.01 37+0.7 224+19 6842+124 Clear
FB-2 7.05+0.02 37+0.3 26325 7338+£163 Clear
FB-3 7.01+0.03 36+0.1 287+32 7545+212 Clear
FB-4 7.05+0.02 35+0.2 268+19 7152+128 Clear
FB-5 7.1+0.08 35+0.4 296+38 7948+132 Clear
FB-6 7.01+0.02 35+0.6 312+29 8442+222 Clear
FB-7 7.03+£0.07 34+0.4 310+31 9041+432 Clear
FB-8 7.02+0.05 34+0.8 324435 10874+467 Clear
FB-9 7.11+0.03 33+0.2 344+43 11231+424 Clear

Drug Loading

All formulations have loading capabilities of more than 97 percent, according to tests (Figure 4). The
3% loss is thought to occur during the addition of Thymol. This reveals that polymer concentration has
no effect on drug loading.
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Figure 4: Drug loading given in percentages for Thymol (n=3)
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Drug Release

In situ gels were submitted to in vitro drug release experiments at 37 °C and pH 7.4 isotonic
phosphate buffer containing thymol (% 0.5). Figure 5 illustrates the in vitro release profiles of thymol.
When the two-hour formulation releases are investigated, it is observed that as the HPMC
concentration increases, the burst release drops to 56%. The burst impact is reported to approach
70% in formulations that do not include any HPMCs, such as FB-1. However, at the end of the sixth
hour, 95 percent of the thymol had been released for all formulations. As a consequence, the sixth
hour was considered as a final time the drug was administered.
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Figure 5: Cumulative release of thymol from in situ gel

4. Discussion and Conclusion

Two different temperatures—room temperature of 25°C and the adminstration dental pocket area
temperature of 37°C—were used in the sol-gel transition studies to determine if the formulations were
suitable for in-situ application as well as storage conditions [21]. Depending on the grade,
thermoreversible gelation of poloxamer solutions has been seen, concentration, and other formulation
factors utilized. When the two poloxamer grades are combined, the gelation temperature may be
regulated to fall within an appropriate range (25-37°C) [22].

Two combinations of polymer grades were studied and used to produce in situ forming gels in order to
choose formulations with an adequate sol-gel transition temperature and the lowest overall pluronic
concentrations. The results of thymoal in situ forming gel formulations containing P407/P188 (15/5,
16/5, and 17/5 percent, w/w) were remarkable. All of the thymol in situ forming gel formulations were
observed to gel between 33 and 37 °C, making them suitable for dental administration. The data was
demonstrated in Table 2.

The inclusion of mucoadhesive polymers, which allow formulations to adhere to the dental surface,
would dramatically reduce dental formulation drainage from the dental surface. According to Table 3,
the transition temperature of the in situ forming gels gradually reduced as the concentration of the
mucoadhesive polymers raised from 0% to 1%. This was caused by the mucoadhesive polymer
HPMC, which reduced the gelation temperature of the gels.

The ability of such bioadhesive polymers to attach to polyoxyethylene chains present in pluronic
molecules may explain their ability to reduce gelation temperature. This promotes dehydration, which
increases intermolecular hydrogen bonding and entanglement of adjacent molecules, resulting in
dramatically greater gelation at lower temperatures [22].

Table 2 shows the in vitro characterization findings of in situ gels. The look of all formulations was
clear. The pH of all formulations ranges between 7.01 to 7.11. Hypodermic syringes with gauges 19—
27 are used for oral injection. An extremely viscous solution requires the use of a needle with a
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smaller gauge [23]. Syringeability is defined as the amount of force necessary to discharge each
formulation from a syringe fitted with a 20-gauge needle. The syringeability requirements are met by
all formulations. The formulation, on the other hand, should have an optimal viscosity to readily infuse
in the periodontal pocket.

As a consequence, viscosity coefficients were obtained for all formulations at 10 rpm at both 25 °C
and 37 °C. The results showed that the viscosity values changed depending to the polymer
concentrations (Table 2). This example demonstrates how polymer concentration has a substantial
influence on viscosity. The results are compatible when the findings were examined in the literature
[24].

When all in situ gel formulations are examined, it is seen that there is a drug loading over 97%. This
situation is similar to the literature.

The release results from in situ gels show that when the concentration of P407 enhanced from 15% to
17%, the amount of medicine discharged decreased. These data reveal that as the quantity of P407
increased, the structure of the gel became a more formidable barrier to drug release. A decrease in
the quantity and size of water channels and an enhance in the quantity and size of micelles inside the
gel structure could be the mechanisms producing this improved resistance [25]. Higher viscosity and
slower drug release are caused by more cross-links between surrounding micelles as a result of the
smaller intermicellar distance [17,26].

in conclusion, multiple polymer solutions with varying concentrations of P407, P188, the
mucoadhesive polymer HPMC, and thymol were prepared as part of the experiment. All of these
formulations were tested in vitro (pH, clarity, gelation temperatures and syringeability). When the
gelation temperatures were compared to the poloxamer concentrations, the gelation temperature
decreased. The pH of all formulations, however, was found to be near to 7. It has been determined
that the formulations would not irritate the dental. Furthermore, both formulations drug loading
capabilities surpassed 97 %. Regardless, all formulations were made available for six hours. All
formulations can be applied dentally. The dental surface is thought to increase the interaction of a
drug with its bioavailability. Thymol is one example of such drug. In vitro characterization tests suggest
that all formulations may be used to treat periodontitis effectively
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OZET

Amag: Bu galismanin amaci blylk boyutlu genomik veri setlerinin degisken secim ydntemleri kullanilarak
daha kiglk boyutlara indirgenip daha az maliyet ve zaman ile analizlerin gerceklestirilebilecegini
gOstermektir.

Gere¢ ve Yontem: Bu calismada NCBI veri tabanindan Bioconductor yardimi ile R programina aktarilan
GDS4906 numarali veri seti kullaniimigtir. Veri seti 10-katli ¢capraz dogrulama ile LASSO ve Elastik Net
regresyon yontemleri kullanilarak analiz edilmistir.

Bulgular: Veri seti LASSO regresyon yontemi ile analiz edildiginde veri setinden 5 adet gen segilmis
olup, sonrasinda farkl iterasyonlarda secilen degiskenler ve degisken sayilarinda farklilik gézlendiginden
kararlilik segimi yontemi uygulanarak 2 adet gen segilmis ve modelin R? degeri 0,85 olarak bulunmustur.
Aralikl arama yontemi kullanilarak uygulanan Elastik Net regresyon yonteminde 19 adet gen segilmis ve
R? degeri 0,92 olarak bulunmustur.

Sonuc: Elde edilen sonuclara goére LASSO ve Elastik Net regresyon yontemlerinin genomik veri
setlerinde iyi bir performans gosterdigi anlasiimistir.

Anahtar Kelimeler: Goklu baglanti, Elastik Net, Genomik Veri, LASSO
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ABSTRACT

Objective: The purpose of this study is to show that large-sized genomic datasets can be reduced to smaller
sizes using variable selection methods, and that analysis can be performed with less cost and time.

Materials and methods: This study uses dataset number GDS4906, which is transferred from the NCBI
database to the R program using Bioconductor. The dataset was analyzed using LASSO and Elastic Net
regression methods with 10-fold cross-validation.

Results: When the dataset is analyzed using the LASSO regression method, 5 genes were selected from the
dataset and 2 genes were selected and the R? values of the model were found as 0.85 by applying the
determination selection method, as the variables and variable humbers selected in different iterations were
then different. In the Elastic Net regression method applied using the interval search method, 19 genes were
selected and R? were found as 0.92.

Conclusion: According to the results obtained, LASSO and Elastic Net regression methods have shown a
good performance in the genomic datasets.

Keywords: Elastic Net, Genomic Data, Multicollinearity, LASSO
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1. Giris

Regresyon analizi, degiskenler arasindaki iliskiyi modellemek ve kesfetmek amaciyla kullanilan
istatistiksel bir tekniktir. Regresyonun muhendislik, fizik ve kimya bilimleri, iktisat, yasam ve biyoloiji
bilimleri ve sosyal bilimler gibi birgok kullanim alani olmasi sebebiyle en yaygin kullanilan istatistiksel
teknik sayilabilmektedir. Regresyon yontemlerinden coklu dogrusal regresyonun saglamasi gereken
varsayimlar vardir. Bunlardan biri regresyon modelindeki degiskenlerin birbirleri arasinda iligkinin
olmamasidir. Bu varsayimin saglanmadigi durumlarda ¢oklu dogrusal baglanti sorunu meydana gelir
ve gercektekinden énemli élgude farkl kestirim ile sonuglanabilmektedir [1].

Coklu dogrusal baglanti sorunu saglik, kimya ve biyoloji verilerinde yaygindir. Coklu dogrusal baglanti
sorununa ¢6zim olarak kararli tahminler yapabilmek amaciyla yanli tahmin ediciler kullaniimaktadir.
Genomik veri setleri icinde benzer isleve sahip genler arasindaki yiksek korelasyon nedeniyle ¢oklu
dogrusal baglanti sorunu olmasindan dolayr bu calismada yanh tahmin edicilerden Tibshirani
tarafindan (1996) 6nerilmis olan LASSO, Zou ve Hastie (2005) tarafindan 6nerilmis olan Elastik Net
regresyon yontemleri kullaniimistir.

Pripp ve Stanis (2017) tarafindan yapilan bir ¢alismada, lezyon bdélgesindeki 30 inflamasyon ve
anjiyogenez biyobelirtegleri ile 93 hastanin segilmis klinik ve radyolojik 6zellikleri arasindaki iliskiyi
degerlendirmek icin LASSO regresyonu kullaniimistir [2].

Kohannim ve arkadaslari tarafindan (2012) Alzheimer Hastaligi Norogoruntileme Girisimi'nin (ADNI)
bir pargasi olarak taranan 729 denekten MRI'dan tlretilen bir temporal lob hacmi o6lgUmleri
kullanilarak, beyin gorintilemenin genom c¢apinda iliskilendirme galismalarinda (GWAS) gen etkilerini
LASSO regresyonu kullanilarak degerlendirmislerdir [3].
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Ciftstiren ve Akkol (2018), diizenleme yontemlerini kullanarak i¢ yumurta kalitesi dzelliklerinin tahmini
ve degisken secimini Ridge, Lasso ve Elastik Net regresyon yontemlerini kullanarak yapmistir.
Calismada 117 Japon bildircini kullanilarak yumurtalarin i¢ kalite 6zellikleri yumurta sarisi agirhdi ve
yumurta aki agirhdi; dis kalite 6zellikleri yumurta genisligi, yumurta uzunlugu, yumurta agirhgi, sekil
indeksi ve kabuk agirhdi dl¢cimleri yapilmistir. Veri setindeki ¢oklu dogrusallik olmasi sebebiyle Ridge,
LASSO ve Elastik Net yontemleri uygulanmigtir. Hem yumurta sarisi agirhidi hem de yumurta aki
agirligi icin iki tahmin edici igeren LASSO regresyon yonteminin modelin tahmin dogrulugu agisindan
en iyi sonuglari verdigi bulunmustur [4].

Cho ve ark (2009), romatoid artritin GWAS'da butlin bir genom boyunca hastaliga neden olan genleri
tespit etmek igin Elastik Net coklu lgjistik regresyon modelini kullanan basit bir asamali yaklagim
onermiglerdir. Elastik Net regresyon yontemi, GWAS'da hastalida neden olan SNP'leri birlikte
tanimlamada bazi avantajlara sahip oldugunu belirtmislerdir. Bu avantajlardan ilki, otomatik degisken
secimi ve surekli daraltma ayni anda gercgeklestirilebilmekte; ikincisi, klasik ¢oklu dogrusal
regresyonlarda c¢oklu baglanti problemine neden olabilen ylksek korelasyona sahip SNP'lerden
olusan gruplari segebilmekte; Uglincusu, Elastik Net regresyonun daraltma 6zelligi sayesinde, SNP'ler
ve genotipik olmayan faktérler arasindaki tim etkilesim terimlerinin yani sira SNP ana etkilerinin de
modele dahil edilmesini saglamakta oldugunu belitmiglerdir. Ek olarak, dogrudan kromozomlar
arasinda potansiyel SNP'leri aramak yerine, bu yaklasimin GWAS'ta ¢ok sayida potansiyel SNP
modelini islemek igin ¢ok adimli bir prosedur kullanarak verimli arama sagladigini bulmus ve rapor
etmiglerdir [5].

Bu calismada, NCBI veri tabanindan alinan GDS4906 numarali KOAH isimli buytk boyutlu genomik
veri setinin R yazilimi kullanilarak LASSO ve Elastik Net regresyon yoéntemleri ile daha basit ve
basarili modeller olusturulabileceginin gosterilmesi amaglanmistir.

2. Materyal ve Metot

Calismada kullanilan veri seti NCBI (National Center for Biotechnology Information) Gene Expression
Omnibus (GEO) veri tabanindan alinmistir (6). “Egzersiz egditiminin kronik obstriktif akciger hastaligi
hastalarina etkisi: vastus lateralis kasi” baslikli veri seti GSE27536 referans serisi altinda bulunan
GDS4906 numarali, GPL570: Affymetrix Human Genome U133 Plus 2.0 Array (HG-U133 Plus_2)
mikroarrayleri ile olgilmis 54 hastanin gen ekspresyon verilerini igermektedir. Veri seti kronik
obstriktif akciger hastaligi (KOAH) olan hastalara 8 haftalik egzersiz éncesi ve sonrasi alinan kas
analizinden olusmaktadir. iskelet kasinin islev bozuklugu, kaslarin zayiflamasi, kiigiilmesi ve kaybi
sonucu glg¢ ve hareket kabiliyeti distikligia KOAH'in ayirt edilebilen sistemik etkilerindendir.

LASSO Regresyon Yontemi

Yanl tahmin yontemlerinden LASSO (Least Absolute Shrinkage and Selection Operator) regresyon
yontemi Tibshirani tarafindan 1996 yilindan énerilmistir. Ridge regresyon yontemine benzeyen LASSO
regresyon yontemi katsayilar Ustlne ceza terimi uygulanmasi ile bazi katsayilari sifira indirgeyerek
calismaktadir. LASSO regresyon yonteminin tahmin edicisi esitlik (1)’de verilmistir.

A

ﬁlasso = argﬁmin {Z?=1(yi - ﬁo - 7:1 xi]'ﬁj)z + AZf=1|,8]|} (1)

Bu esitlikte, n gbzlem sayisi, y bagimli degisken, p degisken sayisi, B, ve B = (B, -, Bp)
bilinmeyen parametreler, x; = (x;1, X, ..., X;»)” badimsiz degiskenleri ve 1 ceza terimini (ayar
parametresi) ifade etmektedir. Ceza terimi (1), daralma (shrinkage) miktarini kontrol eden parametredir
ve A'nin aldigi deger ne kadar artarsa daralma miktari ayni oranda artmaktadir [7]. Ceza terimi sifirdan
biyuk bir deger (4 > 0) olmalidir.

l, = Zi.’=1|ﬁj| ifadesi ise ceza fonksiyonu olarak adlandiriimaktadir. Ceza fonksiyonun alacagi deger

regresyon modeline girecek olan dedisken sayisini etkilemektedir ve aldigi deger blyudikge modele
giren degisken sayisi artmaktadir.

LASSO regresyon yontemi katsayilar sifira indirgeyebilmesi sayesinde modelde daha az degisken
bulunmasina imkan saglayarak yorumlanmasi kolay ve net regresyon modelleri elde edilmesini
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saglamaktadir. Bu sayede ¢ok fazla sayida gézlem ve degisken barindiran bilyik veri setlerinde (big
data) ya da degisken sayisi gdzlem sayisindan bliylik olan (p>n) verilerde fayda saglamaktadir.

Elastik Net Regresyon Yontemi

Zou ve Hastie (2005), LASSO regresyonun bazi eksikliklerine ¢ézim getirebilmek igin Ridge ve
LASSO regresyon yontemlerinin birlikte kullaniimasi ile Elastik Net regresyon ydntemini énermislerdir.
Kisaca bu eksiklige degdinilecek olunursa; degisken sayisinin gézlem sayisindan biylk oldugu
durumlarda (p>n) LASSO regresyon modele en fazla n degisken segebilmekte ve bu durum kisitlayici
olabilmektedir. Ayrica veri seti icerisinde aralarinda yuksek korelasyona sahip degisken gruplari
bulundugu durumlarda LASSO regresyon degisken grubu igerisinden yalnizca birini modele dahil eder
ve diger degiskenleri modelden disari atmaktadir.

Genomik veri setlerinde (gen ekpresyonu) benzer islevlere sahip genler arasinda ylksek korelasyon
olmasindan kaynakl grup halinde modellenmesi gerekmektedir. Bu durumda LASSO regresyonun
tahmin performansi Ridge regresyona gére daha disik oldugu séylenmektedir. Bu sebeplerden 6tlr
Elastik Net regresyon ydntemi degisken secimi ve katsayilari daraltma yaparken iligkili degisken
gruplarini da segebilmektedir [8]. Elastik Net tahmin edicisi esitlik (2)’de verilmistir.

A ) 2
Ben = argﬁmm {Z?ﬂ(yl' —Bo— 27:1 xij.Bj) +4 27:1|.8j| + 42 2?:1 .3]'2} 2
Bu esitlikte yer alan A, Zﬁ-’=1|,3,-| + 4, 25';1 B; Elastik Net tahmin edicisinin ceza terimini ifade
etmektedir. Buradan anlasildigi Uzere Ridge (I,) ve LASSO (l,) tahmin edicilerin birlikte
kullaniimasindan olugtugu anlagiimaktadir.
a= '12/(/11 A,y Y= (1, Y2 - ¥)" yanit degiskeni, X = (x,|...|x,) model matrisi, |82 = X¥_ g7 ve
1Bl; = 25.’:1|ﬁj| olsun. Béylece t kisiti altindaki g tahmin edicisi Esitlik (3)'te verilmistir.

B = arg minly — XB|?, (1 — a)|Bl, + alBl?> <t iken 3)
B

Bu esitlikteki (1 —a)|Bl; + alB|? ifade LASSO ve Ridge ceza terimlerinin konveks birlesimi olan
Elastik Net ceza terimini (ayar parametresi) ifade etmektedir. Ceza terimindeki « ifadesi (0 < a < 1),
a = 1 iken Ridge regresyon yontemine; a = 0 iken LASSO regresyon yontemine denk gelmektedir [8].

Ridge, LASSO ve Elastik Net tahmin edicilerin katsayilara etkisi

Ve
////
-,
— = B
//,/,
i
/’// _____ Ridge
7 e e LASSO

Elastik Net

Sekil 1: Ridge, LASSO ve Elastik Net tahmin edicilerin katsayilara etkisi (Zou ve Hastie (2005))

Ridge, LASSO ve Elastik Net tahmin edicilerinin katsayilara etkisi Sekil 1’de verilmektedir. 45¢’lik
noktali gri ¢izgi, referans gizgisi olarak kisittamasiz EKK tahminini gostermektedir. Grafige
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bakildiginda Elastik Net tahmin edicisinin LASSO gibi katsayilari sifira indirgeyebildigi ve Ridge tahmin
edicisine paralel bir gizgide oldugu goriimektedir. Boylelikle Elastik Net regresyonun Ridge ve LASSO
arasinda bir ayarlama yapmakta oldugu anlasiimaktadir.

Gruplama Etkisi (The Grouping Effect)

Bir veri setindeki gozlem sayisinin degisken sayisindan kiglk olmasi durumuna literatirde
gruplandiriimis degiskenler (grouped variables) denmektedir. Genomik veri setleri de bu tip bir veri
olmasindan dolayl Segal ve Conklin (2003) gruplandiriimis genleri bulmak amaciyla dizenlilestirme
kullanilmasini  6nermiglerdir [8,9]. Gruplama etkisi (grouping effect), herhangi bir regresyon
yoénteminde aralarinda yuksek korelasyon olan bagimsiz degiskenlerin olusturdugu dedisken
gruplarindaki regresyon katsayilarinin esit olmasi durumuna verilen isimdir. Elastik Net regresyon
yénteminde gruplama etkisini ortadan kaldirmak amagclanarak es katsayilara ayni katsayi atamasi

yapilir [8].
Model parametrelerinin segimi

LASSO regresyonda yalnizca A parametresi belirlenirken, Elastik Net regresyonda o parametresinin
de ayarlanmasi gerekmektedir. LASSO ve Elastik Net regresyon ydntemlerinin ayar parametresi (ceza
terimi) secimi capraz dogrulama ile yapilabilmektedir.

Egitim Test

HEEE [ -

Sekil 2: k-katli capraz dogrulama gésterim semasi

k-katli capraz dogrulama (n-folds cross validation) yonteminde veri seti ilk olarak egitim ve test olarak
ikiye ayrilmakta sonrasinda egitim seti k esit pargaya boliinmektedir. Veri setinin blyUkligtne goére k
degeri belirlenmekte ve genellikle 5 veya 10 degerini almaktadir. Dogrulama yénteminde k adet
bélinmls olan olan gruplardan sirasiyla bir grup dogrulama grubu (validation group) olarak ayri
tutularak geriye kalan k-1 adet grup ile model olusturulur ve daha sonra ayri tutulan grup ile model test
edilir. Olusturulan k-1 modelin beklenen tahmin hatalari karsilastirilarak minimum hataya sahip olan
model segcilir. Bdylece dogru tahmin sonucunu veren ayar parametreleri belirlemis olmaktadir.

Kararlilik Segimi

Cezali regresyon modelleri daha az degisken (Oznitelik) ile ylksek tahmin performansli regresyon
modelleri kurmaya yardimci olmaktadir. Fakat iterasyon veya n-folds degeri degistirildiginde her
seferinde farkli degiskenler seciliyorsa, secilen degiskenlerin kararli olmadigi durumda modele olan
given azalmaktadir. Bu sebeple Meinshausen ve Bihlmann (2010), kararlilik segimi (stability
selection) yaklagimini énermislerdir [10].

Kararlihk secimi, LASSO regresyon gibi degisken segme yontemlerinin yeniden 6rnekleme ile
birlestirilerek uygulandigi bir yontemdir. Yerine koyulmadan cekilmis alt érneklemlere karsilik gelen
degisken secim yontemi uygulanarak, her degisken icin degiskenin uygun modele dahil edildigi alt
orneklemlerin orani olarak secim olasiliklari tahmin edilebilmektedir. Tahmin edilen secim olasiliklar
yardimiyla kararli dediskenler belirlenebilmektedir. Kararlilik secimi, tahmini kararli degisken setine
yanhs sekilde degisken atayan |. Tip Hata oranlarini kontrol etmek igin teorik bir c¢erceve
saglamaktadir [10].

Her bir degiskenin dizenlilestirme yolu (regularization path) boyunca segim olasilidi, kararlilik yolu
(stability path) olarak adlandiriimaktadir. Koordinat inis algoritmasi yeniden érnekleme yontemleri ve
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dizenlilestirme yolu i¢in hesaplama verimliligi agisindan kullanilabilmektedir. Sill ve ark. koordinat inis
algoritmasini kullanilabilmek icin dncelikle alt drnekleme ile alt kimeler olusturulur, ardindan koordinat
inis algoritmasi yardimiyla her alt drneklem igin dizenlilestirme yollari hesaplanir ve ortalamasi
alinarak bir kararlilik yolu hesaplanir [11].

Analiz i¢in kullanilacak arag ve paketler

Sill ve ark. (2014), genomik veriler gibi yuksek boyutlu tahmin modelleri icin R programinin
islevselligini gelistirmeyi amaclayarak gelistirdikleri “c060” isimli R paketi kullaniimistir [11]. Ek olarak
R programinda bulunan “glmnet’, “epsgo” ve “penalizedSVM” paketleri kullanilarak analize
ayarlamalar yapilmistir [12,13]. Ayrica Bioconductor isimli agik kaynakl yazilimlar gelistiren olusum
yardimiyla genomik verilerin analizi yapilabilmektedir [14]. NCBI veri tabanindan alinan genomik veri
setini analize uygun hale getirilebilmek igin Bioconductorde bulunan “GEOquery”, “Biobase” ve
“hgu133plus2.db” isimli paketler kullaniimistir.

3. Bulgular

Bionconductor yardimiyla NCBI'dan R programina g¢ekilen genomik veri setinin, ekspresyon seti ve
fenotip bilgilerini igeren veri matrisi birlestirilerek modelde kullanilacak olan veri olusturulmustur. Veri
setinde, 30’'u hasta ve 24’lU saglikh birey olmak Uzere toplamda 54 hasta bulunmaktadir. Analize
baslamadan &nce olusturulan veri setinin %80’i egitim, %20’si test olarak ikiye ayrilmistir. Bu
calismanin amaci, gen ekspresyonunu iceren veri setleri Uzerinde olusturulan regresyon modellerine
uygun genlerin bulunmasidir. Veri setindeki hastalik durumu (disease state) regresyon modelinin
bagimh degiskeni olarak segilmistir. Hastallk durumu iki dizeyli bir degisken (health: 1, chronic
obstructive pulmonary disease: 2) olmasindan dolayi “gimnet” ve “cv.gimnet” fonksiyonlarinda “family”
argimani “binomial” olarak secilmistir. Regresyon modeline en uygun LASSO ceza parametresi
degerinin belirenmesi igin “cv.gimnet” fonksiyonu kullanilarak 10-katli ¢apraz dogrulama (10-folds
cross validation) yapilmistir. Capraz dogrulama sonucunda minimum lamda degeri A=0,193 (log
A=-0,714) olarak bulunmustur. Optimum lamda degeri ile kurulan model sonuglari ve segilmis olan
Ozelliklerin katsayi tahminleri Tablo 1’de verilmistir.

Tablo 1: KOAH veri seti icin LASSO regresyon modelinin sonuglari

Gen Ifadeleri Gen Semboli Gen Adi Katsayl Tahmini
Regresyon sabiti | - - 26,499

200009 _at GDI2 GDP dissociation inhibitor 2 -3,328

203984 s_at CASP9 Caspase 9 1,586

204491 at PDE4D Phosphodiesterase 4D -7,197
222315_at LOC100996756 t’g‘éhl"’ggggeg%eg 1,549
232810_at AlG1 Androgen induced 1 0,406

Lamda: 0,02 HKO: 3,026 HKOK:1,739 HMO: 1,416 R?%0,85
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LASSO regresyon modeline gore veri setindeki 54676 adet 6zellik igcerisinden 5’inin modele segilmis
oldugu gorilmektedir. GDI2, CASP9, PDE4D, LOC100996756 ve AIG1 gen sembollerine sahip
Ozelliklerin katsay! tahminleri sirasiyla -3,328, 1,586, -7,197, 1,549 ve 0,406 oldugu gorilmektedir.
Kurulan LASSO regresyon modelinin HKO 3,026, R? degeri ise %85 (0,85) olarak bulunmustur.
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Sekil 3: KOAH veri setine uygulanan LASSO regresyonun katsayilara etkisi

LASSO regresyon modeline gore secilen 6zelliklerin regresyon katsayilarinin ceza parametresine
karsl gostermis oldugu degisim Sekil 3’te verilmistir. Grafikteki kirmizi ¢izgi, 10-katl capraz dogrulama
ile belirlenen en distk lamda degeriyle olusturulan model tarafindan secilen sifir olmayan katsayilari
temsil etmektedir. Sol Ustteki grafik bitlin katsayilari igerirken sag Ustteki ise yalnizca segilmis olan
katsayilari icermektedir. Sol alttaki grafik katsayilarin L1 normu igin katsayi yollarini gésterirken, sag
alttaki grafik ise aciklanan sifir kismi en ¢ok olabilirlik sapmasinin (the null partial log-likelihood
deviance explained) kesrine gore katsayi yollarini gostermektedir [11]. Grafiklerde bulunan dikey
cizgiler A degerini temsil etmektedir. Her grafikte bir dikey ¢izgi olmasinin sebebi minimum sapma ve
minimum sapmanin bir standart sapmasi igindeki en buyidk A degerlerinin ayni g¢ikmasindan
kaynaklanmaktadir. N'nin degeri arttikga yani log A’'nin deg@eri dustikce, modele girecek olan en fazla
etki blyUklugine sahip 6zelliklerin sayisi azalmaktadir.

KOAH veri setinde bireylerin hasta veya saglikli olmalarinin stinde etkili olan prognostik 6zellikleri
beliremek amaciyla kararllik segimi yontemi kullaniimistir. Kararlilik segiminin performansini arttirmak
amaciyla LASSO regresyon modelinin kararlilk yolunu hesaplamak igin R'da bulunan “c060”
paketindeki “stabpath” fonksiyonu ve bu fonksiyonda yer alan “weakness argument” yardimiyla her
6zellige uygulanan cezalandirmanin Gzerine ek olarak yeniden agirliklandirma ile “rastgele LASSO”
olarak da gecen “ek rastgelelestirme” yapilmaktadir [10,11]. Stabpath fonksiyonu, ilk olarak alt
kimeleri olusturur takiben “parallel” paketi yardimiyla paralel olarak kararlilik yolunu hesaplar ve
stabsel fonksiyonu ile kararli o6zellikler tahmin edili. Tim islemler sonucunda PDE4D ve
LOC100996756 genlerinin kararli oldugu anlasiimistir.
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Sekil 4: KOAH veri setine uygulanan LASSO regresyonun katsay1 ve kararlilik yollari

KOAH veri setine uygulanan LASSO regresyonun katsayi ve kararlilik yollari Sekil 4’te verilmigtir.
Kirmizi gizgiler ile vurgulanmis olan iki 6zellik PDE4D ve LOC100996756 isimli kararli gen ifadelerini
belirtmektedir. Capraz dogrulama (10-folds) ile kurulan LASSO regresyon modeli sonucunda 5 6zellik
secilmistir. Fakat kararlilik secimi ile bu degiskenlerin timdntn ¢ok kararli olmadigi ve duzenlilestirme
(regularization) miktari azaldiginda (log A azaldiginda) modele giren Ozellik sayisinin arttigi
g6zlemlenmektedir.

Veri setine Elastik Net regresyon uygulandiginda LASSO regresyondan farkli olarak a ve A parametre
degerlerinin birlikte secilmesi gerekmektedir. Bunun igin aralikli arama algoritmasi (the interval search
algorithm) kullaniimistir. KOAH veri setine 10-kath c¢apraz dogrulama ile uygulanan Elastik Net
regresyonun aralikli arama g¢iktisinin ilk 5 satiri Tablo 2.’de verilmis ve tablonun altinda optimal
modelin sonuglari belirtiimistir. Optimal modelde 0=0,99 ve A=0,07 olarak tespit edilmistir. Belilenmis
olan ayar parametrelerine gére model kuruldugunda modelin R? degeri 0,92 olarak bulunmustur.

Tablo 2: KOAH veri setine uygulanan Elastik Net regresyonun aralikli arama ciktisi

Model Alfa Lamda |Sapma Degisken Sayisi
1 0,734 0,086 0,163 40

2 0,853 0,081 0,161 25

3 0,532 0,078 0,158 77

4 0,131 0,530 0,183 234

5 0,608 0,086 0,161 57

Optimal | 0,992 0,07 0,150 19

Optimal modelin; SH:0,033 R? 0,92
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Tablo 3: KOAH veri seti icin =0,99 ve A=0,07 iken Elastik Net regresyonun katsay tahmini

Gen ifadeleri | Gen Sembolii | Gen Adi Katsay! Tahmini
(Intercept) - - 77,494
1561445 _at - - 0,714
1563318_s_at | MAGIX MAGI family member, X-linked 3,373
200009 _at GDI2 GDP dissociation inhibitor 2 -9,840
200704 at LITAF lipopolysaccharide induced 10,290
- TNF factor
200862_at DHCR24 24 dehydrocholesterol reductase -1,751
204491 _at PDE4D phosphodiesterase 4D -12,297
205757 at ENTPDS egtonucleosnde triphosphate 0,170
- diphosphohydrolase 5
208112 _x_at EHD1 EH domain containing 1 -5,784
209077_at TXN2 thioredoxin 2 0,847
217879 _at cDC27 cell division cycle 27 -0,242
adaptor protein,
218158 s_at |APPL1 phOSphOtyrosme Interacting 2,341
with PH domain and leucine
Zipper 1
220786_s_at SLC38A4 solute carrier family 38 member 4 | -0,108
222315 at LOC100996756 | uncharacterized LOC100996756 2,127
222629 at REV1 REV1, DNA directed polymerase 0,694
glycerol-3-
225420 _at GPAM phosphate acyltransferase, -0,377
mitochondrial
227340_s_at RGMB repglswe guidance molecule 0,281
- family member b
srooro | LGN | RS LOTOOn |
= /11C120rt76 P ¢ :
frame 76
231935_at ARPP21 CAMP regulated 11,073
- phosphoprotein 21
242842 at - - 0,209

Optimal model sonucunda 19 gen ifadesi segilmis ve katsayi tahminleri Tablo 3'te verilmistir. Gen
ifadelerine bakildiginda LASSO regresyon modeli yardimiyla GDI2, PDE4D ve LOC100996756
Ozelliklerinin  Elastik Net regresyon modelinde de segilmis oldugu gorilmektedir. PDE4D ve
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LOC100996756 ozelliklerinin, kararlilik segimiyle de segilmis olmasi bu 6zelliklerin tutarli ve kararli
olmasinin bir gostergesi olarak yorumlanabilmektedir.

Elastik Net regresyonun « ve logh parametrelerini ayarlamasinin bir fonksiyonu olan capraz
dogrulanmis kismi log-olabilirlik sapmasinin grafigi Sekil 5'te yer almaktadir. Grafikteki yer alan
noktalar « degerlerine karsilik gelmekte ve kismi log-olabilirlik sapmasi azaldikga a degerleri agik
griden siyaha dogru gitmektedir. Kare sembol baslangi¢ noktalarini ve daire sembol ise iterasyon
noktalarini temsil etmektedir. Her noktanin yaninda yer alan sayilar ise o noktaya denk gelen a ve log
A parametreleri ile olusturulan model sonucunda secilen gen sayisini belirtmektedir. Kirmizi gizgilerin
kesisimindeki nokta ise kayip fonksiyonun minimum standart hatadaki nihai ¢6zim noktasini yani
optimum modeli temsil eder. Bu nokta «=0,99 ve 1=0,07 oldugu noktaya denk gelerek log-olabilirlik
sapmasini minimum yapmaktadir. Bu noktadan 19 genin modele secildigi tespit edilmektedir.

Cross-validated partial log likelihood deviance
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Sekil 5: KOAH veri seti Elastik Net regresyon modelinin @ ve log A parametrelerini ayarlamasinin bir fonksiyonu
olan ¢apraz dogrulanmis kismi log-olabilirlik sapmasinin gorsellestiriimesi

4. Tartigsma ve Sonug

Bu calismada buyuk boyutlu genomik veri setlerinin LASSO ve Elastik Net regresyon ydntemleri
kullanilarak analiz edilebilecedi, gen setlerinin daha kiglk boyutlara indirgenebilecedi ve hastalik
durumunun daha az degisken ile tahmin edilebilecegi gosterilmek istenmistir. Bunun igin NCBI veri
tabanindan Bioconductor yardimiyla alinan veri seti R programinda bulunan “c060”, “gimnet”,
“penalizedSVM” ve “epsgo” paketleri ile analiz edilmistir.

Model parametrelerini ayarlamak ve optimum modele ulasabilmek amaciyla 10-kath ¢apraz dogrulama
yontemi kullaniimistir. LASSO regresyon yonteminde ek olarak kararli ve tutarli degiskenlerin
secilebilmesi icin kararlihk segimi yontemi uygulanmistir. Elastik Net regresyon yonteminde iki
parametre birden ayarlanacagindan aralikli arama algoritmasi kullanilarak « ve A parametreleri
belirlenmistir.

Elde edilen sonugclar ile Elastik Net regresyon ydnteminin katsayilari daraltma yaparken ayni zamanda

iliskili degisken gruplarini da segebilmesinden dolayi genomik veri setlerinde iyi bir performans
gosterdigi anlagiimistir.
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Yaptigimiz calisma ile benzer bir ¢alismada Kohannim ve arkadaslari, gen merkezli bir LASSO
regresyon yaklasimi kurarak beyin yapisi Uzerindeki gen etkilerini kesfetmek istemigler ve blylk
miktardaki genomik veriyi eleyerek verimli bir varyant seti olusturmayir amacglamislardir. LASSO
regresyon yonteminden faydalanarak her bir gen igindeki iligkili SNP’ler (Single-nucleotide
polymorphism) arasindan seyrek SNP alt kimelerini secerek ¢alismalarini desteklemiglerdir. Genom
capinda 6nemli 22 gen kesfetmisler ve LASSO regresyon ile bulunan SNP’lerin p degerlerine gore tek
degdiskenli GWAS ile bulunanlara gére 6nemli genler olduklari arastiricilar tarafindan ortaya konmustur
[3]. Cho ve arkadaslari, genom ¢apinda iliskilendirme (GWAS) calismalarinda birgok SNP arasindan
hastaliga neden olan genleri bulmanin ¢oklu baglanti sorunu agisindan zorlugu olmasindan dolayi,
¢oklu baglantiyi ele almaya izin veren degisken seg¢im yontemi olan Elastik Net regresyonu kullanarak
hastalia neden olan SNP’leri ayni anda tanimlayan bir prosedlr onermislerdir. Birinci adimda,
SNP’leri taramak amaciyla tek isaretli iliskilendirme analizi (the single -marker association analysis)
yapiimig ikinci adimda Elastik Net dizenlemesine dayali ¢oklu iligkilendirme analizi (the multiple-
marker association) ile taranmistir. Tarama adiminda segilen SNP’ler genellikle 6. Kromozom uzerinde
yer alirken, Elastik Net yaklasimi artan bir oranda diger kromozomlar Uzerindeki hastalik ile iligkili
oldugu disunulen SNP’leri tanimlamistir. Elastik Net regresyon ydnteminin SNP belirlemede cesitli
avantajlart oldugu belirtilmistir. Otomatik dedisken sec¢imi ve slrekli daraltma ayni anda
gercgeklestiriimesi, ¢coklu dogrusal regresyonda ¢oklu baglanti sorunu olusturabilecek yliksek derecede
iligkili SNP’den olusan gruplari secebilmesi, son olarak Elastik Net'in daraltma 6zelligi sayesinde
SNP’ler ve genotipik olmayan faktorler arasindaki etkilesim terimlerini oldugu gibi SNP ana etkilerini de
modele dahil etmeyi sagladigini belirtmislerdir [5]. Yaptigimiz ¢alisma ve yapilan ¢alismalarda LASSO
ve Elastik Net regresyon yonteminin dedisken segimi ve daraltma 6zelligi sayesinde genomik veri
setleri Uzerinde etkili olmasi konusunda benzerlik gostermisgtir.

LASSO ve Elastik Net regresyon yontemleri saglik alaninda ¢oklu baglanti sorununa ¢éziim olarak
farkl galismalarda da kullanilabilir.

Etik Beyani

Bu calismada, “Yiiksekdgretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yénergesi” kapsaminda
uyulmasi gerekli tim kurallara uyuldugunu, bahsi gecen ybdnergenin “Bilimsel Arastirma ve Yayin
Etigine Aykiri Eylemler” basligi altinda belirtilen eylemlerden hicbirinin gerceklestiriimedigini taahhdit
ederiz. Bu g¢alisma “DOGRUSAL REGRESYONDA RIDGE, LASSO VE ELASTIK NET
YONTEMLERININ SAGLIK ALANINDA UYGULANMASY’ isimli yiiksek lisans tezinden uyarlanmistir.
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ABSTRACT

Objective: To investigate the effect of short-term (3 weeks) whole body vibration training (WBVT) in
healthy young people.

Materials and Methods: Seventy six healthy individuals (mean age=22.55+1.22 years, 41 females and
35 males) were included in the study. Participants were randomly divided into two groups as WBVT
group (n = 41) and control group (n =35). WBVT, consisting of 14 exercises for the trunk and lower
extremities, was applied to the WBVT group 3 times a week for 3 weeks. The control group did not
receive any training. Flexibility, lower extremity endurance, trunk endurance and dynamic balance
respectively; measured with sit and reach test, sit and stand test, Biering Sorensen tests, lateral bridge
and shuttle, Y balance test. All measurements were made at baseline and at the end of the 3rd week.

Results: After 3 weeks, in WBVT group, curl up test (p=0.023), chair stand test (p=0.015) and Y balance
test were perfomed on right anterior (p=0.003), right posteromedial (p=0.001), right posterolateral
(p=0.001), left anterior (p=0.001), left posterolateral (p=0.000), and left posteromedial (p=0.000) aspects
were significant. In the control group, the results in the right anterior (p=0.019) and left anterior (p=0.025)
aspects of the Y balance test were significant. When the delta values were compared, the difference in
the right (p=0.018) and left (p=0.006) posterolateral directions of the Y balance test; it was significant in
favor of the WBVT group.

Conclusion: It was observed that short-term whole body vibration training had positive effects on trunk
flexor endurance and dynamic balance in healthy young people. New insights into the use of
musculoskeletal rehabilitation and sports training programs can be provided by WBVT. Further studies
are needed to examine the effectiveness of whole-body vibration training by comparing different loads,
volumes and types.
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OZET

Amag: Saglkh genglerde kisa sureli (3 hafta) tim viicut vibrasyon egitiminin (TVVE) etkisini incelemektir.

Gereg ve Yontem: Calismaya, 76 saglikli birey (yas ort=22,55+ 1,22 yil, 41 kadin 35 erkek) dahil edildi.
Katiimcilar randomize olarak iki gruba ayrildi (TVVE grubu n = 41 ve kontrol grubu n =35). Gévde ve alt
ekstremiteye yOnelik 14 egzersizden olusan tim vicut vibrasyon egitimi, haftada 3 kez, 3 hafta boyunca
TVVE grubuna uygulandi. Kontrol grubuna, herhangi bir egitim uygulanmadi. Esneklik, alt ekstremite
enduransi, gévde enduransi ve dinamik denge sirasiyla; otur uzan testi, otur kalk testi, Biering Sorensen
testleri, lateral kopri ve mekik, Y denge testi ile dlguldi. Tum 6lgumler, baglangigta ve 3. haftanin sonunda
yapildi.

Bulgular: 3 hafta sonra, TVVE grubunda mekik testi (p=0,023), otur kalk testi (p=0,015) ve Y denge testinin
sag anterior (p=0,003), sag posteromedial (p=0,001), sag posterolateral (p=0,001), sol anterior (p=0,001), sol
posterolateral (p=0,000) ve sol posteromedial (p=0,000) yénlerindeki sonuglari anlamli iken; kontrol grubunda
ise Y denge testinin sag anterior (p=0,019) ve sol anterior (p=0,025) yonlerindeki sonuglar anlamli idi. Delta
degerleri karsilastirildiginda, Y denge testinin sag (p=0,018) ve sol (p=0,006) posterolateral yonlerindeki fark;
TVVE grubu lehine anlamli idi.

Sonugc: Kisa sdreli tim vucut vibrasyon egitiminin, saglikli genglerde gévdenin fleksor yondeki enduransi ve
dinamik denge Uzerine olumlu etkilerinin oldugu gorildi. TVVE ile kas-iskelet rehabilitasyonu ve spor egitim
programlarinin kullanimina iliskin yeni bilgiler saglanabilir. Farkli yukleri, hacimleri ve tirleri karsilastirarak tim
viicut vibrasyon egitiminin etkinligini inceleyen daha fazla ¢alismaya ihtiyag vardir.

Keywords: Vibrasyon, Postiral denge, Egzersiz egitimi
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1. Introduction

Whole body vibration training (WBVT) is a new biophysical method that provides systemic vibration
signals with mechanical stimuli. For many years it has been advocated that low amplitude, low
frequency vibration does not harm the human body and is an effective approach to increase muscle
strength [1].

WBVT was first administered on astronauts to reduce muscle atrophy and loss of bone mass due to
the lack of gravitational force in space. Recently, it has become a popular method to improve health
with clinical use extended from athletes to rehabilitation [2].

The stimulating effect of vibration on muscle tone has been demonstrated during the administration of
WBVT. Mechanical vibrations stimulate sensory receptors in the tendons and skin, and more
importantly, in the muscle spindles. Activation of muscle spindles reveals a stimulating effect in alpha
motor neurons that cause muscle contraction [3]. A myostatic tension reflex, called “Tonic Vibration
Reflex”, occurs in monosynaptic (1a-afferents) and polysynaptic (ll-afferents) pathways in muscle
activity. With the application of vibration, the muscle starts to contract within a few seconds and the
muscle contractions continue to increase until the end of the application. It has also been discussed
that vibrational excitations enable the use of motor units that not normally used, in addition to this
effect, increase neurotransmitter release via mechanosensors (primary afferents in muscle fibrils),
thereby facilitating neuromuscular transmission [4].
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WBVT also improves the complex interaction of postural control and agonist-antogonist muscles. Rees
SS et al., in which WBVT was applied 3 times a week for 8 weeks, lower extremity muscle strength
and postural balance were reported to increase [5]. WBVT stimulates proprioceptive pathways and
increases positive feedback by creating wide sensory stimulation. Thus, this cycle can be used more
effectively. As a result, isometric power increases. This mechanism shows that WBVT increases
proprioception [6].

Although many studies in the literature indicate that WBVT interventions provide increased lower
extremity muscle strength [7-9], to our knowledge, only one study investigated the effect of an 8-week
WBVT on trunk muscle strength and dynamic balance, and the results were found to be positive. [7].
Muscle strength increases with the first week of training [8]. However, in the literature, there is a
general information that at least 8 weeks of force training should be completed to be able to observe
hypertrophic changes in muscle [11]. The lack of time is the most common reason for abandoning
treatment programs [12,13]. Therefore, we planned to conduct this study within 3 weeks.

The aim of the study was to investigate short-term effects (3 weeks) of WBVT on muscular endurance,
dynamic balance and flexibility in healthy young individuals.

2. Material and Method

Ethical approval of the study was obtained from XXX University local ethics committee at the board
meeting dated 05.03.2019 and numbered 05. All procedures were undertaken in compliance with the
Declaration of Helsinki. All individuals were informed verbally and informed consent forms were
signed. This study was planned with randomized controlled parallel groups to evaluate adaptations
after WBVT through comparisons with the control group. Training and evaluations before and after the
treatment were done by different physiotherapists. The physiotherapist performing the evaluations was
blinded to the two groups.

Participants

As a result of the power analysis, it was calculated that 80% power could be obtained with 95%
confidence when at least 42 subjects (at least 21 per group) were included in the study. A total of 82
volunteers who met the inclusion criteria of the study were randomly separated into two groups as the
WBVT group (n=41) and the control group (n=41). Six participants from the control group were
excluded from the study because their final assessment could not be made. Thus the study was
completed with a total of 76 participants, 41 in the WBVT group and 35 in the control group. The
flowchart of the study design is shown in Figure 1.
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Enroliment ] Assessed for eligibility (n= 82)

Excluded (n=0)
Randomized (n=82)
[ Allocation ] ¥
Whole body vibration training group (n=41) Control group (n=41)
+ Received allocated intervention (n=41) + Received allocated intervention (n=41)
+ Did not receive allocated intervention{n=0) + Did not receive allocated intervention (n=0)
[ Follow-Up I ;
L 5
Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=0)
" | Analysis ]
LS A
Analysed (n=41) Analysed (n=35)
+ Excluded from analysis (n=0) + Excluded from analysis (n=6) (not come to
the final assessment)

Figure 1: Flowchart of progress through the phases of the study
Inclusion criteria were voluntary participation and in the 20-30 age range.

Exclusion criteria were as follows: (a) regularly performing aerobic and strength training at least 3 days
a week for the past three months. (b) the presence of, pulmonary, cardiovascular, neurological or
orthopedic problems that may interfere with exercise. (c) any lower extremity surgery, history of severe
trauma or fracture (d) diabetes, neuropathies, balance disorders and other conditions affect balance.
(e) to have previously received WBVT training. (f) taking any medication that could affect
neuromuscular performance during the previous two weeks. (g) failure to attend at least 75% of the
program. Data from any participant showing symptoms and signs of injury, such as swelling, loss of
function or pain, before or during data collection, were not included in the study, the participation of
that individual was discontinued.

Evaluation

All assessments were performed at the beginning and at the end of the third week by the same
experienced physiotherapist according to standard test protocols and under the same conditions.
Before starting the tests, participants were allowed to adapt by the same therapist. Flexibility was
assessed with the sit-and-reach test, trunk endurance was assessed with curl up, lateral bridge and
Biering Sorensen tests, lower extremity endurance was assessed with the chair stand test and
dynamic balance was assessed with the Y balance test. Instead of instrumental tests (such as
isokinetic dynamometer) for evaluation, we chose to use functional tests because they involve
activities of daily living.
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Sit and Reach Test: The standard sized sit and reach test table was placed in full contact with the
participant's bare soles of feet. The patients were asked to extend forward with their trunk without
disturbing the full extension of their arms, fingers and knees. A value of >100 cm means that the
participant can extend further than the toes (good flexibility), a value of <100 cm indicated that
participant could not reach the toes (poor flexibility). The average of three trials was recorded [14].

Curl Up Test: The participant, who was in the supine hooked position on the mat with hands clamped
on the neck was instructd to raise the trunk until the scapula was off the ground. The number of
repetitions in 30 seconds was recorded [15].

Lateral Bridge Test: The participant lying on the non-dominant side was asked to form a support
surface from the lower arm and elbow, to place the other hand on the waist and to bridge the hip and
knee. The time of maintained balance, was recorded [16].

Biering Sorensen Test: The participant lay prone on the bed with the body suspended from the
anterior superior of the spina iliaca, fixed at the level of the gastrocnemius muscle. The patient was
instructed to hold the body parallel to the ground by clamping their hands on the chest and the time of
maintaining this parallel position was recorded [17].

Chair Stand Test: The participant, sitting on a standard 43 cm high chair with her/his arms crossed at
the shoulders, was asked to stand up and sit quickly for 30 seconds, and the number of repetitions at
which the full take-off occurred was recorded [18].

Y balance test: Starting on the right foot, the ubject was instructed to place the other foot with the toes
pointing in three directions (anterior, postero-medial and posterolateral) while standing on one foot.
Care was taken to maintain balance by placing the heel of the foot on the ground, and lightly
extending the toes then bringing that foot to the standing foot without touching the ground. The test
was repeated 3 times with 15 seconds rest intervals for each direction and the best score was
recorded in cm [19].

Intervention

The WBVT was performed with Compex® Winplate (Germany). The training was conducted 3 times a
week for 3 weeks and in each session, all 14 exercises were performed with one repetition. Rest
intervals were given for at least 1 day between treatment sessions. The treatment sessions lasted
approximately 30 minutes. Before starting the study, the participants were explained and shown the
exercises in detail. The participants were told that they could leave the study at any time.

In Figure 2, the 14 exercises for the lower extremity and trunk, which were performed in a single
session of the WBVT, are shown. The exercises included both extremities. Figure 3 shows the details
of the WBVT program. Participants in the WBVT group stood barefoot, sat, or placed their foot or knee
on a vibration platform. They were told to hold onto the handlebars for standing exercises. The training
was carried out under the supervision of a physiotherapist. During the exercise, joint angles were
measured with a goniometer to standardize the positions. In order to increase the effectiveness of the
training, the frequency and duration of application were increased and the rest period was shortened
as the weeks progressed. Training related injuries related were not reported. The rate of participation
in the treatment sessions was 95%.

The participants in the control group were instructed to continue their daily activities and no training
was given. Each week, telephone calls were made to check if they had started any exercise.
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1st exercise

8th exercise

2nd exercise

9th exercise
(right)

3rd exercise

10th exercise
(left)

4th exercise
(right)

11th exercise
(right)

5th exercise
(left)

12th exercise
(left)

6th exercise

13th exercise
(right)

7th exercise

14th exercise
(left)

Figure 2.

Fourteen exercises performed in a single session of the WBVT
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Table 1: The details of the whole body vibration training program

Level | (first week) Level Il (second week) Level Il (third week)
Frequency Active Rest Frequency Active Rest Frequency Active Rest
(Hz) (sec) (sec) (Hz2) (sec) (sec) (Hz2) (sec) (sec)
1st 30 30 30 30 40 30 35 40 25
exercise
2th 35 30 30 35 40 30 40 40 25
exercise
3rd 35 40 30 35 50 30 40 40 25
exercise
4 th 35 30 30 35 40 30 35 40 25
exercise
5th 35 30 30 35 40 30 40 50 25
exercise
6 th 30 30 30 30 35 30 40 40 25
exercise
7 th 30 30 30 30 35 30 40 40 25
exercise
8 th 35 40 30 35 40 30 35 35 25
exercise
9th 35 30 30 35 35 30 35 35 30
exercise
10 th 35 30 30 35 35 30 35 35 25
exercise
11th 30 30 30 35 35 30 35 35 25
exercise
12 th 30 30 30 35 35 30 40 40 25
exercise
13 th 30 30 30 35 35 30 40 35 25
exercise
14 th 30 30 30 30 35 30 40 35 25
exercise

Statistical analysis

Data were analyzed with SPSS 21.0 version package program. To determine whether continuous
variables showed normal distribution, Kolmogorov-Smirnov Test was used. Paired sample t —test was
used within groups and Independent t — test was used between groups, if the data distribution is
normal. Wilcoxon signed rank test was used within groups and Mann Whitney U test was used
between groups if the data is not normal. Continuous variables were given as mean * standard
deviation, and categorical variables as numbers and percentages. Mann Whitney U test was used to
analyze the demographic data of the groups and Wilcoxon test to analyze the data obtained at the
beginning and at the end of the 3rd week. P value of <0.05 was considered statistically significant.

3. Results

The study included 76 healthy volunteers aged 20-30 years (41 females, 35 males, age: 22.55+1.22
years, BMI: 22.06+3.11 kg/m?). The WBVT group consisted of 41 participants (26 females, 15 males,
age = 22.58+1.11 years, BMI = 21.96+3.12 kg/m?) and the control group consisted of 35 participants
(19 females, 16 males, age = 22.51+1.35 year, BMI = 22.18+3.14 kg/m?).

The demographic data of the participants before the evaluations is shown in Table 1. There was no
statistical difference between the demographic data of the groups (p>0.05).
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Table 2: Demographic characteristics of the patients

Variables WBVT Group (n=41) Control Group (n=35) p
M+SD M+SD

Age (years) 22.58+1.11 22.51+1.35 0.961*

Body weight (kg) 63.97+13.71 66.31+14.64 0.514*

Height (m) 1.69+0.09 1.72+0.08 0.353%

BMI (kg/m?) 21.96+3.12 22.18+3.14 0.731*

Gender (female/male) (n) 26/15 19/16 0.420**

M=mean, SD=standard deviation, WBVT= Whole body vibration training, * Mann Whitney U test, **Chi-Square Test

When comparing the data at the beginning and end of the 3rd week, in the WBVT group; the
difference in curl up (p=0.023), chair stand (p=0.015), right anterior (p=0.003), right posteromedial
(p=0.001), right posterolateral (p=0.001), left anterior (p=0.001), left posterolateral (p=0.000), and left
posteromedial (p=0,000) reach of Y balance test was significant, the difference in Biering Sorensen
(p=0.693), sit and reach (p=0.539) and lateral bridge (p=0.120) test was not significant (p=0.671). In
the control group, the difference in right anterior (p=0.019) and left anterior reach (p=0.025) of Y
balance test was significant and no significant difference was found in all other tests (p>0.05) (Table
2).

The Delta values of the participants were calculated by subtracting the pre-treatment result from the

post-treatment result. When the delta values were compared, difference was significant in right
(p=0.018) and left (p=0.006) posterolateral dynamic balance in favor of WBVT group (Table 3).
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Table 3: The comparison of baseline and the end of the 3rd week results of groups

Variables WBVT Group (n=41) Control Group (n=35)
Baseline End of 3 p* Baseline End of 3 p*
weeks weeks
M+SD M+SD MzSD MzSD

Sit-And-Reach Test 99.65+11.32 100.02+10.84 0.539 99.25+11.65 99.75+11.35 0.321

(cm)

Curl Up Test 14.87+4.49 16.09+5.41 0.023  14.05%4.19 14.57+4.46  0.253

(repetition)

Side Bridge Test 39.05+21.18 42.34+23.16 0.120 34.29+20.35 35.81+17.97 0.325

(sec)

Biering Sorensen 81.49+33.24 83.08+36.20 0.693 70.60+37.16  71.36+37.42 0.707

Test (sec)

Chair Stand Test 17.75+4.07 18.80+4.51 0.015 16.82+4.12 17.48+4.75  0.132

(repetition)

Y Balance Test (cm)

Right-anterior 65.02+6.89 67.31+6.46 0.003  71.09+9.33 73.78£8.12  0.019
-posteromedial  99.15+13.18 102.56+12.43 0.001 101.45+12.11 104.01+10.39 0.072
-posterolateral  98.20+12.65 101.69+11.34 0.001 102.22+13.78 102.07+13.14 0.963

Left -anterior 65.37+7.98 68.01+7.08 0.001 71.14+10.04 73.91+6.54  0.025
-posteromedial  98.99+12.82 102.35+11.96 0.000 101.48+11.75 103.21+10.47 0.116
-posterolateral  97.28+12.37 101.12+12.04 0.000 100.42+13.87 101.58+13.65 0.421

Significant values are shown in bold
M=mean, SD=standarddeviation, WBVT= Whole body vibration training, *WilcoxonTest
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Table 4: The comparison of delta values with groups

Variables WBVT Group Control Group (n=35) p
(n=41)
A MiSD A MiSD

Sit-And-Reach Test (cm) 0.36+3.94 0.50£3.67 0.777**
Curl Up Test (repetition) 1.21+2.96 0.51+2.63 0.402**
Side Bridge Test (sec) 3.29+13.23 1.51+12.05 0.495**
Biering Sorensen Test 1.59+23.90 0.76x17.12 0.770**
(sec)

Chair Stand Test 1.04+2.58 0.65+2.53 0.509*

(repetition)

Y Balance Test (cm)

Right -anterior 2.29+4.60 2.6815.66 0.942**
-posteromedial 3.40+6.78 2.55+7.01 0.184**
-posterolateral 3.49+6.05 -0.15+7.13 0.010**

Left -anterior 2.63+4.75 2.77+6.58 0.914*
-posteromedial 3.35+4.36 1.72+7.05 0.240*
-posterolateral 3.84+5.96 1.16+8.23 0.104*

Significant values are shown in bold
M=mean, SD=standard deviation, WBVT=Whole body vibration training, A=Posttreatment-pretreatment.
* Independent Samples Test, ** Mann-Whitney U Test.

4. Discussion and Conclusion

The aim of this study was to investigate the effects of short-term (3 weeks) WBVT on flexibility,
muscular endurance and dynamic balance in healthy young individuals. The results showed that
WBVT had an effect on trunk flexor endurance, lower extremity muscle strength and dynamic balance.

In this study, the flexibility changes of the subjects were evaluated by sit and reach test. When we
examined the flexibility scores of the WBVT group and control group, the difference between the pre
and post-treatment scores of the WBVT and the control group was not found to be statistically
significant. The WBVT group scores increased between the pre and post-treatment results in terms of
the flexibility values. There were no changes in the control and post-treatment scores. According to the
literature, there are findings showing that acute WBVT might increase flexibility [20,21].

Although many studies in the literature have indicated WBVT interventions provide increased lower
extremity muscle strength, to the best of our knowledge, only one study has focused on trunk muscle
strength [7-9].

In studies investigating EMG signal response, rectus abdominus muscle activity during WBVT, leg
muscle activities were obtained more and with significant activation at high frequency (15 Hz,
maximum of 40 Hz, respectively) [22,23]. In the current study, in which high frequency (30 35 Hz) was
used, according to the curl up and chair stand test results, an increase in abdominal and lower
extremity muscle strength was obtained. Muscles often need more energy to maintain balance on
unstable ground [24]. The increase in strength in these muscle groups can be considered to be the
result of the need to meet this energy deficiency.

In addition, OxyHb concentrations of the motor, prefrontal, and somatosensory cortex areas, were
shown to be higher at higher frequencies (27 Hz) in the study by Choi DS et al. [25]. Increased
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concentration of OxyHb results in arteriolar vasodilation in that area and increases blood flow [26].
Maikala et al. reported that a high frequency (27 Hz) of WBVT increased cerebral oxygenation
responses in the prefrontal cortex [27]. Cerebral oxygenation and an increase in blood flow are closely
associated with greater neural activation [26]. In the light of this information, the results obtained from
the current study using high frequency can be considered to have been caused not only by changes in
the motor unit, but also by adaptations at a high cortical level contributing to this development.

In the literature related to this subject, it has been emphasized that by enhancing alpha motor neuron
activation with WBVT training, a significant improvement can be achieved in coordination and
proprioception, and consequently increased postural control [28].

Muscle strength is defined as an important component in the development of proximal stabilization in
dynamic trunk activity [29]. Improvements in strength are not only achieved by an increase in muscle
mass, but neural adaptation is one of the main components of early development of strength [30]. The
increase in the extension directions of the Y balance test may be the likely result of progression in
postural control due to the development of neural adaptation in parallel with the increase in trunk
strength. In addition, this relationship with lower extremity muscle strength has been shown in previous
studies [31,32].

When the literature is examined related to healthy individuals, Schlee G et al. [11] reported that a
single session of WBVT treatment had positive effects on static balance and Maeda N et al. [9]
reported that WBVT applied for 8 weeks had positive effects on dynamic balance. In line with the
literature, Y balance test results of our study showed that WBVT could improve dynamic balance.
Dynamic balance plays an important role in providing daily living activities for example; running,
climbing stairs and walking is an important element in demonstrating complex movement skills.
Stability control is dynamic when a person is on the move. Therefore, dynamic balance has a more
complex mechanism than static balance [33].

When the studies to date are examined, to the best of our knowledge, there is only one study focusing
on the long-term effects of WBVT on trunk muscle and dynamic balance. This is a study conducted by
Maeda et al. [9] on WBVT with a vibration frequency of 30 Hz applied to recreationally active, healthy,
young males 3 days a week for 8 weeks. As a result of this study, a difference was determined in the
flexor muscles of the trunk muscles and only in anterior extension of the Y balance test. In the current
study, improvements were determined in both trunk flexor muscle strength and all extensions of the Y
balance test in 3 weeks. Also, the delta values WBVT were showed improvement in both right and left
posterolateral dynamic balance. It is important that WBVT makes this difference in a short period of
three weeks. Similarly, in both studies, there was no improvement in muscle groups other than flexor
muscles of the trunk. This suggests that this training method requires additional methods for the
development of trunk extensor and lateral muscle strength.

It is an important result of the current study that trunk flexor muscle strength and dynamic balance
were achieved in the short period of 3 weeks, rather than 8 weeks. This difference in a shorter time
can be attributed to the gradual increase in the vibration frequency in this study and to the sedentary
nature of the sample group, because it is thought that the performance changes usually caused by
WBVT are mainly dependent on the vibration model and the duration of the intervention [34].

The strong aspect of this study were that the results of WBVT were compared with a control group,
power analysis was applied when forming the sample, the sample size was sufficient and the age
range was narrow.

A limitation of the study is that the results can only be generalized to healthy young adults and the
experimental results do not fully reflect the situation of healthy individuals at different ages. A second
limitation was the lack of monitoring of the duration of maintaining the effectiveness of WBVT.

As a result of this study, short-term WBVT was seen to have increased trunk flexor muscle strength
and dynamic balance. However, short-term WBVT did not improve the extensor and lateral muscle
strength of the trunk. In order to maintain lumbar health in healthy individuals and for more
independent mobility of individuals in daily life, extensor and lateral muscle groups should be strong in
addition to flexor muscle strength for stabilization of the trunk [35]. Therefore, it can be recommended
that additional exercises can be planned for the development of the trunk extensor and flexor muscles
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of individuals receiving WBVT. New insights into the use of musculoskeletal rehabilitation and sports
training programs can be provided by WBVT.

In further studies, there is a need for studies in which short-term efficacy is examined by comparing
different load, volume and types of whole body vibration training in controlled studies.
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OZET

Amag: Bu calisma evde yasayan yasl bireylerde yalnizlik ve yasam doyumu iligkisini degerlendirmek
amaciyla yapilmistir.

Materyal ve Metot: Tanimlayici tipteki arastirmanin 6rneklemini Ocak-Mart 2020 tarihleri arasinda
Ankara’'da evde yasayan 60 yas ve Uzerindeki 354 yasl birey olusturmustur. Verilerin toplanmasi “Birey
Bilgi Formu”, “Yasllar Igin Yalnizlik Olgegi”, “Yagsam Doyumu Olgegi kullaniimistir.

Bulgular: Bu ¢alismada erkek, evli ve egitim dizey dislk olan yash bireylerde yalnizlik diizeyinin daha
fazla oldugu belirlendi (p<0,05).Gelir dizeyi dlsuk, sosyal guvencesi olmayan ve sosyal medya
kullanmayan yaslilarda ise yasam doyumunun daha disuk oldugu belirlendi (p<0,05). Ayrica yash
bireylerin yalnizlik 6lgegdi duyusal yalnizlik alt boyutu puan ortalamalar ile yasam doyumu 6lgegi puan
ortalamalari arasinda zayif derecede, pozitif ydonde (r:0.384,p:0.000<0.05) ve sosyal yalnizlik alt boyut
puan ortalamasi ile ise orta derecede negatif yonde anlaml bir iliski oldugu bulunmustur ( r:-
0.437,p:0.000).

Sonugc: Bu ¢alisma yash bireylerde yasam doyumu ve yalnizlik diizeyinin bazi tanitici 6zelliklere goére
farkhlik gosterdigini ve sosyal yalnizik ve emosyenel yalnizidin yasam doyumu ile iliskili oldugunu

gOstermistir.  Bu sonuglar dogrultusunda yaslh bireylere yonelik sosyal desteklerin artirimasi ve sosyal
medyanin bilingli ve giivenli kullanimina tesvik edilmesi 6nerilmektedir.

Anahtar Kelimeler: Yasli, Yalnizlik, Yasam Doyumu, Emosyenel Yalnizlik, Sosyal Yalnizlik
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ABSTRACT

Objective: This study was conducted to evaluate the relationship between loneliness and life satisfaction in
elderly individuals living at home.

Materials and Methods: The sample of the descriptive study consisted of 354 elderly individuals aged 60
and over, living at home in Ankara between January and March 2020. “Individual Information Form?”,
“Loneliness Scale for the Elderly”, “Life Satisfaction Scale” were used to collect data.

Results: In this study, it was determined that the level of loneliness is higher in male, married and elderly
individuals with low education level (p<0,05). it was determined that the life satisfaction was lower in the
elderly who had low income, did not have social security and did not use social media. (p<0.05). In addition,
there is a weak, positive (r:0.384,p:0.000<0.05) relationship between the mean scores of emotional loneliness
sub-dimension of the elderly individuals and the mean scores of the life satisfaction scale, and a moderately
negative relationship with the mean score of the social loneliness sub-dimension ( r:-0.437,p:0.000).

Conclusion: This study showed that the level of life satisfaction and loneliness in elderly individuals differ
according to some the descriptive characteristics and that social and emotional loneliness are associated
with life satisfaction. In line with these results, it is recommended to increase social support for elderly
individuals and to encourage the conscious and safe use of social media.

Keywords: Elderly, Loneliness, Life Satisfaction, Emotional Loneliness, Social Loneliness.
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1. Giris

Gunumuzde yasli nufusu saglik ve teknolojideki gelismelere, editim dizeyinin ylkselmeyle iligkili
saglik bilincinin artmasina ve dogurganhgdin azalmasi ve yasam beklentisinin artmasina bagli olarak
diinyada hem de (ilkemizde giderek artmaktadir [1]. Dinya Saglhk Orgiti nifusun yaslanma hizinin
gecmise gore ¢ok daha hizli oldugunu ve 2030 yilina kadar dinyadaki her 6 kisiden 1'inin 60 yas ve
Uzerinde olacagini, 2050 yilina kadar, 60 yas ve Uzeri dinya nifusunun iki katina ¢ikacagini (2,1
milyar), 80 yas ve Uzeri kigilerin sayisinin ise 2020 ile 2050 yillari arasinda Ug¢ katina ¢ikmasi ve 426
milyona ulagmasi beklendigini belirtmektedir [2]. Ulkemizde Tirkiye istatistik Kurumu (TUIK) verilerine
gore 65 yas ve ustu nufusun 2021 yilinda 8 milyon 245 bin 124 kisi oldugu ve yasl nufus oraninin
2025 yihinda %11,0, 2030 yilinda %12,9, 2040 yilinda %16,3, 2060 yilinda %22,6 ve 2080 yilinda
%?25,6 olacagdi 6ngoruldigu belirtiimektedir [3].

Yaslanma evrensel normal bir fizyolojik yoniniin yani sira kronolojik ekonomik, sosyal ve psikolojik
yonleri ve sorunlari da olan bir suregtir [4,5]. Yaslilik doneminde bireyler emeklilik, es, arkadas ve
diger aile Gyelerinin 6limu, kusaklar arasi deger ¢catismalari, kronik hastaliklar, temel gereksinimlerini
karsilamada baskalarina bagimh hale gelme, sosyal rollerinin degisimi, statii ve ekonomik kayiplar,
ailevi ve toplumsal cevrenin sinirli olmasi, kigisel iliskilerin ve ilgi alanlarinin kisith olmasi, sosyal
paylasim alanlarinin kaybi gibi birgok sorunlar yasayabilmektedir. Bu sorunlarla iliskili olarak bagl
yagl bireylerde yalnizlik ve sosyal izolasyon sorunu siklikla gorilebiimektedir. Ozellikle yasli
bireylerde sosyal iligkiler ve biligsel fonksiyonlari azalinca yalnizlik hissi artmaya baslar [6,7].
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Yalnizlik he yastan insanin yasayabilecedi olumsuz bir duygu durumu olup, bireyin sosyal iligkilerinden
ya da desteklerden subjektif hosnutsuzlugu olarak tanimlanmaktadir. Yalnizligin fiziksel ve mental
saglikta bozulmaya neden olarak yasam kalitesini olumsuz olarak etkiledigi, depresyon ve intihar
davranigl igin 6nemli bir risk olusturdugu belirtiimektedir[6,8]. Yapilan c¢alismalarda yalnizhdin
yaslilarda yasam doyumunu etkiledigi gosteriimistir[9,10]. Yaslilarda algilanan sosyal destegin
azalmasi ve yalnizigini artmasinin yasam doyumunu ve yasam Kkalitesini olumsuz etkiledigi
belirtiimektedir [ 11,12].

Yasam doyumu, bireyin evlilik, is gibi yasam alanlarini olumlu veya olumsuz olarak kendi belirledigi
kriterlere dayali 6znel bir degerlendirmesidir[13]. Bir baska tanima goére ise ruh sagliginin bilissel
bilesenlerini yansitmak igin kullanilan 6znel bir dlglsudir [14]. Yasam doyumunun Ozellikle yagli
bireylerde sosyal yasama katilimlarini etkileyen énemli bir faktér oldugu belirtiimektedir [15]. Yasam
doyumu, yasam Kkalitesini élgmek icin dnemli gostergelerden biridir ve yalnizca fiziksel ve ruhsal
sagligi degil, ayni zamanda insanlarin yasamini kapsamli bir sekilde degerlendirebilen sosyal uyum
yetenegini de igermektedir [13].

Yasl bireylerde yasam doyumunun artiriimasi yerinde ve basarili yaslanmayi olumlu etkilemektedir.
Basarili yaslanma yasli bireyde sakatlik ve hastaliin olamamasi, fiziksel ve zihinsel islevselligini
strdirmesi bdylece toplumda Uretken, yasam doyumu ylksek ve sosyal katihmin devam etmesini
ifade eder[16]. Yerinde yaslanmada ginimuzde siklikla kullanilan bir kavram olup kisinin kendi evinde
ve toplumda guvenli, bagimsiz ve rahat yasamasi ve degdisen ihtiyac ve kosullara adapte olarak
yasamini surdirebilmesini ifade eder [16,17]. Bu tanimlardan anlasilacagdi gibi evde yasayan yasli
bireylerde yagsam doyumunun artiriimasi ve yalnizligin azaltiimasinda bagarili ve yerinde yaslanmanin
saglanmasi 6nemlidir. Bu ¢alisma bu konu hakkinda saglik profesyonellerinde farkindalik yaratmak
ve yaslilar 6zellikle yasam doyumu ve yalnizlik agisindan degerlendirmelerinin énemini vurgulamak
amaci ile yapilmistir.

2. Materyal ve Metot

Arastirmanin Tipi: Calisma tanimlayici tipte olup, Ocak-Mart 2020 tarihleri arasinda evde yasayan
yaslilar ile yapilmistir.

Arastirmanin Yeri ve Orneklemi: Calismanin evrenini Ankara'da evde yasayan 60 yas ve Uzeri
yastaki bireyler olusturmaktadir. Arastirmanin érneklemini ise génullllik esasina dayali olarak, saglikli
bilgi alinabilecedi degerlendirilen ve olasilikli olmayan kolayda ornekleme yontemi ile ulasilan 354
yasli birey olusturmustur.

Veri Toplama Araglan: Verilerin toplanmasi “Birey Bilgi Formu”, “Yaslilar igin Yalnizlik Olcegi”,
“Yasam Doyumu Olgegi kullaniimistir.

Birey Bilgi Formu: Bu form arastirmaci tarafindan literatlirden yararlanilarak olusturulmustur [8-17].
Bu formda yasli bireylerin yas, cinsiyet, egitim gibi sosyo-demografik 6zellikleri ile arkadas, akraba ve
cocuklarini gérme durumu ve sosyal medya kullanma durumuna iligkin 13 soru yer almaktadir.

Yashlar igin Yalnizlik Olgegi (YYO): Olgek 1985 yilinda de Jong Gierveld ve Kamphuis tarafindan
gelistirilmistir[18]. Olgegin Tirkge gegcerlik guvenirlik calismasi ise Akgul ve Yesilyaprak (2015)
tarafindan yapilmistir [19]. Yalnizlik duygusunu 6lgmek amaciyla gelistirilen dlgek Gglu likert tipi 11
madde igermektedir. Olgegin duygusal yalnizlik (2,3,5,6,9,10) ve sosyal yalnizlik (1,4,7,8,11) olmak
Uzere iki alt boyutu bulunmaktadir. Bu iki boyutun toplami genel yalnizlik puanini olusturmaktadir.
Olcekte olumlu yondeki ifadeleri iceren maddeler (1,4,7,8,11) O=evet, 1=olabilir, 2=hayir, olumsuz
yondeki ifadeleri iceren maddeler (2,3,5,6,9,10) 2=evet, 1=olabilir, 0=hayir seklinde puanlanmaktadir.
Olgekten alinacak en disiik puan 0, en yiiksek puan 22'dir. Olgekten alinan puan ylikseldikge, bireyin
yalnizlik diizeyinin de ylksek oldugu kabul edilmektedir. Ayrica 6lgekten elde edilen toplam puan; 0-4
puan yalniz degil / yalnizlik hissetmiyor, 5-14 puan kabul edilebilir yalnizlik, 15-18 puan ¢ok yalniz, 19-
22 puan ¢ok yodun yalnizlik olarak gruplandirilabilmektedir. Olgeginin givenilirlik katsayisi ise 0.85
olup Duygusal yalnizlik alt boyutunun guvenilirlik katsayisi 0.79 ve sosyal yalnizlik alt boyutunun ise
0.81'dir [19]. Bu galismada ise crombach alfa degeri 6lgegin duyusal yalnizlik alt boyutu i¢in 0,776,
sosyal yalnizlik alt boyutu icin ise i¢in 0,80 olarak bulunmusgtur.
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Yasam Doyumu Olgegi: Bu lcek Diener, Emmons, Larsen ve Griffin (1985) tarafindan gelistirilmistir
ve likert tipinde ve bes maddeden olusmaktadir [20]. Olgek puanlamasi “kesinlikle katilmiyorum” ve
“kesinlikle katiliyorum” arasinda degismekte, 1-7 puanla degerlendiriimektedir. Olgekten alinabilecek
puan 5-35 arasinda degismektedir [21]. Olgekten alinan yiiksek puan, yasam doyumunun yiksekligini
ifade etmektedir. Olgegin Turkce gecerlik, 1993 yilinda Yetim tarafindan yapilmigtir ve oélgegin
glvenilirlik katsayisi 0.86 olarak bulunmustur. Bu ¢alismada Yasam Doyumu Olgeginin Cronbach’s
alpha degeri 0.879 olarak bulunmustur [21].

Verilerin Degerlendirilmesi: Arastirmanin verileri SPSS (Statistical Package for Social Sciences)
15.0 programi ile analiz edilmigtir. Verilerin dederlendiriimesinde tanimlayici istatistiksel yontemlerden
sayl, yuzde ve ortalama kullaniimistir. Verilerin normal dagihma uygunlugu Kolmogorov-Smirnov testi
ile degerlendirilmistir. U¢ ya da daha fazla grubun puan ortalamalarinin kargilastirimasinda normal
dagilim gosteren veriler icin tek yonli ANOVA testi, gdstermeyenler icin ise Kruskall Wallis testi
kullaniimigtir. Normal dagihm goéstermeyen iki grubun puan ortalamalarinin degerlendiriimesinde ise
Mann Whitney U testi kullaniimistir.

Etik Boyutu: Arastirmanin yapilabilmesi igin Gazi Universitesi Etik Komisyonu'ndan onay alinmistir
(Arasirma kod no: 2022 — 1091, tarih:13.09.2022). Calismaya katilan yasli bireylere ¢calisma hakkinda
bilgi verismistir ve goénullllik ilkesi dikkat edilerek bilgilendirilmis onamlar alinmistir. Arastirma
Helsinki Deklerasyonu Prensipleri’ne uygun sekilde yuritaimustur.

3. Bulgular

Yash bireylerin Tanitici Ozellikleri: Arastirma kapsamina alinan yasli bireylerin %35.3'(i 68-74 yas
grubundadir. Yasl bireylerin yaridan biraz fazlasi (%57.6) kadin ve %42.4’t erkek yashdir. Okuryazar
ya da ilkokul mezunu yasl bireyler %48.3 oraninda olup, %59.3’U evlidir ve evli olanlarin %47.6’sI 41-
50 yildan beri evlidir. Buyuk ¢ogunlugu (%95.8) cocuk sahibi olan yasl bireylerin %85.6’sinin sosyal
glvencesi bulunmaktadir. Yagli bireylerin %29.1'ine goére gelir algisi dusuk, %54.5’ine gdre ve
%16.4’Une gore yuksektir. Yalniz yagsadigini ifade eden yagli bireyler %19.2 oraninda olup, %55.1’i esi
ve cocuklan ile birlikte yasamaktadir. Yash bireylerin %34.8'i ¢ocuklarini her gin gordiguni ve
%28.3'U iki U¢ gunde bir gérdugund, %30.2’si akrabalarini iki G¢ ginde bir gordiginu ve %32.8'i
arkadaslarini yedi giin ve daha uzun uzun slrede bir gordigini ifade etmistir. Sosyal medya
kullandigini ifade eden yash bireyler %18.1 oranindadir (Tablo 1).

Tablo 1:Yash Bireylerin Tanitici Ozellikleri (n=354)

Degisken Sayi %
35.3
< 67 125
35.3
Yas 68 — 74 125
29.4
75 < 104
57.6
Kadin 204
Cinsiyet 42.4
Erkek 150
27.7
Okuryazar degil 98
) 48.3
llkokul mezunu 171
Egitim 15.8
Ortaokul mezunu 56
8.2
Universite mezunu 29
Evli 210 59.3

Medeni durumu
Evli degil 144 40.7
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Evlilik stresi (yil) (n=210)

Cocuk sahibi olma

Sosyal glivence

Gelir algisi

Birlikte yasadig kisi

Cocuklarin gorilme sikhdi (n=339)

Akrabalarin gorulme sikhgi

Arkadaslarin gorilme sikhgi

Sosyal medya kullanma durumu

IN

40
41 -50

51

IN

Var

Yok

Var

Yok

Dusuk
Orta

Yiksek

Yalniz
Esiile birlikte
Esi ve ¢ocuklart ile birlikte

Yakin akrabalari ile birlikte

Hi¢

Her giin

iki i giinde bir

Yedi gin ve daha uzun
strede bir

Hi¢

Her gin

iki i giinde bir

Yedi gin ve daha uzun
sirede bir

Hi¢

Her gin

iki i glinde bir

Yedi gin ve daha uzun
strede bir

Kullaniyor

Kullanmiyor

48
100

62

339

15

303

51

103
193

58

68
195
78

13

118
96

120

13
35
107
99

28
98
112

116

64

290

22.9
47.6

29.5

95.8
4.2

85.6

14.4

29.1
54.5

16.4

19.2
55.1
22.0

3.7

15
34.8
28.3

35.4

3.7
9.9
30.2
56.2

7.9
27.7
31.6

32.8

18.1

81.9
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Yash bireylerin Yagam Doyumu ve Yalnizlik Olgegi Puan Ortalamalari

Kadinlarin giclendiriimesi ve yasam doyumu diizeylerini belirlemek igin iki farkli élgek kullaniimigtir.
Yaslilarin Yalnizlik Olgedi (YiYO) toplam puan ortalamasi 9.477+2.955 ve duyusal alt boyutu icin
puan ortalamasi. 6.785+£3.377, sosyal yalnizlik icin 2.692+2.697 olarak belirlenmigtir. Yasam doyumu
Olcegdi puan ortalamasi ise 21.163+6.957°dir (Tablo 2).

Tablo 2: Yalnizlik ve Yagam Doyumu Alt Olgeklerinin Puan Ortalamasi (n=354)

Bagimsiz degisken Puan araligi (Min-max) Ortalama St.sapma
Yalnizlik 1-17 9.477 2.955
Duygusal yalnizlik 0-12 6.785 3.377
Sosyal yalnizlik 0-10 2.692 2.697
Yasam doyumu 5-35 21.163 6.957

Calismamizda yasi bireyin tanitici 6zelliklerine gore yalnizlik dlgedi toplam ve alt boyut puan
ortalamalari incelendiginde erkeklerin yalnizlik ve yasam doyumu puan ortalamalarinin kadinlardan
istatiksel olarak anlamli ylksek oldugu belilenmistir. Medeni duruma gére ise evli olanlarin toplam
yalnizlik puan ortalamasinin daha yuksek bulunmustur Egitim durumuna gdére ise Universite mezunu
olan yaslilarin okuryazar olmayanlara, okuryazar ya da ilkokul mezunu olanlara ve ortaokul ya da lise
mezunu olanlara goére yalnizlik puan ortalamalarinin istatiksel olarak anlamh disik oldugu
saptanmistir. Okuryazar olmayan yaslilarin yasam doyumu puan ortalamasi okuryazar ya da ilkokul
mezunu olanlara, ortaokul yada lise mezunu olanlara ve universite mezunu olanlara gore istatiksel
olarak anlamli olarak dusuk bulunmustur. Sosyal givencesi olan ve sosyal medya kullanan yaslilarin
yasam doyumu puan ortalamasinin istatiksel olarak anlamli olarak yiiksek oldugu belirlenmistir. Gelir
algisi duslk olan yaslilarin ise orta ve ylksek olanlara gére yama doyumu puan ortalamasi istatiksel
olarak anlamli olarak dusuk bulunmustur (Tablo 3).

Tablo 3: Yagh Bireylerin Tanitici Ozelliklerine Gére Yalnizlik ve Yagsam Doyumu Olgegi Puan Ortalamasi
Karsilastirmalari

Yasam doyumu Olgedi Puan

Degiskenler Yalniz Olgegi Puan Ortalamasi (ortalamazss) Ortalamasi
9.66 +3.056 21.68 +6.928
< 67
9.42 +3.025 20.98 +6.669
Yas 68 —74
9.32+ 2.760 20.77+ 7.353
75 <
KW: 1.090,p: 0.580 KW: 1.133,p:0.567
9.20 +2.97 20.62+6.957
Kadin
Cinsiyet durumu 9.86+2.89 21.90+ 6.914
Erkek
U:13265.000, p:0.031* U:13895.000, p:0.140
9.74 +2.840 21.37+7.207
Evii
Medeni durumu 9.09+ 3.086 20.87+6.590
Evli degil
U:13061,500, p:0.029" U:14507.500, p:0.517
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Cocuk sahibi olma Var

durumu Yok

Sosyal glivence Var

durumu Yok

Sosyal medya Kullaniyor

kullanma durumu Kullanmiyor
Okuryazar degil

Okuryazar/ilkokul mezunu
Egitim durumu
Ortaokul/Lise mezunu

Universite mezunu

IN

40
Evlilik sUresi 41 -50

51

IA

Dusuk
Gelir algisi Orta

Yuksek

Yalniz
Esi ile birlikte
Birlikte yasadigi kisi
Esi ve gocuklari ile birlikte

Yakin akrabalari ile birlikte

9.51+ 2.920
8.73+3.712

U:2232.500,p:0.421

9.48 £2.982
9.49+ 2.824

U:7687.500, p: 0.954

9.66+ 3.233
9.44 +2.896

U: 8650.500, p: 0.393

9.65+ 2.926
9.45 £2.925
9.91+ 2.849
8.21+ 3.234

KW:8.358,p:0.039**

9.31 +2.969
9.84 +2.888
9.97+ 2.770

KW:2.545,p:0.280

8.96+ 3.061
9.69+ 3.013
9.69 +2.465

KW.4.087,p:0.130

8.97 +3.223
9.79 +2.804
9.27+ 3.144
8.62+ 2.063

KW:7.105,p:0.069

21.19+ 7.47
20.67+ 4.639

U:2386.000,p: 0.686

21.58+ 6.865
18.69 +7.055

U:5702.000,p:0.003"

23.73+£6.142
20.60+ 7.009

U:6861.500,p:0.001"

18.62 +6.751
21.60 +7.110
22.86+5.348

23.90 +7.213

KW:20.963,p:0.000**

21.60+ 7.094
22.10 +6.957
20.26+ 7.708

F:1.262, p:0.285

17.87 +6.527
22.28+ 6.543
23.28+7.142

F:18.333,p:0.000***

21.09+ 6.457
21.59+7.173
20.35+6.984
20.00 +6.137

KW:2.169,p:0.538

* Mann Whitney U Testi,p<0.05
**Kruskall Wallis Testi,p<0.05
***Tek yonli ANOVA Testi
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Calismamizda yalnizlik 6lge@i duyusal yalnizlik alt boyutu puan ortalamalari ile yasam doyumu 6lgegi
puan ortalamalari arasinda zayif derecede, pozitif yonde (r:0.384,p:0.000<0.05) ve sosyal yalnizlik alt
boyut puan ortalamasi ile ise orta derecede negatif ydonde anlaml bir iligki oldugu bulunmustur ( r:-
0.437,p:0.000). Buna goére yasam doyumu arttikga duygusal yalnizhidin ve sosyal yalnizhdin azaldigi
stylenebilir (Tablo 4).

Tablo 4: Yagl Bireylerin Yagam Doyumu Olgegi ve Yalnizlik Olgegi Puan Ortalamalari Arasindaki iligki

Yalnizlik Olgedi Toplam Duygusal Yalnizlik Sosyal YalnizZlik Puan

Puan Ortalamasi Ortalamasi
Puan Ortalamasi

Yasam doyumu Olgegi
Puan Ortalamasi

.
0.040 0.384 -0.437
P:
0.455 0.000~* 0.000*

4. Tartisma ve Sonug

Yaglanma ddéneminde fiziksel, biyolojik, duygusal, sosyal, ekonomik degisimlerin yalnizlik ve sosyal
izolasyon sorunun ortaya ¢ikmasin neden olabilmektedir. Bu ¢alismada evde yasl bireyin yalnizlik
puan ortalamasi 9.477+2.955 oldudu ic¢in kabul edilebilir bir yalniz dizeyinin oldugu belilenmisgtir.
Calismamizla tutarli olarak evde yasayan yaslilarin yalnizlik 6lgegi puan ortalmasi Tel ve
arkadaslarinin (2020) calismasinda [22] 8.01 % 3.77, ligaz ve G6zUmiin(2020) calismasinda (23)
9.97 + 6.51, Isik ve arkadaslarinin ¢alismasinda [24] 11.854+6.17 oldudu igin kabul edilebilir yalnizlik
dizeyinin oldugu saptanmistir. Bu ¢alisma sonuglari evde yasayan yaslarda yalnizhdin goéruldigini
g6stermektedir. Bunun gimimuzde aile yapisinin degismesi ¢ekirdek aile tipinin artmasi ile yaslhlarin
emosyonel ve sosyal desteklerinin azalmasi ile ilgili olabilir. Bu ¢alismada yaslh bireylerin emosyonel
(duygusal) yalnizligi sosyal yalnizliktan daha fazla yasadiklari belirlenmistir [ 25,26]. Bu ¢alismada da
benzer sekilde emosyonel yalnizligin yaslilarda sosyal yazliktan daha fazla gérildigu gosterilmistir.

Weiss (1973) yalnizhd@in duygusal ve sosyal yalnizlik olarak iki tlrd oldugunu belirtmistir [27].
Duygusal yalnizlik; bireyin ¢evresindeki insanlarla bir yakinlik ya da bir baglanma iligkisi hissetmemesi,
reddedilme hissi sosyal yalnizlidi ise bir bireyin sosyal iliski agindan yoksun olmasi, ortak ilgiye dayall
etkinlikleri paylasmada kendilerini grubun parcasi olarak hissetmeme olarak tanimlamistir [27]. Yashlik
doéneminde yakinlarini kaybetme, sosyal sttali ve rollerde degisim ya da kayiplar, bilissel bozukluk,
yakinlarinin kaybi gibi sorunlarin yalnizigin gorilesini etkileyen 6nemli faktorlerdir Bu faktorlerin
gordlmesinin bireysel farklilik gostermesi hissedilen yalnizligin duygusal ya da sosyal tipte olmasini da
etkileyebilir [28]. Calismamizda yagli bireylerin sosyal yalnizlik dlzeyi arttikga yasam doyumlarinin
azaldigi ve emosyonel yalnizlik diizeyi arttikga ise yasam duyumlarinin arttigi bulunmustur. Bu sonug
yasli bireylerin sosyal gevreye karsi yasam doyumlarinin yiksek ancak i¢ dunyalarinda kendilerini
yalniz hissettikleri, duygusal bosluklarinin oldugunu dusundirmektedir ve sosyal destegin ve
etkilesimin yasam doyumunda 6énemli oldugunu dogrulamaktadir.

Yalnizhgi etkileyen birgok farkli sosyodemografik 6zellikler bulunmaktadir. Bu galismada kadinlarin
erkeklerden, evli olmayanlarin evlilerden ve Universite mezunu olanlarn diger egitim dizeyindeki
yaslilara gore yalnizlik dizeyinin disiuk oldugu bulunmustur. Calismamizla tutarli olarak bazi
calismalarda yash erkeklerde kadinlara gore yalnizlik diizeyinin daha fazla [29,30], bazi ¢alismalarda
kadinlarda erkeklerden [31,32], bazi ¢alismalarda ise cinsiyete gére herhangi bir farkliik olmadigi
belirtiimektedir [33-35]. Yalnizlik durumu bireylere gore degisiklik gosterse de kadinlarin; iletisim
kurma, sosyallesme rollerini erkeklere gére daha kisa sirede ortaya koymalarinin kadinlarin yalnizlik
puanini etkiledigi disundulebilir.

Calismamizda egitim diizeyine gore yalnizlik diizeyinin degistigini yiksek egitim dizeyinde daha az
yalnizlik goéraldagini gostermistir. Calismamizla tutarli olarak Bai ve arkadaslarinin (2021) [36] ve
Fierlos ve arkadaslarinin (2021) [37] ¢alismasinda dusuk egitim dizeyinin yalnizlikla iliskili oldugu
belirtiimektedir. Dusik egitim dizeyi yash bireylerin sosyoekonomik durumunu etkileyebildigi gibi
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sosyal ilisiklilerinin kalitesinde ve sosyal aktivitelere katiimda azalmaya neden olabilir. Bu durumda
yaglilarda emosyonel ve sosyal yalniziga neden olabilir[38]. Ozvurmaz ve arkadaslarinin (2018)
calismasi ile tutarli olarak bu g¢alismada evli olan yasllarda yalnizlik diizeyinin daha yiksek oldugu
saptanmistir[39]. Rahman ve arkadaslarinin (2019) [40] ve Kislevin (2022) [41] calismasinda ise
bosanmig ya da dul yagli bireylerin evli olanlara gore yalnizlik dizeyinin daha fazla géruldaga bazi
¢akilmalarda ise medeni durum ile yalnizlik dizeyi arasinda higbir iliski olmadidi belirtimektedir. Bu
calismadaki sonucun farklihidi yasli bireylerin c¢evresindeki bireyler olmasina ragmen yakin iligki
hissetmemesi ve duygusal yalnizlik hissini daha ¢ok yasamasina bagl olabilir. Yasl bireyin yasla
beraber ortaya ¢ikan sorunlarinin sosyal destek algisini degistirmesi de bu sonucu etkilemis olabilir.

Bu calismada gelir algisi ylksek olan, sosyal givencesi olan ve sosyal medyayl kullanan yasl
bireylerin yasam doyumunun yiksek oldugu bulunmustur. Kankaya ve Karadakovan (2017) ile Sahin
ve Yildirnm’'in (2019) calismalari da g¢alismamamiz sonucunu desteklemektedir [42,43]. Gelir
durumunun bireyin beslenme, barinma, ginlik yasam aktivitelerini yerine getirmesini, yasamini
kolaylastirici yardimci arag gerec kullanimini etkileyebilmektedir. Bu baglamda bireyin daha gugli ve
bagimsiz hissetmesini ylksek gelir dizeyi artirarak yasam doyumunu artirabilecegi soylenebilir.
Sosyal medya kullaniminin yagh insanlarin subjektif iyilik durumunu[44], mutlulugunu [45], yasam
memnuniyetini artirabilecegi, sosyal katim ve algilanan yalnizlik diizeyini azaltabilecegi [46], mental
ve bilissel saghg: iyilestirebilecedi [47] belirtimekledir. Racham ve ark.’nin galismasinda bireyin
yasaminda yer alan aile, toplum, saglik, tiketim ve bos zaman alanlar ile ilgili yasam doyumunu
sosyal medya kullaniminin pozitif yonde etkiledigini belirlemistir [48]. Gaia da calismasinda (2021)
benzer sekilde sosyal medya kullanimi ve yasam doyumu arasinda pozitif bir iliski oldugunu
gOstermistir[49]. Bu calisma sonuglari sosyal etkilesim ve iletisimin yashlar igin dnemli oldudu ve
bununda sosyal iletisim aglarinin kullaniminin énemli bir araci oldugunu géstermektedir.

Bu c¢alisma sonuglari erkek, evli ve egditim dizey dugslk olan yasl bireylerde daha ¢ok yalnizlik
g6ruldigani ve gelir diizeyi dusuk, sosyal guvencesi olmayan ve sosyal medya kullanmayan yaslilarin
ise yasam doyumunun daha disik oldugunu gdéstermistir. Bu sonuglar dogrultusunda Saglik
profesyonelleri tarafindan evde yasayan yasli bireylerin

-yalnizlik ve yasam doyumunu etkileyebilecek sosyodemografik faktorleri degerlendirmeleri

-yalnizlik dizeyini azaltmak ve yagsam doyumunu artirmak i¢in sosyal destek kaynaklarini tanimasi ve
etkin kullanmasinin desteklenmesi,

-Sosyal iletisim ve etkilesimi artirici yénde sosyal medyanin bilingli ve guvenli kullanimina tegvik
edilmesi dnerilebilir. Ayrica konuyla ilgili ¢6zim Onerilerinin saglanmasina yonelik nitel ¢alismalarin
yapilmasinin yararli olacagi dustintiimektedir.

Tesekkir

Bu calismaya katki saglayan tum yasli bireylere tesekkur ederiz.

Etik Beyani

Bu c¢alismada, “Yiiksekégretim Kurumlari Bilimsel Aragtirma ve Yayin Etigi Yénergesi” kapsaminda
uyulmasi gerekli tiim kurallara uyuldugunu, bahsi gegen ybnergenin “Bilimsel Arastirma ve Yayin
Etigine Aykiri Eylemler” basligi altinda belirtilen eylemlerden hicbirinin gerceklestiriimedigini taahhdit
ederiz.
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ABSTRACT

Objective: In this study it was aimed to examine antiquorum sensing, antioxidant activities by using root and
aerial parts extracts of Tragopogon oligolepis. Also phenolic content was detected using HPLC analysis.

Material-Method: Antioxidant activity was detected by DPPH, FRAP methods and phenolic content HPLC.
Antiquorum sensing activity was investigated by using pyocyanin and swarming motility assay on
Pseudomonas aeruginosa PAO1.

Results: Phytochemical profile findings showed that 12 components were detected in the root and 10
components in the aerial parts. The main components were found chlorogenic acid and o-coumaric acid.
According to the obtained of antioxidant levels the aerial parts extracts of T. oligolepis had the best antioxidant
property in our results. The amount of DPPH (0.60 + 0.01 mg/ml) and phenolic content (6.55+0.18 mg GAE/g
sample) was determined to be high in the aerial parts. In the FRAP analysis, high reducing power was found
in the roots (12.62+0.36 pmol FeSO./g sample). According to these results, although T. oligolepis extracts do
not reach very high amounts in terms of antioxidant results, it is thought to be a plant that can be evaluated in
terms of removing oxidant effects. The results of antiquorum sensing activity showed that both root and aerial
parts extract showed strong inhibitory effect on swarming motility 62%, %65 rate respectively.

Conclusions: Tragopogon oligolepis, an endemic species, can be evaluated as an antiquorum sensing
inhibitor candidate with its phytochemical contents.

Keywords: DPPH, FRAP, Pseudomonas, T. oligolepis
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OZET

Amagc: Bu calismada, Tragopogon oligolepis'in kdk ve toprak Ustl kisim ekstraktlari kullanilarak antiquorum
sensing ve antioksidan aktivitelerinin incelenmesi amacglanmistir. Ayrica HPLC analizi kullanilarak fenolik
icerik tespit edilmigtir.

Gere¢ Yontem: Antioksidan aktivite DPPH, FRAP yontemleri ve fenolik icerik HPLC ile tespit edildi. Cevreyi
algilama aktivitesi, Pseudomonas aeruginosa PAOL1 uzerinde piyosiyanin ve kayma hareketi testi kullanilarak
arastirild.

Bulgular: Fitokimyasal profil bulgulari, kokte 12 bilesen ve toprak Usti kisimlarda 10 bilesen tespit edildigini
goOstermistir. Ana bilesenler klorojenik asit ve o-kumarik asit olarak bulunmustur. Elde edilen antioksidan
seviyelerine gore, sonuglarimizda en iyi antioksidan 6zelligi T. oligolepis'in toprak ustl kisimlari ekstreleri
gOstermigtir. Toprak Ustl kisimlarda DPPH (0.60 + 0.01 mg/mL) ve fenolik igerik (6.55+0.18 mg GAE/g
numune) miktarinin yiksek oldudu belirlendi. FRAP analizinde koklerde yiksek indirgeme tespit edildi
(12.62+0.36 ymol FeSO4/g numune). Antiquorum sensing sonuglarina gére ise kdk ve toprak ustl ektraktlar
kayma hareketi Gizerine %62 ve %65 oraninda gui¢ll inhibisyon etki gostermistir.

Sonugc: Elde edilen sonuglar neticesinde endemik bir tur olan T. oligolepis, fitokimyasal igerigi ile antiquorum
sensing inhibitdér aday olarak degerlendirilebilir.

Anahtar Kelimeler: DPPH, FRAP, Pseudomonas, T. oligolepis
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1. Introduction

The genus Tragopogon L. (Asteraceae) contains about 150 species worldwide and widespread in
semiarid and mountainous regions of Europe and Asia [1]. 26 taxa belonging to 22 species are
distributed throughout Turkey [2]. It is morphologically similar to T. oligolepis Hartvig & Strid is local
endemic to the Southwest of Anatolia [3]. It is a perennial herb with glabrous (4-5 mm diameter) stem
and vertical woody stock [4]. Plants are important as they are sources of bioactive compounds.
Phenols include a large group of compounds that contribute majorly to the human diet. Long-term
consumption of polyphenol-based diets has positive antioxidant effects on the human body, reducing
the risk of cancer, cardiovascular diseases and diabetes. The most important polyphenol compounds
are classified in phenolic acids, flavonoids, stilbenes and lignans [5].

In all parts of the world, especially in developing countries, diseases caused by fungi, viruses,
bacteria, and parasites are a major cause of mortality and morbidity [6]. Undoubtedly, one of the most
important discoveries for humanity in the last century is antibiotics but misuse is one of the biggest
problems of recent years also [7]. The considerable time it takes to produce new antibiotics has
necessitated the development of multiple strategies in the fight against infectious diseases [8]. One of
the two strategies that has attracted the most interest of researchers is plants and the other is
inhibition of the QS mechanism. In recent years, researches on the antimicrobial properties of
phytochemicals studies on the mechanisms of action are progressing rapidly [9]. Quorum sensing
system is the communication mechanism between bacteria, which occurs as a result of the expression
of some genes, depending on the cell population density, through a some small molecules called AHL
and expression of many virulence factors in P. aeruginosa occurs through this system [10]. For this
reason, inhibition of virulence factors produced by bacteria in order to cause infectious disease in the
host is considered as one of the important target points that can be used in the fight against bacteria.
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Since there is limited study about the properties of the T. oligolepis, the aim of the current study was to
determine the antimicrobial and antiquorum sensing activity, chemical compounds of its fraction (using
HPLC method) antioxidant properties (total phenols, radical scavenging activity by ICso of DPPH test
and total antioxidant capacity) of its extract.

The T. oligolepis extract was not previously studied in terms of polyphenol content and antioxidant
activity, therefore the purpose of our study was to evaluate the antioxidant effect for future studies.

2. Material and Method
Plant Material and Preparation of the Extract for Assays

The T. oligolepis plant used in this study was collected in Mugla, Turkey, in August 2017 and identified
by Prof. Dr. Kamil Coskun Celebi. The plant has been stored in the Herbarium of the Department of
Biology of Karadeniz Technical University (KTUB) with the herbarium number Coskungelebi & Glltepe
584a. The assembled and exsiccated plant samples were separated from the aerial parts and roots
and ground with the help of a steel blender (Waring 8011 EB, USA). The solvent (1/10 ethanol) was
added and then the solvent-sample mixture was kept in an ultrasonic bath for 30 minutes, it was
filtered with coarse filter paper and the solvent was removed in a rotary evaporator (Heidolph Hei-Vap
Rotary Evaporator) at 40-45°C under vacuum. The plant extracts remaining in the balloon were
weighed and recorded and taken with DMSO. The final concentration of the extract to be used in
antiguorum sensing activity experiments was set as 100 mg/mL for aerial parts and root. For
antioxidant analyzes spectrophotometric techniques were used and also total flavonoids, polyphenols.
These techniques are constantly utilization for the native substances. Determination of antioxidant
assay; powdered aerial parts (5g) and roots (5g) were separately extracted with 90-96% methanol.
These extracts mixed-incubated for 24 h at low rpm and room temperature. The methanolic extracts
were filtered with filter papers and used. Analyses were done three times.

Total Phenolic Assay

According to the Folin-Ciocalteu method the amount in the samples was determined [9]. Gallic acid
was used as standard. The solutions absorbances of were determined for 760 nm. Concentrations of
total phenolic compounds were determined for dry weight of sample as mg of gallic acid.

The Determination of Antioxidant Activity

Utilizing by FRAP technique were calculated for plants antioxidant contents. FRAP test was utilized
calculated antioxidant activity. This technique is based on the reduction of Fe3*-TPTZ compound to
Fe?* -TPTZ compound with electron donating material [10]. The result as pmol FeS04.7H.0 was
explained for dry sample.

Opposite DPPH radical the radical cleaning capacity of samples in spectrophometer was defined on
517 nm. The color change of the DPPH mixture is examined during the analysis. DPPH radical is
deactivated in the presence of antioxidants [11]. The radical deactivation property was determined
using Trolox and the results were expressed as |Cso.

Antiquorum Sensing Assay

The inhibition effect of the plant extract on the swarming motility of PAO1 was carried out by preparing
a medium containing nutrient broth, noble agar and 0.5% glucose. A two hundred pL of the plant
extract were added to 20 mL of the swarming medium. An overnight culture of PAO1 was centrifuged
into the center of the solidified medium, and 5 pL of the supernatant was inoculated and incubated
overnight at 37°C. The sliding motion at the end of incubation was evaluated by measuring the
diameter of the motility from the center of inoculation to the edge. The results were evaluated by
comparing it with the positive control PAO1 [14].

For pyocyanin assay; an overnight bacterial culture calculated at a density of 0.02 at OD 600 was
added to 10 mL of LBB medium added with 400 pL of plant extract and incubated for 16-18 hours at
37°C in a shaking incubator. After the incubation period, 5 mL of chloroform was added to the culture
and vortexed for 30 seconds. The sub-phase formed in the medium and separated from the
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chloroform was transferred to 2 mL tubes. One mL of HCl-water mixture (0.2 mol/L HCI) was added
and vortexed again for 30 seconds. The absorbance of the pink phase formed at the top of the tubes
was measured at 520 nm. PAO1, without added extract, was used as a positive control [15].

Statistical Analysis

Data analysis was carried out using Microsoft Office Excel 2016. For each sample, experiments were
repeated three times and the mean of the results was calculated. Antiguorum sensing experiments
were carried out in triplicate according to the randomized plot design and the data obtained were
subjected to variance analysis using the JMP 8 packet statistics program. Statistical differences were
marked by the LSD multiple comparison test.

3. Results

The antioxidants in plants are very different from each other and it is very difficult to measure each
antioxidant component respectively. FRAP and DPPH methods were used in this study for radical
scavenging activity. Total phenolic and flavonoid concentrations were also calculated.

Using The Folin-Ciocalteu assay the phenolic contents of the extracts measured by ranged from
5.166+0.18 to 6.55+0.18 mg GAE/g dry extract. It was found that the highest phenolic content was
obtained in the aerial parts (Table 1).

FRAP and the total phenolic content values of the aerial and root parts are shown in Table (1).
Analysis of DPPH values determined as the 1Cso are shown in Figure (1).

Table 1: Total Phenolic Contents and FRAP for plant extracts

Analyses Aerial parts Roots
Total Phenolic Contents (mg GAE/g 6.55+0.18 5.166+0.18
sample)

FRAP (umol FeSO4/g sample) 4.98+0.17 12.62+0.36

The ICso of DPPH assay in the examined extracts ranged from 0.60 to 1.83 mg/mL. The stable free
radical DPPH has been widely used in the assessment of radical scavenging activity of plant excracts,

natural compounds and foods [16].

trolox root aerial parts

[=
L

5

IC50 {mg/ml)

=]
L

Figure 1: The results of DPPH for plant extracts
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Bioactive Compounds

The bioactive contents of the extracts prepared with the root and aerial parts of T. oligolepis were
studied in HPLC and a total of 23 standards were scanned. According to the results obtained, it was
seen that the aerial part had more content in total in the investigated standards. Chlorogenic acid the
major component in both extracts was determined, while the value found at 814.86 ug/g in the aerial
parts was determined as 323.1 ug/g in the root (Table 2, 3).

Table 2: Phenolic composition of T. oligolepis aerial parts extract

rosmarinic acid
cinnamic acid

Compounds Hg/g Compounds ua/g
Phenolics acids Flavonoids
chlorogenic acid 814,86 rutin *
o-coumaric acid 157,86 catechin *
caffeic acid 32,43 hesperidin 7,79
gallic acid 8,96 epicatechin *
syringic acid 12,89 quercetin *
p-coumaric acid 7,21 luteolin 32,46
protocatechic acid * kamferol 27,79
p-hydroxy benzoic acid * apigenin 92
vanillin *
ferulic acid *
sinapinic acid *
benzoic acid *

*

* Not detected

Table 3: Phenolic composition of T. oligolepis root extract

Compounds ug/g Compounds ug/g

Phenolics acids Flavonoids

chlorogenic acid 323,1 rutin *

o-coumaric acid 52,7

caffeic acid 19,4

gallic acid *

syringic acid 3,8 catechin 53

p-coumaric acid 0,4

protocatechic acid 1,0

p-hydroxy benzoic acid 2,1 hesperidin

Vanillin 0,9

ferulic acid * epicatechin *

sinapinic acid 1,6 eriodictiol *

benzoic acid 3,8 quercetin *

rosmarinic acid * luteolin *

cinnamic acid 0,7 kamferol *
apigenin *

* Not detected

Antiquorum Sensing Activity Results

T. oligolepis methanol extract showed similar results to the swarming motility and pyocyanin pigment
production, which play an important role in the virulence of Pseudomonas. While the inhibition rates of
the root extract were 61% on the swarming, it was determined as 33% on the pyocyanin pigment
production. On the other hand the aerial parts extract showed a strong inhibition effect of 65% on the
swarming motility, while a low inhibition effect of 15% on pyocyanin production.
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4. Discussion and Conclusion

Plants with medicinal properties and their secondary metabolites have been discovered since the
dawn of time. Depending on the type of plant, the use of flowers, leaves, branches or roots is common
in the treatment of acute and chronic diseases. Especially important to limit oxidative reactions in cells
antioxidant nutrients are predispose humans to the development of major clinical conditions. Today,
such as flavonoids, the antioxidant potential of plant-derived phenolic compounds are great interest in
the possibility that may reduce the risk of developing these conditions [17]. Phenolic compounds may
have a direct contribution to have an antioxidant effect [18]. Flavonoids are well known antioxidants. In
different studies, antioxidant activities of flavonoid-rich plant extracts were found to be quite high
[16,19]. Farzaei M.H. et al. identified the chemical constituents of the essantial oil from the aerial parts
of Tragopogon graminifolius by GLC and GLC-MS [20]. ]. In our study, chlorogenic acid, caffeic acid,
syringic acid, p-coumaric acid, and o-coumaric acid were found as common components in both
samples. Chemical components of Hexane extract of T. oligolepis obtained from Mugdla region
(Turkey) were investigated by Ugur A. et al. who studied the same Tragopogon species as us, with
GLC-GLC-MS the main components of the hexane extract were characterized as caryophyllene oxide
(18.5%)[21]. Chlorogenic acid was found to be 323.1 pg for root extract and 814.8 ug for aerial parts
extract in our study. Uysal S. et al. [22] indicated the presence of chlorogenic acid in water and
methanolic extracts of Tragopogon dubius obtained from Kastamonu, Turkey. The authors reported
that the highest content of phenolics was detected in the methanolic extracts. In addition, the authors
stated that chlorogenic acid was the dominant natural product and benzoic acid observed in the
methanolic extract, as we determined in our study. According to Sareedenchai V. et al. and Granica S.
et al. also found that the amount of chlorogenic acid was high in Tragopogon porrifolius L. and
Tragopogon tommasini extracts, similar to our study [23, 24]. Moreover, the Tragopogon dubius
methanolic extract exhibited a promising antioxidant effect [22]. Similarly we predict that it may show a
promising antioxidant effect with values for FRAP at root and aerial parts extract in our study. In
addition, we determined 157.8 ug of o-coumaric acid for aerial parts in our study. As Abdalla and
Zidorn stated in their review on the use of Tragopogon species, their phytochemical and
pharmacological properties [25], similar to our study, Smolarz and Krzaczek's studies found high
apigenin, luteolin, syringic acid and caffeic acid levels in methanolic extracts of Tragopogon orientalis
L. [26]. In this study, when evaluated in terms of DPPH radical scavenging activity, more activity was
found in the aerial parts than in the root (0.60+£0.01 mg/ml) (Figure 1). Similarly to our study, Farzei M.
H. et al. found high DPPH activity and high phenolic content in the aerial parts of Tragopogon
graminifolius. However, contrary to our study, they found high reducing power in the root and low
reducing power in the above-ground parts in the FRAP analysis. (Table 1) [20]. Falahi E. et. al.
investigated the phenol and flavonoid content and DPPH ICso of leaves Tragopogon graminifolium.
Based on their findings, the phenolic contents of extract of T. graminifolium were 513.71+60.77 mg
GAE/ g dry extract and 7133.66+5368.17 ug/mL. [27]. Besides antioxidant capacity phytochemical
composition of plants showed antimicrobial and antiguorum sensing activity. The problem of antibiotic
resistance, which complicates the treatment of infectious diseases, has accelerated the studies on the
use of plants and antimicrobial effective substances obtained from them. In addition, the inhibition of
the bacterial communication system, which is effective in the management of virulence by many
microorganisms, has been another focus in this struggle in recent years [28, 29]. Many synthetic and
natural compounds have been studied and studied for the inhibition of the system that plays a role in
the synthesis of many virulence factors such as elastase B production, biofilm formation, protease
production, and swarming motility [30, 31]. In the literature review, no study was found in which the
inhibition effect of on antiguorum sensing, especially the swarming motility of Pseudomonas and
pyocyanin pigment production. However, in a study with antibacterial properties of T. oligolepis were
investigated and it was observed that the ethyl alcohol extracts was most effective on some MDR
Staphylococcus species [27].

In conclusion, in this study, phenolic content of T. oligolepis, which is an endemic species, were
investigated and its antioxidant ability and some virulence factors in P. aeruginosa, were investigated.
It was found that the bacterial test results showed an inhibition effect against pyocyanin production
and swarming motility, which have an important role in virulence. In recent years, when antibiotic
resistance is a serious problem, the tendency to herbal drugs in the fight against bacteria and the
prevention of the formation of infectious diseases by preventing the communication between bacteria
without killing them are seen among the promising strategies.
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ABSTRACT

Objective: The study was planned to evaluate patients with chronic cervical myofascial pain syndrome treated
with lidocane injection and exercise and to compare the efficacy of treatments.

Material and Method: The study included 73 patients (40 females, 33 males) aged between 25 and 65 years,
who had been treated with exercise and lidocane injection due to the diagnosis of myofascial pain syndrome in
our clinic 6 months ago, and volunteered to participate in the study. The mean age of the participants in the
exercise group (n=38) was 44.16+10.63 years. The age of the participants in the lidokayn injection group (n=35)
was 42.20+11.63 years. The exercise group was given stretching exercises for the neck and upper back
muscles, and strengthening exercises for the neck muscles, 3 sets of 10 times a day. On the other hand, to the
Lidokayn injection group participating in the study, 2 ml of 1% lidocaine was applied locally to the trigger points
according to the injection technique defined by Travell and Simons. Patients' pain Visual Analogue Scale.
pressure pain threshold Algometer, muscle spasm Palpable Muscle Spasm Scoring, cervical normal joint
movement (CROM), disability level Neck Disability Scale, depression status Beck Depression Scale, anxiety
status Beck Anxiety Inventory and quality of life SF-36 Short Form-36 scales. . Statistical significance level is
(p<0.05).

Results: The results of lidocaine ejection and exercise are similar in the treatment of MAS. We think that
exercise therapy is more feasible in the treatment of MAS because it is non-invasive, easily applicable and more
economical.
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OZET

Amag: Calisma lidokayn enjeksiyonu ve egzersizle tedavi edilmis kronik servikal miyofasyal agri sendromlu
hastalari degerlendirmek ve tedavilerin etkinligini karsilastirmak amaciyla planlandi.

Materyal ve Metot: Calismaya ortalama 6 ay oncesinde klinigimizde miyofasyal agri sendrom tanisi
nedeniyle egzersiz ve lidokayn enjeksiyonu tedavisi almis, ¢galismaya katilmaya gonilli olan, 25 ve 65 yas
araliginda 73 hasta (40 kadin, 33 erkek) dahil edildi. Egzersiz grubundaki (n=38) katilimcilarin yaslari
ortalamasi 44,16+10,63 yildi. Lidokayn enjeksiyon grubundaki (n=35) katilimcilarin yaslari ise 42,20+11,63
yildir. Egzersiz grubuna daha 6nce giinde 3 set 10’ar kez olmak lizere boyun ve Ust sirt kaslarina germe,
boyun kaslarina kuvvetlendirme egzersizleri verildi. Calismaya katilan Lidokayn enjeksiyonu grubuna ise
daha 6nce tetik nokta Gzerine lokal olarak %1'lik 2 ml lidokain, Travell ve Simons'un tanimladidi enjeksiyon
teknigine gore tetik noktalara uygulandi. Hastalarin agrisi Gérsel Analog Skalas. basing agri esigi
Algometre, kas spazmi Palpabl Kas Spazmi Skorlamasi, servikal normal eklem hareketi (CROM), 6zlr
diizeyi Boyun Oziir Olgegi, depresyon durumu Beck Depresyon Olgegi, kaygr durumu Beck Kaygi Olgegi
ve yasam kalitesi SF-36 Short Form-36 6lgekleri ile degerlendirilmistir. istattistiksel anlamlihk diizeyi
(p<0.05) tir.

Bulgular: Katilimcilarin sonuglari kargilagtinidiginda agn algisi, kas spazmi, hareket acikligi, depresyon,
kaygl ve 6zir durumu genel yasam kalitesi agisindan gruplar arasinda istatistiksel olarak anlamh fark
bulunmadi (p>0,05).

Sonucg: MAS tedavisinde Lidokayn ejeksiyonu ve egzersiz uygulamasinin sonuglar benzerdir. Egzersiz
tedavisinin non-invaziv, kolayca uygulanabilir ve daha ekonomik olmasi nedeniyle MAS tedavisinde daha
edilebilir oldugunu dugtnuyoruz.

Anahtar Kelimeler: Egzersiz, Lidokayn, Miyofasyal Agri Sendromu
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1. Introduction

Sedentary life routine and musculoskeletal disorders as a result of rapidly developing technology
increase the myofascial pain syndrome (MPS) of the society nowadays [1]. There are different
prevalence and incidence values of MPS in the studies and it is more prevalent in female gender
between 27.5-50 years of age [2]. Although the etiology of MPS is not clear, the causes of this syndrome
are chronic muscle injuries caused by cumulative trauma, acute traumas, muscle fatigue, environmental
and psychological stress, and the presence of genetic factors [3]. There is no clear pathology a result
of investigations on trigger points characterized by MPS [4]. The symptoms of myofascial pain syndrome
originating from a trigger point resulted from a sudden overload or repeated micro-trauma are muscle
spasm, limitation of movement, loss of muscle strength, depression, sleep disturbance and autonomic
dysfunctions [5].

Trigger points, the most important among the clinical symptoms of MPS, are the 2-5 mm diameter
sensitive points which are in the skeletal muscle or multiple muscle at the same time and in which
pressure and pain occurs. Taut bands, which are referring to the shortened, hardened and increased
tonus of muscle fiber, are the definite objective finding in the examination of MPS [6].
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The treatment of painful trigger points may vary; however, the primary aim of treatment is to relieve pain
and increase muscle strength at the same time, to regain joint range of motion and to provide suitable
posture [7]. Pharmacological treatment such as muscle relaxants, pain relievers and non-steroidal anti-
inflammatory drugs as well as interventional applications such as therapeutic local anesthetic, botulinum
toxin, steroid injections and dry needling, can be recommended. In addition, noninvasive methods such
as hot-cold applications, electrotherapy methods, physical therapy modalities and / or massage and
stretching, range of motion are also important in the treatment and treatment is usually administered as
a combination of these methods. This study, it is aimed to evaluate the clinical results of patients with
chronic cervical MPS who were treated with local anesthetic injection or exercise, and to determine the
effectiveness of the treatments and the most appropriate treatment for MPS.

2. Material and Method

Patients diagnosed with MPS according to Simons et al diagnostic criteria were included to this
retrospective study. 392 patients aged 25-65 years who were diagnosed with chronic cervical myofascial
pain syndrome and received local anesthetic injection and exercise therapy at Yalvac District State
Hospital Physical Therapy and Rehabilitation Unit between March 2015 and March 2016 were invited to
participate in the study. Since the most common treatment modalities for MPS patients in the clinic were
exercise and local anesthetic injections, patients with MPS who were treated with these methods were
preferred in the study. In the literature, exercise was frequently preferred as secondary therapy in MPS
treatments. In our study, exercise group was preferred to determine the effectiveness of exercise alone
in acute conditions. Patients diagnosed with MPS in our clinic may reject injection therapy. In this case,
the exercise therapy is given and they are asked to keep an exercise log. In this way, it is seen whether
they do their exercises regularly and the process is archived in the diaries of the patients.

The patients diagnosed with MPS were included in the study. The patients included in the treatment
were those who were treated with a local anesthetic injection or home program, did not use any
corticosteroids, and had not undergone any previous medical operation or treatment. However, he also
had Turkish reading and comprehension skills. Patients who did not accept to participate in the study,
did not exercise regularly for any reason, did not complete the evaluations, and received additional
treatments were determined as exclusion criteria in the study (Figure 1).

Patients with
Cervical MPS

Patients Invited to
Study

Patients Agreed to
Participate

n=51

Local Injection
Group

Exercise Group

Figure 1: Working flow chart
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The demographic data of the participants who signed the consent form after being informed and agreed
to participate in the study were recorded with a form.

Visual Analogue Scale (VAS) was used to evaluate the pain severity of the patients. The scale consists
of a 10 cm straight line . A score of O indicates no pain, and a score of 10 indicates unbearable pain.
Patients were asked to mark their pain in activity and resting states. Palpable Muscle Spasm Scoring
was used with palpation of the tender point to evaluate the muscle spasm status of the patients[8]. A
universal goniometer was used to evaluate the normal range of motion in the neck joint. Flexion,
extension, lateral flexion and rotation movements of the neck were measured and the results were
recorded. The Neck Disability Scale (DCS) was used for neck disability status. This scale is used to
evaluate cervical region disability in patients and consists of 10 items with different parameters and 6
answer options [9]. Beck depression scale (BDS) was used to evaluate the depressive status of the
patients. The scale consists of 21 questions that individuals need to answer considering their last week
[10]. The Beck anxiety Scale (BAS) was used to evaluate the anxiety status of the patients. The scale
consists of 21 questions that include specific symptoms of individuals' anxiety [11]. SF-36 (Short form
36) quality of life questionnaire was applied to evaluate the quality of life of the patients who accepted
to participate in the study. The scale was grouped under 8 titles consisting of 36 items. The main titles
of the scale are; general health, activities of daily living, physical health, mental health, social activities
and pain status [12]. In order to determine muscle sensitivity, pressure pain threshold should be
measured and this measurement gives more reliable results by device rather than manual
measurement. In addition, a digital algometer was used to determine the pressure pain threshold of the
participants.

Patients who were diagnosed with myofascial pain syndrome by applying to the physical therapy and
rehabilitation clinic were called by the physiotherapist and invited to the study and formed the exercise
group of the study. Neck and upper back muscles as a home exercise program for the patients included
in the exercise group; stretching and strengthening exercises for m.trapezius, deep neck flexor muscles
and neck extensor muscles were taught. The exercises were shown to the patients by the
physiotherapist practically in front of the mirror and it was confirmed whether the patients did the
exercises appropriately. The patients were told that they should do the exercises in the home program
at least 3 days a week, 3 times with 10 repetitions a day. A brochure for the description of the exercises
was also given to the patients. The average follow-up time of patients was X =5 + 1.2 months.

The injection group of the study was formed by the patients who received treatment with injection of 2
ml of lidocaine locally on the trigger point from multiple points by experienced physician (same physician
administrated the treatments to all patients) according to the method of injection determined by Travell
and Simons (minimum 2, maximum 4) [13]. The average follow-up time of the patients was X =5+ 2.9
months.

SPSS 16.0 version was used to analyze and compare the evaluation methods. As a result of the Shapiro
Wilk test, the t test was applied to the groups with normal distribution in independent group. Comparison
of depressive symptoms and neck disability levels of the groups were performed by Independent groups
t-test analysis and comparison of the general life quality of the groups were performed by Independent
groups t-test analysis. p<0.05 were considered statistically significant.

3. Results

Descriptive data of the patients were given in table 1. While the age of participants in the exercise group
(n = 38) was 44.16 + 10.63 years, the age of the participants in the injection group (n = 35) was 42.20 +
11.63 years.

In the local anesthetic injection group, 20 patients (57.1%) were female and 15 (42.9%) were male. In
the exercise group, 18 (47.7%) were male and 20 (52.6%) were female (Table 1).
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Table 1: Demographic characteristics of participants

Variables Local injection group Exercise group (n=38) t p*

(n=35) X+SD

X+SD
Age(year) 42.20+11.63 44.16+10.63 0.75 0.45
Size(cm) 164.49+7.95 164.7949.6 0.14 0.88
Weight(kg) 73.31+12.77 79.26+13.35 1.94 0.05
BMI(kg/m?) 27.23+5.26 29.29+5.30 1.67 0.09
Male 42.9% 52.6%
Female 57.1% 47.4%
Occupation
Civil Cervant 28.6% 15.8%
Self Employed 17.1% 28.9%
Housewife 42.9% 42.1%
Retired 11.4% 13.2%
Educational Attainment
Primary School 11.4% 5.3%
Middle School 22.9% 34.2%
High School 34.3% 42.1%
University 31.4% 18.4%

Independent groups t-test analysis *p<0.05 BMI: Body Mass Index

When palpable muscle spasm data of the participants in the local anesthetic injection and exercise
group were examined, 4 (10.5%) of the exercise group received 1 point, 23 (60.5%) received 2 points
and 11 (28.9%) received 3 points. In the local anesthetic injection group, 11 (32.4%) received 1 point,
20 (57.1%) received 2 and 4 (11.4%) received 3 points (Figure 2).

100
90
80
70
60
50
40
30
20
10

1 Point 2 Points 3 Points

OLocal anesthetic injection group BEXxercise group
Figure 2: Distribution of palpable muscle spasm values of groups
There was no statistically significant difference in pain, cervical normal joint range of motion, pressure

pain threshold, depressive and anxiety symptoms, disability levels and general life quality among the
participants in the local anesthetic injection and exercise group (p> 0.05) (Table 2, 3, 4)
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Table 2: Comparison of pain perception and active joint range of motion in groups

Variables Local injection group Exercise group t p*
(n=35) (n=38)
X+SD X+SD
Min-max X+SD Min-max X+SD
?Cers)“”g Pain (VAS) 1.2-6.5 3.18+1.23 1-6.1 2.65+1.21 -1.861  0.67
?Ccr:]')" ity pain (VAS) 3.9.9.6 6.64+1.33 3.2:9.4 6.60+1.49  -0.138  0.89
Pressure pain 5.3-12.1 8.43+1.89 5.2-11 7.92¢1.69  -1.206  0.23
threshold
ROM total 275-320 299.97+£12.16 272-318 296.84+11.46 -1.131 0.26
p>0.05, Independent Groups t-test
VAS: Visual Analogue Scale
ROM: Range of Motion
Table 3: Comparison of depressive symptoms and neck disability levels of the groups
Variables Local injection group Exercise group t p*
(n=35) (n=38)
X+SD X+SD
Min-max X+SD Min-max X+SD
BDS 7-40 22.11+8.48 10-45 21.92+8.30 -0.09 0.92
BAS 10-39 20.71+7.60 5-37 20.18+7.81 -0.29 0.77
NDS 7-29 16.85+4.27 9-34 18.47+4.81 2.18 0.65
p*<0.05, Independent Groups t-test
BDS: Beck Depression Scale
BAS: Beck Anxiety Scale
NDS: Neck Disability Scale
Table 4: Comparison of the general life quality of the groups
Variables Local injection group Exercise group t p*
(n=35) (n=38)
XxSD XxSD
Min-max X+SD Min-max X+SD
General Scale of Life
Quality (SF-36)
?FhF%S'Ca' function 4 o9 55.14+9.58 15-90 49.34+19.73 368 0.12
Physical role
limitation (FRL) 0-100 49.28+28.75 0-100 41.44+30.90 -1.11  0.26
Role emotion (RE) 0-100 41.90+27.22 0-100 36.83+£30.79 -0.74  0.46
Energy level (EL) 30-75 48.85+10.85 20-75 48.42+13.20 -0.15 0.87
Mental  well-being 35 76 57.62¢1121  20-80 53.47+14.83 -1.34 0.8
(MWB)
Social function (SF) 25-100 53.71+£17.29 12.5-75 48.02+14.09 -1.54 0.12
Pain (PH) 22.5-77.5 44.28+16.56 22.5-90 48.31+16.81 1.03 0.30
General health (GH)  30-70 48.57+10.88 25-75 47.36+13.98 -0.40 0.68

p*<0.05, Independent Groups t-test
SF-36: Short Form -36
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4. Discussion and Conclusion

In the literature about the treatment of MPS, there are studies reporting that exercise should be given
as an adjunctive therapy to treatments such as local injections, dry needles and electrotherapy methods.
However, this study, we administered only injection treatment for one group and only exercise therapy
for the other group with the thought that the exercise therapy should be the primary treatment modality.
We found that the clinical results of our patients who received injection and exercise therapy were
similar. Thus, we found that exercise alone could be given as the main treatment method for MPS
patients rather than as an adjunct to any treatment and there was no difference in approximately 8
months results of the patients.

Musculoskeletal system pain is one of the reasons of major morbidity [14]. MPS is also a major cause
of musculoskeletal pain. The main aim of the treatment is to reduce pain and make the effect permanent
as soon as possible. Invasive and non-invasive methods related to MPS treatment have been repeatedly
compared with different parameters and evaluation methods, and there are some studies which is
accepted in general that invasive methods provide early and long-term improvement in treatment, and
exercise therapy should be given as a secondary therapy in addition to any treatment for MPS treatment
[15]. However, in our study, contrary to these studies; when we compared local anesthetic injection
therapy and noninvasive exercise therapy with a minimally invasive method, we found that our patients
benefited from both treatment methods and the results of clinical recovery were similar.

Previously, resting and inactivity were recommended in the treatment of chronic pain for years, but over
the years it was replaced by physical activity and exercise programs, considering the effectiveness of
exercise in reducing pain severity, and the specific benefits of improving physical and mental health. In
Cochrane examinations, there are studies stating that pain can be controlled by exercise to determine
the effect of exercise programs and physical activity on pain severity, quality of life, function and use of
healthcare service as well as the side effects and exercise-related damages in reducing chronic pain in
adults, as far as studies stating that exercise programs and physical activity are not effective [16].
However, it was stated in this study that exercise has positive effects on physical function and it was
reported that the studies were small and medium scale and larger sample and long term follow up results
were required to be taken. In spite of this confusion in the literature about chronic pain treatment, our
study supports studies showing the effectiveness of exercise.

When compared to lidocaine injection and physiotherapy modalities, dry needling, ultrasound and
stretching exercises in the treatment of MPS in terms of efficacy of therapies, a statistically significant
difference couldn’t be found, but it was seen to be effective when compared to placebo [17, 18,19] In a
recent study, it was reported that both lidocaine injection into trapezium muscles and correction of
biomechanical factors had positive effects on pain relief for MPS patients who did not benefit from
physiotherapy [20]. In our study, it was shown that local anesthetic injection could be used effectively in
MPS treatment, but both treatment modalities in which clinical results were not different with exercise
treatment, were found to provide pain relief, increase functionality and quality of life, and reduce
disability. The mean follow-up period of our patients was consistent with the literature, and it was
determined in the examination that our patients were not receiving any additional treatment during this
period (including medical therapy as analgesic and muscle relaxants).

Exercise therapy was added to both treatment program under the control of both physiotherapist and
home program as well as each treatment program in comparison with the studies. [21 ]. Stretching and
posture exercises mostly preferred for MPS treatment as well as therapeutic and protective effects have
an important role in the treatment due to having the same long-lasting effects of passive stretching which
is the only exercise that can be tolerated by the trigger points which was increased in sensitivity [22].
According to Travell and Simons, the patient with MPS who has a trigger point to provide full joint range
of motion and continuous relaxation should be given passive stretching exercises in the form of a home
program especially by creating awareness. Whereas Hayden reported that it could be more effective
with other conservative methods compared to the application of exercise alone in decreasing pain and
increasing function [23]. Recent Cochrane review has shown that the use of strengthening and
endurance exercises for cervical-scapulothoracic and shoulder may be of moderate benefit in reducing
pain and improving function. However, it emphasized that new studies should be performed to determine
the optimal dosage by stating that no beneficial effects can be expected only if stretching exercises are
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used [24]. Based on the findings of our study, we think that exercise therapy can be used effectively in
the treatment of MPS alone.

Both treatment modalities have similar effects. Therefore, we think that exercise therapy is a preferable
method since it is both easy and cost-effective to use and it is a non-invasive method. In addition,
exercises should be added to each treatment in order to increase the effectiveness of the treatments
administered, to be sustainable, to decrease their tension, to regain muscle flexibility and to decrease
the frequency of recurrences. The fact that the participants in the study consisted of patients with MPS
diagnosis only in the neck and shoulders, being done the reliability of validity of all the scales used in
the study and the use of objective evaluation method such as algometric measurement were among the
strengths of our study.
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ABSTRACT

Vegetarianism is characterized by the exclusion of all animal flesh foods from the diet, including meat and
fish. The more restricted form is a vegan diet that excludes all animal-derived food, including milk, dairy
products, and eggs. During past decades questions have been raised about whether vegetarian diets are
suitable during all stages of life and during the fast growth period. Nutrition during pregnancy and lactation is a
potentially modifiable risk factor as it is an important determinant of lifetime disease risk. Therefore, it is of
great importance to encourage mothers to have adequate and balanced nutrition during pregnancy and
lactation. Infancy, childhood, and adolescence are critical periods, and nutritional requirements become
crucial to be met during this time. Children on vegetarian diets might be at risk of certain nutrient deficiencies
such as n-3 fatty acids, vitamin Biz, iron, and zinc. Furthermore, the nutritional habits acquired during this
period may influence dietary patterns and the risk of disease later in life. Most of the studies investigating the
effect of vegetarian diets on children are outdated. There is a lot of controversy regarding the safety of
vegetarian diets in childhood, and more longitudinal studies are needed. This review focuses on the effects of
vegetarian diets in children and the health consequences of vegetarian diets.
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OZET

Vejetaryenlik, et ve balik dahil olmak Uzere tim hayvan etlerinin diyetten diglanmasi ile karakterize
edilmektedir. Vegan diyet ise daha kisitl olup st urtnleri ve yumurta dahil olmak Uzere tim hayvansal
kaynakli gidalar dislanmaktadir. Vejetaryen diyetlerin yasamin tim asamalarinda ve o6zellikle hizh
blyime déneminde uygun olup/ olmadigi konusu siklikla sorgulanmaktadir. Gebelik ve emziklilik
déneminde beslenme, yasam boyu hastalik riskinin énemli bir belirleyicisi oldugu icin potansiyel olarak
degistirilebilir bir risk faktoridir. Bu nedenle, gebelikte ve emzirme déneminde annelerin yeterli ve dengeli
beslenmeye tegvik edilmesi blylk 6nem tagimaktadir. Bebeklik, cocukluk ve ergenlik kritik ddnemler olup,
bu dénemlerde beslenme gereksinimlerinin karsilanmasi ¢ok 6nemli hale gelmektedir. Vejetaryen ve
vegan ¢ocuklar n-3 yag asitleri, B12 vitamini, D vitamini, kalsiyum, demir ve ¢inko gibi bazi besin 6gesi
eksiklikleri ile karsi karsiya olabilir. Ayrica, bu dénemde edinilen beslenme aligskanliklar ve beslenme
dizeni, yasamin ilerleyen dénemlerinde hastalik riskini etkileyebilmektedir. Vejetaryen beslenmenin
cocuklar uzerindeki etkisini aragtiran calismalarin ¢gogu guncelligini kaybetmistir. Cocuklukta vejetaryen
diyetlerinin guvenligi konusunda pek c¢ok tartisma s6z konusu olup yeterli uzunlamasina c¢alisma
bulunmamaktadir. Bu derleme, ¢ocuklarda vejetaryen diyetlerin etkilerine ve saglik Gzerindeki sonuglarina
odaklanmaktadir.

Anahtar Kelimeler: Cocuk, beslenme durumu, vejetaryen diyet, vegan diyet, saglik, guvenlik
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1. Introduction

Vegetarian diets are characterized by the exclusion of flesh foods such as meat and meat products,
poultry, fish, and seafood. Vegetarian diets may include eggs, milk, and dairy products and are rich in
plant-based foods such as vegetables, fruits, grains, legumes, nuts, and seeds. On the other hand, a
vegan diet excludes all animal-derived food, including milk, dairy products, eggs, and even honey [1].
Different types of vegetarian diets [2-3] are described in table 1. A growing number of people are
following vegetarian diets because of ethical, environmental, and health concerns [4]. The primary
motivation behind following a vegetarian diet is animal protection, but it is also due to concerns about
hormone and antibiotic use in animals or environmental concerns [5].

There are many longitudinal studies, the results of which suggest that vegetarians have a lower risk for
certain diseases such as ischemic heart disease, hyperlipidemia, and hypertension [6,2,7]. But there
are much less data available on the health consequences of vegetarian diets in infants and children.
Therefore, the evidence may not be sufficient to conclude that a well-planned vegetarian diet is
suitable for all stages of life [6]. If not appropriately planned, following a vegetarian diet may result in a
reduced intake of specific nutrients such as n-3 fatty acids, vitamin D and B12, iron, zinc, and calcium.
Academy of Nutrition and Dietetics (AND) states that well-planned vegetarian diets are appropriate for
all stages of the life cycle and may provide some health benefits in the prevention of certain diseases
[2,6]. On the other hand, the German Nutrition Society (DGE) is against all plant-based diets for
infants, children, and adolescents [8]. The recent literature regarding the safety of vegetarian diets for
children will be discussed further in this review.
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Table 1: Different types of vegetarian diets

Lacto-ovo-vegetarian Consumes eggs, milk and dairy products

Lacto-vegetarian Consumes milk and dairy products but not eggs

Ovo-vegetarian Consumes eggs and egg products, but not milk and dairy products
Semi-vegetarian Consumes red meat, poultry and fish less than once per week and more than

once per month

Pescatarian Consumes seafood, fish, eggs, milk and dairy products but no red meat and
poultry
Vegan Excludes any kind of animal derived foods including eggs, milk, dairy

products and honey

Raw vegan Consumes mainly uncooked fruits, vegetables, nuts and seeds, grains and

legumes.

Vegetarian Diets in Children

Even though there are various reasons why people adopt a vegetarian diet style, vegetarianism in
children is primarily the parents’ decision [9]. The prevalence of vegetarianism in children varies
around the world. According to National Surveys, 0.7% of children aged 6-12 and 1.3% of children
ages 12-19 years are vegetarians in the United States. Similarly, in the United Kingdom,
approximately 2% of children reported being vegetarian [10]. Although vegetarian diets are perceived
as healthy, there are some concerns about the nutritional requirements during infancy, childhood, and
adolescence [11]. In growing children, height and weight and cognitive and psychomotor development
are influenced by the quality of the diet they consume. Therefore, infants and children must get their
nutritional requirements met. In the fast-growing period, vegetarian children might be at risk of certain
nutrient deficiencies such as n-3 fatty acids, vitamin B12, iron, and zinc. Furthermore, the nutritional
habits acquired in this period may influence dietary patterns later in life [12].

The period from birth to 1 year is a critical period to meet the nutrients needed to support extremely
fast growth. Particular attention should be paid to normal growth and neurodevelopment targets at this
stage. In the second half of the first year of life, breast milk alone is not enough to provide enough
energy, protein, zinc, iron, and fat-soluble vitamins (vitamins A, D, K). Thus, complementary feeding is
a crucial stage in an infant's growth, and it may play a significant role later in life [13]. Recently
ESPGHAN [European Society for Paediatric Gastroenterology, Hepatology, and Nutrition Committee
on Nutrition] stated on its position paper that vegan diets should be discouraged during
complementary feeding [8].

The nutritional status of vegetarian children depends on the parents' level of education and knowledge
[9]. Several cases of infant hospitalization were reported due to various nutrient deficiencies which
developed after these infants were weaned with vegan regimes. An 11-month-old infant weaned with a
vegetarian diet was hospitalized because of a severe B12 deficiency. In 2016 a 2-years-old child was
hospitalized with severe nutritional deficiencies because he was exclusively breastfed by a mother
following a vegan diet [3].

Nutrients that are likely to require special attention for vegetarian children include iron, zinc, vitamin
B12, and additionally for vegan children calcium and vitamin D. Daily protein intakes of young
vegetarians’ usually meet recommendations, while protein needs of vegan children vary because of
differences in amino acid composition and protein digestibility. Vegetarian diets are associated with
limited absorption of iron and zinc due to their high content of phytates. Still, deficiencies of these
minerals in children are not very common in industrialized countries. Children on vegan diets should
be strictly monitored for Vitamin B12, iron, and zinc status [2].
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Macro And Micronutrient Status in Children on a Vegetarian Diet

Children need more energy, macro, and micronutrients per body weight unit compared to adults to
maintain healthy growth and development [14]. Therefore, nutrient status in children following a
vegetarian or a vegan diet is important for their growth and development. Studies on macro and
micronutrient intake of vegetarian children are limited and outdated [15]. Thane and Bates [16]
included 13521 children (1.5-4.5 years) from the National Diet and Nutrition Survey to analyze and
compare dietary intakes and nutrient status of vegetarian and non-vegetarian Asian preschool
children. They found that vegetarian children had a higher energy intake from carbohydrates than non-
vegetarian children. Serum ferritin levels were lower in vegetarian children, while antioxidant vitamin
status was higher compared to non-vegetarian children. Although the authors concluded that lower
intakes of fat, sodium and higher intakes of antioxidant vitamins may be beneficial, low serum ferritin
levels may be a potential risk for impairment in growth for these children [16]. Alexy et al. [17]
compared the dietary intakes of vegetarian (n =149), vegan (n =115), and omnivore (n = 137) children
and adolescents (6-18 years) in Germany. The total energy intake was not significantly different
between groups. Intake of carbohydrates was significantly higher among vegans and vegetarians
compared to omnivores. The median protein was lowest among vegetarians. The authors did not
report any specific nutritional risks among vegetarian and vegan children and adolescents [17]. In the
study Peddie et al. [18] conducted, adolescent girls between the ages of 15-18 were assessed via 24-
h diet recalls. Vegetarian adolescents had similar carbohydrate and fat intakes compared to non-
vegetarians; however, their protein intake was lower. Vegetarian adolescents also ate less saturated
fat, more polyunsaturated fat, and 5 g/day more fiber than non-vegetarians [18].

Protein

It is stated by AND that when energy intakes are sufficient, vegetarian diets [including vegan] meet
recommended protein intakes. AND also states that different sources of plant-based protein eaten
during the day to be enough to supply all of the essential amino acids. The regular consumption of soy
and legumes may provide adequate protein intake for vegetarians [2]. Plant-based proteins such as
soy or gluten, due to antinutritional factors, may have a lower digestibility than animal proteins. Even
though all the essential amino acids are present in plant-based foods, certain amino acids are
relatively low in some foods, such as lysine in rice and methionine in legumes. Concerning these
essential amino acids, a combination of cereals and legumes may help to provide the needed daily
amino acid composition [5].

EPA/DHA

A vegan diet consists of no EPA (eicosapentaenoic acid) or DHA (docosahexaenoic acid), while
vegetarian diets can provide some DHA from eggs [6]. A small percentage of ALA (a-linolenic acid)
from plants is converted to EPA and DHA in the human body. These fatty acids are essential for
maintaining the cell membranes, brain, and retina during fast growth [2]. It is known that DHA is crucial
for brain development, especially during the first years of life. Deficiencies of EPA and DHA are
associated with some neurocognitive consequences, including autism spectrum disorders, ADHD
[attention-deficit hyperactivity disorder], and dyslexia [6].

While ALA [a-linolenic acid] intakes of vegetarians are similar to those not following a vegetarian diet,
their intakes of EPA and DHA are much lower. Therefore, in vegetarians, levels of these long-chain n-
3 fatty acids may get significantly lower compared with non-vegetarians [2]. The suboptimal levels of
DHA and EPA may put infants and children at risk for impaired CNS (central nervous system)
development [6]. The plant-based sources of long-chain n-3 fatty acids are flaxseed, chia, canola,
walnuts, and their oils [2]. For complementary feeding, n-3 rich oils such as walnut, soybean, and
rapeseed may be added to one meal a day. DHA supplementation of 100mg/day is recommended
from 12 months and on. The intake of n-3 fatty acids should be ensured with foods rich in ALA,
including flaxseed, walnuts, chia, and soybean oil in children and adolescents. To meet the
recommendations of DHA and EPA, algae-based supplements should be considered [5].

Vitamin D

Vitamin D levels closely correlate with sun exposure and the consumption of fortified foods or simply
taking supplements. The degree of vitamin D production after sun exposure depends on many factors
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such as latitude, season, time of the day, clothing, sunscreen use, skin pigmentation, and age. Low
vitamin levels are detected in vegetarian and non-vegetarian populations, especially during winter and
in higher latitudes. Fortification of vitamin D is done via cow’s milk, plant-based milk, margarine, fruit
juice, and cereals [2]. In the lack of consumption of fortified foods or/and supplementation, vegan and
vegetarian children can be at risk of vitamin D deficiency and vitamin D-related rickets [5]. In the
study, Ambroszkiewicz et al. [19] conducted, no significant difference was found regarding vitamin D
status between vegetarian prepubertal children and their non-vegetarian counterparts.
Supplementation of vitamin D is crucial for vegan and vegetarian children. Monitorization of 25[OH]D3
levels and supplementation even outside winter periods are necessary elements for optimizing vitamin
D levels [5]. In the study Hovinen et al. [14] conducted, children following a vegan diet showed much
lower vitamin D levels even though they were reported to take daily supplements.

Vitamin B12

Vitamin B12 does not have a plant-based source. Thus, vegans must regularly consume vitamin B12
fortified foods or supplements. Especially infants in the fast growth period and children may be at risk
for vitamin B12 deficiency. Vegetarian children might also be at risk of vitamin B12 deficiency since
200 ml of milk and one egg per day provides approximately 2/3 of the RDA (Recommended Dietary
Allowance) value [2]. In the study, Osei-Boadi et al. [20] conducted, vitamin B12 intakes of vegetarian
Ghanaian children were much lower compared to non-vegetarian children based on 24-hr food recall.
Severe vitamin B12 deficiency symptoms include fatigue, poor cognition, numbing of the fingers and
toes, anorexia, megaloblastic anemia, failure to thrive [2]. Signs of vitamin B12 deficiency can be
detected around 4-10 months, even though they may be seen earlier or later in life. In young children
and infants, irreversible cognitive damage can occur due to severe vitamin B12 deficiency, and cases
of deaths have been reported regarding B12 deficiency. Most of the B12 deficient infants are known to
be exclusively breastfed by vegan or vegetarian mothers [8].

Due to its stability, cyanocobalamin is commonly used in supplements and fortified foods [2]. Foods
fortified with vitamin B12 such as cereals, non-dairy milk, and soy products may provide sufficient
amounts for young growing children. Still, it can be more challenging for infants whose vitamin B12
sources are limited [8]. EFSA (European Food Safety Authority) set an adequate intake of vitamin B12
for children seven months- 6 years as 1.4 ug/day [21]. Therefore, parents of vegan infants and
children need to optimize their children’s vitamin B12 intake with the help of a pediatric dietitian [8].
Even though vegetarians can achieve sufficient B12 levels with supplementation, some can still be
deficient, and maintaining adequate levels via supplementation is much more difficult for the children

[6].
Iron

Iron is an essential element that plays a vital role in growth and development. Iron is required in
energy metabolism for the citric acid cycle and is a cofactor for many enzymes [22]. Iron deficiency in
children may lead to anemia, weakened immune system, lethargy, and impaired growth and cognitive
performance [23]. The most readily digested form of iron is heme iron which is found in meat, poultry,
and fish. In vegetarian and vegan diets, most of the iron comes from non-heme sources [22]. Even
though vegetarians may have similar intakes as non-vegetarians, their iron status may be worse than
those of non-vegetarians. The bioavailability of non-heme sources is influenced by some inhibitors
such as phytates and some boosters such as vitamin C and some organic acids. Diet has an important
impact on non-heme iron absorption; thus, iron absorption can substantially increase when serum
ferritin levels are low [2].

In a study designed to assess the prevalence of anemia in Indian school children, it was shown that
vegetarian children were more anemic at almost all ages than non-vegetarians [24]. In the study Bryne
[23] conducted on vegan and vegetarian children (4-8 years old), no significant difference was found
for iron intakes. Osei-Boadi et al. [20] conducted a cross-sectional study to investigate Ghanaian
children's dietary intake and iron status (9 months-11 years old) following a vegetarian diet. Plasma
ferritin levels were lower in vegetarian children compared to their non-vegetarian counterparts, but
there was no difference in plasma transferrin receptor concentrations. They found the prevalence of
anemia around 25% in both groups, which was attributed to their diets lacking iron-rich foods. A study
in Poland investigated the effect of a vegetarian diet on iron metabolism and parameters, including
serum hepcidin and soluble transferrin receptor (STfR) concentrations in 43 vegetarian and 46 non-
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vegetarian children [4.5-9.0 years old]. Vegetarian children had a similar iron and vitamin C intake
compared to non-vegetarians. Serum transferrin levels were similar in both groups, whereas ferritin
concentrations were significantly lower in vegetarians [25].

Calcium

Calcium has a structural function in bone health and integrity and has a vital role in regulating muscle
contraction, vasodilation, and activation of enzymes [26]. While the primary calcium sources include
milk and dairy products, some plant sources such as green vegetables, nuts, and legumes contain
significant amounts of calcium. The bioavailability of plant-based calcium sources depends on the
levels of phytate and oxalate present in these foods. Since bone mineralization makes a peak during
the growth period, adequate calcium intake is vital in children and adolescence [5]. Studies
investigating calcium status and bone health in children and adolescents are contradictory. Some
studies suggest that calcium intake and bone mineral density (BMD) of vegetarian children were
similar to non-vegetarians. Some suggest that although calcium intakes are within the reference
range, the BMD was lower than non-vegetarians [27, 19]. There are no studies in vegan adolescents
investigating fracture risk regarding decreased BMD, but a meta-analysis showed that vegan adults
have an increased fracture risk [28].

Infants breastfed by a mother on a vegan diet are not exposed to deficiency since calcium in
breastmilk is derived from maternal bone mineral reserves. In older children and adolescents,
consuming plant foods rich in calcium and low in oxalate and phytate is required for those on a vegan
diet. Supplementation is always needed for this population to meet the adequate calcium intake per
day [5].

Zinc

Severe zinc deficiency consequences include growth retardation, stunting, developmental delays, and
increased infectious diseases. Suboptimal zinc status is attributed to the dietary patterns in developing
countries, which show similarities with vegetarian diets as they are predominantly plant-based with
limited intakes of meat. Higher intakes of zinc are recommended for vegetarian infants to catch up on
the differences in digestibility between plant-based and animal-based sources of zinc [10]. In an
experimental study, three different complementary feeding approaches- meat, iron, and zinc fortified
cereal or iron-fortified whole-grain cereal- were compared to meet infants' zinc requirements. At 9
months of age, only the meat and zinc fortified cereal group achieved the EAR (Estimated Average
Requirement) for zinc [29].

Studies regarding zinc status in vegetarian populations show that compared with non-vegetarian
counterparts, they have similar zinc intake but lower serum zinc concentrations. There is insufficient
evidence that the zinc status in vegetarian at-risk groups such as infants and children are lower than
non-vegetarians [10, 2]. In a study conducted on children, zinc intakes tend to be lower but not
significantly different in vegetarian children compared to non-vegetarians. [30].

Vegetarian sources of zinc include legumes, grains, soy, cheese, nuts, and seeds. To increase zinc
bioavailability by reducing the effects of phytic acid, food preparation techniques such as soaking
legumes, grains, and seeds can be applied [2]. Choosing leavened whole-grain bread and fermented
soy foods such as miso and tempeh can be considered since phytate is hydrolyzed during leavening
and fermentation and no longer inhibits zinc absorption [31].

lodine

Optimal iodine intake is crucial for normal physical and neurological development in children. Main
sources of iodine for children include iodized salt and milk products. The risk of inadequate iodine
intake increases with the exclusion of fish, meat, eggs, and milk, such as in vegan diets [26]. Low
intakes of iodine due to the exclusion of the primary sources may result in thyroid dysfunctions [5].
Vegan children, in particular, may be at risk of insufficient iodine intake when they do not consume
enough from the main sources of iodine, such as sea vegetables and iodized salt [2]. Vegans were
found to have lower intakes of iodine (30 mg/day) compared to that of omnivore children (110 mg/day)
and adolescents (130mg/day) [32]. For infants, the introduction of iodized salt is recommended with
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complementary feeding. Even though the exclusion of animal source foods increases the risk of iodine
deficiency, the use of iodized salts may provide the required intake [5].

Health Risks Associated with Vegetarian Diets for Children
Growth and Nutritional Status

Vegetarian children tend to overeat certain foods with low nutrient density. Therefore, an improperly
planned vegetarian diet can negatively affect growth and nutritional status [33]. The systematic review
of Schirmann et al. [11] showed that physical growth between vegetarian and non-vegetarian children
was generally similar regarding height, weight, and BMI (body mass index). In another review,
vegetarian children were reported to be thinner than non-vegetarian children with BMI becoming more
discrepancy being more pronounced in adolescence [34]. Vegetarian children are more likely to eat
plant-based foods than non-vegetarian children, and thus, they consume more low-energy-density
meals. Therefore, when not planned appropriately, a vegetarian or a vegan diet may cause a risk for
specific nutrient deficiencies. A diet that is too high in dietary fiber may lead to malabsorption of some
minerals, and increased satiety may result in inadequate energy intake [35].

Choi et al. [36] investigated the effects of Lacto-ovo vegetarian and non-vegetarian diets on nutrient
intake and health status of elementary school children. They found that non-vegetarian children
consumed more milk, dairy products, fish, meat, eggs, and tofu than vegetarian children. Vegetarian
children consumed more bread, potatoes, and fruits; meanwhile, non-vegetarian children consumed
more ice cream and carbonated beverages. They found that vegetarian children were not getting
sufficient calcium and experienced higher rates of fatigue [36]. In the study Segovia-Siapco et al. [37]
conducted on 534 adolescents [12-18 years old], both vegetarian and non-vegetarian adolescents
consumed an adequate diet. They observed that vegetarian adolescents had higher intakes of
carbohydrates and total protein but lower intakes of fats, animal protein, and zinc than non-
vegetarians [37]. In the Vegetarian and Vegan Children Study, energy, macronutrient intake, and
anthropometrics of 430 vegans, vegetarian and non-vegetarian children (1-3 years old) were
assessed. There was no significant difference in energy intakes or anthropometrics between the three
groups. Non-vegetarian children had the highest intake of protein meanwhile vegetarian children had
the highest intake of carbohydrates and fiber. The authors concluded that a vegetarian or a vegan diet
could provide the same amount of energy and macronutrients for normal growth compared to non-
vegetarian children [38]. On the other hand, there are some case reports of infants at risk of
developmental delay and malnutrition caused by improper infant feeding and lack of supplementation
[39, 40]. Lemale et al. [41] conducted a research that showed thirty-four children who were exposed to
the health consequences of long-term consumption of dairy substitutes during infancy. Therefore, the
tone of the European statements seems to reflect a growing concern about veganism among children
due to the high risks involved and the need for continued supervision and supplementation [40].

Bone Health

Even though they are associated with factors that promote bone health, vegetarian diets may lead to
impairment of bone homeostasis when intakes of calcium, vitamin D, and protein are low [2].
Movassagh et al. [42] conducted a longitudinal study on 125 adolescents (mean age=12.7 years) to
investigate the effects of different dietary patterns on bone health. They found that a vegetarian diet
rich in dark green vegetables, fruits, low-fat milk, eggs, legumes, nuts, and seeds during adolescence
was associated positively with BMC (bone mineral content) and BMD (bone mineral density). They
concluded that higher adherence to a vegetarian diet during adolescence results in higher BMC and
BMD during young adulthood average 15 years later [42]. In the study conducted by Ambroszkiewicz
et al. [43], 53 vegetarian and 53 non-vegetarian prepubertal children were analyzed for body
composition, BMD, and bone turnover markers. They showed that vegetarian children had a
significantly higher ratio of c-OC (osteocalcin)/ uc-OC. They also observed that mean values of total
BMD-z score and spine BMD z-score were lower in vegetarians, possibly due to increased PTH
concentrations. These results suggest that vegetarian children may be at risk of impaired bone health
[43].
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Psychological Status

The rate of depression among young people has been increased drastically in developed countries [6].
Some studies suggest vegetarianism as a risk factor while others as a protector for mental health
problems [44,45]. Evidence shows that supplementation with EPA can improve depression [46, 6]. In
the meta-analysis Li et al. [47] conducted, an association was observed between low fish intake and
depression. This study suggests that children and adolescents on a vegetarian or vegan diet might
have an increased risk for depression [6]. A survey conducted on Turkish adolescents (17-21) found
that vegetarians were more prone to depression, suicidal ideas, and substance use compared to non-
vegetarian counterparts [48]. Santivanez-Romani et al. [44] conducted a study on adolescents
between the ages of 14-15 years and found no significant difference among emotional symptom
scores between vegetarian and non-vegetarian adolescents.

Planning the Diet of Vegetarian Children

In 2019 Journal of the Academy of Nutrition and Dietetics published vegetarian food guidelines -
VegPlate Junior (VPJ) designed for dietary planning in infancy, childhood, and adolescence. VPJ
includes all of the criteria for a well-planned vegetarian diet and is thus characterized by a wide variety
of foods such as vegetables, fruits, grains, legumes, nuts, and seeds. Dairy and eggs are considered
optional, and for n-3 fatty acid sources-flaxseeds, chia, and walnuts are recommended [4]. For infants,
current guidelines recommend that solid foods should be provided by 6 months in all children, and an
introduction of a variety of food is encouraged [49, 3]. For infants, VJP recommends similar practices
as non-vegetarian infants regarding introduction to solid foods and continuing breastmilk until at least
one year of age. VJP recommends soy-based or rice-based infant formulas for vegan babies if the
mother is not breastfeeding [4]. The use of soy formula in infants is debated; some defend that these
infants develop normally. Others suggest that exclusive soy-based products should not be introduced
in the first year since their bioavailability is lower than cow’s milk. However, soy-based formulas are
recommended for vegan infants who cannot be breastfed [3]. The growth rate decreases slightly after
the first year of life. However, it still continues quite rapidly until the 24th month. After that, weight and
height increase steadily until adolescence. In the adolescence period, a sudden increase in growth
rate occurs again. VPJ is an exemplary model for meeting the nutritional needs of children and
adolescents from 12 months to 17 years of age. VPJ contains six food groups: grains, vegetables and
fruits, healthy fats, protein-rich foods, and seeds. It also includes calcium and omega-3-rich food
groups as extra two categories. In the VPJ model, the number of daily servings to be consumed from
each food group is given for the different needs of various age groups [4]. Families who decide to feed
their children vegan should be warned against multiple nutritional deficiencies such as vitamin D,
vitamin B12, calcium, iron and iodine [3].

2.Conclusion

Vegetarian and vegan families may want their children to grow up according to their dietary patterns.
However, the effects of vegetarian and vegan diets on the growth and development of their children as
well as the risk of nutrient deficiencies, should be explained. They should also be informed about the
consequences of failing to achieve their children's proper supplement and diet regimen, which may
lead to irreversible cognitive damage. Special care is needed when communicating with parents and
their children on a vegetarian or vegan diet. It is crucial to ensure adequate nutrition during
breastfeeding and weaning periods. Vegan and vegetarian children can become deficient in several
essential nutrients that may disrupt their normal growth and development. It is important to provide
additional fortified foods and supplements in case of inadequate nutrient intake and deficiencies. The
evidence on the long-term effects of vegetarian and vegan diets on children is insufficient and
outdated. Therefore, well-planned longitudinal studies are required to investigate the impact of
vegetarian diets on future health outcomes among children.

Professional experience and opinions of nutritionists and pediatricians agree that “well-planned”
vegetarian diets are appropriate for all childhood and adolescence stages. Regardless of whether the
child is vegetarian or omnivorous, nutritional status needs to be evaluated. This assessment should
primarily include monitoring the child's physical, psychomotor, and pubertal development. Vegetarian
children can show healthy development when fed an adequate and balanced diet. Any unbalanced
diet can lead to nutrient deficiencies. Parents of vegetarian children may face difficulties in providing
nutritious foods. In addition, some foods that play an essential role in a vegetarian diet are not liked or
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popular by many children. This can create more difficulties for parents of vegetarian children to
establish an appropriate diet. Vegetarian diets in children raise concerns about insufficient intake of
calcium, zinc, iron, vitamin B12, vitamin D, energy, protein, and omega-3 fatty acids. Therefore,
parents should be aware of the best sources of these nutrients in their child's diet. All children on a
vegan diet should have access to reliable vitamin B12 and vitamin D sources through fortified foods or
supplements. Indications for vitamin D supplementation for other types of vegetarian diets are not
different from the guidelines for omnivorous children. However, regular monitoring of serum ferritin, 25-
OH-vitamin D, and vitamin B12 levels is crucial for these children. Parents should seek help from
nutritionists in planning appropriate vegetarian diets. In addition, children and their families should be
trained explicitly on enriching vegetarian diets and improving dietary absorption by adjusting food
preparation techniques and the right food choice and combinations.
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OZET

Pandemi surecinde gevrimigi 6gretim yontemlerinden biri olan e-6grenme moddllerine olan ilgi artmigtir.
Bu makalenin amaci hemsirelik 6grencileri icin gelistirilen oyunlastirimis e-6grenme modulinin
gelistirme basamaklarini acgiklamaktir. Bir egitim tasarimcisi, iki igerik uzmani, iki danisman ve bir
6grenciden olusan igbirlikci, cok disiplinli bir proje ekibi diizenlenmistir. Ekip, oyunlastirmanin D6 modelini
kullanarak bir e-6grenme modilu gelistirmistir. Bu modil, hemsirelik lisans 6grencilerinin COVID-19'a
yonelik klinik beceri ve bilgilerini artirmak igin ¢evrimici ve asenkron olarak tasarlanmistir. Bir e-6grenme
modulinun hemsirelik egitimine entegre edilerek kullanilan oyunlastiriimis probleme dayali 6grenmenin
teori ve uygulama seklinde 6gretim materyali olarak kullaniimasi, 6grencilerin aktif katihm gdstermesine,
motivasyonunun artmasina ve 6grenmenin etkili olarak gerceklesmesine katki saglayacaktir.
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ABSTRACT

The interest in e-learning modules, which is one of the online teaching methods, has increased during the
pandemic process. This article explains the development steps of the gamified e-learning module developed
for nursing students. A collaborative, multidisciplinary project team consisting of an educational designer, two
content experts, two consultants and a student was organized. The team developed an e-learning module
using the D6 model of gamification. This module was designed online and asynchronously to increase the
clinical skills and knowledge of undergraduate nursing students regarding COVID-19. Using gamified
problem-based learning, which is used by integrating an e-learning module into nursing education, as a
teaching material as theory and practice will contribute to the active participation of students, increase their
motivation and effective learning.

Keywords: Nursing education, gamification, educational technology
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1. Giris

Mart ayinda ortaya ¢ikan COVID-19 sonrasinda baslayan pandemi stiireci, insan sagligi basta olmak
Uzere birgok alani olumsuz etkilemistir. Bunlardan en énemlisi sliphesiz egitim sektort olup 6zellikle
yuksekogretim alanidir. Birlesmis Milletler verilerine gore diinyada 770 milyon kisilik 6grenen kitle, okul
ve Universitelerin kapanmasindan etkilenmistir [1,2]. Turkiye’de de benzer sekilde bircok Universitedeki
son sinif hemsirelik 6grencileri klinik egitimleri dahil tim derslerini uzaktan egitim yoluyla strdirmek
durumunda kalmistir. Olaganusti kosul olarak gorilen pandemi nedeniyle her ne kadar online egitim
kalitesine 6nem verilmis olsa da kosullarin iyilestirme siresi zaman ve emek gerektirmektedir.

Teknolojiyi egitime dahil eden bu ¢agriyla birlikte cevrimigi 6gretime yonelik talep artmistir [3]. E-
6grenme; web tabanli, bilgisayar, dijital veya c¢evrimi¢i 6grenmeyi gelistirmek icin bilgi ve iletisim
teknolojisinin kullanimini tanimlar [4]. E-6grenme ortami, édrencinin kendi hizinda tamamlanabilen,
kendi kendini yoneten bir 6grenme aracinin olusturulmasina izin verir [3]. E-6grenme igerigi, givenli
bir 6grenme ortami yaratmak igin gerektigi kadar tekrar edilebilir [5]. Ek olarak, e-6grenme modduilleri,
gelistiriimis 6grenme sonuglarini desteklemek igcin ¢ogu miufredata kolayca entegre edilebilir [3].
Amaci, o6grencilerin yasam boyu 6grenme becerilerinin gelistiriimesini saglayarak 6grenmelerini
gelistirmelerini ve motive olmalarini saglamaktir [6].

E-6drenme, ayni zamanda, égrenciler tarafindan esnek ve kendi hizinda bir ¢alisma imkani sundugu,
6drencinin yeni bilgilerini, daha 6nce edindigi bilgilerin lzerine insa ettigi icin faydal olarak
algilanmaktadir [7,8]. Bazi hemsirelik alanindaki egitimciler e-6grenmenin egitime entegre edilerek,
o6gretim  kalitesini  artirabilecegini, mezun hemsireleri “uygulamaya hazir olma” konusunda
destekleyecegini ve nihayetinde daha glcli hemsirelik bakimi saglayabilecegini belirtmektedir [4].

Hemsirelik egitiminde e-6grenme, biligssel becerileri gelistirir, muhakeme yetenegini glglendirir,
uygulama suresini iyilestirir ve dikkat becerilerini gelistirir [9]. Ayrica, similasyon egitimlerinde oldugu
gibi 6grencilerin fiziksel olarak katilim saglamasi yerine tekrar tekrar uygulama yapmasina olanak
saglamasi gibi ©6nemli avantajlar saglayabilir [9,10]. COVID-19 pandemisinin yonetimindeki
belirsizlikler, hastalik bulastirma riski, dgrenme slrecinin online ve yetersiz olmasi gibi nedenler
Ozellikle son sinif hemsirelik 6grencilerinin mezuniyete iliskin kaygr ve meslege karsi motivasyon
eksikligi yasamalarina neden olmustur [11,12]. Bu kapsamda e-0grenme araglarinin gelistiriimesinin
pandemi surecinde ve sonrasinda hemsirelik 6grencilerinin egitimine destek saglayacag! soylenebilir.
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Literatirde de bu bilgiyi destekleyen caligmalara rastlamak mimkiindir. Suppan ve arkadaslarinin
(yil) hastane cgalisanlarinin kendi aralarinda ve hastalarla COVID-19 bulasmasini engellemek igin
enfeksiyon onleme ve kontroli hakkinda hazirladiklari oyunun, saglik calisanlarinda COVID-19
slrecinde glvenli davraniglari tegvik ettigi ve motivasyonu arttirdigi gdsterilmigstir [13]. Ayrica Hu ve
arkadaslarinin (2021) yaptiklar ¢alismada tip égrencileri icin hazirlanan ciddi oyunlarin édrencilerin
COVID-19 hakkinda bilgi birikimlerini arttirmada etkili bir ara¢ olabilecedi gdsterilmigtir [14]. Klinik
yeterlilikleri ve bilgiyi degerlendiren galismalar, 6grencilerin mezuniyet éncesinde e-6grenme araglarini
kullanilmasini énermistir [9-12]. E-6grenme modilinin gelistirme asamalarini paylasmak, gelismekte
olan bu egitim alaninin daha iyi anlasiimasini saglayacak ve gelecekteki arastirmalar igin yonergeler
sunacaktir. Bu arastirma, son sinif hemsirelik 6grencilerinin mezun olmadan énce COVID-19 hakkinda
bilgi edinmeleri icin bir e-6grenme modulindn nasil geligtirildigini aciklamaktadir.

2. Materyal ve Metot
E-6grenme Modiilliiniin Geligtiriimesi
Teorik Cergeve

E-6grenmenin temel amaci, &grencilerin yiksek verimlilik, etkililik, katiim, memnuniyet ve
motivasyonunu saglamaktir. Bu hedeflere oyun mekanigi ve oyunlastirma kullanilarak ulasilabilir [15].
Oyunlastirmanin e-6grenme modillerinden biri  olarak kullanilmasi, d6gdrencilere materyallerin
aciklanmasi ve anlagiimasi, farkh 6drenme ciktilarinin olusturulmasi agisindan fark yaratacaktir.
Bununla birlikte oyunlastirmaya dayali modul, 6grencilerin bilissel yetenekleri, elestirel disinme
dlzeyleri, 6grenme dizeylerine ve motivasyonuna olumlu katki saglamasi nedeniyle e-6grenme
kosullarina elverigli bir ydntem olarak gorilmektedir [16].

Oyunlastiriimis bir sistemin tasarimi, mevcut kaynaklara ve grubun egitim ihtiyaglarina bagh degisiklik
gostermektedir. Werbach ve Hunter (2015) tarafindan gelistirilen basarili bir oyunlastirma modeli icin 6
adimlh bir gcerceve sunmaktadir. Oyunlastirma modeline iliskin modulin hedefleri Tablo 1'de verilmisgtir.
Modelin adimlari [17];

D1: Hedeflerinin tanimlanmasi

D2: Hedef davranislarin tanimlanmasi

D3: Oyunculari tanimla

D4: Aktivite dongulerini tasarla

D5: Eglenceyi unutma

D6: Uygun araclarn kullan

Tablo 1: D6 Tasarim Moduili ve E-6grenme modili hedefleri

D6 Tasarim Modeli Modul hedefleri

D1 Ogrencinin 6grendigi bilgileri modiile aktarabilmesi ve uygulayabilmesi
D2 Ogrenciye verilen bilgilerin modiil sonunda 6grenebilmesi

D3 Oyuncu tipi anketi kullanilarak modiiliin diizenlenmesi

D4 Modill icinde basitten karmasiga dogru akis izlenmesi

D5 Akis teorisine uygun edlenceli oyunlarin yerlestiriimesi

D6 Oyun mekaniklerinin belirlenmesi

Oyunlastirmanin 6ziinde motivasyonu artirmayi ve 6grenme sirecinde daha yuksek katihm
seviyelerine ulagmay! amaglayan cesitli 6grenme ortami, kararlar ve édiiller sistemi yatmaktadir. lyi
tasarlanmis egitici oyunlar, oyuncu gelisimi igin surekli firsatlar, buyuk miktarda geri bildirim, herhangi
bir bireyin tek basina ¢ézemeyecegi kadar karmasik gorevler ve 6grencilerin eylemlerine yanit olarak
degisen ortamlar sunar [18]. Csikszentmihalyi tarafindan gelistirilen Akis teorisi de bu hedeflere
yonelik olusturulmus bir teoridir. Bu teoride bir aktiviteyi gerceklestirirken tam katilim, tam 6zimseme
ve i¢sel keyif durumu olmasi beklenir. Akis durumu asagidaki kosullari gerektirir [19]:

1) Acik ve yakin hedefler

2) Performans ve ilerleme hakkinda aninda geri bildirim

3) Uygun zorluk seviyesi

4) Mevcut becerileri gelistirmede zorluklarin algilanan faydasi
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Akis teorisine dayali olarak gelistirilen e-6grenme moduli 6grencinin i¢sel motivasyonunu saglayarak
tam katilim gostermesini hedeflemektedir. Bu baglamda, bu arastirma kapsaminda hazirlanan e-
6grenme modiliniin hedeflerine uygun, daha basit ve anlasir olan D6 Tasarim modeli, oyunlastiriimis
module dayandiriimistir.

Asama I: Hazirhik

Hemsirelik son sinif dgdrencileri hedef kitleyi olusturmaktadir. Son sinifta COVID-19 pandemisine
yonelik ders bulunmadidl igin Saglik Bakanlhginin yayinladigr kilavuzlar [20] kapsaminda
aragtirmacilar tarafindan 6grencilere egitim icerigi hazirlanmistir. Egitim icerigi basliklar asagida
belirtilmistir [20]:

COVID-19 Hakkinda Temel Bilgiler

Karantina/izolasyon Siireleri

Hastanede Alinacak Genel Onlemler (klinik, yogun bakim servisleri)
Saglik Galisanlarin Saglik Kontrolu

Kisisel Koruyucu Ekipman (KKE) Giyme-Cikarma

Hemsirelik 6grencileri, sahada ¢alisan hemsirelerin artan is yukleri, enfekte olma ve bulastirma gibi
durumlar mezuniyet sonrasinda anksiyete gibi olumsuz duygular yasamaktadir [21,22]. Bunun yaninda
ilk is stresi, pandemi dénemine 6zgu yetersiz klinik uygulama gibi nedenler COVID-19’a yonelik egitim
ihtiyacini dogurmustur. Bu konu hakkinda e-6grenme modulinin hemsirelik egitimine eklenmesinin
daha iyi 6grenme sonuglari igin iyi bir yol saglayabilecegi dngérilmustur.

Asama lI: Proje Ekibi

isbirligine dayali, cok disiplinli bir proje ekibi diizenlendi. Tablo 2'de proje ekibinin rolleri
listelenmektedir. Ekip, bir e-6grenme tasarimcisi, iki hemsirelik fakultesi 6gretim Uyesi, iki arastirma
gérevlisi, iki son sinif hemsirelik dgrencisinden olusuyordu. Ogrenme giktilari, Saglik Bakanliginin
kilavuzlarina dayali olarak gelistirildi ve diger ekip Gyelerine sunuldu.

Tablo 2: Proje Ekibi ve Rolleri

Proje EKkibi Roller

Articulate 360'ta e-6grenme moduilinid olusturdu

E-6grenme modulinin ve aktivitelerinin genel tasarimi (ekranda nasil
gOrindigl ve sunuldugu) yapildi

E-6grenme Animasyonlar tasarlandi

Tasarimcisi Animasyonlu videolar eklendi

icerik uygulamasi periyodik olarak test edildi ve geri bildirim saglandi
Kullaniciya sunulmadan énce e-6grenme modulinin hedef-icerik uyumu
degerlendirildi

Gelistirilmis orijinal fikrin buldu

Egitim ihtiyacini ve bilgi birikimini analiz etti

E-6grenme modulinin ve etkinliklerinin tim bolimlerinde hemsirelik icerigi
Arastirma Gorevlisi ve uzmanhgi kapsaminda tasarima katkida bulundu

Belirlenen 6grenme yoéntem ve teknikleri ile icerigi diizenledi

Olgme ve degerlendirme yontemlerini belirledi

Olusturulan moduli deneyimledi ve geri bildirim sagladi

Egitim ihtiyacini ve bilgisini analiz etmeye yardimci oldu

Hazirlanan icerigi inceledi ve degerlendirdi

Ogretim Uyesi icerigin d3grenme teorisi ve ilkelerine uydugundan emin olmak icin inceledi
ve degerlendirdi

Olusturulan moduili deneyimledi ve geri bildirim sagladi

Egitim ihtiyacini ve bilgi birikimini analiz etti

Ogrenci icerigin hedef kitleye uydugundan emin olmak icin inceledi ve degerlendirdi
Olusturulan moduli deneyimledi ve geri bildirim sagladi
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Asama 3: Modiil gelistirme

Modil, HTML5 bigimlendirme dilinde yayinlamayi saglayan Storyline 3 (Articulate Storyline)
kullanilarak gelistirildi. Bu nedenle modidil, tabletler ve akilli telefonlar dahil olmak tizere ¢ogu cihazla
uyumludur. Modul igerikleri: egitim verme, e-6grenme araci olusturma, eglenceli oyun ve sinavin
gerceklestiriimesi seklinde bes modilden olusmaktadir. Modil igeriklerine iliskin 6grenme hedefleri,
6grenme mekanigi ve 6rnek Tablo 3'de verilmistir.

Tablo 3: OFrenme hedefi, dgrenme mekanigi ve drnek

Ogrenme hedefi | Oyun- Ogrenme mekanigi Ornek

Asi bilgisi icerik atlamasini énleme Sekil 1-3: Asilardan biri secilmek icin dnce brosur

okunmalidir.

KKE giyme- Oyunlastirma, igerik Sekil 4-7: Ekipmanlar surlkle birak segenegi ile

¢lkarma atlamasini 6nleme ve geri ilgili say1 butonlarina yerlestirilir. “Hazir” butonuna
bildirim tiklandiktan sonra ayri bir ekranda olumlu veya

olumsuz geri bildirim verilir.

Hastalik belirtileri icerik atlamasini 6nleme, Sekil 8-12: Semptomlardan birden fazlasini
oyunlastirma ve geri secgerek “Bitir” butonuna basilarak geri bildirim
bildirim verilir.

Karantina suresi Test ve geri bildirim Sekil 13-15: Karantina suresine iligkin soruya tek

secenege tiklanir ve geri bildirim verilir.

Birinci modul, égrencilerin mezun olmadan énce hastane proseduriinde yer alan pandemi kosullarini
tanima ve ydnetimi amacina yOnelik arastirmacilar tarafindan tasarlanmistir. Modil, cergevenin
planlama ve yansitma agamalarini ele almistir. Ogrencilerin bilgi dizeylerini artirmaya odaklanmis ve
hastanede ise baglamadan 6nce bilgilerini yansitmak icin rehberlik etmeyi hedeflemistir.

ikinci modiil, egitim iceriklerine uygun égrenme ciktilar olusturarak 6égrenmeyi kolaylastirmaya, daha
eglenceli hale getirerek 6grencileri modulin akisinda tutmaya odaklanmistir. Bu kapsamda D6
Oyunlastirma modeline dayali olarak oyun ekran siresi, 6rnek ekran olusturma, 6grenme ciktilari,
oyun ici interaktif oyun mekaniklerinin yerlesimi ve animasyonlar tasarlanarak oyunun storyboardu
hazirlanmistir (Resim 1). Modlil, gergevenin yansitma ve uygulama asamalarini ele almistir. Bir amag
dogrultusunda e-6grenme aracini nasil kullanacagini, bilgilerini nasil aktaracagini ve hemsirelik
uygulamalarinin nasil iligkilendirilecegi ile ilgili bilgiler islenmistir. Ogrencilere, hastanede ise
baslamadan 6nceki deneyimlerini yansitmalarina destek saglamistir.

SURE ORNEK EKRAN EKRAN SESLENDIRME NOTLAR
Ogrenme giktisi: Konuya iligkin
Hasta odasina girmeden once oncelik bilgisi sl¢uldr.
ﬂ. ol e sirasing gore koruyucu ekipman giymemde Animasyon:
a E IS yardimci olur musun? Soru we resimler ayni anda
m gelir.
-1 ' ') Resimler; Dizayn:
- * Gozlik s Resimler (tek tablo)
T DL e 2 * Eldiven * Soru metni
L 2050, i. C— :’: * N5 maske * Puan
- - = * Onluk * Siralama butonlan
interaktif:
* Resimler siralama
butonlarina siriklenir,

Sekil 1: Ornek storyboard

Uglincii moduliin amaci, D6 modelinin besinci basamagini hedefleyen dgrencileri akista tutabilmek ve
odaklanmalarini saglamak igin eglenceli oyunlar yerlestirmekti. Bdylece kisa ve hizli hareketlerle oyun
icinde vakit gecirmeleri saglanarak e-6grenme aracini kullanmaya daha ¢ok motive eder.

Doérdunci modilin amaci, 6grencilerin anlama ve hemgirelik uygulamasina aktarmak icin ¢alisma
stratejilerini  birlestirmektir. Modul, c¢ergcevenin yansitma ve uygulama asamasina dayanmaktadir.
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Ogrencilerin COVID-19’a yoénelik alinan onlemleri dJrenerek is hayatina hazirlamaktir. igerik,
distinmeyi kolaylastiracak sorular igerir.

Oyunlastinimig Diziler

Oyun mekaniklerine yénelik oyunlastiriimis igerikler D6 Modeline gore planlandi. Oncelikle KKE takma
ve clkarma dizileri 6grenme zorluklar agisindan oyunlastirildi. Bloom taksonomisine goére [23],
6grenme hedefiyle eslesen U¢ disinme becerisine odaklanmisti: bilgi, anlama ve uygulama.
Uygulama becerisinde 6grenme mekanigi olarak “sirikle birak” ve “hareket” kullaniimistir. Anlama
becerisi icin sorulara gerekli siralama yapildiktan sonra hem 6grenmenin hem de oyun mekaniginin bir
parcasi olan geri bildirim verildi. Uygulama becerisinde “kesfet”, “sirala” ve “tekrar” 6grenme
mekanikleri kullanildi. Ekipman gorselleri her segenekte ayri olarak gosterildi ve eldiven, gozluk, 6nluk
ve maske ile temsil edildi. Secim icin siralama yaptiktan sonra ekranda karakter geri bildirim verdi.
Dogru cevap verdikten sonra bir sonraki bdlime gegildi. Ekipman giyme sorusundan sonra oyun
basinda verilen bilgiyi hatilamasi igin “ara sahne” oyun mekanidi kullanildi. D6 modelinde “eglenceyi
unutma” basamagi i¢in sorular arasina eglenceli oyunlar yerlestirildi.

Asama 4: Modiiliin Degerlendirmesi

Gelistirme dongdleri sirasinda ve slrecinin sonunda, modulin kullanilabilirligi, bilimsel temeller
asamasinda edinilen teorik temellere gére degerlendirildi. Tium geri bildirimler alindiktan sonra
modulden tamamen hatalar ayiklandi, son versiyonu, tim yazarlar tarafindan dogrulandi.

4. Tartigma ve Sonug

Bu arastirma kapsaminda Bloom taksonomisi ve oyunlastirmanin D6 modeli kullanilarak tasarlanmig
¢ok platformlu oyunlastiriimis bir e-6grenme moduli gelistirildi. Modulin igerigi 6grencilerin mezun
olmadan 6énce COVID-19 pandemisinde hastanede karsilasacaklari KKE sec¢imi ve kullanimi, hastalik
belirtisi, karantina siresi ve asl hakkinda bilgi edinmelerine destek olacak sekilde hazirlandi. Modulln
temel amaci oyunlastinimis iceriklerle 6grencilere daha ilgi ¢cekici materyaller olusturmak ve belirli bir
hedefe ulasmak icin kullanici deneyimini gelistirmekti. Bu kapsamda ana hedefler asi bilgisi, KKE
takma ve cikarma islemleri, hastalik belirtileri ve karantina stresi ile ilgili bilgi ve becerilerin
kazaniimasini gelistirmekti.

E-6grenme modulindn gelistiriimesi ile hemsire egitimcileri sadece konuyu 6gretmekle degil, ayni
zamanda dgrencilerin yetkin, yasam boyu égrenmelerine katki saglamaktadirlar. Ogrencilerin pandemi
doéneminde yasadi§i zorluklarla yizlesmek igin birden fazla strateji gereklidir. Gelisen teknolojiye uyum
saglamanin artik her egitimcinin 6nemli bir sorumlulugu oldugu disindldiginde E-6grenme
ortamlarinin gerekliligi oldukca aciktir. Glincellemeye agik e-6grenme modiilleri olusturmak, 6grencinin
bilgisinin kaliciligini ve basarisini artirmak i¢in uygulanabilecek proaktif bir midahaledir [24]. Bunun
yaninda geleneksel 6grenme yontemlerine bir e-6grenme modulinin eklenmesi, 6grenciler igin kendi
6z yeterliklerini, 6z yansimalarini, 6grenme motivasyonlarini ve yasam boyu 6grenme stratejilerinin
kazanimlarini arttirirken guvenli bir 6grenme ortamini tegvik edebilir [25,26].

Bu makalenin amaci, hemsirelik 6grencileri icin gelistirilen oyunlastirimis e-6grenme modulinin
gelistirme basamaklarini agiklamaktir. Boylelikle, hemsirelik egitimine entegre edilerek kullanilan
oyunlastiriimis probleme dayali 6drenmenin teori ve uygulama seklinde 6gretim materyali olarak
kullaniimasi, 6grencilerin aktif katilm gostermesine, motivasyonunun artmasina ve 6grenmenin etkili
olarak gergeklesmesine katki saglayacagi diistinilmektedir.

Sinirhhiklar

Bu calismanin ana sinirlamasi, mevcut kanit eksikligidir. COVID-19 Pandemisi ile ilgili her giin degisen
bilgiler ve glincellenen kilavuzlar kafa karigikligina neden olmaktadir. Bunun yaninda 3-4 ay icinde
oyundaki bazi bilgilerde (karantina suresi) degisiklik olmasi ve giincellemesini kaybetmesi dogaldir. Bu
sinirlamalarin yaninda e-6grenme modulini gelistirmek icin kullanilan platformlarin esnek olmasi
icerigin hizli sekilde guncellenmesini saglar. Ayrica bir diger sinirliik nedeni de modulin sadece
Tarkce olarak gelistiriimis olmasidir.
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Tesekkur

Gelistirilen e-6grenme modulinin gelistiriimesinde ve deneyimlenmesinde katki saglayan hemsirelik
ogrencilerine ve lisansustu 6grencilerine tesekkir ederiz.

Etik Beyan

Bu cgalisma 6grenme yontemi gelistirmek Uzere hazirlanan derleme bir galisma oldudu igin etik kurul
onayina gerek yoktur.
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OZET

Sinyal molekidilleri, hiicreler arasinda biyolojik bilginin tasinmasinda ve uygun yanitin olusmasinda Kkilit rol
oynamaktadir. Bir sinyal molekull reseptdriine baglandiginda hiicre ¢ogalmasi, farklilasmasi, hareketi,
metabolizmasi ve davranigi gibi hayati olaylarin dizenlenmesi igin hiicre i¢i yanitlar baslatir. Hiicre igi
sinyal molekdllerinin etki mekanizmasi reseptorlerin lokalizasyonundan etkilenir. Reseptorler, hedef
hiicrenin zarinda, sitoplazmasinda veya nukleusunda yer alan, istenen etkinin olusmasini saglayan
proteinlerdir. Sinyalizasyon i¢in sentezlenen birinci mesajcilar yapilarina gore hucre icinde veya hicre
membraninda yer alan reseptdrlerine baglanir. Ligand reseptore baglandiginda reseptérin 6zelliklerini
degistirerek hlicrede gerekli uyarinin olusmasini saglar.

Anahtar Kelimeler: Reseptor, ligand, hidrofilik
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ABSTRACT

Signaling molecules play a key role in the transport of biological information between cells and in the
formation of an appropriate response. When a signal molecule binds to its receptor, it initiates intracellular
responses for the regulation of vital events such as cell proliferation, differentiation, movement, metabolism
and behavior. The mechanism of action of intracellular signaling molecules is affected by the localization of
the receptors. Receptors are proteins located in the membrane, cytoplasm or nucleus of the target cell,
enabling the desired effect to occur. The first messengers synthesized for signaling bind to their receptors
located in the cell or on the cell membrane, depending on their structure.When the ligand binds to the
receptor, it changes the properties of the receptor and provides the necessary stimulation in the cell.

Keywords: Receptor, ligand, hydrophilic
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1. Girig

Hicrede gergeklesen birgok mekanizma igin hicre sinyalizasyonuna gereksinim duyulmaktadir.
Hucreye ekstrinsik veya intrinsik faktorler olarak gelen uyarilar ile birinci mesajcilar (hormonlar,
baylime faktorleri, nérotransmitterler, sitokinler) sentezlenir. Sentezlenen molekiller hidrofilik ya da
hidrofobik 6zelliktedir. Hidrofilik molekdller suda ¢6zinur yapida olduklar icin hiicre igerisine reseptor
aracili@i ile alinir. Bu nedenle reseptorleri hiicre membraninda bulunur. Etkileri ise hizli ve kisadir.
Norotransmitterler, blylime faktorleri, protein yapili hormonlar bu gruba 6rnek verilebilir. Hidrofobik
molekiller suda ¢dzlnur olmayan apolar karakterdedir ve bu nedenle hiicre membranini difiizyonla
rahatlikla gegebilirler. Reseptorleri sitoplazmada ya da nikleusta bulunur, etkileri yavas ve uzundur.
Basta steroid hormonlar olmakla birlikte tiroid hormonu, retinoik asit, vitamin D3, nitrikoksit (NO),
karbonmonoksit (CO) bu gruba dahildir [1,2] (Sekil 1).
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Birinci Mesajcilar

4 N

Hidrofilik Hidrofobik
(Suda Coézandr) (hizh-kisa etki) (Suda Coézinar Olmayan)(yavas-uzun etki)
Hicre Yizey Reseptdrieri . Hucre ici Reseptérler
(Suda Cézundr Hormon Reseptdrleri) (Steroid Hormon Reseptérleri)
Ndrotransmitterler «  Steroid hormonlar
Blylime Faktdrleri » Tiroid hormonu
+  Protein Yapili Hormonlar «  Retinoik Asit
+  Vitamin D3
+ NO,CO

Sekil 1: Birinci mesajcilar ve reseptorleri

Hiicre igi Reseptorler

Bir steroid hormon reseptori yaklasik 800 amino asit uzunlukta olup karboksil ug, orta bdlge ve amino
uc olarak ug farkl bélgeden olusur. Karboksil u¢ hormon baglayan, orta bélge DNA baglayan, amino
uc ise gen transkripsiyonunu aktive eden bdlgedir [3].

Reseptor inaktif durumda iken DNA baglanma bdlgesini bloke edecek sekilde bir inhibitér protein
baglanmistir. Reseptére hormon baglanmasi durumunda inhibitér protein reseptérden ayrilir ve
bdylece hormon-reseptér kompleksi aktiflesmis olur. Kompleks DNA ‘da yer alan ilgili genin enhancer
bélgesine yerlesir. Steroid-reseptér kompleksinin enhancer boélgesine baglanmasi, bu bélgenin hemen
yanindaki promotoér bolgenin aktiflesmesine ve transkripsiyonun baslamasina neden olur [3].

Ligandin reseptore baglanmasi farkli etkiler olusturabilir. Nukleer reseptor ailesinin bazi Uyeleri,
hormonlari oimadiginda DNA’ya baglanamaz. Bunlardan biri de Glukokortikoid reseptérudur [1,3].

Glukokortikoidler plazma zarindan gecer ve nikleustaki reseptoriine baglanir. Ligand olmadiginda ise
reseptor sitoplazmada Hsp90’a bagl durumdadir. Glukokortikoid'in reseptére baglanmasiyla Hsp90
ayrilir ve reseptor dimerleri olugur. Aktiflesmis reseptor nikleusa gecer, DNA ya baglanir ve histon
asetiltransferaz  (HAT) aktivitesi olan koaktivatorler ile etkilesime girerek hedef genlerin
transkripsiyonunu uyarir (Sekil 2) [1].
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Sekil 2: Glukokortikoid reseptori [1]

Bazi durumlarda ise reseptér hormon olsa da olmasa da DNA’ya baglanir, fakat hormona baglanmasi
reseptoriin transkripsiyonu duzenleyen bir molekil olarak aktivitesini degistirir. Tiroid hormon
reseptoril ise bu duruma 6rnek verilebilir [1].

Tiroid hormonu reseptért ve retinoik asit reseptérii DNA (izerinde birlikte yer almaktadir. Hormon
yoklugunda tiroid hormon reseptdri hedef genlerinin transkripsiyonunu baskilayan histon deasetilaz
(HDAC) aktivitesi olan bir korepresor olarak isimlendirilen retinoik asit reseptori ile baglhidir. Hormon
varliginda ise korepresor ayrilir, reseptor histon asetiltransferaz (HAT) aktivitesi olan koaktivator (T3
hormonu) ile baglanir [1].

Steroid hormonlar gibi nitrik oksit (NO) de hedef hicrelerinin plazma zarindan difiizyonla hiicre igine
girer. Ancak NO etkisinin molekiler temeli steroidlerin etkisinden farklidir. NO transkripsiyonu
dizenleyen bir reseptére baglanmak yerine, hiicre i¢i hedef enzimlerin aktivitesini degistirir. Hlicreden
disariya cikar, komsu hicreleri bélgesel olarak etkiler. Cok kararsiz olmasi ve yarilanma émrindn
birka¢ saniye suirmesi nedeniyle lokal etkiler ile sinirlidir [1].

Hicre buyumesi Uzerine inhibe edici etkisi olan vitamin D3’'Un reseptéri (VDR) ise sitoplazma ve
nikleusta bulunmaktadir. Hicre icine difiizyonla girmekte ve sitoplazmada VDR’ye baglanaktadir. Bu
baglanma ile retinoik asit reseptori (RXR) de aktive olur. Aktive islemi ile ligand-VDR-RXR kompleksi
nikleusa gecer ve gen transkripsiyonunu regile eder [4].

Hicre Yizey Reseptorleri

Hiicre yiizey reseptorleri, kullanildiklari uyari iletme mekanizmalarina gére 3 sinifa ayrilirlar. Iyon
kanallarina bagli reseptorler, G proteinine bagl reseptorler ve enzime bagli reseptorler [5].

G-protein-bagli reseptorler (GPCR'ler), insan proteomunun ~%3'Unl kaplayan en buyuk integral
membran proteinleri Ust ailesini olusturur. Hiicre digi sinyallere yanit olarak hiicresel membran
boyunca bilgi transferini allosterik olarak kolaylastirarak ve bunlari bir veya daha fazla hiicre igi
sinyallesme kaskadlarina donustirir. G bagl protein reseptori a, B ve y alt birimlerinden olusmus
heterotrimerik bir yapiya sahiptir. Reseptér uyarimi yokken GDP a alt birimine ve tim alt birimler
birbirine baglidir. Reseptore ligand baglanmasiyla a alt birimi GDP’yi GTP’ye degistirir. GTP
baglanmis olan a alt birim, B, y alt birimlerinden ayrilir ve hedef proteini diizenler. Hedef protein ikincil
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mesaijci aracilidiyla sinyal gonderir. GTP’nin hidrolizi ile G proteininin etkisi sonlanir ve baslangigtaki
Ga-GDP, B, y heterotrimerik inaktif yapisina doner [2,6-8] (Sekil 3).

B)

Ligand badlh reseptor

: I QOO
OO0V
| GTP I_;

Aktif G proteini
GDP

Hicre ici
yanit

Sekil 3: G-protein-bagli reseptdrlerin yapisi [9].

iyon kanallarina bagli reseptorler ise homolog c¢ok gecisli transmembran proteinlerdir. Ligandin
reseptorine baglanmasiyla iyon kanali gegici olarak acilir veya kapanir. Bdylece hlicre zarinin iyon

gecirgenligi degisir [1].

Asetilkolin, Dopamin, Adrenalin, Serotonin, Histamin, Glutamat, Glisin, Gama aminobtirik asit (GABA)
gibi noérotransmitterler hedef hicre ylzeyindeki reseptére baglanirlar. Her bir nérotransmitter farkli
reseptér yapisina sahip olsa da ¢ogunlukla G protein yapili reseptorler ile aktivite gosterirler [8].

Asetil Koa ve kolinin asetilkolintransferaz enzimi araciligi ile etkilesimi sonucu olusan asetilkolin daha
sonra bir vezikil icerisine alinir ve sinaptik araliga birakilir. Bu nérotransmitter muskarinik reseptor
olarak isimlendirilen G protein bagli reseptdr ve nikotinik reseptor olarak isimlendirilen iyon kanalina
bagl reseptor olarak iki farkli reseptor tipine sahiptir [8].

Dopamin, tirozin amino asitinden elde edilen bir molekildir ve birden fazla resepttre sahiptir. D1-D2-
D3-D4-D5 olarak bilinen reseptorler G proteinine bagli reseptorlerdir. D1 ve D5 eksitatérken, D2-D3 ve
D4 ise inhibitor 6zelliktedir [10].

Adrenalin, hiicre membraninda bulunan GPCR’e baglanarak hiicre sinyalizasyonunu ikinci mesaijci
cAMP Uzerinden gergeklestirmektedir [1].

Serotonin veya 5-hidroksitriptamin (5-HT) olarak isimlendirilen molekil anksiyeteden depresyona,
6grenmeden uykuya, migrenden istaha kadar birden fazla fonksiyona sahip bir nérotransmitterdir.
Vicuttaki serotoninin ¢ogu, daha c¢ok gastrointestinal (Gl) kanalda bulunur. Genellikle GPCR
yapisinda olan ve 5-HT1-7 olarak isimlendirilen yedi tip reseptori vardir [11].

Histamin, L-histidinden turetilen dogal bir amindir. GPCR yapisindaki H1, H2, H3 ve H4 olarak bilinen
reseptorleri ile aktivitesini gosterir. H1 tipi histaminik reseptor, tim vicutta yaygin olarak bulunmasina
karsin en 6nemli bulunduklari bélgeler damar endoteli ve damar duvarlaridir. Bu reseptorler alerji,
immun yanit veya yangisal olaylarda mast hicrelerinden ve nétrofillerden salgilanan histaminlerin
baglandigi baslica reseptorlerdir. H2 reseptérin  baslica bulundugu yerler mide mukozasina
ait paryetal hucrelerdir. Histaminin bu reseptérlere baglanmasi sonucu hidroklorik asit ve intrinsik
faktor salinimi artarak mide faaliyetleri artinlir. H3 ise sadece merkezi sinir sisteminde bulunur. H3
reseptoriindeki fonksiyonel degisiklikler uyku bozukluklari, dikkat eksiklikleri, hiperaktivite bozuklugu
ve biligsel bozuklukta rol oynar [12].

Glutamat reseptorleri ise merkezi sinir sistemi boyunca sinaptik iletime aracilik eden ligand kapil iyon
kanallaridir. NMDA reseptorleri, AMPA reseptorleri, metabotropik reseptoérleri ve kainat reseptorleri
seklinde 4 ana gruba ve bu gruplarin alt birimlerine sahiptir [13].
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Glisin reseptorleri (GlyR'ler) pentamerik, klorlir gegirgen kanallar olusturan ve merkezi sinir sistemi
boyunca hizli inhibitér sinyallemeye aracilik eden iyon kanali reseptorleridir. Omurilik ve beyin
sapinda, GlyR'ler hareketi diizenler [14].

Bir diger nérotransmitter GABA ise farkli yapi gdsteren birden fazla reseptdre sahiptir. GABA-A ve
GABA-C iyon kanallarina bagli reseptor yapisindadir. Reseptérine bagladiginda hticre igine klor iyon
gegcisi gerceklesir. GABA-B ise G protein bagli reseptdr olarak islev gostermektedir [15].

Genel olarak ndrotransmitterler hicre igerisinde olusturulduktan sonra bir vezikil igerisine alinir ve
daha sonra sinaptik araliga birakilir. Hedef hiicre membraninda bulunan, ¢ogunlukla G bagh protein
olarak karsimiza cikan reseptorleri aracihdi ile de etkilerini gosterirler.

Norotransmitterler gibi reseptéri hlcre membraninda bulunan diger molekiller ise buyime
faktorleridir. Sinir biyime faktorti (NGF), Epidermal blyume faktért (EGF), Fibroblast buyume faktori
(FGF), Transforme edici biyume faktori-B (TGF-B), insilin benzeri blyime faktérleri (IGF), Platelet
kokenli buyume faktori (PDGF) gibi bircok buyiume faktdrleri bulunmaktadir. BlyUime faktdr
reseptorleri tirozin kinaz (Trk) aktivitesine sahip olan molekullerdir. Yiksek affiniteli olarak Trk-A, Trk-
B, Trk-C olmak (lzere (g tipi bulunurken, diislk affiniteli olarak ise p75N™R reseptorii mevcuttur. Her biri
farkhi biyime faktéri baglama 6zelligine sahiptir. Trk-A reseptéri NGF, Trk-B reseptéri beyin
kaynakli norotrafik faktor (BDNF) ve norotrofin-4/5 (NT-4/5), Trk-C reseptorti NT-3, p75N'™R reseptori
ise NGF, BDNF, NT-3, NT-4 baglamaktadir [2] (Sekil 4).

O NGF, BDNF,
i NT3, NT4

1 i
TrkA TrkB TrkC p75

MAPK, NF-xB
PI3K, JNK
PLC-y

Sekil 4: Tirozin kinaz aktivitesine sahip reseptdrler [16]

NGF, Rita Levi-Montalcini’'ye 100 yasinda Nobel 6dulini kazandiran molekildir. NGF etkisini ylksek
affiniteli reseptorii Trk-A ve duslk affiniteli reseptori p75N™R olmak (zere iki hicre yiuzey reseptor
aracihiyla gosterir. NGF’nin Trk-A/ p75N™R kompleksi ile etkinlestirilen baslica hiicre igi sinyalizasyon
yolaklari; mitojen-aktiveli protein kinaz (MAPK), hicre disi sinyal-iligkili kinaz (ERK), fosfotidil inozitol
3-kinaz (PI3K-Akt) ve fosfolipaz C gamma (PLC-y)dir. Trk-A reseptori, hiicrelerin yasamasi ve
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farklilagmasinin gergeklesmesi igin fosforilasyon kaskadini etkinlegtirir. p75N™nin, NGF'nin Trk-A'ya
baglanma becerisini artirdii gibi gesitli hiicrelerin Trk-A fosforilasyonunu arttirdigi da bilinmektedir.
p75NTR, Trk-A aktivasyonunun azaldi§i ya da olmadi§i durumlarda sempatik néronlarin, duyu
néronlarinin, motor noéronlarin ve oligodendrositlerin apoptozunu tetikler. NGF'nin yalnizca p75NTR'ye
baglanmasi, ayni zamanda nuklear faktor-kB (NF-kB) yolaklarini etkinlestirir [5,17-19].

BDNF'nin reseptorleri ise Trk-B ve p75N™dir. Trk-B reseptoriine baglandiktan sonra PI-3 K,
ERK/MAPK ve PLCy yolaklari ile hiicre sag kalimi gorilirken, p75N™® reseptord ile etkilesim sonucu
NF-kB, JNK ve RhoA-GTP yolaklarini kullanarak hicre 8luminin gerceklestigi goralar [20].

EGF, hilcrelerin boélinmesini, farklilasmasini, yagsamasini, gogalmasini, biyimesini ve gé¢uni uyaran,
organizmadaki pek ¢ok fizyolojik ve patolojik strecte gorev alan protein yapida bir bliyime faktoriadur.
Biyolojik etkilerini bir transmembran protein olan EGF reseptort (EGFR) aracilidi ile gésteren EGF,
reseptorine baglandigi zaman dimerizasyon gergeklesir ve bir kompleks olusturduktan sonra MAPK,
ERK, PI3K-Akt, PLC-y, Janus kinaz/sinyal dondsturtict ve transkripsiyon aktivatéri (JAK/STAT) sinyal
yolaklarini aktive eder [21,22].

TGF-B ise ¢ogalma, farklilasma ve apoptoz dahil olmak Uzere gesitli biyolojik slireclerde rol oynayan
onemli bir faktordur. TGF-B1, TGF-B2 ve TGF-B3 olmak Uzere Ug¢ izoformu mevcuttur. Sinyalizasyonu
ise kanonik ve kananik olmayan yol olarak iki farkli sekilde gerceklesmektedir. Kanonik yol, TGF-§
reseptorine baglanir ve reseptérin dimerizasyonu gergeklesir. Daha sonra hiicre igerisinde Smad2/3
fosforilasyonu olur ve Smad4 ile kompleks olusturup gen transkripsiyonunu indikler. Kanonik olmayan
yol da ise TGF-B reseptoriine baglanir ve reseptér dimerizasyonu gergeklesir. Reseptorler tirozin kinaz
aktiviteleri sayesinde birbirlerinin fosforilasyonunu gerceklestirerek aktif duruma gecerler. Ug farkli
sinyal yolu yer almaktadir. ilk olarak adaptér molekiiler araciligi ile Ras-Raf-MEK-ERK yolagini aktive
edebilir ya da PI3K/Akt yolagini kullanabilir [23,24].

IGF reseptoril ise yine tirozin kinaz fosforilasyonu ile aktive olur. Akabinde IRS (insllin reseptori
substrati) veya SHC (Src homoloji alani igeren) proteinlerinin fosforilasyonu ile MAPK (Ras/Raf/ERK)
veya PI3K (PISK/PTEN/AKT) sinyal yollarinin aktivasyonu gergeklesir.

PDGF ise hicre proliferasyonu, hicre farkllagsmasi, hicre iskeleti yeniden dizenlemeleri
ve kemotaksi dahil hiicre goct gibi coklu hiicresel fonksiyonlari (zerine etkili bir faktordir. MAPK
(Ras/Raf/ERK) veya PI3K (PISK/PTEN/AKT) sinyal yollari ile sinyalizasyon islemini gergeklestirir.

Genel olarak buyime faktorlerine baktigimizda reseptor yapilarinin tirozin kinaz aktivitesine sahip
oldugu gorilmektedir. Trk-A, Trk-B, Trk-C ve p75N'R reseptorlerinin yer aldidi, siklikla MAPK, ERK,
PI3K-Akt, PLC-y gibi yolaklarin aktivitesi Uzerinden hiicresel yanit olustugunu gérmekteyiz.

2. Sonug

Ekstrinsik ve intrinsik uyari molekillerinin etkili olmasi ile sentezlenen birinci mesajcilarin yapisina
uygun olarak lokalize olmus reseptérine baglanmasi ile hicresel yanit icin ilk adim atiimaktadir.
Reseptdr-ligand etkilesiminden sonra bir¢ok sinyal yolunun aktive olmasi ve sinyalizasyonun giderek
glclenmesi ile hiicresel yanit elde edilmektedir. Bu olusan hiicresel yanitlar hayati fonksiyonlarimiz
icin kilit noktalaridir. Bu derlemede birinci mesajcilar ve reseptorleri, hiicre ici ve hiicre membraninda
yer alan reseptor olarak gruplandirilarak ele alinmistir. Genel bir bakisagisi olarak hiicre ici sinyal
yolaklarinin de@erlendiriimesinde katki saglayacagdi dusunilmektedir.

Kaynakca

[1] Cooper G., & Hausman R. (2019). Hiicre molekdler yaklasim (7.Baski). 601-647

[2] Kirdag, M., Sel, T. & Altintas, A., (2019), Hicre Sinyal Proteinleri ve Biyo-Haberlesme, Eurasian Journel of
Health Sciences 2(2):48-55, Erisim Adresi: H__cre Sinyal Proteinleri ve Biyo-Haberle__me[#524817]-726328.pdf

[3] Skowron Kj]., Booker K., Cheng C., Creed S., David BP., Lazzara BP., Lian A., Siddiqui Z.,

Speltz TE., Moore TW. (2019). Steroid Receptor/Coactivator Binding Inhibitors: An Update. Mol Cell Endocrinol.
August 01; 493: 110471. doi:10.1016/j.mce.2019.110471.

565



[4] Pepeler MS, Savas B, Pamukguoglu M, et al. (2019). Expression of vitamin D receptor in colorectal cancer
staging and its effects on prognosis. The Turkish Journal of Academic Gastroenterology;18:101-108. DOI:
10.17941/agd.601187.

[5] Tuncer Z., Kozaci LD. (2022). Biiyiime Faktorleri, Reseptérleri ve Sinyal iletim Yollari. Karatay Universitesi
Saglik Bilimleri Dergisi, Cilt 3, Sayi 2, 91-107.

[6] Syrovatkina V, Alegre K, Dey R, Huang X. (2016). Regulation, signaling and physiological functions of g-
proteins. J Mol Biol. September 25; 428(19): 3850—-3868. doi:10.1016/j.jmb.2016.08.002.

[7] Hilger D, Masureel M, Kobilka BK. (2018). Structure and dynamics of GPCR signaling complexes. Nat Struct
Mol Biol. January ; 25(1): 4-12. doi:10.1038/s41594-017-0011-7

[8] Santiago LJ., Abrol R. (2019) Understanding G Protein Selectivity of Muscarinic Acetylcholine Receptors Using
Computational Methods. Int. J. Mol. Sci., 20, 5290; doi:10.3390/ijms20215290.

[9] Michael J. Capper & Daniel Wacker, 2018. "How the ubiquitous GPCR receptor family selectively activates
signalling pathways," Nature, Nature, vol. 558(7711), pages 529-530, June.

[10] Sayin A. (2008). Dopamin Reseptérleri ve Sinyal Yletim Ozellikleri. (Klinik Psikiyatri ;11:125-134).

[11] D McCorvy J, L Roth B. (2015). Structure and Function of Serotonin G protein Coupled Receptors.
Pharmacol Ther. June ; 150: 129-142. doi:10.1016/j.pharmthera.

[12] Shulpekova, Y.O.; Nechaev, V.M.; Popova, |.R.; Deeva, T.A.; Kopylov, A.T.; Malsagova, K.A.; Kaysheva,
A.L.; lvashkin, V.T. (2021). Food Intolerance: The Role of Histamine. Nutrients, 13, 3207. https:/
doi.org/10.3390/nu13093207.

[13] Huettner J. (2015). Glutamate receptor pores. The Journal of Physiology, 593.1 pp 49-59.

[14] Zhu H, Gouaux E. (2021). Architecture and assembly mechanism of native glycine receptors. Nature.
November ; 599(7885): 513-517. doi:10.1038/s41586-021-04022-z.

[15] Gong P, Hong H, Perkins E. (2015). lonotropic GABA receptor antagonism-induced adverse outcome
pathways for potential neurotoxicity biomarkers. Biomarkers in
MedicineVolume 9, Issue 11, November, Pages 1225-1239. https://doi.org/10.2217/bmm.15.58

[16] M. V. Chao. (2003). Neurotrophins And Their Receptors: A Convergence Point For Many Signalling
Pathways. Nature Reviews Neuroscience volume 4, pages299-309.

[17] Yediel Aras $, Karadag Sar E. (2017). NGF (Sinir Biyime Faktort) ve Fonksiyonlari. MAE Vet Fak Derg, 2
(1): 91-96, DOI: 10.24880/maeuvfd.296782.

[18] Du, Z., & Lovly, C. M. (2018). Mechanisms of receptor tyrosine kinase activation in cancer. Molecular Cancer,
17(1), 58. https://doi.org/10.1186/s12943-018-0782-4.

[19] Rocco, M. L., Soligo, M., Manni, L., & Aloe, L. (2018). Nerve growth factor: early studies and recent clinical
trials. Current neuropharmacology, 16(10), 1455-1465. https://doi.org/10.2174/1570159X16666180412092859.

[20] Jin W. (2020). Regulation of BDNF-TrkB Signaling and Potential Therapeutic Strategies for Parkinson’s
Disease. J. Clin. Med., 9, 257; doi:10.3390/jcm9010257.

[21] Yarim GF, Yarim M, Kazak F, Torunoglu Ei. (2017). Epidermal Biiyiime Faktoriiniin Néroprotektif Etkileri.
F.U.Sag.Bil.Tip.Derg. 31 (2): 99 - 103 http://www.fusabil.org.

[22] Paottier, C., Fresnais, M., Gilon, M., Jérusalem, G., Longuespée, R., & Sounni, N. E. (2020). Tyrosine kinase
inhibitors in  cancer: Breakthrough and challenges of targeted therapy. Cancers, 12(3), 731.
https://doi.org/10.3390/cancers12030731.

23] Chung, J.Y.-F.; Chan, M.K.-K.; Li, J.S.-F.; Chan, A.S.-W.; Tang, P.C.-T.; Leung, K.-T.; To, K.-F.; Lan, H.-Y;
Tang, P.M.-K. (2021). TGF-B Signaling: From Tissue Fibrosis to Tumor Microenvironment. Int. J. Mol. Sci., 22,
7575. https://doi.org/ 10.3390/ijms22147575.

[24] Ma, N., Teng, X., Zheng, Q., & Chen, P. (2019). The regulatory mechanism of p38/MAPK in the chondrogenic
differentiation from bone marrow mesenchymal stem cells. Journal Of Orthopaedic Surgery And Research, 14(1),
434. https://doi.org/10.1186/s13018-019-1505-2.

566


https://ideas.repec.org/a/nat/nature/v558y2018i7711d10.1038_d41586-018-05503-4.html
https://ideas.repec.org/a/nat/nature/v558y2018i7711d10.1038_d41586-018-05503-4.html
https://ideas.repec.org/s/nat/nature.html
https://doi.org/10.2217/bmm.15.58
https://www.nature.com/nrn
https://doi.org/10.1186/s12943-018-0782-4
https://doi.org/10.2174/1570159X16666180412092859
https://doi.org/10.3390/cancers12030731
https://doi.org/10.1186/s13018-019-1505-2

	[1] Kam Hepdeniz, Ö., Seçkin, Ö. 2017. Dinamik mikrobiyal bir yaşam: Oral biyofilm. Süleyman Demirel Üniversitesi Sağlık Bilimleri Dergisi, 8(3): 47-55.
	[2] Kıvanç, S. A., Kıvanç, M., Kılıç, V., Güllülü, G., Özmen, A. T. 2017. Comparison of biofilm formation capacities of two clinical ısolates of Staphylococcus epidermidis with and without icaA and icaD genes on ıntraocular lenses. Turk J Ophthalmol, ...
	[37] Horio, N., Horiguchi, M., Murakami, K., Yamamoto, E., Miyake, Y. 2000. Stenotrophomonas maltophilia endophthalmitis after intraocular lens implantation. Graefes Arch Clin Exp Ophthalmol, 238(4):299-301.
	[38] Karakurt, A., Abdik, O., Sengün, A., Karadağ, R., Saricaoğlu, S., Sarikatipoğlu, H. Y., Hasiripi, H. 2006 Stenotrophomonas maltophilia Endophthalmitis after cataract extraction. Ocul Immunol Inflamm,14(1):41-46.
	[39] Park, B. C., Lim, H. R., Park, S. J., Koh, J. W. 2021. Clinical features and management of Stenotrophomonas maltophilia keratitis. Ophthalmol Ther, 10(3):525-533.
	[40] Jucker, B. A., Harms, H., Zehnder, A. J. 1996.  Adhesion of the positively charged bacterium Stenotrophomonas (Xanthomonas) maltophilia 70401 to glass and Teflon. J Bacteriol, 178(18):5472-5479.

	[7] Maeda N, Urabe Y, Sasadai J, Miyamoto A, Murakami M, Kato J. 2016. Effect of Whole-Body-Vibration Training on Trunk-Muscle Strength and Physical Performance in Healthy Adults: Preliminary Results of a Randomized Controlled Trial. J Sport Rehabil, ...
	[9] Schlee G, Reckmann D, Milani TL. 2012. Whole body vibration training reduces plantar foot sensitivity but improves balance control of healthy subjects. Neurosci Lett, 506(1), 70-73.
	[10] Coburn JW, Housh TJ, Malek MH. et al. 2006. Neuromuscular responses to three days of velocity-specific isokinetic training. J Strength Cond Res, 20(4), 892-898.
	[11] Sakamoto A, Sinclair PJ. 2006. Effect of movement velocity on the relationship between training load and the number of repetitions of bench press. J Strength Cond Res, 20(3), 523-527.
	[12] Dishman RK. 1982. Compliance/adherence in health-related. exercise. Health Psychol, 1, 237-267.
	[13] Martin JE, Dubbert, PM. 1982. Exercise applications and promotion in behavioral medicine: current status and future directions. J Consult Clin Psychol, 50, 1004-1017.
	[22] Chen B, Dong Y, Guo J, Zheng Y, Zhang J, Wang X. 2019. Effects of Whole-Body Vibration on Lumbar-Abdominal Muscles Activation in Healthy Young Adults: A Pilot Study. Med Sci Monit, 25, 1945-1951.
	[25] Choi DS, Lee HJ, Shin YI, Lee A, Kim HG, Kim YH. 2019. Modulation of Cortical Activity by High-Frequency Whole-Body Vibration Exercise: An fNIRS Study. J Sport Rehabil, 19, 1-6.
	[26] Villringer A, Chance B. 1997. Non-invasive optical spectroscopy and imaging of human brain function. Trends Neurosci, 20(10), 435-442.
	[28] Rendos NK, Jun HP, Pickett NM. et al. 2017.  Acute effects of whole body vibration on balance in persons with and without chronic ankle instability. Res Sports Med, 25(4), 391-407.
	[33] Chaudhari AM, Andriacchi TP. 2006. The mechanical consequences of dynamic frontal plane limb alignment for non-contact ACL injury. J Biomech, 39(2), 330–338.
	[35] Borghuis J, Hof AL, Lemmink KAPM. 2008. The importance of sensory-motor control in providing core stability: Implications for measurement and training. Sport Med.

