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DERGI HAKKINDA

ilk olarak 1984 yilinda yayin hayatina baglayan Selguk Tip Dergisi (Selcuk Med J) (ISSN: 1017-6616, e-ISSN: 2149-
8059), Necmettin Erbakan Universitesi, Meram Tip Fakiiltesi'nin bagimsiz, cift kér, hakemli bilimsel yayin organidir.
Dergimiz Mart, Haziran, Eylul ve Aralik aylarinda i¢ ayda bir yayimlanmaktadir.

Derginin sayilarina tam erigim asagidaki adresten temin edilebilir.
http://www.selcukmedj.org

Selguk Tip Dergisi (Selcuk Med J) diinya genelinden yayinlari kabul etmektedir. Yayinlar en az iki hakem tarafindan
orijinal bilgi, fikir ve sunum agisindan degerlendiriimektedir.

Selguk Tip Dergisi (Selcuk Med J), Tiirkge ve/veya ingilizce makaleleri yayinlar, dergi iceriklerine iicretsiz erisim saglar
(Open Access) ve yazarlarin makalelerin son kabul edilmis halini OAl uyumlu kurumsal / konu bazli bir havuzda kendi
arsivleyebilmelerine izin verir.

Selguk Tip Dergisi (Selcuk Med J) tip doktorlari, arastirmacilar ve bilim adamlarindan olusan bir kitleye yénelik ¢ok
disiplinli bir dergidir.

Etik Kurallara Uygunluk

Derginin yayin ve yayin siregleri Uluslararasi Medikal Dergisi Editérleri Komitesi (International Committee of Medical
Journal Editors) (ICMJE), Diinya Tibbi Editorler Birligi (World Association of Medical Editors) (WAME), Bilim Editorleri
Konseyi (Council of Science Editors) (CSE), Yayin Etigi Komitesi (Committee on Publication Ethics) (COPE) ), Avrupa
Bilim Editorleri Dernegi (European Association of Science Editors) (EASE) ve Ulusal Bilgi Standartlar Orgiitii (Natio-

nal Information Standards Organization) (NISO) yénergelerine uygun olarak sekillendirilmigstir.

Dergimiz ‘Seffaflik ve Akademik Yayincilik En iyi Uygulamalar ilkelerine’ (Principles of Transparency and Best Practice
in Scholarly Publishing) (doaj.org/bestpractice) uygundur.

Makalelerin daha 6nce hicbir yerde yayinlanmamig ve yayin igin bagka bir dergiye génderilmemis olmasi gerekir.
Selguk Tip Dergisi’'nde intihal programi (iThendicate) kullaniimaktadir. Akademik atif sinirini asan benzerlik tasiyan
makaleler ve yayin kurallarina uygun olarak hazirlanmamis makaleler degerlendirmeye alinmayacaktir. Tum ¢alisma-
larda etik kurul onay1 gerekmektedir ve bu onamin belgelendiriimesi yazilarin yayinlanmasinda esas teskil edecektir.

Tdm galismalarda yazarlarin galismaya katki diizeyi ve onayi bildiriimelidir. Calismada veri toplanmasi, deney asama-
sI, yazim ve dil duzenlemesi dahil olmak Gzere herhangi bir asamasinda finansal ¢ikar catismasi olmadigi bildiriimeli-
dir. Calismada varsa ticari sponsorluk bildiriimelidir.

Yazarlardan Selguk Tip Dergisi’nde yayimlanacak makaleleri i¢in herhangi bir 6deme istenmez.

Batin makaleler editor ve yayin kurulu tarafindan Ug ay igerisinde sonuglandirilacaktir. Fakat elde olmayan gecikme-
lerden dolayi bu slre uzayabilir.

Dergi Amag ve Kapsami

Selcuk Tip Dergisi amaci, genel tip alaninda tani ve tedavideki giincel gelismeler, cerrahi yenilikler ve bilim dinyasina
katkida bulunacak deneysel ¢alismalarin ulusal ve uluslararasi literatirde paylasiminin saglanmasidir.

Selguk Tip Dergisi, saglik bilimlerindeki tim etik yénergelere uygun olarak hazirlanmis klinik ve deneysel arastirma
makaleleri, olgu bildirileri, derleme makaleleri, teknik notlar ve editdre mektuplari yayinlamaktadir.
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YAZARA ACIKLAMA

Selguk Tip Dergisi (Selcuk Med J) Necmettin
Erbakan Universitesi, Meram Tip Fakdltesi
Dekan’liginin  yayin organidir. Dergimize yazi
hazirlanirken asagidaki aciklamalari lGtfen
butindyle okuyunuz.

Selguk Tip Dergisi (Selcuk Med J) tip bilimine ve
akademik calismalara katkisi olan, klinik ve deneysel
calismalari, editoryal yazilari, kisa raporlari, klinik
olgu bildirimlerini, teknik ve egitici derlemelerini,
tip konusundaki son gelismeler ile orijinal goérintu
raporlarini, géruntild hastalik tanimlama sorularini
ve editdre mektuplari yayinlar. Ayrica daha 6nce
yayinlanmis makale ve deneysel calismalarla ilgili
okuyucu soru ve katkilari kisaca yayinlanir. Yayina
kabul edilme, editéryal komite ile en az iki hakem
karari ile alinir. Bir hakem, hakemlik talebini kabul
etmeye karar vermeden 6nce, hakem degerlendirme
slreci ve gb6zden gecirmenin nasil yapilacagi
hakkinda daha fazla bilgi edinmek isteyebilir.

Hakemler, Selguk Tip Dergisi’nin gereklerine,

onceden tanimlanmis  kriterlere ve sunulan
arastirmanin kalitesine, eksiksizligine ve
dogruluguna dayanarak makale goénderimini

degerlendirir. Hakemler makale hakkinda geri
bildirimde bulunur, iyilestirmeler 6énerir ve makalede
yapilan degisiklikleri kabul edip etmeme, talep
etme veya reddetme konusunda editore tavsiyede
bulunur. Nihai karar her zaman bas editére aittir,
ancak hakemler sonucu belirlemede dnemli bir rol
oynamaktadir. Birhakemin makaleyle ¢cikar catismasi
varsa, editdére bildirmesi gerekir. Hakemler, hakem
gbdzden gecirme sistemine katilarak bilimsel slrecin
kati standartlarini saglamalidir. Ayrica, gegersiz
arastirmalari tespit ederek ve derginin kalitesini
korumaya yardimci olarak derginin butidnlagdna
korumalidirlar. Hakemler, intihal, arastirma
sahtekarligr ve diger sorunlari tespit ederek
etik konularin ihlal edilmesini dnlemeye go6nulll
olmalidir.

Yayina kabul edilen yazilarin her turld yayin
hakki dergiye aittir. Bu hak 6zel dizenlenmis yayin
hakki devir formu ile butin yazarlarin imzasi ile
tespit edilir. Dergi 3 ayda bir, yilda 4 kez yayinlanir.
Derginin yayin dili Tirkge ve/veya Ingilizcedir.
Gonderilen yazilar daha 6nce herhangi bir dergide
yayinlanmamis olmalidir (Bilimsel kongrelerde
sunulan sdézlu bildiri ve posterler bildirmek kaydi
ile harigtir). Dergide yayimlanan yazilarin her turla
sorumlulugu (etik, bilimsel, yasal vb.) yazarlara
aittir. Yazim kurallarina uygun olarak hazirlanmamis
olan yazilarin incelenmeye alinip alinmamasi Yayin
Kurulu’nun insiyatifindedir.

Makalelerindahadncehi¢biryerde yayinlanmamis
ve yayin icin baska bir dergiye goénderilmemis
olmasi gerekir. Selguk Tip Dergisi'’nde intihal
programi (iThendicate) kullaniimaktadir. Akademik
atif sinirini asan benzerlik tasiyan makaleler ve
yayin kurallarina uygun olarak hazirlanmamis

makaleler degerlendirmeye alinmayacaktir. Tum
calismalarda etik kurul onayr gerekmektedir ve bu
onamin belgelendirilmesi yazilarin yayinlanmasinda
esas teskil edecektir.

Tum calismalarda yazarlarin calismaya Kkatki
dizeyi ve onayl bildirilmelidir. Calismada veri
toplanmasi,deneyasamasi,yazimvedildizenlemesi
dahil olmak lizere herhangi bir asamasinda finansal
cikar catismasi olmadig: bildirilmelidir. Calismada
varsa ticari sponsorluk bildirilmelidir.

Derginin editéryal ve yayin surecleri International
Committee of Medical Journal Editors (ICMJE),
World Association of Medical Editors (WAME),
Council of Science Editors (CSE), Committee on
Publication Ethics (COPE), European Association
of Science Editors (EASE) ve National Information
Standards Organization (NISO) organizasyonlarinin
kilavuzlarina uygun olarak bicimlendirilmistir.
Selguk Tip Dergisi’nin editéryal ve yayin siregleri,
Principles of Transparency and Best Practice
in Scholarly Publishing (doaj.org/bestpractice)
ilkelerine uygun olarak yuritilmektedir. Yayin
Kurulu, dergimize gdénderilen ¢alismalar hakkindaki
intihal, atif maniplilasyonu ve veri sahteciligi iddia
ve slpheleri karsisinda COPE kurallarina uygun
olarak hareket edecektir.

Derginin Yayin Kurulu, itiraz ve sikayet vakalarini,
COPE rehberleri kapsaminda isleme almaktadir.
Yazarlar, itiraz ve sikayetleri igcin dogrudan bas
editér veya yayin kurulu ile temasa gecebilirler.
ihtiyag duyuldugunda Yayin Kurulu’'nun kendi
icinde ¢oézemedigdi konular igin tarafsiz bir temsilci
atanmaktadir. itiraz ve sikayetler igin karar verme
slrecglerinde nihai karari Bas Editdér verecektir.
Yayinct  ve editér gerektiginde duzeltmeler,
acliklamalar, geri ¢cekilmeler ve 6zlrler yayinlamaya
her zaman hazirdir.

Selguk Tip Dergisi (Selcuk Med J) ile ilgili
tim yazismalar, makale gdnderme, makalenin
takibi, danisman raporlari, dizeltmelerin yapilip
yuklenmesi, kabul yazisi génderimi ve diger tim

makale ile ilgili formlarin yiklenmesi https:/www.

selcukmedj.org sayfasindan vyapilacaktir. Bu
site Uzerinden yuklenecek makaleler icin kurallar
asagida belirtilmistir.

YAZIM KURALLARI

Yayina gonderilen yazilar  Microsoft Word
programinda yazilmalidir. Yazi, sekil ve
grafilerin  tamami elektronik ortamda https://

www.selcukmedj.org word ve pdf formatinda
goénderilmelidir.

Tim yazilar:

1. Baslik sayfasi,
2. Turkge 0Ozet,
3. Ingilizce 6zet,



. Makale kismi,

. Kaynaklar,

. Tablolar,

. Sekiller ve resimler,

. Alt yazilar seklinde dizilmelidir.

o ~NO O~

Arastirma inceleme yazilarinin makale kismi (6zet,
referanslar, tablo, sekil ve alt yazilar harig) toplam 4000
kelimeyi, 6zet kismi 400 kelimeyi, referanslar 60’1, tablo
ve sekil sayisi 10’u gegmemelidir. Ozet amag, gereg ve
yontemler, bulgular ve sonug¢ boélimlerini icermelidir.

Olgu bildirileri su boélimlerden olugsmalidir: Baslik,
ingilizce baslik, Tirkge ve Iingilizce 6zet, girig, olgunun/
olgularin sunumu, tartisma ve kaynaklar. Olgu sunumlari
toplam 8 sayfayr geg¢memeli ve 3 resimden fazla
olmamalidir. Ozet 200 kelimeyi gegmemeli ve tek bir
paragraf seklinde olmalidir.

Derlemeler ingilizce ve Tiirkge 6zet icermeli ve dzet
kelime sayisi 300’0 asmamalidir. Tablo sayisi ve sekiller
(veya resimler) toplam 6 adedi asmamalidir. REferanslar
80’i gegmemelidir. Ozet tek bir paragraf seklinde olmalidir.
Editére mektup, kisa raporlar, gorinti raporlari, teknik ve
tip alanindaki gelismelere ait yazilar ve orijinal konulara
ait goruntd sunumlari 2 sayfayr gegmemelidir. Kisa bir
(100 kelime) ingilizce ve Tiirkge dzet icermelidir.

YAZILARIN HAZIRLANMASI

Yazinin baghgi hem ingilizce hem de Tirkce olarak
yazilmalidir. Yazida calismaya katkisi olan yazarlarin
ad ve soyadlari agik olarak yazilmali. Yazilarin altina
¢alismanin yapildigi kurumun acgik adresi yaziimalidir.
Calisma daha 6nce herhangi bir kongrede sunulmus ise
kongre adi, zamani (gun-ay-yil olarak) belirtiimelidir.
Baslik sayfasinin en altina iletisim kurulacak yazarin
adi, soyadi, agik adresi, posta kodu, telefon ve faks
numaralari ile e-posta adresi yaziimalidir.
Ozetler

Ayri bir sayfa olarak verilmelidir. ingilizce &6zetin
basinda ingilizce baslik bulunmalidir. Arastirma inceleme
yazilarinda 400, olgu sunumlarinda 200 kelimeyi
gecmemelidir. Arastirma makalelerinde 6zet amag, gereg
ve yontemler, bulgular ve sonug¢ bélimlerini icermelidir.
Arastirma ve inceleme yazilarinda O6zetlerden sonra
Tirkge ve ingilizce anahtar kelimeler verilmelidir. Anahtar
kelime sayisi 5’i gegmemelidir. Anahtar Kelimelerin
ingilizcesi Index Medicus’daki Medical Subjects
Headings’e uygun olmali, Tirkge Anahtar kelimeler ise
Turkiye Bilim Terimleri'nden (http://www.bilimterimleri.
com) secilmelidir. Ozetlerde kisaltma olmamalidir.
Makale

Yazi Giris, Geregler ve Yontem, Bulgular ve Tartisma
bélimlerinden olusur.
Giris: Konuyu ve c¢alismanin amacini acgiklayacak
bilgilere yer verilir.
Geregler ve Yontem: Calismanin gerceklestirildigi yer,
zaman ve ¢alismanin planlanmasi ile kullanilan elemanlar
ve yontemler bildirilmelidir. Verilerin derlenmesi, hasta
ve bireylerin 6zellikleri, deneysel calismanin 6zellikleri
ve istatistiksel metotlar detayli olarak agiklanmalidir.
Calisma klinik bir calisma ise baslik ‘Hastalar ve Yontem’
seklinde olmalidir.
Bulgular: Elde edilen veriler istatistiksel sonugclari ile

beraber verilmelidir.
Tartisma: Calismanin sonuglari literatir verileri ile
karsilastirilarak degerlendirilmelidir.

Tim vyazimlar Turk¢ge yazim kurallarina uymali,
noktalama isaretlerine uygun olmalidir. Kisaltmalardan
mumkdin oldugunca kacinilmali, eger kisaltma
kullanilacaksailk gegtigiyerde ()icerisinde agiklanmalidir.
Kaynaklar, sekil tablo ve resimler yazi igerisinde gegcis
sirasina goére numaralandiriimalidir. Metin igerisindeki
tim O6lgim birimleri uluslararasi standartlara uygun
bicimde verilmelidir.

Kaynaklar

Kaynaklar iki satir aralikli olarak ayri bir sayfaya
yazilmalidir. Kaynak numaralari cumle sonuna nokta
konmadan ( ) icinde verilmeli, nokta daha sonra
konulmalidir. Kaynak yazar isimleri cUmle icinde
kullaniliyorsa ismin gegtigi ilk yerden sonra ()
icinde verilmelidir. Birden fazla kaynak numarasi
veriliyorsa arasina “,”, ikiden daha
fazla ardisik kaynak numarasi veriliyor ise rakamlari
arasina “,-” konmalidir [6r.(1,2), (1-3)gibi]. Kaynak olarak
dergi kullaniliyorsa: yil, cilt, baglangi¢ ve bitis sayfalar
verilir. Kaynak olarak kitap kullaniliyorsa: sadece yil,
baslangig¢ ve bitis sayfalari verilir. Kaynaklarda yazarlarin
soyadlari ile adlarinin bas harfleri yazilmahdir. Dergi
isimleri Index Medicus’a gore kisaltilmalidir. Kaynak
yazilma sekli asagidaki o6rnekler gibi olmalidir. Yazar
sayisinin Ugten fazla olmasi durumunda ise ilk G¢ yazarin
ismi yazilmali, sonrasinda “et al.” eklenmelidir.

Dergiler igin

1) Kocakusak A, Yicel AF, Arikan S. Karina nafiz
delici-kesici alet yaralanmalarinda rutin abdominal
eksplorasyon ydnteminin retrospektif analizi. Van Tip
Dergisi 2006;13(3):90-6.

2) Vikse BE, Aasard K, Bostad L, et al. Clinicalprognostic
factors in biopsy-proven benign nephrosclerosis. Nephrol
Dial Transplant 2003;18:517-23.

Kitaplar igin

1) Danovitch GM. Handbook of Kidney Transplantation.
Boston: Little, Brown and Company (Inc.), 1996: 323-8.
Kitaptan Béliim igin

1) Soysal Z, Albek E, Eke M. Fetliis haklari. Soysal Z,
Cakalir C, ed. Adli Tip, Cilt Ill, istanbul Universitesi
Cerrahpasa Tip Fakiiltesi Yayinlari, istanbul, 1999:1635-
50.

2) Davison AM, Cameron JS, Grinfeld JP, et al. Oxford
Textbook of Clinical Nephrology. In: Williams G, ed.
Mesengiocapillary glomerulonephritis. New York: Oxford
University Press, 1998: 591- 613.

Tablolar

Tablolar ayri sayfaya iki satir aralikli yazilmali, her
tablonun Uzerinde numara ve agiklayici ismi olmalidir.
Tabloda kisaltmalar varsa tablonun altinda alfabetik
siraya gére acgihmlari yazilmahdir. Ornekler: PS:
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Oz
Amacg: Yonetici islevierde bozukluklar dikkat eksikligi hiperaktivite bozuklugu (DEHB) kliniginde oldukca
sik gorilmektedir. Guncel ¢alismalarda obezite ve DEHB'nin patofizyolojisindeki ortak mekanizmalarin
dirtu kontroli ve ydnetici islevlerle iliskili olabilecedi 6ne sirilmektedir. Bu ¢alisma, asiri kiloluluk /
obezitesi olan ve olmayan DEHB tanili gocuk ve ergenlerin yonetici islevleri ve benlik saygisi diizeylerinin
karsilastiriimasi amaglanmistir. Ayrica, gocuk ve ergenlerde asiri kiloluluk / obezite, yénetici islevler,
DEHB ve benlik saygisi arasindaki karmasik iliskinin incelenmesi amacglanmistir.

Hastalar ve Yéntem: Mart 2021- Nisan 2022 arasinda Gazi Universitesi Cocuk ve Ergen Psikiyatrisi
polikliniklerine bagvuran DEHB tanili herhangi bir ilag kullanmayan 71 ergenin dahil edildigi 6rneklemin yas
ortalamasi 16.12+1.71 (yas arahigi= 12-18 yil) yil olup, %71.83’0 erkeklerden olugsmaktadir. Katilimcilara
Yénetici Isleviere Yénelik Davranis Dederlendirme Envanteri Olgegi (anne baba formu), Rosenberg Benlik
Saygisi Olgegdi ve Conners Ana baba Derecelendirme Olgegi- Yenilenmis Kisa Formu verilmistir.
Bulgular: DEHB tanili ergenlerde hiperaktivite belirtilerinin ve calisma bellegi fonksiyonunun benlik
saygisinin en 6nemli yordayicilari oldugu saptanmistir. Ayrica asiri kiloluluk / obezite durumuna gore
DEHB’li ergenler karsilastirildiginda calisma bellegi ve planlama/érgltleme fonksiyonlari agisindan
gruplar arasi farklilik bulunmustur. Ancak gruplar arasinda benlik saygisi ve DEHB siddeti agisindan bir
farklilik saptanmamistir.

Sonug: Calismamizin sonuglari degerlendirildiginde DEHB’li ergenlerin benlik saygisinda ¢alisma bellegi
ve hiperaktivite belirti siddetinin 6nemli rol oynayabilecegini gdstermektedir. Asiri kiloluluk/obezite
durumuna gére DEHB tanili ergenlerde benlik saygisi ve DEHB klinigini agisindan farklilik saptanmazken
calisma bellegi ve planlama/drgitleme becerilerinde farklilik saptanmasi, DEHB’de ydnetici islevlerin
asiri kiloluk/obezite igin kritik bir rol oynadigini distindirmektedir.
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Recent studies suggest that common mechanisms in the pathophysiology of obesity and ADHD may be
related to impulse control and executive functions. This study aimed to compare the executive functions
and self-esteem levels of children and adolescents with ADHD with and without overweight/obesity. The
study also aimed to examine the relationships between overweight/obesity, executive functions, ADHD
and self-esteem in children and adolescents.

Patients and Method: Participants included 71 children/adolescents (mean age = 16.12+1.71; age range=
12-18 years; 71.83% males) with ADHD who applied to Gazi University Child and Adolescent Psychiatry
outpatient clinics between March 2021 and April 2022 and did not use any medication. Participants
completed the Executive Functions Behavior Evaluation Inventory Scale (parent form), Conners Parent
Rating Scale-Revised Short Form and Rosenberg Self-Esteem Scale.

Results: Results showed that hyperactivity symptoms and working memory function were significant
predictors of self-esteem in adolescents with ADHD. In addition, when adolescents with ADHD were
compared according to their overweight/obesity level, significant differences were found between the
groups in working memory and planning/organization functions. However, no difference was found
between the groups in terms of self-esteem and ADHD severity.

Conclusion: The findings suggest that working memory and hyperactivity symptom severity may play an
important role in understanding the self-esteem of adolescents with ADHD. While no difference was found
in terms of self-esteem and ADHD clinic in adolescents diagnosed with ADHD according to overweight/
obesity status, differences in working memory and planning/organization skills suggest that executive
functions play a critical role in overweight/obesity in ADHD.

Key words: Executive function, obesity, self-esteem, attention deficit hyperactivity disorder
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INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is a
neurodevelopmental disorder that begins in childhood
and is characterized by symptoms of inattention,
hyperactivity, and impulsivity that are inappropriate
for the person's age (1). In recent epidemiological
studies, the prevalence of ADHD has been reported
to be between 5.9% and 7.1% in the world and 12.7%
in Turkey (2). A growing body of evidence shows a
significantassociation between ADHD and overweight/
obesity (3). Recent studies suggest that common
mechanisms in the pathophysiology of obesity and
ADHD include changes in abnormal reward center
responses, impulse control, and executive functions
(4). Executive functions, which are defined as high-
level cognitive functions, are skills such as inhibition,
abstraction, working memory, emotional regulation,
the use of previously acquired skills for environmental
conditions, towards the appropriate target, verbal
fluency, organization and planning (5). Impairments in
executive functions can lead to inadequate attention
and planning, difficulties in forming and implementing
solution strategies, difficulty in benefiting from
feedback, and impaired flexible thinking (6). It has
been suggested that learning problems related to
executive functions, difficulties in regulating emotional
responses, and low academic achievement may lead
to negative environmental comments, leading to
frustration, failure, and a decrease in self-efficacy and
self-esteem in children with ADHD (7, 8). Self-esteem
is related to the evaluation of the person about himself,
expressing whether he likes it or not, and it shows
how important and valuable he sees himself (9-11).
This concept is a value judgment expressed by the
attitudes developed by the individual for himself. Self-
esteem is one of the leading components of mental
health and personality development. (12). Low self-
esteem can hinder social and cognitive development
in children and contribute to the emergence of
various mental and physical diseases in adulthood.
There is strong evidence that childhood obesity has
negative effects on self-esteem and quality of life.
(13). Similarly, there are studies showing that children
with ADHD have lower self-esteem than controls. (8).
In a recent study, children with ADHD are prone to
obesity; therefore, it has been suggested that low
self-esteem may create more serious problems in
obese children with ADHD (14). The findings suggest
that there may be a complex relationship between
overweight/obesity, self-esteem and executive
functions in children and adolescents with ADHD. As
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far as in our knowledge, there is no study examining
this relationship simultaneously. To fill this gap in the
literature, this research aimed to examine the complex
relationship between overweight/obesity, executive
functions, ADHD and self-esteem in children and
adolescents with ADHD.

PATIENTS AND METHODS

The sample of this study consisted of 71 adolescents
aged 12-18 years who met the diagnostic criteria for
attention deficit hyperactivity disorder according to the
5th Edition of the Diagnostic and Statistical Manual
of Mental Diseases (DSM-5), who applied to the
outpatient clinics of Gazi University Hospital between
March 2021 and April 2022. The exclusion criteria of
the study were;

1. Diagnosed with additional psychiatric disorders
other than ADHD in the DSM-5-based clinical

evaluation.
2. Using any psychopharmacological agent
(methylphenidate, atomoxetine, risperidone,

aripiprazole etc.) in the last three months.

3. While the medical history was questioned in the
clinical interview with both the adolescent and the
parent, the adolescents who were learned to have a
history of any chronic physical disease (eg asthma,
epilepsy, hypothyroidism, phenylketonuria, diabetes
mellitus, hypertension etc.) that were or should be
followed up by pediatrics were not included in the
study.

Measures

Sociodemographic Data Form: For this study,
sociodemographic form was prepared to obtain
from interviews with children, adolescents, and their
parents. The form included participants' age, class,
family status and age at first diagnosis, clinical
evaluation data such as body mass index scores
and percentile values calculated according to the
reference values of weight, height and body mass
index in Turkish children determined by Neyzi et al
alongside ADHD predominantly presentation (15).

Conners Parent Rating Scale-Revised Short
(CPRS-SF): CPRS-SF was revised from its long form
by Conners in 1997 (16). Kaner et al. translated the
scaleinto Turkishand conducted avalidity andreliability
study in 2013 (17). CPRS-SF consists of 27 items and
is answered on a 4-point Likert scale ranging from 0
(never) to 3 (always). Items were collected in three
subscales (Oppositional, Hyperactivity and Cognitive
problems) and an auxiliary scale (ADHD Index).
The CPRS-SF is frequently used in the screening/
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determination of ADHD severity and symptoms and
in the evaluation of treatment effectiveness in the
treatment follow-up period (17).

Rosenberg Self-Esteem Scale (RSES): RSES,
developed by Rosenberg to evaluate people's
judgments about themselves, consists of 10 items
(9). RSES, which is a 4-point Likert-type scale ranging
from 1 (very trure) to 4 (very false). High scores on
the self-report scale indicate high self-esteem. The
validity and reliability study of the scale in our country
was performed by Cuhadaroglu (18).

Behavior Rating Inventory of Executive
Function (BRIEF): 1t was developed by Gioia et
al (2002). BRIEF is used to measure executive
functions, complex problem-solving skills and
adaptive behaviors in daily life in individuals between
the ages of 5 and 18 (19). The 86 questions in
the BRIEF include 8 subscales (Inhibition, Shift,
Emotional Control, Initiate, Working Memory, Plan/
Organize, Organization of Materials and Monitor),
2 comprehensive indexes (Behavioral Regulation
Index, Metacognition Index) and the Global Executive
Composite, which evaluates both indexes together.
(20). High scores on the scale indicate high levels
of executive dysfunction. The validity and reliability
study for its use in patients with ADHD in our country
was conducted by Bakar et al. (2011) (21).
Procedure

After the purpose and method of the study were
verbally explained, written and verbal informed
consent forms were obtained from the adolescents
and their parents who agreed to participate in the
study. Overweight and obesity were determined

Table 1. Descriptive statistics for variables

Adhd obesity self-esteem adolescent

by considering the body mass index values of the
World Health Organization (under 5th percentile
underweight; 5-84th percentile normal; 85-94th
percentile overweight; 95th percentile and above
obese) (22). Adolescents with ADHD were divided
into two groups according to their body mass index
as above the 85th percentile and below the 85th
percentile. To evaluate the executive functions and
ADHD severity of adolescents, their parents were
given the Executive Functions Behavior Evaluation
Inventory Scale (parent form), and Conners Parent
Rating Scale-Revised Short form, respectively. A self-
reported Rosenberg Self-Esteem scale was given to
assess adolescents' self-esteem. Ethics committee
approval of the study was received from the Ethics
Committee of Agri ibrahim Cecgen University (Date:
2021, Number: 51).
Statistical Analysis

After the raw data of this study were entered
into Microsoft Excel, Statistical Package for Social
Sciences (SPSS) version 24.0 was used for statistical
analysis of the data. Descriptive analysis was
performed to present the demographic characteristics
of the variables. Categorical variables such as
gender, body mass index, and family structure
were presented as numbers and percentages.
Continuous variables such as self-esteem, ADHD,
and executive function scores were expressed as
mean and standard deviation. Skewness and kurtosis
statistics are reported to explain the distribution of
the variables (Table 1). Findings from the preliminary
analysis showed that skewness scores ranged from
-1.17 to .46, and kurtosis values ranged from -1.27

Variable Min Max Mean S.D. Skewness Kurtosis
Body mass index (Percentile) 5.30 99.20 65.78 28.61 -0.77 -0.56
Self-esteem 17 39 28.86 6.73 -0.34 -0.99
CPRS-SF Oppositional 2 18 9.07 3.90 0.46 -0.11
CPRS-SF Hyperactivity 0 18 8.79 5.00 0.13 -1.27
CPRS-SF Cognitive problems 3 18 13.90 3.96 -0.25 -0.56
CPRS-SF ADHD index 9 35 23.52 6.24 -0.24 -0.40
BRIEF Inhibition 12 30 21.68 419 -0.22 -0.39
BRIEF Shift 10 22 16.87 292 -0.43 -0.55
BRIEF Emotional control 10 29 20.70 4.54 -0.41 -0.10
BRIEF Initiate 10 24 17.56 3.04 -0.40 0.41
BRIEF Working Memory 13 29 22.17 3.46 -0.69 0.29
BRIEF Plan/Organize 13 34 27.37 412 -1.17 1.68
BRIEF Organization of Materials 6 18 13.00 2.47 -0.70 0.90
BRIEF Monitor 12 24 18.07 272 -0.45 -0.40
BRIEF Behavioral Regulation Index 41 80 59.24 9.06 -0.10 -0.85
BRIEF Metacognition Index 64 124 98.17 12.26 -0.89 0.96
BRIEF Global Executive Composite 111 204 157.41 19.25 -0.43 0.13
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Table 2. Clinical and Sociodemographic data (N=71)
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Variable Groups N Yiizde
Gender Boys 51 71.83
Girls 20 28.17
Body mass index (Percentile) Obese 9 12,68
Over-weight 22 30,98
Normal 40 56.34
Family Married 55 77.46
Divorced 16 22.54
ADHD Presentations Predominantly Inattentive 27 38.02
Predominantly Hyperactive/impulsive 2 2.82
Combined 42 59.16

to 1.68. These scores showed that all variables
had a relatively normal distribution (skewness and
skewed values <|2|). Visual examination of the
variable distribution (eg, histogram) , as well as the
Kolmogorov-Smirnov and Shapiro-Wilk tests, also
provided further evidence of the normality of the data.
An independent sample t-test was used to compare
scores for the main variables based on overweight/
obesity. Pearson correlation analysis was applied to
determine the relationships between the variables.
Multiple regression analysis was performed to
determine the predictors of self-esteem. The statistical

Table 3. Independent sample t-test results

significance value is based on p <0.05.

RESULTS

The mean age of the sample was 16.12+1.71 years
(age range= 12-18 years), while there was71.83%
(n=51) boys. Their height ranges from 133 cm to 182
cm (average height = 161.03, SD = 10.73), and their
weight ranges from 37kg to 109 kg (average weight =
57.23 kg, SD = 15.43). According to the percentiles
calculated according to the body mass index, 12.68%
of the participants were considered obese (n=9)
and 30.98% (n=22) were considered overweight.

Variable Over-weight and Obese Normal Weight o]
ADHD Group n=31 ADHD Group n=40

Self-Esteem (Mean = S.D) 27.48+7.52 29.93+5.93 0.13

According to CPRS-SF ADHD

scores Oppositional (Mean + S.D) 9.26+4.16 8.93+3.74 0.72

Hyperactivity (Mean + S.D) 9.16+5.33 8.93+3.74 0.58

Cognitive problems

(Mean £ S.D) 12.81+£3.93 11.20+3.88 0.09

ADHD index

(Mean £ S.D) 24.77+5.74 22.55+6.51 0.14

According to BRIEF, executive

function scores Inhibition

(Mean £ S.D) 22.00+4.72 21.43+3.78 0.57

Shift (Mean £ S.D) 17.42+2.88 16.45+2.92 0.17

Emotional control (Mean £ S.D) 21.35+4.62 20.20+4.47 0.29

Initiate (Mean + S.D) 18.16+2.49 17.10+3.36 0.15

Working Memory (Mean + S.D) 23.13+2.33 21.43+3.99 0.04

Plan/Organize (Mean £ S.D) 28.45+3.22 26.53+4.56 0.05

Organization of Materials

(Mean £ S.D) 13.55+2.29 12.58+2.54 0.10

Monitor (Mean = S.D) 18.55+2.50 17.70+2.85 0.19

Behavioral Regulation Index

(Mean £ S.D) 60.74+8.91 58.08+9.11 0.22

Metacognition Index (Mean £ S.D) 101.84+9.65 95.33£13.39 0.03

Global Executive Composite
(Mean £ S.D)

162.58%£15.89

153.40+20.81
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Table 4. Correlation between variables

Adhd obesity self-esteem adolescent

Variable 1. 2. 3. 4. 6 7 8 9 10 11. 12 13. 14
1. Body mass index (Percentile) —

2. Self-Esteem -0.20 —

According to CPRS-SF ADHD scores

3. Oppositional 0.03 -0.04 —

4. Hyperactivity 000 014 063"  —

5. Cognitive problems 0.23* -0.14 0.61* 0.39"

6. ADHD index 021  -018 059" 044"  0.80™ -

According to BRIEF, executive function scores

7. Inhibition 001 -028° 025" 014 036" 029" —

8. Shift 010 022 020 026" 033" 039" 035"

9. Emotional control 004 013 014 005 025 011 038" 046" = —

10. Initiate 017  -013 032" 048" 044 047" 047" 040" 033" —

11. Working Memory 022  -0.34" 027" 040%™ 044™ 049" 039" 048" 017 061" =

12. Plan/Organize 010 -012 033" 037" 049" 045" 044" 0.69™ 050" 056" 050" = —

13. Organization of Materials 014 016 023 030" 036" 0397 016 041”009 051 052" 0417  —

14. Monitor 006  -023 0357 045" 027" 031" 042" 044™ 020 043" 053" 054" 028 —

Not. * p <.05;%* p<.05

Detailed sociodemographic and clinical information is
presented in Table 2.

To compare the CPRS-SF subscale scores, self-
esteem, and executive functions assessed by BRIEF
of adolescents with ADHD who are at or above the
85th percentile (overweight and obese adolescents)
and below the 85th percentile according to body mass
index, independent sample test-test was applied.
(Table 3). It has been determined that overweight/

Table 5. Predictors of self-esteem levels

obese adolescents have higher working memory,
planning/organization, metacognition index and
global executive scores of BRIEF than normal-weight
adolescents.

Pearson correlation analysis was performed to
examine the relationships between self-esteem,
percentile, executive functions and ADHD symptoms
in adolescents with ADHD and is shown in Table 4.
Accordingly, it was found that percentile values in

Variable B B t p
Model 1 F (3,70)=1.52, R=.25, R2 = .06, p > 0.05

Age 0.67 0.17 1.44 0.15
Gender 0.51 0.03 0.29 0.78
Obesity 2.43 0.18 1.51 0.13
Model 2 F (15, 70) = 2.28, R = .62, R2 = .38, AR2 = .32, p < 0.05

Age 0.47 0.30 0.84 0.22
Gender 1.72 0.12 1.00 0.32
Obesity 0.93 0.07 0.60 0.55
Oppositional -0.30 -0.17 -1.01 0.32
Hyperactivity 0.73 0.54 3.23 0.01
Cognitive problems 0.20 0.12 0.58 0.56
ADHD index -0.22 -0.20 -0.98 0.33
Inhibition -0.22 -0.14 -0.98 0.33
Shift -0.10 -0.04 -0.27 0.79
Emotional control -0.11 -0.08 -0.54 0.59
Initiate -0.06 -0.03 -0.17 0.87
Working Memory -0.60 -0.31 -1.85 0.07
Plan/Organize 0.25 0.15 0.82 0.42
Organization of Materials -0.23 -0.08 -0.61 0.55
Monitor -0.52 -0.21 -1.39 0.17

Not. B = non-standardized coefficients; B = Standard coefficients; Gender (1 = boy, 2 = girl); Obezite (1= existing, 2 = absence)
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adolescents with ADHD were positively correlated with
the cognitive problems/inattention subscale scores of
CPRS-SF. Inaddition, a negative correlation was found
between self-esteem, working memory and inhibition
subscales of BRIEF. Positive correlations were found
between CPRS-SF's oppositional subscale scores
and BRIEF's inhibition, initiate, working memory,
plan/organize, and monitor subscales and between
CPRS-SF’s hyperactivity subscale scores and BRIEF
subscales other than inhibition and emotional control.
In ,addition positive correlations were found between
CPRS-SF’s inattention subscale scores and all
subscales of BRIEF, and between the ADHD index
and all subscales except emotional control.

Multiple regression analysis was performed
to examine the roles of executive functions and
clinical features of ADHD in predicting self-esteem
in adolescents with ADHD. In the regression model,
age, gender and obesity variables were controlled in
Model 1. The results showed that executive functions
(Model 2) explained 32% of the variance in self-
esteem. In the regression model, hyperactivity (B =
.73, p<0.01) and working memory (8 = -.60, p<0.05)
were found to be significant predictors of self-esteem
in adolescents with ADHD F (15, 70) = 2.28, R = .62,
R2 = .38, AR2 = .32, p < 0.05. The results are shown
in Table 5.

DISCUSSION
In this study, the relationship between overweight/
obesity, executive functions, self-esteem, and

ADHD symptoms and severity were investigated in
adolescents with ADHD. Hyperactivity symptoms and
working memory function were found to be the most
important predictors of self-esteem in adolescents
with ADHD. In addition, when adolescents with ADHD
were compared according to their overweight/obesity
status, although there was a difference between the
groups in terms of working memory and planning/
organization functions, no difference was found in
terms of self-esteem, ADHD symptoms, severity and
other executive functions.

In this study, it was found that hyperactivity
symptoms were a positive predictor of self-esteem
in children and adolescents with ADHD. Although
there are conflicting findings in studies investigating
self-esteem in children with ADHD, many studies
have shown that children with ADHD have lower
self-esteem than controls (23-25). However, some
studies did not find a significant relationship between
ADHD and self-esteem. (26). In parallel with our
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results, in a recent study in which self-esteem was
examined according to ADHD presentation; It was
determined that the self-esteem of adolescents with
predominantly hyperactive/impulsive ADHD was
higher than that of adolescents with both combined
and predominantly inattentive ADHD. In the same
study, it was stated that the level of self-esteem was
related to cognitive functions, and when cognitive
functions were evaluated according to predominantly
presentations, those with low cognitive functions also
had low self-esteem. (27). In our study, due to the low
sample size, self-esteem in adolescents with ADHD
could not be examined according to predominantly
presentations. While internalizing symptoms and
learning disorders are more common in adolescents
with predominantly inattentive presentation
ADHD, it has been reported that adolescents with
combined or predominantly hyperactive/impulsive
presentation are more frequently accompanied by
externalizing problems such as conduct disorder,
oppositional defiant disorder, and aggression (28).
The fact that self-esteem is more closely associated
with internalizing disorders may help explain the
relationship between hyperactivity symptoms and
self-esteem in adolescents with ADHD, although not
directly.

A negative correlation was found between self-
esteem and inhibition and working memory scores
in children and adolescents with ADHD. In addition,
working memory functions were found to be an
important predictor of self-esteem in children and
adolescents with ADHD. According to these results,
low self-esteem is associated with impaired working
memory and inhibition in adolescents with ADHD.
There are conflicting results in the literature regarding
the relationship between working memory and self-
esteem. In a recent study evaluating the relationship
between executive functions and self-esteem in
children and adolescents with ADHD, a positive
relationship was found between working memory
functions and self-esteem (27). Contrary to these
results, Alloway et al. (2009), with the of 308 children
aged 5-11 years, it was shown that there is no strong
relationship between self-esteem and working memory
functions (29). Conflicting findings in the literature may
have resulted from differences in sample selection or
the methods used to assess working memory and
self-esteem. Our results support the results of studies
showing a relationship between self-esteem and
executive functions in children with ADHD. Besides, it
draws attention to the clinical importance of inhibition
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and working memory functions in interventions to be
developed to strengthen the self-esteem of these
children.

While a difference was found in inattention
symptoms between adolescents with normal weight
and overweight/obese adolescents, no difference was
found in terms of self-esteem and ADHD severity. In a
few studies, one of which was carried outin our country;
When predominantly presentations of ADHD were
compared, it was found that there was a higher risk of
obesity for the predominantly inattentive presentation
compared to the other dominant presentations. (30,
31). It was also pointed out that patients with ADHD
may be relatively inattentive to the internal symptoms
of hunger and satiety (32). It has been suggested
that this situation can be explained by the ADHD-
related attention deficit and consequent deficiencies
in executive functions, causing difficulties in adhering
to a regular eating pattern, and thus the emergence of
abnormal eating behaviors.

In a study conducted with the participation of 580
university students with ADHD, the effects of ADHD
severity and overweight/obesity on self-esteem,
anxiety, depression and stress were examined. In
parallel with our results, no significant relationship
was found between the presence of overweight/
obesity and self-esteem in youth with ADHD (33).
Many studies have shown that adolescents with
ADHD have lower self-esteem than controls, and
that obesity has negative effects on self-esteem. (7,
24, 34). The lack of difference in self-esteem levels
between groups with and without obesity in this study
can be explained by the low sample size. To our
knowledge, this is the first study to examine obesity
and self-esteem together in children and adolescents
with  ADHD. Multicenter longitudinal studies with
larger participation are needed to confirm the results
of this study.

Many studies from preschool age to adolescence
show a negative relationship between overweight/
obesity and executive functions, especially inhibition
(35-37). According to the results of a comprehensive
meta-analysis examining 72 studies evaluating
executive functions in overweight/obese individuals,
it was reported that while common executive
dysfunctions were observed in obese individuals,
the most prominent impairments among executive
functions in overweight individuals were in inhibition
and working memory. (38). In our study, when
adolescents with ADHD were compared according to
their overweight/obesity status, the working memory,
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planning organization, metacognition index and
global executive scores of the overweight/obese
group were higher than the other group. However,
no difference was found between the groups in terms
of ADHD severity and self-esteem. Similar to our
findings, Graziano et al. (2012) in a study conducted
with the participation of children and adolescents
with ADHD between the ages of 4-18; It has been
reported that children with ADHD with poor executive
functions have higher BMI scores and are more likely
to be classified as overweight/obese compared to
children with ADHD with better executive functions
(39). However, in a recent study conducted in our
country, when children and adolescents aged 6-13
with ADHD were divided into groups according to the
85th percentile, no difference was found between
the groups in terms of ADHD severity and executive
functions (40). While the results of this study on ADHD
severity are similar to our results, the results obtained
regarding executive functions are contradictory. This
may be due to the differences between the evaluation
methods of executive functions.

One of the strengths of this study is that it is the first
time that the overweight/obesity, executive functions,
self-esteem, and ADHD severity have been examined
simultanously in adolescents with ADHD. In addition,
considering that variables such as overweight/obesity,
executive functions, and self-esteem may also be
affected by other psychiatric disorders, the inclusion
of only ADHD adolescents can be considered as
another strength of the study. The main limitation of
this study that should be accepted is the absence of a
control group and the examination of overweight and
obese adolescents in the same group. In addition,
the fact that the sample was collected from a single
center and is relatively small makes it difficult to
generalize the findings. Finally, the fact that the study
is in a cross-sectional model causes no cause-effect
relationship between the variables. Our results should
be supported by multicenter, broader participation
and longitudinal studies.

CONCLUSIONS

When the results of our study are evaluated,
it shows that working memory and hyperactivity
symptom severity may play an important role in the
self-esteem of adolescents with ADHD. While no
difference was found in terms of self-esteem and
ADHD clinic in adolescents diagnosed with ADHD
according to overweight/obesity status, differences
in working memory and planning/organization skills
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suggest that executive functions play a critical role
in overweight/obesity in ADHD. These results, which
show that executive functions may have an impact on
the psychosocial status of adolescents with ADHD,
emphasize the importance of evaluating working
memory functions in adolescents with ADHD, both
psychosocially and clinically.
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Is Glenohumeral Joint Proprioception Affected by
Hand Preference?

Glenohumeral Eklem Propriosepsiyonu El Tercihinden
Etkilenir mi?

Serdar Arslan', Gokmen Yapali'

Oz

Amag: Bu calismanin amaci tercih edilen ekstremitenin glenohumeral eklem hareket hissi ile tercih
edilmeyen ekstremitenin hareket hissi arasinda fark olup olmadigini incelemektir.

Geregler ve Yontem: Calismaya omuz ekleminde herhangi bir problemi olmayan, saglikli, sedanter 20
kisi (10 erkek, 10 kadin) dahil edildi. Katilimcilarin yas ortalamasi 23,60+3,64 yil idi. Veriler 6 Temmuz
2020 ile 3 Agustos 2020 tarihleri arasinda toplandi. Katilimcilarin tercih edilen ve tercih edilmeyen taraf
glenohumeral eklem hareket hissi 6lguldi. Hareket hissi 6l¢imi izokinetik dinamometre kullanilarak,
0,1°/s acgisal hizda pasif hareket hissi esik degeri Olgllerek belirlendi. Hareket hissi ¢lgimleri, 0°’den
(0°-IR) ve 30°’den (30°-IR) internal rotasyon yoéniine ve 0°°den (0°-ER) ve 30°’den (30°-ER) eksternal
rotasyon yéniine olmak lizere 4 yone dogru yapildi.

Bulgular: Katilimcilarin tercih edilen taraf igin internal rotasyon hareket hissi esik degerleri 0°-IR, 30°-
IR agl ve yonleri igin sirasiyla 1,27+0,47°, 1,30+0,45°, eksternal rotasyon hareket hissi esik degerleri
0°-ER, 30°-ER agci ve yonleri igin sirasiyla 1,25+0,39°, 1,41+0,32° ve tercih edilmeyen taraf icin internal
rotasyon hareket hissi esik degerleri 0°-IR, 30°-IR agI ve yonleri igin sirasiyla 1,33+0,59°, 1,37+0,49°,
eksternal rotasyon hareket hissi esik degerleri 0°-ER, 30°- ER ag¢i ve yodnleri icin sirasiyla 1,39+0,49°,
1,18+0,42° idi. Her iki tarafin pasif hareket hissi esik dederleri arasinda farklar istatiksel olarak anlaml
degildi (p<0,05).

'Necmettin Erbakan University, Health Sonug: Calisma sonuglarina gére tercih edilen ve tercih edilmeyen ekstremitelerin omuz propriosepsiyonu
Sciences Faculty, Department of farkli degildir. Omuzu ilgilendiren yaralanmalarin rehabilitasyonunda propriosepsiyona iliskin hedef;
Physiotherapy and Rehabilitation, Konya, yaralanmis ekstremitenin tercih edilen veya tercih edilmeyen olmasina bakilmaksizin saglam taraf omuz
Turkey propriosepsiyonuna gére belirlenebilir.
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Physiotherapy and Rehabilitation, Konya, Aim: The purpose of this study is to examine whether there is a difference between the sense of movement

Turkey of the glenohumeral joint of the dominant extremity and the sense of movement of the non-dominant
e-mail: gyapali@gmail.com extremity.
Materials and Methods: In the study, 20 healthy and sedentary, volunteer participants (10 males,
10 females) who did not have shoulder problems were included. Mean age of the participants were
Gelis Tarihi/Received: 28 March 2022 23.60+3.64 years. Data collection were performed between July 6, 2020 and August 3, 2020. The sense
Kabul Tarihi/Accepted: 8 September 2022  0f movement of the dominant and non-dominant extremities of the glenohumeral joint was measured for
the participants. The measurement of sense of movement was done by using an isokinetic dynamometer
by measuring the passive sense of movement threshold value at an angular speed of 0.1°/s. The sense
of movement measurement was performed towards four directions: from 0° (0°-IR) and from 30° (30°-IR)
to internal rotation direction, and from 0° (0°-ER) and from 30° (30°-ER) to external rotation direction.
Results: The sense of movement of the participants for internal rotation at angles and directions of 0°-IR,
30°-IR were respectively 1.27+0.47, 1.30+0.45, and for external rotation at angles and directions of 0°-
ER, 30°-ER were respectively 1.25+0.39, 1.41+0.32 for the dominant side extremity, for internal rotation at
angles and directions of 0°-IR, 30°-IR were respectively 1.33£0,59°, 1.37+0,49°, and for external rotation
at angles and directions of 0°-ER, 30°-ER were respectively 1.39+0,49°, 1.18+0,42° for the non-dominant
side extremity. For neither of the two extremities, the differences between the sense of movement were
statistically significant (p<0.05).
Conclusion: According to the results of the study, shoulder proprioception of dominant and non-dominant
extremities is not different. The goal of proprioception in the rehabilitation of shoulder-related injuries;
regardless of whether the injured extremity is dominant or not, may be determined according to the
shoulder proprioception of the sturdy extremity.

Key words: Kinesthesia, glenohumeral joint, reference hand.
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INTRODUCTION

Neuromuscular control refers to the control of
the nervous system over muscle activation. This
control is provided by the integration of sensory input
(proprioceptive, vestibular, cutaneous, visual, etc.) in
the central nervous system. Multisensory input and its
integration are vital for the muscular system to function
in order (1). Proprioception is afferent information that
is collected by mechanoreceptors in muscles, joints
and skin and transported to the central nervous system
to integrate with other sensory information. In other
words, proprioceptive information is sensory input
that forms the basis for neuromuscular responses
(2). Measuring the activity of mechanoreceptors
provides information about proprioception. Detecting
the sense of motion in the joint, actively or passively,
detecting the angle at which the joint is being actively
or passively removed and positioning the joint at that
angle again are the most commonly used methods
for evaluating the functions of mechanoreceptors
(3). Furthermore, the questioning of changes in joint
speed and muscle strength provides information
about joint proprioception (4, 5). It is claimed that
proprioception is affected by certain factors such as
age (6), gender (7), physical activity level (8), type of
physical activity (9), musculoskeletal injuries (10) and
extremity preference (11).

Some studies report that the preference of the
extremity affects the proprioception of both the upper
extremity and lower extremity joints (12,13). Some
research for the upper extremity indicates that the
proprioceptive acuity of the upper extremity joints,
which is non-dominant, is better. These studies
suggest that the non-dominant extremity stabilizes the
body, object, etc. during the functions of the dominant
upper extremity, which provides this extremity with
an advantage in terms of proprioceptive feedback
(14,15). On the other hand, there is research
suggesting that the dominant upper extremity is
better than the extremity, which is non-dominant in
terms of dynamic proprioceptive acuity (16,17). As it
turns out, the information on this subject is not yet
clear. Therefore, the effect of hand preference on
upper extremity joints should be investigated more
and more thoroughly. In line with this information, the
study aims to examine whether there is a relationship
between hand preference and sense of motion in the
glenohumeral joint (GHJ).

MATERIALS AND METHODS
The study was carried out with the participation of
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20 (10 women and 10 men) students from Necmettin
Erbakan University Faculty of Health Sciences.
Inclusion criteria of the study; It was to be between
the ages of 18-25 and to be healthy. Criteria for
exclusion from the study were having suffered
from shoulder injuries, having undergone shoulder
surgery, having general joint laxity and participating
in sports (basketball, volleyball) that regularly involve
overhead activities, spinal disease related to cervical
or thoracic vertebrae, having a disease that concerns
the peripheral and/or central nervous system, and
using psychoactive or vasoactive drugs.

The research was carried out according to the
Helsinki Declaration and the ethics committee
approval was taken according to the decision no.
2020/2629 of the Meeting no. 110 dated June 19,
2020. Participants' upper extremity preferences
were determined by the Edinburgh Hand Preference
Survey (18), whether there was a general joint laxity
by the Beighton Scoring (19) and whether there was
a musculoskeletal injury involving the upper extremity
by the Quick Disability of the Arm, Shoulder and Hand
Questionnaire (Q-DASH) (20).

Edinburgh Hand Preference Questionnaire

Edinburgh Hand Preference Questionnaire was
used to determine the upper extremity preferences
of the participants. It is a questionnaire applied to
determine hand preferences, questioning the hand or
hands used in performing 10 different hand activities
during daily activities, and depending on this, it is
used to decide whether the person can use his left
hand, right hand or both hands (21). In the Turkish
reliability study of the questionnaire, it was stated
that the questionnaire had excellent reliability for the
Turkish population (18).

The Beighton Score

The presence of general joint laxity of the
participants was determined by using the Beighton
Score. In this scoring, the lowest score is 0 and
the highest score is 9. A total score of 4 and above
indicates general joint laxity (19).

The Disability of the Arm, Shoulder and Hand
Questionnaire (Q-DASH)

The Q-DASH was used to determine whether the
participants had a musculoskeletal injury involving
their upper extremities. This questionnaire has been
shown to be a valid and reliable questionnaire that
measures physical function and symptoms in patients
with upper extremity problems, answered by the
patient himself, Turkish validity and reliability studies
were conducted. It includes 11 topics extracted from
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the DASH survey. At least 10 of the 11 items must
be answered in order for the Q-DASH score to be
calculated. Each title contains 5 answer options, the
score of the scale is calculated from the title scores
(0, no disability, 100, most severe disability) (20).

Proprioception measurement was performed with
anisokineticdynamometer. Before measurements, the
system was calibrated according to the manufacturer's
instructions and recommendations (22). For the
measurement of proprioception, glenohumeral joint
(GHJ) internal (IR) and external (ER) rotation direction
sense of motion test was used (23). Initially, each
participants was given a comprehensive explanation
of the methodology of the study and instructions on
the way of communication with the researcher during
the tests (22). Participants warmed up for 5 minutes
with active range of motion exercises before the
tests (24). After the warm-up period, the participant
lay on his back on the isokinetic dynamometer
device. To reduce sensorial input, the extremity to be
measured was inserted into a pneumatic splint and
placed on the dynamometer with the elbow at 90°
flexion and the shoulder at 90° abduction. Visual and
auditory input was eliminated using eye patches and
headphones (22,25). First, the measurement of the
dominant extremity, then the measurements of the
non-dominant extremity were made.

Within the scope of motion sensation measurement,
the isokinetic dynamometer (Cybex Humac Norm
CSMI, New YORK, USA) passively moved the
extremity in the direction of IR or ER at a speed of
0.1°/s. The participant was asked to express whether
he felt the motion to the individual who tested the
motion as soon as he first felt it. The time between
the moment the test started and the moment the
participant felt the motion was recorded in seconds.
Measurements were made in the following positions

Table 1. Demographic characteristics of the participants

Glenohumeral joint and hand reference

and directions; 0° to IR direction, 30° IR position to IR
direction, 0° to ER direction and 30° ER position to
ER direction. Each measurement was repeated three
times, and the average of the three measurements
was recorded as a sense of motion test result.
Statistical Analysis

The data was uploaded to the computer
environment and analyzed with "SPSS (Statistical
Package for Social Sciences) for Windows 22.0
(SPSS Inc, Chicago, IL)". Participants' GHJ sense
of motion test results were grouped as dominant and
non-dominant extremity. Descriptive statistics were
presented as median (interval between quarters),
frequency distribution and percentage. The suitability
of variables to normal distribution was examined
using visual (histogram and probability graphs) and
analytical methods (Shapiro Wilk Test). Mann-Whitney
U Test was used as a statistical method for statistical
signification between two independent groups for
variables that did not conform to normal distribution.
The level of statistical significance was considered
p<0.05.

RESULTS

The average age, height and weight of the
participants were respectively; 23.60+3.64 vyears,
1.70£0.11 meters and 71.60£14.05 kilograms.
Demographics are presented in Table 1. The
proportion of those who preferred their right hand was
80% (n=16), while the proportion who preferred their
left hand was 20% (n=4).

Results of sense of motion in 0°-IR, 30°-IR, 0°- ER,
30°-ER angles and directions of participants; were
1.27+0.47, 1.301£0.45, 1.25+0.39, 1.41+0.32 degrees
for the dominant extremity and 1.33+0.59, 1.37+0.49,
1.3920.49, 1.18+0.42 degrees for the non-dominant
extremity respectively (p<0.5, Tablo 2).

Age (year) Height (cm) Weight (Kg) BMI (Kg/cm?2)
Min-Max 20.00-32.00 156-186 52.00-99.00 17.99-33.08
Mean+SD 23,6013,64 1.70£0.11 71.60%14.05 24.4913.34
Table 2. Preferred and non-preferred extremities’ GHJ sense of movement

GHJ of preferred extremity = GHJ of non-preferred extremity z* p

(n=20) MeantSD (n=20) MeantSD
0°-IR 1.27+0.47° 1.33+0.59° -0.606 0.579
30°-IR 1.30+0.45° 1.37+0.49° -0.266 0.796
0°-ER 1.25+0.39° 1.39+0.49° -0.457 0.684
30°-ER 1.41+0.32° 1.18+0.42° -0.683 0.529

GHJ: Glenohumeral joint, IR: Internal Rotation, ER: Eksternal Rotation,* Mann Whitney U Test
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DISCUSSION

Results of the study planned to examine whether
the dominant and non-dominant GHJ sense of motion
test results are different in young adult individuals;
GHJ joint IR and ER sense of motion showed that the
test results were not different.

Visual and proprioceptive feedback is critical
for targeted motion (11,26). The central nervous
system is familiar with the proprioceptive acuity of
both upper extremities during motion. Nevertheless,
it controls motion using proprioceptive information
of the extremity, which it finds more reliable than
proprioceptive knowledge of the two upper extremities
it has (27). Deciding which proprioceptive information
from the dominant upper extremity or the dominant
upper extremity is important, which is depend on which
of the learned motion patterns the person uses (28).
Nevertheless, it is unclear and confusing at which of
the dominant or non-dominant upper extremities the
acuity of mechanoreceptors providing proprioceptive
input to the upper centers is better. While some
studies report that the proprioceptive acuity in the
mechanoreceptors of the non-dominant upper
extremity is better, others report better proprioceptive
feedback from the mechanoreceptors of the dominant
upper extremity. Methodological differences such as
the measured joint, measured direction of motion and
the measured variable can be cited as the cause of
this contradiction (14-17).

In the measurement of shoulder proprioception,
similar to other joints, it can be used in combination
with tests such as sense of position, sense of motion,
force reproduction and motion speed reproduction.
The most reliable tests to measure the sensitivity of
the mechanoreceptors are sense of passive position
and sense of motion tests performed isokinetic
dynamometer to IR and ER direction in 90 degree
abduction (23). Nevertheless, it is known that
the sense of motion test is more reliable in testing
proprioception due to the fact that it represents
afferent proprioceptive sensory processing processes
better and it demonstrates the contributions of
passive structures to the process better (29, 30).
Many of the studies that provided information about
dominant and non-dominant shoulder proprioception
tried to conclude by examining the results of sense of
position tests, but there was no consensus (14-17).
Kumar CG S et al. (17) reported that in healthy young
individuals, sense of motion acuity of shoulder joint
rotation direction was better in the dominant extremity
compared to the non-dominant one. Echalier C et
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al. (16) demonstrated that the results of sense of
position tests for the flexion and abduction direction
of the dominant extremities for healthy participants
between the ages of 16 and 54 were better than that
of the non-dominant extremity. Han J et al. (14) tested
the proprioceptive acuity of the dominant and non-
dominantlowerand upperextremities of 12 participants
with an average age of 21+4 with active motion extent
discrimination apparatus. The researchers reported
that the participants’ non-dominant extremity results
were more successful in shoulder-related tests than
dominant extremity results. Schmidt L et al. (15)
reported that the non-dominant shoulder active sense
of position tests of participants between the ages of
20 and 70 were better than the dominant extremity. As
far as we know, there is no research comparing the
dominant and non-dominant sense of shoulder motion
in healthy individuals. The only study that gave anidea
was the study of Allegrucci M and colleagues in which
they examined 20 participants with an age average
of 18.8+1.3 engaged in upper extremity sports that
involve the dominant use of a single extremity. The
results of the study revealed that the sense of passive
shoulder joint motion in the non-dominant extremity is
better than the sense of passive shoulder joint motion
in the dominant extremity. It has been suggested that
kinesthetic deficits that may have developed in the
dominant extremity, which is more commonly used in
throwing activity, affect these results (31). The most
important and previously unexposed result of this
study is that the dominant and non-dominant and
undesirable extremity GHJ sense of passive motion
test results in healthy young individuals are not
different from each other. Depending on this result,
it can be inferred that mechanoreceptors that receive
the passive joint sense of motion of dominant and
non-dominant extremities do not differ functionally.
Contrary to the results of previous studies (14-
17), which claimed that dominant or non-dominant
extremity shoulder proprioception was better based
on sense of position tests, it can be concluded that the
dominant and non-dominant shoulder proprioception
is not different according to the results of this study
(14-17). Although methodological differences appear
to be the most important reason for this contradiction,
the results of the study can also be interpreted as a
review of the conclusions that proprioception of the
dominant or non-dominant extremity reached by
sense of position tests is better.

It has been reported that functional deficiencies
caused by glenohumeral joint pathologies are not
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affected by hand preference (32-34). Razmjou H et
al. (32) reported that preferred side involvement was
not associated with higher disability in individuals
with glenohumeral joint osteoarthritis. Kelly MA
et al. (33) reported that the functional outcomes of
preferred and non-preferred-side rotator cuff repair
were similar. Lim CR et al. (34) reported that there
is no relationship between traumatic shoulder
dislocation and hand preference. Current study
results suggest that GHE proprioception in healthy
shoulders is not different. However, investigating
hand preference and proprioception in subgroups
with pathological involvement may contribute to
a better understanding of the subject. In addition,
hand preference, propriceptive acuity and how this
is reflected in functional results in individuals with
shoulder pathology may be another intriguing issue.

There are some limitations to this study. The
fact that the participants are from a certain age
group will prevent the generalization of the study
results for children and the elderly. Future studies
can research the effect of childhood and old age
processes on dominant and non-dominant upper
extremity GHJ proprioception. Another limitation is
that GHJ proprioception is evaluated only by sense
of motion test. However, proprioceptive feedback
consists of the sum of afferent information from many
mechanoreceptors. In future studies, the conclusions
on the subject can be strengthened by expanding
the work by adding tests such as force reproduction
and reproduction of the speed of motion. In addition,
the results of the study will be insufficient to reveal
how GHJ proprioception is affected after surgery and
injuries related to GHJ. New research on this topic will
help make the subject more understandable.

CONCLUSION

According to the results of the study, shoulder
proprioception of dominant and non-dominant
extremities is not different. The goal of proprioception
in the rehabilitation of shoulder-related injuries;
regardless of whether the injured extremity is
dominant or not, the sturdy side can be determined
according to shoulder proprioception.
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Use of the First Dorsal Metacarpal Artery Flap in
Finger Defects — Case Series

Parmak Defektlerinde Birinci Dorsal Metakarpal Arter
Flebinin Kullanimi — Vaka Serisi

Ilker Uyar', Tunahan Berk Basol’

Oz

Amag: Bu calismanin amaci, parmaklardaki yumusak doku defektlerinde FDMA flep kullaniminin gok
yonluligunl degerlendirmektir.

Hastalar ve Yontemler: Mayis 2018-Mayis 2021 tarihleri arasinda Ust ekstremitede yumusak doku defekti
sebebiyle rekonstriksiyon yapilan hastalar dosya lzerinden tarandi. Bu hastalardan parmakta defekti
olan ve birinci dorsal metakarpal arter flebi ile rekonstrikte edilen hastalar calismaya dahil edildi.
Bulgular: 12 hasta ¢calismaya dahil edildi. Defektin etiyolojisi tim hastalarda travma idi. Flep adaptasyonu
icin 5 hastada tlinel agma teknigi kullanildi. Higbir hastada total flep veya greft kaybi yasanmadi.
Komplikasyonlar agisindan yas, cinsiyet, komorbidite, defekt lokalizasyonu, defekt boyutu ve operasyon
sliresi incelendi. Istatistiksel olarak anlamli bir fark saptanmadi. Sigara igenler ve icmeyenler incelendi,

"Izmir Katip Celebi University, Medical istatistiksel olarak anlamli fark bulunmadi. Flep adaptasyonu igin tinel kullanimi komplikasyon agisindan
Faculty, Department of Plastic, istatistiksel olarak anlamli bir fark yaratmadi.

Reconstructive and Aesthetic Surgery, Izmir, Sonug: Birinci dorsal metakarpal arter flebi 1. ve 3. parmaklardaki defektlerde oldukgca givenilir bir
Turkey secenektir. Tlnel teknigi kullaniliyorsa tinel genigliginin yeterli oldugundan emin olunmalidir.

Anahtar Kelimeler: Dorsal metakarpal arter, flep, parmak defekti
Address correspondence to: ilker Uyar,
Izmir Katip Celebi University Medical Faculty, Abstract
Department of Plastic, Reconstructive and
Aesthetic Surgery, Izmir, Turkey Aim: The aim of this study is to evaluate the versatility of the use of FDMA flaps in soft tissue defects in
e-mail: ilkeruyar@windowslive.com the fingers.
Patients and methods: Patients who underwent reconstruction due to soft tissue defect in the upper
extremity between May 2018 and May 2021 were scanned over the file. Among these patients, patients
Gelis Tarihi/Received: 24 October 2022 who had a finger defect and were reconstructed with the first dorsal metacarpal artery flap were included
Kabul Tarihi/Accepted: 30 November 2022 in the study.
Results: 12 patients were included in the study. The etiology of the defect was trauma in all patients.
Tunneling technique was used in 5 patients for flap adaptation. No patient experienced total flap or graft
loss. Age, gender, comorbidity, defect localization, defect size and operation time were examined in terms
of complications. No statistically significant difference was detected. Smokers and non-smokers were
examined, no statistically significant difference was found. The use of tunnel for flap adaptation did not
make a statistically significant difference in terms of complications.
Conclusion: First dorsal metacarpal artery flap is a very reliable option for defects in the 1st and 3rd
fingers. If the tunnel technique is used, it should be ensured that the tunnel width is sufficient.

Key words: Dorsal metacarpal artery, flap, finger defect
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INTRODUCTION

As global rates of mortality decrease, rates of non-
fatal injury have increased (1). Hand trauma is one of
the most common non-fatal injuries and most of them
require specific treatment. They constitute between
6.6% and 28.6% of all injuries (2-4). The main group
affected by these traumas are young men who are
actively working and most of the traumas occur in the
workplace (5). They can be also occur at home, traffic
accidents and sports etc (6).

Even minor injuries, if not treated well, can lead to
consequences such as decreased quality of life, loss
of productivity, chronic pain and limitation of movement
(1). Therefore, appropriate repair of defects around
the fingers and hand is important. Soft tissue defects
in the hands and fingers are no different and can lead
to poor outcomes if not treated appropriately.

Hand surgeons should know the reconstructive
options for hand injuries with soft tissue defects.
Today, there are many reconstruction options for
soft tissue defects in the hands and fingers, ranging
from local pedicled flaps, distant pedicle flaps and
microsurgical flaps such as free flaps, finger transfers
and toe-to-thumb (7-10).

The aim of this study is to evaluate the versatility
of the use of FDMA flap in soft tissue defects in the
fingers.

PATIENTS AND METHODS

The study was planned as a retrospectively. The
approval of the ethics committee and also informed
consent forms was obtained before surgery from the
patients or their legal representatives if necessary
(izmir Katip Celebi University, Non-Interventional
Clinical Studies Instituonel Review Board, Date:
24.11.2022, IRB: 0483). Between May 2018 and
May 2021, patients who applied to our clinic
with soft tissue defect in the upper extremity and
underwent reconstruction were scanned over the
file. Demographic data (age and gender), details of
the injuries (etiology, affected anatomical area, and
defect size), and preferred flaps were examined
retrospectively using the hospital’s patient data system
and archives. Among these patients, the patients
whose defect was in the fingers and reconstructed
with the first dorsal metacarpal artery flap were
included in the study. Patients who did not have a
defect in the finger or were repaired with another
method, and did not comply with the postoperative
recommendations (such as not quitting smoking,
wound care recommendations) were excluded from
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the study. All operations were performed by the senior
author. Operations were performed under regional
and local anesthesia. The patients were followed
up regularly in the postoperative period. During the
follow-ups, the patients were photographed, physical
examination was performed in terms of flap viability,
wound dehiscence, soft tissue infection, and the datas
were recorded.
Surgical technique

Debridements were continued until capillary
bleeding was observed at the base of the defects and
wound lips. When the wound sites were suitable for
closure, the dorsal metacarpal artery was marked with
hand doppler at the base of the 1st metacarpal bone
on the dorsum of the hand. (Figure 1) Skin flap which
is not smaller than the defect size was designed on
the dorsal surface of the proximal phalanx of the index
finger. Drawings were made from the base of the flap
to the 1st dorsal metacarpal artery, a skin incision was
made in accordance with the drawings, the skin flaps
were elevated as a graft. Then, the flap was elevated
over the paratenon with a subcutaneous pedicle of
at least 1.5 cm width and the flap was obtained as
a island flap. (Figure 2) The flap was adapted over
the defect under the minimum tension as possible
and sutured. Full-thickness skin grafts obtained from
the inguinal region or inner arm were used to closure
of the donor area. Graft donor areas were primarily
repaired. Postoperative wound care, immobilization
and elevation were applied for 2 weeks for the grafted
defect on the index finger. In order to evaluate the
results, the operation areas of the patients were
observed clinically during their stay in the hospital,

Figure 1. The location of the 1st dorsal metacarpal artery
is determined by hand doppler.
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Figure 2. Care should be taken to ensure that the width of
the pedicle on the flap is not less than 1.5 cm.

patients were called for controls in the postoperative
period, physical examinations were performed, and
the datas were recorded.
Statistical analysis

IBM SPSS Statistics Version 20 (IBM, USA) was
used for statistical analysis. The Shapiro Wilk test
was used for normality analysis. Chi square test was
used for binomial values, independent samples T-test
and Kruskal Wallis test were used for other values.

Figure 3. Preoperative and intraoperative views of a
patient with a first finger injury.

a: Preoperative view of the defect.

b, c: Views of the prepared and raised flap.

d: View of the flap adapted to the defect.
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Figure 4. Postoperative views of the patient in figure 1.
a: Postoperative first week view of the patient. There is
venous insufficiency in the flap.

b: Postoperative third week view of the patient.
Deepitelization occurred in the flap.

¢, d: Postoperative 18th month view of the patient.

Statistical significance was set as p < 0.05.
RESULTS

A total of 57 patients were followed up due to
upper extremity defects. Twelve of these patients
were included in the study. Ten of the patients were
male and 2 were female. The mean age of the
patients was 47.4 years. The mean defect size was
4.3 cm2. 8 of the patients was smoker. 3 patients had
diabetes mellitus (DM). The etiology of the defect
was trauma in all patients. The defect was located in
the 1st finger in 9 patients and in the 3rd finger in 3
patients. Tunneling technique was used in 5 patients
for flap adaptation. For donor site repairs, skin grafts
were taken from the inner arm in 8 patients and from
the inguinal region in 4 patients. The mean operation
time was 38.3 minutes. The mean hospital stay of the

Figure 5. Preoperative, intraoperative and postoperative
views of a patient with a third finger injury.

a: Preoperative view of the defect.

b: View of the flap adapted to the defect.

c: Postoperative sixth month view of the patient.
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patients was 4.8 days. The mean follow-up period of
the patients was 15.4 months. In the postoperative
period, local soft tissue infection was detected in 3
patients, and deepitelization was detected on the flap
due to venous insufficiency in 4 patients. Extremity
elevation was applied to patients who developed
venous insufficiency, intravenous steroid therapy was
given to reduce edema in the tunnel. All patients were
healed with antibiotherapy and appropriate wound
care. No patient experienced total flap or graft loss.
(Figure 3, 4 and 5) (Table 1)

Age, gender, comorbidity, defect localization, defect
size and duration of operation were examined in terms
of complications. No statistically significant difference
was found. When smokers and non-smokers were
examined, no statistically significant difference was
found in terms of complications. The use of tunneling
for flap adaptation did not make a statistically

Table 1. Demographic data of the patients.
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significant difference in terms of complications. There
was a statistically significant difference between the
length of hospital stay and complications. (Table 2)

DISCUSSION

First dorsal metacarpal artery (FDMA) flap is a
local flap which is supplied by dorsal carpal arch.
Traditional use of this flap is soft tissue defects in
the fingers and webs. This flap can be also elevated
with dorsal sensory branch of the radial nerve as a
sensory flap (7).

Earley and Milner (11) reported that the FDMA was
absentin only 1.1% of hands in their study. In addition,
as shown in anatomical studies, the perforator at the
flap site is constant and originates from the branches
of the deep palmar arch, even in the absence of the
dorsal metacarpal artery (12). In 2010, Bailey et al.
(13) succeeded in using the dorsal metacarpal artery
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Table 2. Statistical analysis results in patients.

Use of the first dorsal metacarpal artery flap
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flap from the previously grafted defective area in their
study. In 2011, Isaraj (14) reported that perforator
constancy was maintained even in scarred dorsum
of the hand. In our study, the presence of dorsal
metacarpal artery was confirmed by preoperative
hand doppler scanning in all cases. Absence of the
first dorsal metacarpal artery was not detected in any
patient.

The first dorsal metacarpal artery (FDMA) flap
stands out in many ways; it is constant, it is near to
trauma zone, simple to raise, single-staged (most
of the other treatment options require at least two
stages of treatment), early mobilization (decrease risk
of contracture and reduced physical therapy time),
reduction in hospital stay (increased quality of life,
decreased loss of productivity) and minimal donor site
morbidity (donor site can be easily closed with a skin
graft). As a result of all these, considering the like-to-
like principle in reconstruction, this flap is a perfect
option for the small to medium size defects (15).

One of the major disadvantage of this flap is that it
does not have sufficient pedicle length for the fingers
other than the 1st and 3rd fingers. Another down
side of the flap is that the venous insufficiency and
necrosis (15). Partial necrosis was reported in 2 of
42 flaps in the study of Zhang et al. (16), and in 2
of 10 flaps in the study of Couceiro and Sanmartin
(17). El-Khatib (18) reported that venous congestion
developed in all flaps in their series of 5 cases, while
Couceiro and Sanmartin (17) reported that venous
congestion developed in 2 patients in their series
of 10 cases. Zhang et al. (16) reported that some
degree of venous congestion developed in the flaps
in their series. We did not encounter total necrosis
in our case series, venous insufficiency developed
in 4 of our 12 patients and deepitelization of the flap
occurred in these patients.

In this study, 12 patients who had soft tissue defects
in the 1st and 3rd fingers of the upper extremity and
were repaired with the 1st dorsal metacarpal artery
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flap were retrospectively analyzed. The defect was
in the 1st finger in 9 patients and in the 3rd finger
in 3 patients. 3 patients had diabetes mellitus, 8
patients were smokers. Tunneling technique was
used in 5 patients for flap adaptation. In all patients,
flap donor sites were closed with a full-thickness skin
graft. In the postoperative period, soft tissue infection
developed in 3 patients and venous insufficiency in 4
patients. All patients recovered with antibiotic therapy
and wound care. No major complications such as
flap or graft loss were found in any of the patients.
The use of tunneling for flap adaptation did not
make a statistically significant difference in terms of
complications. However, in our clinical observations,
we found that deepithelialization was more common
after venous insufficiency in cases where tunnels
were used to adapt the flap. Because in this patient
group, the flap pedicle gets stuck in the tunnel due
to edema after the operation and this causes venous
insufficiency. The lack of significant results may be
due to the small number of patients. We think that
larger case series will yield different statistical results.
There was a statistically significant difference between
the duration of hospitalization and complications,
that is, the hospitalization of patients who developed
complications took longer, as expected.

The disadvantage of this flap is that it does not have
sufficient pedicle length for the fingers other than the
1st and 3rd fingers. In addition, the small number of
patients and the use of the flap only in finger defects
can be considered as limitations of the study.

CONCLUSION

In conclusion, 1st dorsal metacarpal artery flap is
a very reliable option for defects in the 1st and 3rd
fingers. If the tunnel technique is using for adaptation,
it should be ensured that the tunnel width is sufficient
to avoid venous insufficiency and deepitelization in
the postoperative period.



Uyar and Basol

Acknowledgements
The authors thank to Dr. Ersin Aksam for his valuable
contributions.

Conflict of interest: Authors declare that there is no conflict of
interest between the authors of the article.

Financial conflict of interest: Authors declare that they did not
receive any financial support in this study.

Address correspondence to: ilker Uyar, Izmir Katip Celebi
University Medical Faculty, Department of Plastic,
Reconstructive and Aesthetic Surgery, 1zmir, Turkey
e-mail: ilkeruyar@windowslive.com

REFERENCES

1. Crowe CS, Massenburg BB, Morrison SD, et al. Global trends
of hand and wrist trauma: A systematic analysis of fracture
and digit amputation using the Global Burden of Disease
2017 Study. Inj Prev 2020;26(Supp 1):i115-i124.

2. Hill C, Riaz M, Mozzam A, et al. A regional audit of hand
and wrist injuries. A study of 4873 injuries. J Hand Surg Br
1998;23(2):196-200.

3. Angermann P, Lohmann M. Injuries to the hand and wrist. A
study of 50,272 injuries. J Hand Surg Br 1993;18(5):642-4.

4. Packer GJ, Shaheen MA. Patterns of hand fractures and
dislocations in a district general hospital. J Hand Surg Br
1993;18(4):511-4.

5. Johns AM. Time off work after hand injury. Injury 1981;12:417—
24,

6. O'Sullivan ME, Colville J. The economic impact of hand
injuries. J Hand Surg Br 1993;18(3):395-8.

7. Yannascoli SM, Thibaudeau S, Levin LS. Management of soft
tissue defects of the hand. J Hand Surg Am 2015;40(6):1237-
44,

185

10.

1.

12.

13.

14.

15.

16.

17.

18.

Selcuk Med J 2022;38(4): 180-185

Ince B, Gundeslioglu AO, Cicekcibasi AE, et al. Transfer of
the fifth finger to replace an amputated thumb: A preliminary
study. Surg Innov 2015;22(5):462-8.

Ince B, Yildirim MEC, Dadaci M, et al. A new technique in
tamai zone 1 reconstruction: Reverse dorsal terminal vein
flap (hat flap). J Hand Microsurg 2019;11(3):140-5.

Ince B, Dadaci M. Thumb reconstruction using transfer of the
ring finger without vascular anastomosis. J Hand Surg Am
2022;47(7):686.e1-686.€6.

Earley MJ, Milner RH. Dorsal metacarpal flaps. Br J Plast
Surg 1987;40(4):333-41.

Sebastin SJ, Chung KC. Dorsal metacarpal artery perforator
flap. In: Chung KC editor. Hand and wrist surgery (operative
techniques). 2nd ed. Philadelphia, Elsevier;2012;412-23.
Bailey SH, Andry D, Saint-Cyr M. The dorsal metacarpal
artery perforator flap: A case report utilizing a quaba flap
harvested from a previously skin-grafted area for dorsal 5th
digit coverage. Hand 2010;5:322-5.

Isaraj S. Use of dorsal metacarpal artery flaps in post burn
reconstruction, two cases report. Macedonian J Med Sci
2011;4:180-4.

Tamer HA, Shawky SG, Tarek FK, et al. Evaluation of dorsal
metacarpal artery perforator flaps in the reconstruction
of hand soft-tissue defects. Menoufia Medical Journal
2019;4:1256-61.

Zhang X, Shao X, Ren C, et al. Reconstruction of thumb
pulp defects using a modified kite flap. J Hand Surg Am
2011;36(10):1597-603.

Couceiro J, Sanmartin M. The Holevich flap revisited: A
compar- ison with the foucher flap, case series. Hand Surg
2014;19(03): 469-74.

El-Khatib HA. Clinical experiences with the extended first
dorsal metacarpal artery island flap for thumb reconstruction.
J Hand Surg Am 1998;23(04):647-52.



SELCUK TIP DERGISI
SELCUK MEDICAL JOURNAL

NEU

Arastirma Makalesi / Research Article Selcuk Med J 2022:38(4): 186-193 @

YAYINEVI

DOI: 10.30733/std.2022.01567

The role of the Inflammatory Biomarkers in the
Early Prediction of the Severity of Paediatric

Acute Pancreatitis

Pediatrik Akut Pankreatit Siddetinin Erken Tahmininde
Inflamatuar Biyobelirteclerin Rolii

Aylin Yucel', Ahmet Osman Kilic2, Sumeyye Beyza Kilinc?

'"Necmettin Erbakan University, Meram
Faculty of Medicine, Department

of Pediatrics, Division of Pediatric
Gastroenterology, Hepatology and Nutrition,
Konya, Turkey

2Necmettin Erbakan University, Meram
Faculty of Medicine, Department of
Pediatrics, Konya, Turkey

Address correspondence to: Aylin Yicel,
Necmettin Erbakan University, Meram Faculty
of Medicine, Department of Pediatrics,
Division of Pediatric Gastroenterology,
Hepatology and Nutrition, Konya, Turkey
e-mail: ayucel82@hotmail.com

Gelis Tarihi/Received: 14 October 2022
Kabul Tarihi/Accepted: 28 November 2022

Cite this article as: Yucel A, Kilic AO, Kilinc SB. The role of the Inflammatory Disclosure: None of the authors has a financial interest in any of the
Biomarkers in the Early Prediction of the Severity of Paediatric Acute Pancreatitis. products, devices, or drugs mentioned in this article. The research was

Selcuk Med J 2022;38(4): 186-193

6z

Amag: Yillardir erigkin literatirinin godlgesinde kalmis olan pediatrik akut pankreatit calismalari,
pediatrik siddet siniflamasinin kabul edilmesinden sonra ivme kazanmistir. Artik hangi hastalarda ciddi
hastalik gelisecedini erken asamada hizla éngorebilecek inflamatuar biyobelirtecglerin belirlenmesine
ihtiyac vardir. Bu calismanin amaci, sistemik immin-enflamasyon indeksi (Sll) ve nétrofil-lenfosit orani
(NLO) gibi inflamatuar biyobelirteclerin erken prediktor olarak etkinligini degerlendirmek ve esik degerler
belirlemekti.

Hastalar ve Yontem: 2019-2022 yillar1 arasinda akut pankreatit tanisi alan 53 gocugun klinik 6zellikleri,
laboratuvar test sonuglari ve goriintileme bulgulari retrospektif olarak degerlendirildi. Hastalar siddetine
gore “hafif” ve “orta siddetli-siddetli” olarak iki gruba ayrildi. Gruplar inflamatuar belirtegler agisindan
karsilastirildi. Hastalik siddetini 6ngdren faktdrler ROC egrisi analizi ile incelendi. Anlamli esik degerler
icin duyarlilik, 6zgullik, pozitif prediktif deger (PPD) ve negatif prediktif deger (NPD) hesaplandi.
Bulgular: NLO ve Sl degerleri “orta siddetli-siddetli” grupta “hafif” gruba gore istatistiksel olarak anlamli
derecede ylksekti (tumu igin p<0,001). NLO=3.33 (AUC:0.894, %95 gliven araligi: 0.81-0.979, PPD %89.7,
NPD %83.3%) ve Sl indeksi=1225.57(AUC: 0.912, %95 giiven araligi:0.831-0.992, PPD %90.0, NPD
%87.0) esik degerlerinin hastalik siddetini yiiksek duyarlilik ve 6zgllikle tahmin edebildigi belirlendi.
Sonug: NLO ve SlI pediatrik akut pankreatitte kéti klinik sonucu erken tahmin edebilir. Mevcut ¢calisma
pediatrik akut pankreatitte bu biyobelirteclerin prognostik éneminini degerlendiren ilk ¢aligmadir.

Anahtar Kelimeler: Pediatrik ciddi akut pankreatit, sistemik immun-inflamasyon indeksi, notrofil-lenfosit
orani

Abstract

Aim: Studies of paediatric acute pancreatitis have remained in the shadow of adult literature for many
years, and have only increased following the recent acceptance of the severity classification. There is now
a need to determine inflammatory biomarkers which will be able to rapidly predict in the early stage which
patients will develop severe disease. This study's purpose was to research the efficacy as early predictors
and determine cutoff values for inflammatory biomarkers including the systemic immune-inflammation
index (Sll), and the neutrophil-lymphocyte ratio (NLR).

Patients and Methods: A retrospective evaluation was made of the clinical characteristics, laboratory
test results, and imaging findings of 53 children diagnosed with acute pancreatitis between 2019-2022.
The study population were separated into groups as ‘mild’ and ‘moderately severe-severe’ according
to severity. The groups were compared in respect of inflammatory markers. Factors predicting disease
severity were evaluated with ROC curve analysis. For the significant cutoff values, positive predictive
value (PPV), negative predictive value (NPV), sensitivity and specificity were calculated.

Results: The NLR, and SlI values were found to be statistically significantly higher in the “moderately
severe-severe” group than in th “mild” group (p<0.001 for all). The cutoff values of NLR23.33 (AUC:0.894,
95% CI:0.81-0.979, PPV 89.7%, NPV 83.3%), and SI121225.57 (AUC:0.912, 95% CI:0.831-0.992, PPV
90.0%, NPV 87.0%) were determined to be able to predict disease severity with high sensitivity and
specificity.

Conclusion: The NLR, and SlI are inflammatory biomarkers that can make an early prediction of a poor
outcome in paediatric acute pancreatitis. To the best of our knowledge, this is the first study to have
evaluated the prognostic importance of these biomarkers, in paediatric acute pancreatitis.

Key words: Paediatric severe acute pancreatitis, systemic immune-inflammation index, neutrophil-
lymphocyte ratio
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INTRODUCTION

In recent times, the incidence of pediatric acute
pancreatitis (AP) has increased and approached
the incidence level reported in the adult age group
(1). In the majority of the pediatric age group, the
clinical outcome is good. However, together with
the increasing incidence, pediatricians are now
encountering increasingly more severe disease
accompanied by local and/or systemic complications
and organ failure (2). Early estimation of the serious
disease picture may enable early detection of patients
who need referral to the pediatric gastroenterology
clinic or intensive care unit. Thus, patients can reach
the appropriate treatment conditions in the appropriate
center at an early time and the clinical outcome of the
patients can be improved (3). Although there are many
classifications and scoring systems in adult literature,
the search is ongoing for reliable biomarkers that
could be easily applied and provide rapid results,
which would be able to make an early prediction of
cases that would develop severe AP (4,5).

For many years, pediatric studies on the
prediction of acute pancreatitis severity have been
inadequate. Because, until the North American
Society for Pediatric Gastroenterology, Hepatology
and Nutrition Pancreas Committee announced the
acute pancreatitis severity classification in 2017, there
was no universally accepted severity classification
for children with AP (2). After the acceptance of this
classification, pediatric acute pancreatitis studies
gained momentum. In recent years, studies on
biomarkers that can predict children who will develop
severe AP at an early stage have been continuing. In
some of these studies, the predictors evaluated have
not been inflammatory biomarkers (6,7). However,
AP is a sterile inflammatory disease and a poor
prognosis is associated with an uncontrolled systemic
inflammatory response (8). Although the predictors
recommended in several pediatric studies that have
evaluated inflammatory biomarkers support the role
of uncontrolled systemic inflammation in severe
disease, they do not have the properties of an optimal
predictor (9,10). Because, the ideal predictive marker
should be low-cost, readily available, easy to apply,
and provide results in a short time (11).

The neutrophil-lymphocyte ratio (NLR) and the
monocyte-lymphoctye ratio (MLR) are inflammatory
indexes that integrate two cell types. They have been
defined as inflammatory prognostic biomarkers in
some malignant and inflammatory diseases (including
acute pancreatitis) in adults (4,5).
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The systemic immune-inflammation index (Sll),
which integrates the neutrophil, thrombocyte, and
lymphocyte counts, is a new predictor that reflects
the balance between immune and inflammatory
statuses. It was first described in 2014 in patients with
hepatcellular carcinoma (12). In 2021, it was used for
the first time in adult AP patients and was reported to
be a better predictor than NLR in the early prediction
of the development of severe disease (13).

The NLR, MLR, and Sll are ideal biomarkers
which can be computed from the Ilaboratory
parameters obtained at the time of presentation, are
easily accessible, and low cost. No previous study
has evaluated the efficacy of these inflammatory
biomarkers as early predictors of the development of
severe AP in children.

The goal of study was to investigate the utility of
inflammatory biomarkers such as NLR, MLR, and
Sll as early predictors of a severe disease status in
pediatric AP, and to determine the cutoff values that
can be used for this purpose.

PATIENTS AND METHODS

The study included patients aged <18 years who
were treated as inpatients for a diagnosis of AP in
Meram Faculty of Medicine Hospital at Necmettin
Erbakan University between 2019 and 2022. Ethical
approval was obtained from the Ethics Committee
of Necmettin Erbakan University Meram Faculty of
Medicine (code number:2022/3875).

The patients included in the study were those
defined as AP with at least two of the criteria of
abdominal pain consistent with AP, imaging findings,
and plasma levels of pancreatic enzymes more
than three-fold higher than the normal upper limit,
as recommended by the International Study Group
Of Pediatric Pancreatitis: In Search For A Cure
consortium (14).

AP severity was determined according to the 2017
NASPGHAN criteria. To apply this classification, the
criteria required are the presence and continuation
period of organ dysfunction, and the presence of
local and systemic complications (Figure 1) (2). In
accordance with the NASPGHAN recommendation,
the recommendations of the International Pediatric
Sepsis Consensus were used to define organ
dysfunction (15).

Similar to the procedures applied in previous adult
and pediatric literature, the patients were separated
into two groups of “mild AP” (MAP) and “moderately
severe-severe AP” (MS-SAP) to differentiate mild
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Acute pancreatitis

[ ]
| If there is organ dysfunction

‘lfthere is no organ dysfunction

Persistentorgan Transientorgan Local pancreaticor systemic
dysfunction dysfunction complications / exacerbation of prior
(>48h) (<48h) comorbid disease
[ T
Severe Acute Moderately Severe Acute Mild Acute
Pancreatitis Pancreatitis Pancreatitis
Figure 1. Paediatric acute pancreatitis severity

classification of the North American Society for Paediatric
Gastroenterology, Hepatology and Nutrition Pancreas
Committee

cases from non-mild cases. Patients with moderately
severe AP and those with severe AP were combined
in one group. For patients with acute recurrent
pancreatitis, only the findings of the first pancreatitis
attack were included in the analyses. Patients were
not included in the study if they had an inflammatory
disease that could affect the full blood count
parameters (malignancy, FMF, Henoch-Schonlein
purpura, etc), or if the data from the first day of the
disease were incomplete (Figure 2).

Data were retrieved from the patient records
of the demographic characteristics, vital signs,
etiology, comorbidities, laboratory test results on
first presentation (white-blood cells, neutrophil,
lymphocyte and monocyte absolute counts, C-reactive
protein, liver enzymes, serum creatinine, glucose,
calcium, amylase and lipase), and imaging findings.

Patients with acute pancreatitis who diagnosed accordingto the
International Study group of Pediatric Pancreatitis:In search for
acure (INSPPIRE) criteria (n=79)

I

1
Study cohort (n=53)

[ 1 1
Moderately Severe| Mild Acute Excluded patients (n=26)
Patients with an inflammatory disease (n=19)

Severe Acute
Pancreatitis(n=5)

Acute Pancreatitis i
(n=18) Pancreatitis (n=30)

* Malignancy (n=12)

Moderately Severe-
Severe Acute
Pancreatitis(n=23)

* Coronavirus disease (n=4)

* Familial Mediterranean fever (n=2)

* Henoch-Schénlein purpura (n=1)

Patients with incomplete data on the first
Hday of the disease (n=7)

Figure 2. Flow chart of study and inclusion- exclusion
criterias

188

The inflammatory biomarkers in paediatric acute pankreatitis

The neutrophil and lymphocyte counts were used to
calculate the NLR, and the absolute monocyte and
lymphocyte counts to calculate the MLR. The SlI
was computed with the formula —“neutrophil count x
platelet count/lymphocyte count”.
Statistical analysis

Data obtained in the study were analyzed
statistically using SPSS vn. 20.0 software (IBM
Corpn., Armonk, NY, USA). Numerical data
were presented as median (Q1-Q3) values, and
categorical variables as number (n) and percentage
(%). Conformity of the variables to normal distribution
was assessed with the Shapiro Wilk test. In the
comparisons of categorical variables and frequencies,
the Chi-square test was applied. In the comparisons of
two groups, the Mann Whitney U-test was applied. To
determine relationships between variables, Spearman
correlation analysis was used. The decision -making
characteristics of the laboratory parameters in the
prediction of disease severity were examined with
Receiver Operating Characteristics (ROC) curve
analysis. The sensitivity, specificity, positive predictive
value, and negative predictive value were calculated
for cutoff values. Type | error level was interpreted
as significant at <56%. 95% confidence intervals were
given for Area Under Curve (AUC).

RESULTS

Evaluation was made of 53 patients who met
the study criteria, comprising 25 (47.2%) females
and 28 (52.8%) males with a median age of 156
months (range, 6-204 months). Comorbidities were
present in 10 (18.9%) patients; meningomyelocele in
1 (1.9%), congenital metabolic disease in 2 (3.8%),
type 1 diabetes mellitus in 2 (3.8%), nephrolithiasis
in 1 (1.9%), cerebral palsy in 1 (1.9%), chronic renal
failure in 1 (1.9%), hyperlipidemia in 1 (1.9%), and
thalassemia intermedia in 1 (1.9%). The MAP group
included 30 (56.6%) patients and the MS-SAP group,
23 (43.4%) patients, comprising 18 (34%) with MSAP
and 5 (9.4%) with SAP. No significant difference
was detected between the groups in respect of
anthropometric measurements and etiology (Table 1).

When the laboratory test results were compared
according to disease severity, the white blood cell
count (WBC), NLR, monocyte count, MLR, absolute
neutrophil count, amylase value and Sll value at the
time of presentation were determined to be significantly
lower in the MAP group than in the MS-SAP group
(p=0.02 for amylase, p<0.001 for each of the others).
The absolute lymphocyte count was determined to
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Table 1. Distribution of the Anthropometric Measurements and Etiology Findings of the Patients According to the Severity

Groups
MAP (n=30) MS-SAP (n=23) *p value

Anthropometry W-H z score (<5 years) 0.46 (-0.73-1.61) -0.24 (-1.70-1.25) 0.896
Median (Q1-Q3) BMI z score (>5 years) 0.55 (-0.91-1.16) 0.73 (-1.25-1.81) 0.230
Etiology Idiopathic 14 (46.7%) 10 (43.5%) 0.374
N (%) Biliary Pancreatitis 8 (26.7%) 3 (13.0%)

Toxic 2 (6.7%) 0 (0.0%)

Metabolic 2 (6.7%) 3 (13.0%)

Systemic Disease 3 (10.0%) 2 (8.7%)

Infection 1(3.3%) 3 (13%)

Congenital Anatomic Malformation 0 (0.0%) 1(4.3%)

Genetic 0 (0.0%) 1(4.3%)

*p<0.05 was accepted as statistically significant. Data are stated frequency (percentage) and median (Q1-Q3) values.
W-H: Weight for height, BMI: Body mass index, MAP: Mild acute pancreatitis, MS-SAP: Moderately severe-Severe acute pancreatitis

be significantly higher in the MAP group than in the
MS-SAP group (p=0.028). The distribution of the
laboratory findings according to disease severity is
shown in Table 2.

Correlations were examined between the laboratory
findings and the MAP, MS-SAP groups, and there was
seen to be a statistically positive correlation between
disease severity and WBC count, absolute neutrophil
count, NLR, MLR, and SlII value (r=0.556 p<0.001,
r=0.662 p<0.001, r=0.677 p<0.001, r=0.661 p<0.001,
r=0.707 p<0.001, respectively). A statistically negative
correlation was determined between disease severity
and absolute lymphocyte count (r=-0.315, p=0.022).

The diagnostic rates of the laboratory parameters
according to the severity groups were calculated. WBC
count, neutrophil count, NLR, MLR and SlI (p<0.001
for all) were found to be at extremely good levels of
diagnostic rates ort he prediction of the development
of severe AP with high sensitivity and specificity. The
AUCs of the parameters were interpreted using the
criteria reported by Fischer et al (A test with an AUC
>0.9,0.7t0 0.9, and 0.5t0 0.7 indicate high, moderate,
and low accuracy, respectively) (16). The AUC values
in predicting poor clinical outcomes were 0.912 (95%
confidence interval [CI]:0.831-0.992) for SllI, 0.894
(95% CI:0.81-0.979) for NLR, 0.885 (95% CI:0.799-

Table 2. Distribution of the Laboratory Findings of the Patients According to the Severity Groups

MAP (n=30) MS-SAP (n=23) *p value
White-blood cells (/mm?) 7650 (6265-9502) 12400 (11320-16130) <0.001*
Absolute neutrophil count (/mm?) 4435 (3045-5942) 10590 (7700-13100) <0.001*
Absolute lymphocyte count (/mm?3) 2235 (1682-2725) 1700 (1000-2430) 0.028*
Neutrophil/lymphocyte ratio 2.04 (1.38-2.94) 5 (3.46-15.4) <0.001*
Monocyte count (/mm3) 490 (300-742) 800 (660-1000) <0.001*
Monocyte/ lymphocyte ratio 0.20 (0.16-0.32) 0.43 (0.32-0.89) <0.001*
Eosinophil count (/mm?) 85 (27.5-140) 30 (0-70) 0.133
Eosinophil/lymphocyte ratio 0.03 (0.01-0.05) 0.01 (0-0.03) 0.963
Basophil count (/mm?) 20 (3.25-40) 10 (1-30) 0.268
Sedimentation rate(mg/s) 13 (5-22) 14 (8-28) 0.916
Creatinine (mg/dL) 0.62 (0.46-0.75) 0.52 (0.43-0.67) 0.586
Albumin (g/L) 4.6 (4.1-4.82) 4.45 (4.07-4.8) 0.387
Aspartate aminotransferase (U/L) 26 (19-50) 29 (23-38) 0.621
Alanine aminotransferase (U/L) 18 (10-57) 14 (10-66) 0.836
Gamma glutamil transferase (U/L) 16 (10-107) 15 (11.75-44.5) 0.985
Amylase (U/L) 305 (184-487) 640 (237-1340) 0.02*
Lipase (U/L) 475 (258-817) 926(261-2673) 0.069
C-reactive protein (mg/L) 2.5 (1-8.2) 12 (1-46) 0.056
Systemic immune-inflammation index 516.32(380.62-796.30) 1894.73(1301.53-3284.89) <0.001*

*p<0.05 accepted as statistically significant,

Whitney U-test.

Data are stated as median (Q1-Q3) values. Comparisons between groups were made using the Mann-

MAP; mild acute pancreatitis, SAP; severe acute pancreatitis
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Table 3. ROC curve analysis results according to disease severity

Risk factor AUC* (95% CI*¥) Cut off p value*** Sensitivity Specificity PPV NPV

WBC (/mm3)  0.824(0,698-0.949) 10350 <0.001 82.6% 82.1% 85.7% 76.0%
NLR 0.894(0.81-0.979) 3.33 <0.001 87.0% 85.7% 89.7% 83.3%
MLR 0.885(0.799-0.97) 0.3292 <0.001 73.9% 75.0% 79.3% 70.8%
ANS (/mm?3) 0.886(0.779-0.992) 7095 <0.001 87.0% 89.3% 90.0% 87.0%
Sli 0.912(0.831-0.992) 1225.57 <0.001 87.0% 89.0% 90.0% 87.0%

*Area under curve **Confidence interval ***

p<0.05 accepted as statistically significant

WBC:White blood cells, NLR:Neutrophil lymphocyte ratio, MLR:Monocyte lymphocyte ratio, ANS:Absolute neutrophil count, SlI: Systemic immune-

inflammation index

Source of the
I — —! Curve
5 WEBC
~ANC
0.8 HLE
MLR
sn
Reference Line

06—

Sensitivity

04|

0.2 0,4 06 0.8 L0
1 - Specificity

Diagonal segments are produced by ties,

Figure 3. Graph showing the curve obtained with ROC
analysis of WBC, absolute neutrophil count, NLR, MLR,
and SlI values

0.97) for MLR, 0.824 (95% CI:0,698-0.949) for WBC,
and 0.886 (95% CI:0.779-0.992) for ANS. The AUC
values of parameters indicated high accuracy for SlI,
and moderate accuracy for others. The results of the
ROC curve analysis from which the cutoff values
of the laboratory parameters according to disease
severity, the area under the curve (AUC) values,
and the positive and negative predictive values were
calculated, are shown in Table 3 and Fig 3.

DISCUSSION

The results of this study demonstrated that NLR,
and SlI were significant markers in the development
of severe disease in children with AP, and could
predict the development of SAP. The diagnostic rates
of all the indexes had high sensitivity and specificity
in the prediction of SAP, with the SlI value having the
highest sensitivity and specificity, and the cutoff value
for each index was determined. These findings can
be explained by the principle of excessive systemic
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inflammation related to the uncontrolled adaptive and
innate immune response in the pathogenesis of AP.

The results showed that at the time of diagnosis,
the WBC count, absolute neutrophil count, monocyte
count, and amylase value were significantly higher
and the absolute lymphocyte count was significantly
lower in the MS-SAP group. The increase in neutrophil
and monocyte counts and decrease in lymphocyte
count have been associated with SAP pathogenesis
in previous studies (17).

In the current study, there was determined to be a
significant positive correlation between WBC count,
absolute neutrophil count and disease severity, and
a significant negative correlation between absolute
lymphocyte count and disease severity. At a cutoff
value of 10350/mm? for WBC count and 7095/mm?
for absolute neutrophil count, the development of
MS-SAP could be predicted with high sensitivity and
specificity. Although serum WBC countis a component
of some adult AP scoring systems, the results reported
related to AP prognosis are variable. Silva -Vaz et
al. Reported that a cutoff value of 214880 mm?3 for
WBC count on presentation was a good prognostic
tool (3). In a multicentre study by Farkas et al., it was
confirmed that WBC count was not sufficient ort he
prediction of disease severity (18). Absolute WBC
count is the combination of the cells in circulation
such as neutrophils and lymphocytes. In a patient
with no evident lymphopenia, the WBC count may be
high associated with an increase in neutrophil count,
and if lymphopenia is very evident, there may be no
increase in WBC count (10). Moreover, the distribution
of peripheral blood cells and the norms of WBC count
can vary according to age in childhood (19). In this
study, no statistically significant difference was found
between the age distribution in the MAP and MS-
SAP groups. Ratios such as NLR and MLR with a
composition oftwo celltypes are more stable than WBC
and subtype counts and do not have the mentioned
disadvantages (5). The cutoff value of 3.33 for NLR
determined in this study was found to have extremely
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high sensitivity and specificity in the prediction of MS-
SAP development. For adults with AP, NLR was first
reported by Azab et al. To be valuable in predicting
severe disease with a cutoff value of 4.7 (5). These
findings were later supported by Jeon et al. With a
cutoff value of 4.76 (8). In another study of adults with
pancreatitis evaluating the efficacy of ratios obtained
from peripheral blood cells, Akoglu et al. Reported
that NLR was the best predictor with a cutoff vslue
of 5.1. MLR was seen to be statistically significantly
different in patients with MS-SAP compared to MAP,
but it was not recommended for use as it did not have
high sensitivity and specificity (20). In the current
study, although the sensitivity and specificity of the
cutoff value of 0.32 for MLR was lower than the other
biomarkers in the prediction of MS-SAP, it was still
extremely high. Although the value of ratios such
as NLR and MLR has been shown in inflammatory
diseases in the pediatric ort he e, there is no study of
children with acute pancreatitis, with which the current
study results could be compared. In this study it was
determined that both NLR and MLR could be used
as independent biomarkers with sufficient sensitivity
and specificity in the prediction of the development of
MS-SAP. However, the diagnostic rates of NLR were
higher than those of MLR.

Sl had the highest reliability , in the current study.
With a cutoff value of 21225.57, Sll had extremely
good diagnostic rates of the prediction of MS-SAP
development. Since Sl is the synthesis of 3 cell types
involved in the pathogenesis of acute pancreatitis, it
is more reliable than rates integrating fewer cell types.
The SIl was first reported by Zhang et al. in 2021
to be a poor prognostic marker in adults with acute
pancreatitis (21). Subsequently, Liu et al. Reported
that the SlI could be an early predictor of severe
disease with a cutoff value of 22207.53 (13). There
are few studies of adult patients related to whether
or not Sll can predict SAP development in acute
pancreatitis, and no report could be found of pediatric
AP. In several very recent pediatric studies, it has
been emphasised that the Sll reflects the immune-
inflammatory balance. Winker et al. Reported that a
decrease in Sll in pediatric cancer patients was seen
with the anti-inflammatory effect of exercise (22).
Guneylioglu et al. Reported that a cutoff value of =
2609 for Sll was useful in differentiating children with
empyema from those with parapneumonic effusions
(23). In another study of infants (1-4 months) with
fever of unknown focus, a cutoff value of 2438.44
could predict the risk of severe bacterial infection (24).
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There is no other study showing that the Sli
can be used to make an early prediction of the
development of severe disease in children with AP.
The determination of severity within the first 48 hours
will be able to improve clinical results by accelerating
referral to an appropriate centre, the provision of
intensive care support and the appropriate treatment
approach (3). However, there are several recent
studies related to laboratory parameters which can
predict severe disease early in children with AP.
Vitale et al. Showed that an increase in BUN could
predict SAP development in the early stage (6). Farell
et al. Also reported that BUN and albumin values
were an independent marker for SAP development
(7). However, when the immune-inflammatory
pathwways in the pathogenesis of SAP are taken into
consideration, it is necessary to evaluate whether
inflammatory markers are reliable predictors or not.
In a prospective study by Vitale et al. Evaluating
biomarkers which could make early predictions of the
risk of SAP development in children with AP, it was
shown that the matrix metalloproteinase-9 (MMP-9)
and tissue inhibitors of metalloproteinase-1 (TIMP-1)
levels were significantly higher in SAP patients than
in the MAP group (9). In another study, Farell et al.
Examined whether interleukin 6 (IL-6) and monocyte
chemotactic protein-1 (MCP-1) could differentiate
MAP and SAP pediatric patients, and reported that
they could predict progression to SAP (10). With
these studies, Vitale and Farell emphasised the
inflammatory pathways in the early prediction of SAP
risk. ldeally, a predictive marker should be low cost,
easily accessible and applicable and provide results
in the early period (11). Biomarkers such as MMP-9,
TIMP-1, and MCP-1 may not be available everywhere
and may not provide rapid results. NLR and SlI are
significant independent variables which can predict
MS-SAP development in the early period and can be
calculated from the laboratory data obtained on first
presentation. Thus, they are ideal biomarkers which
can be accessed easily and can provide results in
the early period. They can reliably predict the risk of
MS-SAP development in children in the early period
and can be helpful in improving clinical outcomes.
Therefore, NLR (with a cutoff value of 23.3) and SlI
(with a cutoff value of 21225.57) can be used with
high sensitivity and specificity to predict severe
disease that may develop in any patient at the time of
presentation.

An important limitation of this study was that there
are conflicting reports of the evaluation of WBC and
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ANC and cutoff values in the pediatric age group.
For example, cutoff values of 10350/mm? for WBC
or 7095/mm? for absolute neutrophil count may not
be valid for all age groups. Although high sensitivity
and specificity was shown for these parameters in
this cohort with no significant difference in the age
distributions of the MAP and MS-SAP groups, they
cannot be generalised to all age groups. Therefore,
because of these above-mentioned disadvantages,
WBC and neutrophil count cannot be recommended
as parameters ort he prediction of disease severity
in childhood. However, these disadvantages are not
relevant to the NLR, MLR, and SlII, which integrate
more than one cell type, and the evaluation of which
was the main aim of this study. Other limitations of the
study could be said to be the retrospective design,
that the biomarkers were only evaluated at the time of
presentation, and that the ort he of the disease course
were not evaluated. However, the main aim of the study
was to detect inflammatory biomarkers that could
predict disease severity at the time of presentation.
Although the study content served this purpose, there
is a need for further prospective controlled studies
with larger samples to evaluate patients with high
NLR and Sll values on presentation. Nevertheless,
as the first study on this subject in a pediatric patient
group, it can be considered that this study will be of
guidance for future prospective studies.

CONCLUSION

NLR and SlI are reliable biomarkers ort he early
estimation of the development of severe disease in
children with acute pancreatitis. As this is the first
study conducted on children, there is a need for
further large-scale, randomised, controlled studies.

Conflict of interest: Authors declare that there is no conflict of
interest between the authors of the article.

Financial conflict of interest: Authors declare that they did not
receive any financial support in this study.

Address correspondence to: Aylin Yiicel, Necmettin Erbakan
University, Meram Faculty of Medicine, Department of Pediatrics,
Division of Pediatric Gastroenterology, Hepatology and Nutrition,
Konya, Turkey

e-mail: ayucel82@hotmail.com

REFERENCES

1. Morinville VD, Barmada MM, Lowe ME. Increasing incidence
of acute pancreatitis at an American pediatric tertiary care
center: Is greater awareness among physicians responsible?
Pancreas 2010;39:5-8.

192

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The inflammatory biomarkers in paediatric acute pankreatitis

Abu-El-Haija M, Kumar S, Szabo F, et al. Classification
of acute pancreatitis in the pediatric population: Clinical
report from the NASPGHAN pancreas committee. J Pediatr
Gastroenterol Nutr 2017;64:984-90.

Silva-Vaz P, Abrantes AM, Morgado-Nunes S, et al. Evaluation
of prognostic factors of severity in acute biliary pancreatitis.
Int J Mol Sci 2020;21:4300.

Kumarasamy C, Sabarimurugan S, Madurantakam RM, et
al. Prognostic significance of blood inflammatory biomarkers
NLR, PLR,and LMRin cancer-A protocol for systematic review
and meta-analysis. Medicine (Baltimore) 2019;98:€14834.
Azab B, Jaglall N, Atallah JP, et al. Neutrophil-lymphocyte
ratio as a predictor of adverse outcomes of acute pancreatitis.
Pancreatology 2011;11:445-52.

Vitale DS, Hornung L, Lin TK, et al. Blood urea nitrogen
elevation is a marker for pediatric severe acute pancreatitis.
Pancreas 2019;48:363-6.

Farrell PR, Hornung L, Farmer P, et al. Who's at risk? A
prognostic model for severity prediction in pediatric acute
Pancreatitis. J Pediatr Gastroenterol Nutr 2020;71:536-42.
Jeon TJ, Ji Young Park JY. Clinical significance of the
neutrophil-lymphocyte ratio as an early predictive marker for
adverse outcomes in patients with acute pancreatitis. World
J Gastroenterol 2017;23:3883-9.

Vitale DS, Lahni P, Hornung L, et al. Matrix metalloproteinases
and their inhibitors in pediatric severe acute pancreatitis.
PLoS One 2022;17:€0261708.

Farrell PR, Jones EK, Hornung L, et al. Cytokine profile
elevations on admission can determine risks of severe acute
pancreatitis in children. J Pediatr 2021;238:33-41.
Vogenberg FR. Predictive and prognostic models:
Implications for healthcare decision-making in a modern
recession. Am Health Drug Benefits 2009;2:218-22.

Hu B, Yang XR, Xu Y, et al. Systemic immune-inflammation
index predicts prognosis of patients after curative resection
for hepatocellular carcinoma. Clin Cancer Res 2014;20:6212-
22.

Liu X, Guan G, Cui X, et al. Systemic immune-inflammation
index (Sll) can be an early indicator for predicting the severity
of acute pancreatitis: A retrospective study. Int J Gen Med
2021;14:9483-9.

Morinville VD, Husain SZ, Bai H, et al. Definitions of pediatric
pancreatitis and survey of present clinical practices. J Pediatr
Gastroenterol Nutr 2012;55:261-5.

Goldstein B, Giroir B, Randolph A. International consensus
conference on pediatrics: International pediatric sepsis
consensus conference: Definitions for sepsis and organ
dysfunction in pediatrics. Pediatr Crit Care Med 2005;6:2-8.
Fischer JE, Bachmann LM, Jaeschke R. A readers' guide
to the interpretation of diagnostic test properties: Clinical
example of sepsis. Intensive Care Med 2003;29:1043-51.
Zhang Y, Wu W, Dong L, et al. Neutrophil to lymphocyte ratio
predicts persistent organ failure and in-hospital mortality in
an Asian Chinese population of acute pancreatitis. Medicine
(Baltimore) 2016;95:e4746.

Farkas N, Hanak L, Miko A, et al. A multicenter, international
cohort analysis of 1435 cases to support clinical trial design
in acute pancreatitis. Front Physiol 2019;10:1092.

Li K, Peng YG, Yan RH, et al. Age-dependent changes of
total and differential white blood cell counts in children. Chin
Med J 2020;133:1900-7.

Unal Akoglu E, Ozdemir S, Ak R, et al. The discriminative



Yucel et al.

21.

22.

power of inflammatory markers in patients with mild-
to-moderate acute pancreatitis: Mean platelet volume,
neutrophil-lymphocyte ratio, lymphocyte-monocyte ratio,
and neutrophil-monocyte product. South Clin Ist Euras
2021;32:159-64.

Zhang D, Wang T, Dong X, et al. Systemic immune-
inflammation index for predicting the prognosis of critically Il
patients with acute pancreatitis. Int J Gen Med 2021;14:4491-
8.

Winker M, Stossel S, Neu MA, et al. Exercise reduces
systemic immune inflammation index (SII) in childhood
cancer patients. Suppor Care Cancer 2022;30:2905-8.

193

23.

24.

Selcuk Med J 2022;38(4): 186-193

Guneylioglu MM, Gungor A, Goktug A, et al. Evaluation of
the efficiency of the systemic immune-inflammation index
in differentiating parapneumonic effusion from empyema.
Pediatr Pulmonol 2022;57:1625-30.

Gungor A, Goktug A, Yaradilmis RM, et al. Utility of the
systemic immune-inflammation index to predict serious
bacterial infections in infants with fever without a source.
Postgrad Med 2022;21:1-5.



SELCUK TIP DERGISI
SELCUK MEDICAL JOURNAL

NEU

Arastirma Makalesi / Research Article Selcuk Med J 2022:38(4): 194-202 @

YAYINEVI

DOI: 10.30733/std.2022.01568

Could Ozone Threapy be a Novel Strategy for
Combating with Multi-Drug Resistant Bacteria?

Ozon Tedavisi Coklu ilaca Direncgli Bakterilerle Miicadelede
Yeni Bir Strateji Olabilir mi?

® ® ®

Selin Ugrakli', Fatma Esenkaya Tasbent?, Hatice Kucukceran?®

'Public Health Laboratory, Konya, Turkey.
2Necmettin Erbakan University, Meram
Faculty of Medicine, Department of Medical
Microbiology, Konya, Turkey

SNecmettin Erbakan University, Meram
Faculty of Medicine, Department of Family
Medicine, Konya, Turkey

Address correspondence to: Selin Ugrakli,
Public Health Laboratory, Konya, Turkey
e-mail: dr.selinyumakci@gmail.com

Gelis Tarihi/Received: 18 April 2022
Kabul Tarihi/Accepted: 28 September 2022

Cite this article as: Ugrakli S, Esenkaya Tasbent F, Kucukceran H. Could Ozone Disclosure: None of the authors has a financial interest in any of the
Threapy be a Novel Strategy for Combating with Multi-Drug Resistant Bacteria? products, devices, or drugs mentioned in this article. The research was

Selcuk Med J 2022;38(4): 194-202

Oz

Amacg: Coklu ilaca direngli (MDR) bakteriler ile olusan enfeksiyonlari kontrol etmek, klinisyenler igin
biylk bir zorluk haline geldi. Bu nedenle, ana yaklasim alternatif tedavilerin de gézden gegirilmesidir.
Bu calismada, gaz formundaki medikal ozonun MDR patojenler lizerindeki antibakteriyel etkisini zamana
bagl olarak degderlendiriimesi hedeflenmistir.

Geregler ve Yontem: Calisma 21 Mart-15 Nisan 2021 tarihleri arasinda Necmettin Erbakan Universitesi
Meram Tip Fakdlltesi Hastanesi Tibbi Mikrobiyoloji laboratuvari’nda gergeklestirildi. On MDR bakteri, yedi
farkli bakteriyel konsantrasyonunda (102-108 bakteri/petri) petri kaplarinda in vitro olarak degerlendirildi.
10, 20 ve 40 dakikalik 40 ug/ml dozda ozon maruziyeti ve kontrol grubunun MDR bakterileri Gzerinde
etkinligini arastirildi. Plaklarin 24 saatlik inkibasyonundan sonra, ozonun her maruz kalma siresi igin
ortalama koloni sayilari belirlendi ve Log10'a dénUstaralda.

Bulgular: Ortalama bakteriyel azalma (log10) dikkate alindiginda, ozonun bakterisidal etkisi 10 dakikaklik
maruziyette sadece metisiline direngli Staphylococcus aureus, VIM-1 ureten Klebsiella pneumoniae
ve Karbapenem direngli Acinetobacter baumannii lzerinde saptandi. Optimum etki, test edilen
izolatlarda genellikle 20 dakika iginde g6zlendi. Bununla birlikte, MDR-Pseudomonas aeruginosa, ozon
maruziyetinden nispeten daha az etkilendi. Ancak 40 dakikalik maruziyet sonunda tim bakteriler %99'luk
seviyenin Uzerinde inaktive edildi.

Sonuglar: Ozon gazi, MDR patojenleri Gizerinde etkili bakterisidal aktivite gdsterdi ve etkisinin, maruz
kalma slresine ve bakteri tipine bagl oldugu tespit edildi. Pandemi dlinyasinda mikrobiyal enfeksiyonlarin
kontroll igin yeni yaklagimlara duyulan ihtiya¢ dikkate alindiginda, ozon tedavisinin optimizasyonu yiiksek
oncelikli olarak gergeklestiriimelidir ve ozonun MDR-bakterilerin inaktivasyonu Uzerindeki etkisinin
derinlemesine anlasiimasini desteklemek icin daha fazla in vivo ¢alismaya ihtiyag vardir.

Anahtar Kelimeler: Ozon terapi, ¢oklu ilaca direngli bakteri, tamamlayici tip

Abstract

Aim: This study evaluated the antibacterial effect of gaseous ozone on multi-drug resistant (MDR)
pathogens with regard to time dependency. Controlling infections with MDR bacteria became a big
challenge for health care professionals. Therefore, the major corcern should be altered to alternative
therapies.

Materials and Methods: The study was performed in Necmettin Erbakan University Meram Faculty of
Medicine Hospital, Department of Medical Microbiology Laboratory between 21 March to 15 April 2021.
Ten MDR bacteria were evaluated in vitro using in the Petri dishes at seven bacterial concentrations (102%-
108 bacteria/dish). The ozone showed its efficacy on these MDR bacteria under the following conditions
applied: 40 yg/ml at 10, 20 and 40 minutes and control (no gas was used). After 24 hours incubation of
plates, the average colony counts for each exposure time of ozone were figured out and transformed to
Log10.

Results: Taking acccount the mean bacterial reduction (log10), the bactericidal effect of ozone was
determined on only methicillin-resistant Staphylococcus aureus, VIM-1 producing Klebsiella pneumoniae
and Carbapenem resistant-Acinetobacter baumannii in 10 minutes exposure. The optimum effect was
generally observed within 20 minutes on tested isolates. However, the MDR-Pseudomonas aeruginosa
showed a relatively lower response to ozone. All bacteria was inactivated over the level at 99% at the end
of the 40 min exposure to ozone.

Conclusions: The gaseous ozone showed satisfactory bactericidal activity on MDR pathogens and its
effect depens on exposure time and type of bacteria. Taken into account, the need for new approaches
for the control of microbial infections in the pandemic world, the optimization of ozone therapy should be
undertaken high priority and more in vivo studies are needed to support in depth understanding of the
ozone effect on the inactivation of MDR bacteria.

Key words: Ozone therapy, multi-drug resistant bacteria, complementary medicine.
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INTRODUCTION

Antimicrobial Resistance (AMR) is one of the
most critical public health threats of the 21st century
as well as it continues being a significant burden for
world economy (1,2). However, it is now likely to be
hidden by coronavirus disease 2019 (COVID-19)
pandemic for some time (1,3). Since the beginning
of the antibiotic era, that were considered as novel
drugs and saved millions of lives (1,2). Nevertheless,
the prolonged and inappropriate use of antimicrobials
cause a selective pressure on microorganisms and
driving of bacterial resistance (4). The rapid emerge
and dissemination of antibiotic resistant pathogens
lead to failure in clinical outcomes and also associate
with high morbidity and mortality, particulary, in
hospital acquired infections (2,5). It was estimated
that by 2050, AMR-related deaths would access 10
million (6).

As long as the current pandemic, there are
probable threats that could pressure on antimicrobial
stewardship policies and cause AMR (5). In the
COVID-19 pandemic, it is of vital importance to
recover lives of coronavirus disease 2019 patients
although this signify appeal to common overmedicate
of extensive-spectrum initial antibiotics for threapy
or protection of complications such as secondary
bacterial infections (5,7). Nevertheless, the extensive
use of antibiotics (80%-100%) and antifungals (7.5%-
15%) in severe ill COVID-19 patients accepted to
intensive care units have been reported by several
studies (7,8). It is worried that present mistakes
and excesses could increase the advance of the
eventual global public health problem by resistance
of a great diversity of pathogens to a widespectrum of
antimicrobials (5).

Similiar to COVID-19, AMR has been reportedly
defined as a significant treat to global public health that
“knows no bordes”. Therefore, it is likely to become
the current crisis facing all countries across the world
(3). In fact, with regard to many specialist, included
those from from the World Health Organization,
people are now in the verge of post antibiotic era.
For this reason, the global neglected issue of AMR
requires urgent action and attention (5,9). There
is hence a increasing need for both the discovery
of new classes of antibiotics, the development of
alternative and natural products with pharmacoogical
properties to defeat antibiotic resistant bacteria (2,5).
Furthermore, once a new drug introduced to the
clinic, antibiotic resistance can emerge rapidly by way
of intense selective pressure soon after introduction
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(2,4). In additon, the long term treatment which
chemical antimicrobials may have side effect such as
nephrotoxicity and neurotoxicity (2,4).

One of the alternative treatment option is ozone
threapy. Ozone (O,) is an unstable triatomic from of
oxygen which rapidly convert into water releasing a
reactive form of oxygen (11). Ozone has been used for
a long time for its antioxidant features, antimicrobial
activities as well as its benefical effects on rapid tissue
and wound healing (10). In many previous study have
also shown that ozone has antibacterial, antiparasitic,
fungacidal activities (10-13). For this purpose, in
ozone threapy, oxigen-ozone (O,-O,) gas mixture
called as “medical ozone” (5% ozone in 95% oxygen)
has been increasingly utilizied for severe or cronic
soft tissue and skin infections as a complementary
treatment (14). So that, gaseous ozone (O,) may be
a favorable option in the threapy of infections induced
by multi-drug resistant microorganisms and that a
compounded treatment has the possible to extend the
life of convenient antibiotics as well as to decrease
the side effects of chemical antimicrobials depending
on intensive usage.

It was aimed to investigate the effectiveness of
gaseous ozone on various MDR clinical and reference
bacterial strains according to diffirent time interval
that need to be optimisation and also highlight the
use of local ozone application as the therapeutical
alternative to cure infections with MDR pathogens in
the present study

MATERIALS AND METHODS

The study was performed in Necmettin Erbakan
University Meram Faculty of Medicine, Department
of Medical Microbiology Laboratory between 21
March to 15 April 2021. The nature of the study was a
prospective, experimental research.
Ethics approval and consent to participate

This study was approved by the Ethics Committee
of the Institution (decision number: 2021/3161).
Bacteria cultures and growth conditions

Antibacterialeffectisevaluatedonthree MDRclinical
isolates (Acinetobacter baumannii, Pseudomonas
aeruginosa and Klebsiella pneumoniae) and seven
reference bacterial strains. Of the six Gram negative
strains (OXA-48 producing Klebisella pneumoniae
(NCTC 13442), VIM-1 producing K. pneumoniae
(NCTC 13440), KPC producing K. pneumoniae
(CCUG 56233), NDM-1 producing K. pneumoniae
(NCTC 13443), IMP producing E. coli (NCTC 13476),
mcr-1 producing E. coli (NCTC 13846) and one
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Gram positive strain (MRSA, ATCC BAA-1720) were
provided from the bacteriology culture collection of
the our Laboratory of Microbiology. The identification
of the clinical isolates and antibiotic susceptibility
testing were applied via conventional technicals
and automated system (Vitek 2, bioMerieux, Marcy
Ia€™Etoile, France).

Plating method; All isolates were plated onto
blood agar (bioMerieux, Marcy |12€™Etoile, France)
and incubated in aerobic conditions at 37 °C for 24
hours, then suspended in distilled water. Bacteria
suspensions were adjusted to 0.5 McFarland
standard turbidity corresponding to approximately
1-2 x 10® colony forming units (CFUmI') via a
densitometer (DENSICHEK® PLUS, bioM erieux,
Marcy |a€™Etoile, France). Prepared decrimal serial
dilutions are transferred to sterile U tubes with a
final concentration equaling to 1x102 CFU ml' The
sample taken from each of the tubes was inoculated
onto blood agar and then the inoculum was spread on
each plate surface.

Ozone application

A commercially available ozone (O,) generating
system device (Hyper-Medozon Comfort; Herrmann
Apparatebau GmbH, Kleinwallstadt, Germany)
was used by the manufacturer’s protocol to obtain
medical ozone. The ozone dose and the gas flow
were checked simultanously recommended by the
Standards Committee of the International Ozone
Association (IOA). In order to secure reproducibility
of the findings, this study was performed in an
environment with checked temperature at 25 °C and
each experiment was performed in triplicate. The
agar-blood in Petri dishes, which is optimum material
under laboratory conditions, was used as the culture
medium in this study. The plates were divided into two
main groups-control (CG: not gas applied) and treated
(TG). The TG plates with opened covers were inserted
into the sterilized ozone-resistant plastic bags on flat
cardboard suface. After fixation and sealing of the
pastic bag with a special strap, the air is completely
removed from the bag and later the bag is filled with
the ozone gas mixture at 40 pg/ml concentrations and
three exposure times (10, 20, 40 min). The flow of
O3 was kept fixed at 1L/min in all tests. After ozone
application, the TG plates were removed with the CG
plates for incubation in aerobic conditions at 37 °C
for 24 hours. Then the bacterial colony count in each
plate was evaluated and the rate of remaning colonies
was statistically analyzed. Colony-forming units on
blood agar were counted. Also the colony number of
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the petri dishes which was not ozone gas applied was
used to calculate killing rate. Log,, bacterial reduction
factor (RF) and kill percentage (% kill) was calculated
by using an equation presented in ASTM E2315'.
RF=Log,, (control) - Log,, (treated) (where control is
the number of colonies recovered from the unexposed
and treated is the number of colonies recovered from
the exposed to O,) Killing rate (%) = (CFU of the
control — CFU of the test) /CFU of the control)
Statistical analysis

The frequencies, ratios, mean and standard
deviations of the bacteria in the groups in terms of
different variables are presented with descriptive
statistics. Whether the distributions of the research
variables encounter the normality assumption was
examined by using both skewness and kurtosis values
and histograms. The evaluation of results showed
that the research variables provide the normality
assumption. The Kruskal-Wallis H test and the Mann-
Whitney U test were used for intergroup comparisons.
The changes in continuous variables measured in
different time periods were tested with the Friedman
F Test and Wilcoxon. The significance level for all
analysis results was determined as p <0.05. In this
study, data analysis was performed using SPPS 25
(IBM Corp. Released 2017. IBM SPSS Statistics
for Windows, Version 25.0. Armonk, NY: IBM Corp.)
program.

RESULTS

All tested groups showed the reduction of bacterial
colonies and there was significant different between
ozone treated and control groups (p=0.000). It
was determined that there was significant different
between ozone treated groups (10 min p=0.000; 20
min p=0.000; 40 min p=0.000, exposure time) by
Kruskal Wallis test. Especially at the concentration
of 108 mL", the greatest decrease was detected in
the first 10 min. (Table 1). However, the same rate
of decrease was not observed in continued exposure
times at the concentration of 108 CFU mL-" The lowest
difference between the control and 10 min was at the
concentration of 10° cfu/mL. Besides, the difference
was greatest in the group with the 10° CFU mL"
concentration between 10 min. and 20 min. ozone
exposure. In addition, it was found that the bacterial
reduction at the 108 and 10" CFU mL" concentrations
were significantly higher than all other concentrations
between 20 min- 40 min ozone exposure (Table 1).

Similarly, the bacterial log,, reduction was
observed greater at high initial concentrations than
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Table 1. Evaluation of bacterial reduction (log, ;) according to exposure times and bacterial concentrations

Selcuk Med J 2022;38(4): 194-202

CONC n C-10 min 10 min. - 20 min. 20 min.- 40 min.
Mean SD Mean SD Mean SD
102 30 2.72 0.75 0.20 0.76 0.00 0.00
103 30 3.30 1.12 0.30 0.92 0.76 0.14
104 30 3.33 1.51 1.02 1.48 0.92 0.17
10° 30 217 1.42 2.25 1.61 0.85 0.16
108 30 2.74 1.24 1.73 1.67 1.58 0.29
107 30 3.07 0.83 1.19 1.66 1.77 0.32
108 30 3.26 0.11 0.74 0.90 2.09 0.38
Total 210 2.94 1.15 1.06 1.49 1.53 0.11
p <0.001 p <0.001 p =0.01

C: Control, CONC: Concentration, n: number, SD: Standard deviation

lower concentrations at the end of 40 min. For
instance, the avareage reduction was detected at
102 initial concentration approximately 2.75 log CFU
mL™" in within 40 min for MRSA isolates whereas it
was detected at 108 concentration nearly 3.18 log
CFU mL-1 in first 10min. and ~ 8.18 log CFU mL"
within 40 min. However, the killing rates of MRSA
were similar both high and low concentrations at the
level of nearly over> 99.9% in all exposure times.
Furthermore, the killing rate was detected higher
within 10 min. at greater bacterial concentrations
than lower concentrations in MDR-P. aeruginosa.
The average killing rate at 108 CFU mL-1 was 99.9%
whereas it was determined as 33.3% for this bacteria.
The mean log, , reduction of all bacteria with times of
exposure was illustrated in Figure 1a. Even though
the aveage bacterial reduction was over 5 log units in
which meant revealed the decent bactericidal activity,
the whole of bacteria could not inactivate in high
inoculum concentrations (Figure 1b.)

The greatest decrease was detected in methicillin-

resistant S. aureus (MRSA) between control and 10
min. ozone treated group (TG) (Table 2). The decrease
in MRSA was significantly higher than the decrease
in all other bacteria (the statistical significance
between OXA-48 K. pneumoniae p=0.001, VIM-
1 K. pneumoniae p=0.036, mcr-1 E.coli p=0.001,
KPC-K. pneumoniae p=0.000, NDM- K. pneumoniae
p=0.000, IMP E. coli p=0.001, CR-K. pneumoniae
p=0.000, MDR-P. aeruginosa p=0.000 except CR-A.
baumannii (p=0.110) after first 10min ozone exposure.
Nevertheless, the decrease in CR-A. baumannii was
significantly higher than only the reduction in KPC-K.
pneumoniae and MDR-P. aeruginosa. It was observed
that the decreases in KPC-K. pneumoniae between
10 and 20 min were significantly higher than the
decreases in MRSA, OXA-48 K. pneumoniae, VIM-1
K. pneumoniae, IMP E. coli and MDR-P. aeruginosa.
The reduction in CR-K. pneumoniae was significantly
higher than the decrease in VIM-1 K. pneumoniae.

In the measurement of the 10 min. ozone treatment,
KPC-K. pneumoniae (p= 0.038) and MDR-P.

Table 2. Comparison of logarithmic bacterial reduction according to bacterial species depending on exposure time to

ozone gas
Type of Bacteria n C-10 min. 10 min.- 20 min. 20 min. — 40 min.
Mean SD Mean SD Mean SD
MRSA 21 4.27 1.34 0.65 1.59 0.46 1.45
OXA-48 K.pneumoniae 21 2.92 1.08 0.91 1.47 1.56  2.07
VIM-1 K.pneumoniae 21 3.25 1.03 0.00 0.00 0.75 1.40
mcr-1 E.coli 21 294 0.95 1.17 1.53 1.1 1.83
KPC-K.pneumoniae 21 2.36 0.93 2.35 1.81 0.03 0.15
NDM-K.pneumoniae 21 2.73 0.90 1.06 1.33 1.59 1.90
IMP-E.coli 21 296 0.92 0.74 1.17 0.23 0.39
CR-K.pneumoniae 21 2.67 0.99 1.99 1.53 0.57 1.43
CR-A.baumannii 21 3.37 0.79 1.1 1.40 0.86 1.59
MDR-P.aeruginosa 21 1.94 0.99 0.64 1.03 0.95 1.39
Total 210 2.94 1.15 1.06 1.49 0.81 1.53
p 210 p< 0.001 p< 0.001 p= 0.008

C: Control, CONC: Concentration, n: number, SD: Standard deviation
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Figure 1a
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bacterial cell counts in the culture medium was give
in Figure1a. belonging to each different bacteria.
Colony-forming units: CFU

aeruginosa (p=0.004) were found to be more resistant
than MRSA. VIM-1 K. pneumoniae was also obtained
to be more resistant than MRSA (p= 0.010), OXA-
48 K. pneumoniae (p= 0.010), NDM- K. pneumoniae
(p= 0.010) and CR-A. baumannii (p= 0.010). It was
determined that some bacterial species did not show
time-dependent killing continuity. For example, 3.24
log,, bacterial reduction was observed in the first 10
min of ozone exposure in VIM-1 K. pneumoniae, while
no difference was observed between 10 min and
20 min. Additionally, approximately 1 log,, bacterial
reduction was also appointed at the end of the 40 min
(Table 3).
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Figure 1b
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Figure1b. Each experiment was repeated 3 times.
The Mean t SD log,, reduction in bacterial cell
counts in the culture medium. The average log,,
bacterial reduction at the different concentrations
102-108 CFU mL"' with gaseous ozone of 40 pg/
ml for 10, 20 and 40 minutes exposure. Colony-
forming units: CFU

Gaseous ozone was showed bactericidal effect
(>=3log,, bacterial reduction) on MRSA, VIM-1 K.
pneumoniae and CR-A. baumanniiin 10 min exposure
time and the bacterial decresases were detected as
4.27 log,, CFU mL", 3.24 log,, CFU mL"and 3.37
log,, CFU mL", respectively. The least bacterial
decrease (1.93 log,,) in 10 min ozone exposure was
observed in MDR-P. aeruginosa. At the 20 min ozone
exposure, the bactericidal activity was detected on
all tested bacteria except MDR-P. aeruginosa (2.57

Table 3. Determination of logarithmic bacterial inactivation at the different time exposure to ozone for each bacteria

Type of Bacteria n Control 10 min. 20 min. 40 min.
Mean SD Mean SD Mean SD Mean SD

MRSA 21 5.38 1.82 1.1 2.05 0.46 1.45 0.00 0.00
OXA-48 K.pneumoniae 21 5.39 1.79 247 2.25 1.56  2.07 0.00 0.00
VIM-1 K.pneumoniae 21 5.36 1.81 212 229 212 2.29 1.37 2.01
mcr-1 E.coli 21 5.42 1.76 2.48 2.06 1.30 1.91 0.19 0.87
KPC- K.pneumoniae 21 5.46 1.74 3.10 1.86 0.75 1.58 0.71 1.52
NDM K.pneumoniae 21 5.38 1.81 2.65 2.00 1.59 1.90 0.00 0.00
IMP-E.coli 21 5.34 1.78 2.38 2.00 1.65 1.98 1.42 1.70
CR-K.pneumoniae 21 5.42 1.756 2.75 1.72 0.76 1.61 0.19 0.87
CR-A.baumannii 21 5.34 1.83 1.97 2.00 0.86 1.59 0.00 0.00
MDR-P.aeruginosa 21 5.44 1.75 3.50 1.12  2.87 1.57 1.91 1.92
Toplam 210 5.39 1.756 245 2.01 1.39 1.91 0.58 1.36
p 210 p=1.000 p=0.017 p =0.001 p <0.001

CONC: Concentration, n: number, SD: Standard deviation
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log,, CFU mL" bacterial reduction). Finally, it was
determined that the 40 min ozone exposure showed
bactericidal effect on all tested isolates including
MDR-P. aeruginosa.

DISCUSSION

As more antibiotics are losing their activity to MDR
microorganisms, the major corcern should be altered
to alternative therapies. It is essential to enhance
reseach into new and natural strategies to deal with
infectious disease. As well as it should be aimed at
decreasing the expand and transmission ratio for
these pathogens, via contact either between people
or between people and settings /surfaces/medical
equipments by new research in this pandemic world
(16,17). The bactericidal impact of gaseous ozone is
well recognized so far (10). Meanwhile, there is a lack
of studies aiming the effectiveness of ozone against
MDR pathogens, particularly carbapenemase-
producing bacteria. In this assay, the antimicrobial
activity of gaseous ozone against ten multi-drug
resistant bacteria was investigated. The gaseous
ozone showed its efficacy on MDR Gram negative
and positive bacteria under the following conditions
applied: 40 pg/ml at 10 min, 20 min and 40 min. The
results demostrated that ozone was effective against
all tested bacteria. Nevertheless, the optimal effect
was observed with a dose of 40 pg/ml and within 20
min except MDR-P. aeuginosa.

Ozone is a potent biocidal agent, capable of
inactivating several pathogens including Gram (-) and
Gram (+) bacteria, fungi or viral capsids. The Ozone
(O3) can be applied as a bactericidal agent in the
forms of ozonized water or oil, ozone associated with
other substances and more principally the gaseous
O,/O, gas mixture. The inactivation or reduction of
microorganisms depends on ozone concentration,
type of pathogens, initial bacterial load and time of
exposure (18).

It is immensely significant to underline that the
greater activity detected of the action of gaseous
ozone in higher concentrations of bacterial inoculum
in the presented study. This situation can be clarified
that the greater is the inoculum, the higher is the
colony forming unit in the control plates. Therefore,
Log,, is greater at higher inoculum concentrations of
microorganisms and is minor at lower concentrations.
For this reason, it is required to interpret the results
of Log,, and killing ratio together, pointing that
the reduction was mostly 100%, regardless of the
inoculum used (16).
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Although the sensitivity of bacteria to ozone gas at
the same concentration varies, it has been determined
that meticilin resistant S. aureus, which is a Gram-
positive bacterium, is more sensitive than Gram-
negative bacteria, and the inactivation is provided
faster and at a higher rate in this study. These findings
are similar to those determined by Giuliani et al. (19)
and Hirai (20) who, in their studies on the effect of
ozonized water on various types of bacteria, described
that the effect of the ozone applications was greater
in the action on Gram-positive bacteria. Komanapalli
et al. (21) notified that O, affects proteins easier and
faster than lipids. Therefore, Gram positive bacteria
may be more likely sensitive to ozone. The MRSA
was inactivated at the level of >99% within 10 min in
this study. On the contrary, Azuma et al. (22) reported
that the MRSA was inactivated gradually: 36% after.1
min, 79% after 5 min, and 83% after 10 min. contact
to ozone.

The mean colony counts for each exposure time
of gaseous ozone were figured out and transformed
to Log,,. The logarithmic inactivation of MDR-F.
aeruginosa was lower than the results detected
for other Gram negative bacteria at the all tested
exposure time.

The bactericidal activity was generally observed
within 20min. on tested isolates. However, the
MDR-P. aeruginosa showed a relatively lower
response to ozone and it was observed that the
bacterial reductions within 10 min., 20min., 40min. as
1.93 Log,, CFUmL", 2.57 Log,, CFU mL"", 3.53 Log,,
CFUmL™", respectively. So, it was required more than
20min. exposure to ozone for the bactericidal effect.
Although the bactericidal efficiency was reached to
relatively adequate level, an average ~1.91 log CFU
mL"' MDR-P. aeruginosa population could survived
after the 40 min. ozone application. These results
suggested different mechanisms of pathogens to
deal with the bactericidal effects of gaseous ozone.
A previous assay indicated a selection of a robust
bacterial population through ozonation, which is
defined by a high guanine-cytosine (GC) content of
their genomes (23). The weaker results obtained
for MDR-P. aeruginosa in the current study may
be related to high GC-contents >60% belonging
to this species (24). Similiar to this work, Andreani
et al. reported that S. aureus, E. faecalis E. coli, S.
mutans and S. typhi were highly sensitive to ozone
at a concentration of 1x10? CFU mL", presenting a
decrease of viable cells varing from 45 to 80 % within
30 min of exposure to ozone. On the other hand, P.
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aeruginosa was inactivated in the same conditions by
only 25 % of the initial bacterial load (25).

The potential of our results is interesting. It was
investigated whether the antibacterial activity of
ozone was affected by the types of resistance genes
carried by the bacteria. It was determined minimal
difference in the time dependent inactivation among
the three different type of carbapenemase producing
(blaOXA-48, blaKPC or blaNDM") K. pneumoniae
isolates. No distinct differences were noted at the
first 10min for these bacteria. However, the net log
reduction of KPC-K. pneumoniae was significatly
higher OXA-48 K. pneumoniae within 10 min-20
min. In addition that the bacterial decrease of OXA-
48 K. pneumoniae was significantly higher than both
of them within 20min-40min. Nevetheless, all of the
three isolates were in activated at the level of >90%
and the bactericidal effectiveness was detected within
20 min. A consistently a longer exposition time might
conceivably end in a higher inactivation ratio (26).
However, some bacterial species could not represent
time-dependent inactivation contionusly (27). Taking
the results of VIM-1 K. pneumoniae strains, no
distinct differences were noted between the effects of
exposure to gaseous ozone for 10 vs. 20 min.

No significant differences occured between IMP-
1 producing E. coli and mcr-1 carring E. coli the
effects of exposure to gaseous ozone; the average
log reduction within 10 min was 2.93 and 2.96 log
units, respectively. Meanwhile, the bactericidal
activity was observed within 20 min both of them.
The carbapenemase-producing A.  baumannii
isolates were also found considerably sensitive to
ozone, reduction rates greater than 4 log units were
revealed at first 20 min. Similiarly, Mark et al (28)
reported that ozone could be a promising agent to
perform disinfection of surfaces contaminated with
carbapenemase producing A. baumannii under
room conditions. Inactivation rates higher than 5
log units were observed on all stainless steel and
ceramic carriers after ozon contact (80 ppm ozone;
60 min.). Song et al. (29) investigated the clinical
safety and efficacy of topical ozone in two patients
with MRSA skin infection. These authors reported
that almost 100% MRSA and 100% S. aureus a were
inactivated by ozonated water in 1 min. Yasheng et
al. (30) perfomed a combination of ozonated water
and conventional treatment on eighteen patients
with chronic osteomyelitis and gained good clinical
outcomes. In a study of Oh et al. (31) the ozone
could decrease antibionicrobial resistant bacteria
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and their resistance genes by more than 90% even
at 3 mg/L ozone concentration. In another study,
All of carbapenem resistant Enterobacteriaceae,
MRSA, vancomycin-resistant Enterococcus spp.,
MDR Acinetobacter spp. and MDR P.aeruginosa
were inactivated at the level of >90% only within 10
min. Interestingly, antimicrobial sensitive bacteria
(AMSB) represented similar patterns to ozonation
in the same study (21). On the contrary, in a study
of Liddeke showed that antibiotic resistant E. coli
and staphylococci virtually survived ozone exposure
better than AMSB (32).

Overall, the bactericidal effects of ozone strongly
depend on the bacterial species. Some facultative
bacteria are capable of different levels of resistance
to ozone oxidative stress to survive. Therefore, the
factors affecting the sensitivity to ozone should be
clarified by futher deep studies.

In general, the diversity of the available literature
data, in addition to the various methodological
strategies performed in the different assays,
complicate the exact assesment of the efficiency of
the ozone implementations. This study includes the
following limitations: during the experiment ozone
dose was stable, so we could not evaluate the ozone
dose dependent efffect. The nature of the study, it is
not clear evident how well our results may convert into
clinical practice in which parameters such as variable
blood flow, necrotic tissue, and great bacterial loads
may play a significant role, especially in the soft tissue
infections.

CONCLUSIONS

Given the results exposed, gaseous ozone showed
adequate bactericidal activity on MDR bacteria and
its effect increased dependently exposure time. The
results of these studies clearly underline the necessity
of properly optimizing the ozone practices (e.g.
specific ozone dose, exposure time) considering both
the bacterial species and related antibiotic resistance
profiles, as well as physico-chemical properties, safety
corcern to combat infections with multi-drug resistant
bacteria. Bearing in mind the necessity for novel
approaches for the control of microbial infections, the
optimization of ozone treatment should be taken high
priority and more further in vivo studies are needed to
provide in depth understanding of the ozone effect on
the inactivation of antibiotic resistant bacteria in the
current pandemic world.
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Amag: Corona Virlis 2019 Hastaligi (COVID-19)'nda su ana kadar spesifik antiviral ajan olmamasina
ragmen tedavi igin konvelesan plazma (CP) tedavisi tedavi igin kullaniimistir. Ancak CP tedavisinin
prognoz ve mortalite Gzerindeki etkinligi halen tartisma konusudur. Bu ¢alismada COVID-19 hastaliginda
CP tedavisinin etkinligine iliskin deneyimlerimizin paylasmasi amaglandi.

Hastalar ve Yontem: Calisma Mayis 2020-Subat 2021 tarihleri arasinda standart tedaviye ek olarak
CP tedavisi alan 126 COVID-19 tanili hastada gergeklestirildi. 126 hasta ilk bes gin iginde (Grup A) ve
bes giinden sonra (Grup B) CP uygulananlar olarak iki gruba ayrildi. Bu iki gruptaki hastalar laboratuvar
parametreleri, klinik bulgular ve mortalite agisindan degerlendirildi.

Bulgular: Toplam 126 hasta Grup A'da 86 hasta ve Grup B'de 40 hasta) tespit edildi. 119 (%94.4) hasta sifa
ile taburcu olurken 7 (%5,5) hasta kaybedildi. Ortalama hastane yatis stresi Grup A'da 11.4+0.7, Grup B'de
18.4+£1.7 gun olarak bulundu (p<0,001). Lenfosit, PLT, fibrinojen ve CRP’nin tedaviye bagl ana degisim

"Necmettin Erbakan Univesity, Meram etkisi istatistiksel olarak anlamliydi (p<0.001). Ancak, iki grup D-dimer agisindan karsilastirildiginda
Faculty of Medicine, Department of Chest sonuglar marjinal olarak anlamhydi. Basit etki dederlendirildiginde; Grup A’daki degisim anlamli degilken,
Diseases, Konya, Turkey Grup B’deki degisim anlamliydi. CP tedavisine 5 giin énce veya 5 giin sonra baslanmasi laboratuvar
2Necmettin Erbakan University, Meram parametrelerini degistirmedi. Ancak, D-dimer’daki dedisim marjinal olarak anlamliydi (p=0.058).
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3SKaramanoglu Mehmetbey University,

Medicine Faculty, Department of Medical Anahtar Kelimeler: Konvelesen plazma, COVID-19, SARS-CoV-2

Biology, Karaman, Turkey

‘Karamanoglu Mehmetbey University,
Medicine Faculty, Department of Physiology, Abstract
Karaman, Turkey

Aim: Convalescent plasma (CP) therapy has been used for treatment, although it has not been Corona
Virus 2019 Disease (COVID-19) specific antiviral agent so far. However, the effectiveness of CP treatment
Address correspondence to: Mehmet Ali on prognosis and mortality is still a matter of debate. In this study, we aimed to share our experiences
Karaselek, Necmettin Erbakan Univesity, about the effectiveness of CP treatment in COVID-19.
Meram Faculty of Medicine, Department of Patients and Methods: The study was conducted in 126 patients diagnosed with COVID-19 who received
Internal Medicine, Konya, Turkey CP treatment in addition to standard treatment between May 2020 and February 2021. 126 patients were
e-mail: malikaraselek@gmail.com divided into two groups as those who underwent SP within the first five days (Group A) and after five days
(Group B). The patients in these two groups were evaluated in terms of laboratory parameters, clinical
and mortality.
Gelis Tarihi/Received: 23 November 2021 Results: A total of 126 patients were identified (86 patients in Group A and 40 patients in Group B). 119
Kabul Tarihi/Accepted: 28 November 2022 (94.4%) patients were discharged with recovery, 7 (5.5%) patients died. The mean days of hospitalization
were found to be 11.4+0.7 in Group A and 18.4+1.7 in Group B (p<0.001). Treatment-related lymphocyte,
PLT, fibrinogen and CRP main effect of change was significant (p<0.001). However, the results were
marginally significant when the two groups were compared in terms of D-dimer. When the simple effect is
evaluated; Group A as not significant, while group B was significant. Starting CP treatment 5 days before
or 5 days later did not change the laboratory parameters. However, D-dimer was marginally significant
(p=0.058).
Conclusion: In our study, it was shown that early initiation of CP treatment reduced the hospitalization,
but had no effect on mortality and laboratory parameters.
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INTRODUCTION

Corona Virus 2019 Disease (COVID-19), caused
by a new type of beta coronavirus called SARS-CoV-2
in Wuhan, China, emerged as a new pandemic at the
end of 2019 (1). More than 185 million people have
been infected worldwide, and more than 4 million
people have died due to this pandemic since then (2).
The clinical signs and symptoms of the disease are
very variable. Although it is mild in general, it is severe
in approximately 14% of cases (dyspnea, hypoxia,
severe lung involvement on imaging). Mortality rate is
3-4% (3, 4).

The treatments applied for COVID-19 disease
does not have a specific treatment, these treatments
are generally supportive treatments. Although
different agents (favipiravir, azithromycin, anakinra,
tocilizumab, remdesivir, lopinavir/ritonavir, high-dose
steroid) are used in the treatment of COVID-19,
their efficacy is not satisfactory (5, 6). Therefore,
new treatment strategies are needed to alleviate
symptoms and reduce mortality. Previous experience
with SARS shows that convalescent plasma (CP)
therapy elicits a directed neutralizing antibody
response against the viral S protein. In addition, these
antibodies prevent the entry of SARS-CoV-ACE2 (7).
A retrospective study comparing the clinical results of
high-dose steroid therapy and CP therapy in SARS
patients showed that patients in the CP group had
shorter hospitalization and lower mortality (8). Studies
demonstrate that CP therapy is a safe method that
improves passive immunity in COVID-19 patients
(5, 6, 9-11). Despite the positive results of the use
of CP in COVID-19 disease, the recently published
randomized study shows that it does not have a
significant effect on hospitalization and mortality
(12). Therefore, the efficacy and safety of treatment,
optimum volume, number of transfusions, the interval
between transfusions, optimum neutralizing antibody
titer should be determined (13, 14).

From this point of view, the changes in the
clinical and laboratory parameters of the patients
who received CP treatment at different times of the
disease were evaluated retrospectively.

PATIENTS AND METHODS

The study was carried out with the ethics
committee's approval (2021/133), by the Declaration
of Helsinki, between May 2020 and February 2021.
One hundred twenty-six patients who received
standard therapy plus CP treatment were included in
the study. The patients were divided into two groups
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as Group A and Group B. Group A, refers to the
patients who started CP treatment within the first five
days, and Group B, refers to the patients who started
CP treatment after five days. The patients in these
two groups were compared in terms of clinical and
laboratory parameters and mortality.
Inclusion and Exclusion Criteria

Itwas applied to patients diagnosed with COVID-19
by RT-PCR method and did not have IgA deficiency in
line with the CP usage criteria of the Turkish Ministry
of Health Between May 2020 and February 2021 (15).
Patients who were treated with CP in the first five days
and patients who were treated with CP for more than
five days were included in the study. A study file was
created and demographic data of the patients (age,
gender, comorbidity), laboratory results obtained at
the time of admission (Lymphocyte, platelets (PLT),
neutrophil, neutrophil/lymphocyte ratio, D-dimer,
fibrinogen, ferritin, C-reactive protein (CRP), lactate
dehydrogenase (LDH), hospitalization and survival
were recorded. Patients who were diagnosed with
COVID-19 and were not treated with CP were not
included in the study.
Donor Selection and Plasmapheresis

CP donor selection was selected according to the
CP guidelines of the Turkish Ministry of Health (16).
Plasma was collected by the plasmapheresis for two
doses of 200 ml from each donor. If CP was to be used
immediately, irradiation was performed. The plasma
that would not be used on the same day was stored
at -25°C. The second CP treatment was performed at
least 24 hours after the first CP application.
Statistical Analysis

The conformity of the data to the normal
distribution was checked with the Shapiro-Wilk's test.
Non-parametric tests were used for data that were
not normally distributed. For descriptive statistics, it
was expressed as Mean + SEM (Standart error of
mean) for continuous variables and as number (%)
for categorical variables. Age and hospitalization
parameters were compared between groups by
independent t-test. A two-way repeated measure
analysis of variance (ANOVA) was performed to test
for the main effects corresponding to groups (Group
A, Group B) and time (Before-After), as well as the
interaction between the two (Groups and time: to see
the effect of CP treatment on the Before-After change).
In addition, a simple effect test was performed for each
group. Total survival analyzes were evaluated using
the Kaplan-Meier method. For comparison of survival
curves between groups, log-rank test was used and
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presented with 95% confidence intervals. All tests
were applied in two tailed and p<0.05 was considered
statistically significant. Analyzes was carried out with
Jamovi ver. 1.2.27 software.

RESULTS

The male/female ratio of 126 patients was
determined as 77/49. The mean time of CP treatment
was 3.61+0.28 days from the hospitalization. One unit
of CP was performed in 19 patients, two units in 107
patients, and three units in 5 patients. No comorbidity
was found in 50 (39.68%) patients, while 76 (60.3%)
patients had at least one comorbidity. The average
hospitalization of the patients was 13.62+0.76 days.
No complications were observed during and after CP
treatment. Sixteen (12.7%) patients were taken to the
intensive care unit, and 7 (5.5%) of these patients
were intubated. One hundred-nineteen (94.4%)
patients were discharged with recovery, 7 (5.5%)
patients died (Table 1).

The patients were divided into two groups: those
who received CP treatment within the first five
days (Group A; n: 86) and those who received CP
treatment after five days (Group B; n: 40). While the
time of CP treatment was 1.87+0.14 days in Group A,
it was 7.35+0.44 days in Group B. Treatment-related
lymphocyte [F (1,124) =4.306, p=0.040, n2=0.034],
PLT [F (1,124) =110.404, p<0.001, n2=0.471],

Table 1. Demographic and clinical characteristics of the
all patients (CP: Convalescent plasma)

Parameters COViD-19 patients (n:126)
Gender

Male 77 (61.1%)

Female 49 (38.9%)

Age (years) 63.75 + 1.26
Comorbidity (n:76)
Diabetes mellitus

Hypertension

21 (27.6%)
29 (38.15%)

Cadiovascular diseases 7 (9.2%)
Respiratory disease 12 (15.7%)
Chronic renal diasease 6 (7.8%)
Chronic liver diasease 1(1.3%)
Malignancy 10 (13.15%)
Hospitalization (Day) 13.62 £ 0.76
CP application time (Day) 3.61 +0.28

Intensive care unit need
Number of CP applied
1 unit 19
2 unit 102
3 unit 5

16 (12.7%)
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Figure 1. Changes in hematological and biochemical

parameters between groups (A-solid line and
B-dash line) and time (Pre-Post).
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fibrinogen [F (1,124) =19.189, p<0,001, n2=0.134]
and CRP [F (1,124) =34.649, p<0.001, n2=0.134]
main effect of change (before and after CP treatment)
was significant. In contrast, the main effect of D-dimer
and group interaction was marginally significant
[F (1,124) =0.107, p=0.058, n2=0.029]. When the
simple effect is evaluated; Group A [F (1,85) =0.602,
p=0.440, n2 =0.007] as not significant, while group B
[F (1,39)=4.186, p=0.048, n2 =0.097] was significant.
The mean of neutrophil [F (1, 124) =5.619, p=0.019,
n2 =0.043] and PLT [F (1, 124) =4.791, p=0.030, n2
=0.037] were significant between groups. In addition,
the neutrophil/lymphocyte ratio [F (1, 124) =3.096,
p=0.081, n2 =0.043] was marginally significant
between groups (Table 2) (Figure 1).

Mean age was 62.15+1.6 years in Group A, while
it was 67.2+1.9 years in Group B, and it was not
statistically significant (p=0.061). Hospitalization was
found to be 11.40+0.7 days in Group A and 18.4+1.7
days in Group B, and it was statistically significant
(p<0.001) (Table 2). Patients who needed intensive
care and died were patients in Group B.

While the median age of the patients who needed
intensive care was 70.1912.41, the median age of
the patients who did not need intensive care was
62.8211.38 and statistically marginal significant
(p=0.050).

While the median age of the patients with
comorbidity was 68.37+1.35, the median age of the
patients without any comorbidity was 56.74+2.05
(p<0.001). Hospitalization was found to be 15.58+1.11
days in patients with comorbidity and 10.64+0.77 days
in the other group, and it was statistically significant
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Table 2. Evaluation of the characteristics of patients in Group Aand Group B. According to repeated measurement analysis;
1: Within-subjects effects p<0.05; 1: interaction effect p<0.05; {[: between-subjects effects p<0.05 and other parameters:
p>0.05. Age (p>0.061) and hospitalizasyon (p<0.001). (PLT: Platelets; CRP: C-reactive protein; LDH: lactate dehydrogenase)

Parameters Group A (n=86) Group B (n=40)

Before After Before After

Mean £ SEM Mean £ SEM Mean £ SEM Mean £ SEM
Lymphocyte (10%/ulL) t 1.13x0.07 1.19+0.06 1.01+£0.08 1.33+0.21
Neutrophil (10%/uL) q 4.75%£0.25 5.86+0.29 7.87+2.13 6.57+0.46
Neutrophil/ Lymphocyte [J 5.89+0.6 6.86+0.65 12.594+5.6 7.6+0.94
PLT (10% /uL) 11 210.1£8.3 305.4+11.8 258.8+22.3 348.3+27.4
Fibrinogen (mg/dL) T 502.8+13.9 443.1£13.8 508.7+£20.9 435.2+18.2
D-dimer (ng/mL) t 693.2+224 .1 582.4+£103.7 526.2+108.9 873.8+246.7
CRP (mg/L) T 82.4+6.4 40.9+ 4.1 91.4+9.9 52.94+7.12
Procalcitonin (ug/L) 0.231£0.04 0.24+0.05 0.3x0.05 0.2+0.02
LDH (U/L) 336.6+x13.4 321.8£9.6 360.7+£22.9 355.4+27.6
Ferritin (ug/L) 612.4+£59.0 631.7+£53.8 616.4£103.6 674.3t115.5
Age (years) 62.15+1.6 67.20+£1.9
Hospitalization (Day) 11.40+0.7 18.40+1.7

(p=0.001).

All patients (n=122) had a mean of 27.8+0.92
(95% CIl 25.9-29.6) days in the 30-day total survival
analysis, and there was no difference between groups
A and B when comparing the survival curves of
those with CP. Median values of survival analysis by
subgroups: Grup A (n=4) Survival: 26 + 2.29 (95% CI
21.51-30.48); Grup B (n=2) Survival: 25 +1.63 (95%
Cl 21.79-28.20); Overall: 26 + 1.54 (95% CI 22.96-
29.03) Chi-Square/ P: 0.021/0.886) (Table 3).

DISCUSSION

CP treatment came to the fore with the therapy to
5 severe COVID-19 patients who were resistant to
steroid and antiviral treatment by Shen et al (17). It
was started to reduce the mortality rate and the need
for intensive care by collecting the plasma with anti-
SARS COV-2 antibody from individuals diagnosed
with COVID-19 and recovered by the plasmapheresis
method. On the other hand, studies have started to
be published showing that CP treatment in COVID-19
disease is beneficial in non-randomized studies and
that it is not beneficial on the course of the disease in

randomized studies (12). From this point of view, the
effect of CP treatment on the clinical and laboratory
findings of the patients was evaluated in this study.

Our study showed that initiation of CP treatment in
the early period shortened the hospitalization but
had no effect on survival. Liu et al. in a retrospective
study of 39 patients, it was shown that the survival
rate increased (18). In a randomized controlled study
investigating clinical improvement up to 28 days after
CP treatment, it was shown that 52% of patients
who received CP treatment and 43.1% of the control
group recovered, and no significant difference was
observed in 28-day mortality (18, 19). In a randomized
controlled trial of 464 COVID-19 patients conducted
in India, 235 patients received CP therapy plus
standard therapy, and 229 patients received standard
therapy. It has been shown that CP treatment is not
associated with disease severity and mortality rate
(20). In a similar study of 241 patients, it was found
that CP treatment did not significantly affect hospital
stay and mortality (21). In the study of Cizmecioglu
et al., which included 50 COVID-19 patients, it was
shown that CP treatment performed in the first five

Table 3. Analysis of overall survival and comparison of survival times between groups.

Median
Groups 95% Confidence interval Log rank
Estimate Std. error Lower bound Upper bound Chi-Square / P value
Group A (n=4) 26.00 2.29 21.51 30.48
Group B (n=2) 25.00 1.63 21.79 28.20 0.021/0.886
Overall 26.00 1.54 22.96 29.03
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decreased the hospitalization (22). In a recently
published randomized trial involving 228 patients with
severe COVID-19 pneumonia, it was shown that the
use of CP compared to placebo in patients did not
provide significant clinical benefit, did not affect 30-
day mortality, and had no effect on other clinical and
laboratory parameters (12). Some studies have shown
that CP transfusion within the first 14 days results in
good clinical results. A similar study determined that
CP treatment in the first three days positively affected
mortality (19, 23). Although definitive results regarding
the effectiveness of CP have not been obtained in the
literature, it has been shown in our study that it has no
effect on mortality, but early application reduces the
length of hospital stay.

The effect of the initiation time of CP therapy applied
to COVID-19 patients on laboratory parameters
had no effect in general. In other words, starting
CP treatment 5 days before or 5 days later did not
change the laboratory parameters. However, D-dimer
was marginally significant. While D-dimer was 693.22
ng/mL before CP in Group A, it was 526.22 ng/mL in
Group B. After-CP was found to be 582.45 ng/mL in
Group A and 873.8 ng/mL in Group B. When these
data were evaluated, it was thought that CP treatment
had a negative effect on D-dimer if the onset time was
above 5 days.

Studies on CP transfusion dose are planned with
one unit (200 mL) for prophylaxis and one to two
units for treatment. Although the duration of activity
of antibodies is unknown, it is estimated to last from
weeks to several months (24). In our study, one CP
was applied to 19 patients, two CP to 102 patients,
and three CP to 5 patients. Second unit CP therapy
was required in the vast majority of patients. When
126 patients were evaluated, it was concluded that 1
unit of CP treatment was insufficient.

In the study, when the patients in need of intensive
care were compared with the other patients, it was
determined that the patients in need of intensive care
were older and were found to be compatible with the
literature. COVID-19 patients with co-morbidity have
been shown to have a poor prognosis (25). Sixty
percent of the patients in our study had at least one
other disease, and seven patients who died were
patients with the other disease. In addition, patients
with comorbidities had longer hospitalization. In the
group with additional disease, D-Dimer elevation
and lymphopenia did not improve after CP. D-Dimer
elevation and lymphopenia are associated with poor
prognosis in COVID-19. It seems consistent with the
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literature that CP treatment did not affect laboratory
parameters in the group with co-morbidity, except for
the length of hospital stay (26).

The risks of CP treatment are similar to those
of standard plasma. Risk of infection with another
infectious disease agent (viral transmission or
bacterial contamination), immunological reactions,
non-hemolytic transfusion reactions (chills, fever,
urticaria), transfusion-related overload (27). Our
study shows that CP is a safe method without any
complications during and after CP transfusion.

Our study has some limitations. Initially,
other antiviral agents and steroid treatments
were administered to the patients during their
hospitalization. Secondly; The study was carried out
retrospectively, and the antibody titer ratios of the CP
used could not be studied for technical reasons. As
a third, patients who did not receive CP treatment as
a control group could not be included, so they were
compared in terms of transfusion time and needed for
intensive care.

As a result; the effectiveness of CP treatment,
as in our study and other studies, is still the subject
of study. Our study showed that although early CP
treatment reduced the hospitalization, it did not affect
survival. Although CP treatment seems effective in
non-randomized studies, randomized studies show
that CP use is ineffective. Therefore, we believe that
randomized controlled studies are needed.
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Amag: Bu calismanin amaci, yizin alti farkli bélgesinin epidermis, dermis ve toplam deri kalinliklarinin
belirlenerek cilt kalinligi haritasi olusturmaktir.

Hastalar ve Yontem: Yaslari 30-80 arasinda degisen 90 kadin ve 90 erkek hastanin yliz derisi, sagl deri,
alin, yanak, kulak, burun ve dudak bélgelerinden 9-10 mm saglikli doku iceren érnekler retrospektif olarak
calismaya dahil edildi. Ornekler incelendi ve 1sik mikroskobu altinda mikrometre ile epidermis ve dermis
kalinhklary élgulda.

Bulgular: Calismaya alinan 90 kadin katilimcinin 6 ylUz bdlgesinin epidermis kalinliklari 65,91+14,44
um ile 120,91 44,74 um, dermis kalinliklari 1150+217,43 pm ile 1498,33+388,56 um ve toplam deri
kalinliklari 1234,83+ 217,6 pm ve 1599,33+492,2 ym idi. Calismaya alinan 90 erkek katilimcinin 6 yliz
bdélgesinin epidermis kalinliklari 79,08+13,88 pm ile 122,75+32,5 ym, dermis kalinliklari 1106,66+389,82
um ile 1942,5+464,06 ym ve toplam deri kalinliklari 1756+503,75 ym ve 2022,5+460,24 uym arasinda
bulundu.

Sonug: Kadin hastalarda en ince epidermis sagli deriden, erkek hastalarda ise en ince epidermis
yanaktan 6l¢lldi. En kalin epidermis kadin ve erkek hastalarda lst dudak Gstl bélgedeydi. Ancak dermis
kalinhiginin en ince ve kalin oldugu bdlgeler cinsiyete gore farklilik gésterdi. Daha ileri ¢calismalarda,
daha ¢ok merkezli, cok irkli materyaller kullanilarak yizin daha fazla alt birime bélinmesiyle yliz derisi
kalinhiginin tam bir haritasi elde edilebilir.

Anahtar Kelimeler: Yiz derisi, deri, kalinlik, epidermis, dermis, histometrik

Abstract

Aim: The aim of this study was to map the skin thickness by determining the epidermis, dermis and total
skin thickness of six different regions of the face.

Patients and Methods: Samples containing 9-10 mm of healthy tissue from the facial skin, scalp,
forehead, cheek, ear, nose and lip regions of 90 female and 90 male patients aged between 30 and 80
years were retrospectively included in the study, and epidermis and dermis thicknesses examined with a
micrometer under a light microscope.

Results: Epidermis thicknesses of 6 facial regions of 90 female participants included in the study were
between 65.91+14.44 ym and 120.91+44.74 ym, dermis thicknesses were between 1150+217.43 ym and
1498.334388.56 pm, and total skin thicknesses were between 1234.83+217.6 ym and 1599.33+492.2
um. Epidermis thicknesses of 6 facial regions of 90 male participants included in the study were between
79.08+13.88 pm and 122.75+32.5 pm, dermis thicknesses were between 1106.66+389.82 ym and
1942.5+464.06 upm, and total skin thicknesses were between 1756+503.75 ym and 2022.5+460.24 uym.
Conclusion: In the female patients, the thinnest epidermis was measured on the scalp and the thinnest
epidermis in the male patients was measured on the cheek. The thickest epidermis was on the upper lip
in the male and female patients. However, the regions with the thinnest and thickest dermis thicknesses
differed according to gender. In further studies, a full map of facial skin thickness can be obtained by
dividing the face into more subunits using more multicentre, multiethnic materials.

Key words: Facial skin, skin, thickness, epidermis, dermis, histometric
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INTRODUCTION

The skin is one of the largest organs of the
body with its many components and layers (1). It is
frequently affected by external factors and surgical
interventions. Thousands of studies are carried out
in a wide variety of fields related to human skin. It
is essential for these studies to know the vascular
networks, other components and layers of the skin as
well as its histological structure as a whole. In general,
the histological structure of the skin has been known
for many years, but another known fact is that the
size and density of these components and layers are
variable according to body regions (2).

Knowing the mean values of the epidermis and
dermis thicknesses in different body parts of the skin
is important for many applications to the skin, from
laser to peeling, and from vaccination to intradermal
injections. For this reason, measurement results
with various techniques have been reported in many
different studies in the literature (1-5).

Although biopsy is the gold standard for
determining skin thickness, it is ethically inconvenient
to take a biopsy from a healthy person (4). Although
imaging techniques such as ultrasound and magnetic
resonance (MR) can also provide data, they cannot
provide precise objective results as in microscopic
examination (2). Although skin thickness can be
measured microscopically in studies performed on
fresh cadavers, measurement of skin thickness from
surgical materials taken from living people stands out
as a method that can be standardized and conformed
to ethical rules, due to the difficulties in obtaining
cadavers and the inability to obtain sufficient number
of preparations (4).

Knowing the thickness of the epidermis and dermis
in many skin rejuvenation methods that work with the
logic of creating damage to the skin can increase
the efficiency after the procedure and reduce the
complications that may develop. Although the skin
thickness of various regions of the face of people
in different geographical regions is reported in the
literature, the skin thickness of the facial region of
people living in Anatolia is not known.

The aim of this study was to map the skin thickness
by determining the epidermis, dermis and total skin
thickness of six different regions of the face.

PATIENTS AND METHODS

Patients who were operated for malignant skin
tumors in the Plastic Surgery clinic between 2016 and
2021 were retrospectively scanned. Ethical approval
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was obtained from the Ethics Committee of Necmettin
Erbakan University, Meram Faculty of Medicine
(2022/3947). Materials containing at least 9-10 mm of
healthy skin adjacent to the surgical margin, without
lesions, were included in the study. Materials that did
not have a sufficient length of solid area between
the lesioned area and the surgical margin, and that
appeared congested due to fixation problems or that
contained crosssection artifacts were excluded from
the study. The patients were contacted by phone
and their height and body weights were questioned.
Patients with a body mass index of 20-20 were
included in the study, while patients defined as thin or
obese were excluded.

Subunits were scanned separately for male and
female patients by regionbased search from the
computer system. Facial subunits in which the data
of at least 30 patients, 15 female and 15 male, could
be measured, were determined. Facial regions with
fewer samples than this number were excluded from
the study (Figure 1).

Female Male
Epidermis Epidermis
66 79
Dermis ~ Dermis

1498 1816

Epidermis
83

Dermis

1150
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Figure 1. Epidermis and dermis thickness of the six
regions in ym in female and male face skins; scalp,
forehead, cheek, ear, upper lip and dorsum of the
nose.
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Figure 2. The mean dermis and epidermis and total
skin thicknesses of each case were calculated by
taking 4 measurements of different thicknesses for
the epidermis and 2 measurements for the dermis,
X40,H&E, A)Scalp B)Forehead C)Ear

H&E stained preparations of the listed materials
were obtained from the archive of the Department of
Medical Pathology.

The epidermis and dermis thicknesses of 15 skin
tissues of male and female patients for each region
were measured with a micrometer under an Olympus
light microscope. The mean dermis and epidermis and

Skin thicknesses of face regions

total skin thicknesses of each case were calculated
by taking 4 measurements of different thicknesses
for the epidermis and 2 measurements for the
dermis (Figure 2). All preparations were evaluated
by the same pathologist and then checked by a
second pathologist. Preparations with differences in
measurements were excluded from the study.
Statistical Analysis

The mean, median, standard deviation, Q1 value
and total skin thickness of epidermis and dermis
thicknesses were calculated statistically using
Microsoft Excel® (Microsoft Corporation, Redmond,
Washington) program. Mean + standard deviation
values were evaluated for genders and regions.
RESULTS

In the study, the preparations of a total of 3584
patients were scanned. A total of 180 of these
preparations meeting the criteria were included in the
study. The six regions were evaluated because of the
sufficient number of materials belonging to the scalp,
forehead, cheek, ear, upper lip and dorsum of the
nose on the facial skin. (Figure 1).

The mean age of the 90 female participants
included in the study was 66. Epidermis thicknesses
of the six facial regions ranged from 65.91£14.44 ym
to 120.91+£44.74 ym, dermis thicknesses ranged from
1150£217.43 pm to 1498.33+388.56 ym, and total
skin thicknesses ranged between 1234.831217.6 um
and 1599.33+492.2 ym. The thinnest epidermis was
measured on the scalp, the thickest epidermis on the
upper lip, the thinnest dermis on the forehead, and the
thickest dermis on the ear skin. Total skin thickness
was thinnest on the forehead and thickest in the ear
(Table 1).

The mean age of the 90 male participants included
in the study was 67. Epidermis thicknesses of the
six facial regions ranged from 79.08+13.88 um to
122.75+32.5 ym, dermis thicknesses ranged from

Table 1. Female epidermis, dermis and total skin thickness of six face regions

Epidermis (um)

Female

Mean Median SD Q1 Mean Median
Forehead 83,83 75 24,84 66,25 1150 1150
Nose 75 70 18,80 57,50 1487,50 1375
Lip 120,91 117,50 44,74 80 1283,33 1250
Ear 82 75 20,45 63,75 1515 1537,50
Scalp 65,91 63,75 14,44 61,25 1498,33 1425
cheok 78,83 80 24,44 61,25 1155,83 1225

Dermis (um)

212

Total skin thickness (um)

SD (0% § Mean Median SD Q1
217,43 1006,25 1234,83 1220 217,60 1087,50
505,12 1175 1563,50 1470 497,69 1262,50
447,08 981,25 1403,33 1360 446,32 977,50
486,28 1256,25 1599,33 1620 492,20 1315
388,56 1275 1564,83 1487,50 387,77 1340
356,84 968,75 1244,66 1282,50 355,40 1005
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Table 2. Male epidermis, dermis and total skin thickness of six face regions
Epidermis (um) Dermis (um) Total skin thickness (um)
Male
Mean Median SD Ql Mean Median SD Ql Mean Median SD Q1

Forehead 84,25 85 21,42 68,75 1698,33 1625 514,27 1368,75 1784,83 1707,50 512,61 1332,50
Nose 83,16 82,50 18,53 72,50 1922,50 1762,50 535,92 1531,25 2009,98 1870 525,11 1577,50
Lip 122,75 121,25 32,5 97,50 1631,66 1687,50 512,41 1399,37 1756  1772,50 503,75 1457,50
Ear 87,91 83,75 28,31 66,25 1106,66 1100 389,82 800 1200,33 1215 387,65 857,50
Scalp 79,41 76,25 17,04 66,25 1815,83 1850 432,71 1537,50 1899,83 1960 432,63 1510
Cheek 79,08 72,50 13,88 66,25 1942,50 1900 464,06  1731,25 2022,50 1977,50 460,24 1722,50

1106.66+389.82 um to 1942.5+464.06 um, and total
skin thicknesses ranged from 1756+503.75 um to
2022.5+460.24 ym. The thinnest epidermis was on
the cheek area, while the thickest epidermis was on
the upper lip. The thinnest dermis was measured on
the ear skin, and the thickest dermis on the forehead
skin. The thinnest total skin thickness was measured
at the ear, while the thickest area was at the cheek (
Table 2).

The areas with the thickest epidermis thicknesses
were the same in the male and female patients.
However, the regions with the thinnest and thickest
dermis thicknesses differed according to gender.

DISCUSSION

The epidermis, dermis and total thicknesses of the
skin may vary according to body regions, age, gender
and even geographical region and ethnic origin (2-
9). Knowing the measurement values of skin layers
is important for many scientific studies, treatment
applications, oncological staging and evaluation
studies, in vitro skin models, some surgical techniques
and reconstruction applications (3,4,6-13).

There are studies measuring facial skin thicknesses
in the literature (2-5). Most of the studies were
conducted using noninvasive but costly methods such
as computed tomography (CT), magnetic resonance
imaging (MRI), ultrasonographic (USG) evaluation
and confocal microscopy, and histometric and invasive
methods using cadaver skin, autopsy materials, or
punch biopsy materials applied to livinghumans (3,7,9-
12,17-19). The diversity of measurement methods
causes a lack of standardization. MRI and CT are
expensive techniques for measuring skin thickness
and cannot provide as detailed information as
microscopic examinations. There is a risk of radiation
exposure with CT and a subjective assessment risk
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with USG (7,15). Confocal microscopy instrumentation
methods can provide accurate measurements, but
are still under development (15,17). There are studies
measuring breast skin thickness on filmscreen
mammograms in women (20). Although this method is
also inexpensive and noninvasive, it is not a suitable
method for measuring whole body skin areas due to
direct exposure to radiation. The methods other than
histometric measurement may not allow to measure
epidermis and dermis thicknesses separately and it
may be difficult to establish standardization.

In the method we defined, intact skin parts of
retrospective surgical materials are used and it reflects
the results of living people with an ethical method.
We think that the values obtained by this method are
more standardized than the values obtained from
autopsy or other methods. On the other hand, data
on thousands of patients can be obtained using this
technique. Comparative studies on this subject can
contribute to the literature.

In studies measuring facial skin thicknesses
(3,7,10,18,21), it is seen that values obtained by USG
are used, as well as histometric methods obtained
from punch biopsy and cadaver. To the best of our
knowledge, a study that measures the epidermis,
dermis and total skin thicknesses of various parts
of the facial skin histometrically as a whole was not
found in the literature. In a study of Lee et al., in which
the skin thickness of Korean adults was measured
using punch biopsy materials, skin thicknesses of
several facial regions such as the eyelid and chin
were reported, and it is seen that the measurements
in the facial region were limited to 2-3 regions due
to the invasiveness of the method (3). On the other
hand, the number of specimens measured in these
regions varied between 6 and 14. Whereas, in our
study, more reliable data were obtained by examining
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15 specimens for each region. In this study, it was
reported that the mean thickness of the epidermis
and dermis at the forehead region were 93.6 and
788 um. In our study these thicknesses were 84 and
1424 pym. They reported that the mean thickness of
the epidermis and dermis at the cheek region were
98.2 and 1076 pm. In our study these thicknesses
were 79 and 1562 um. In both regions, the thickness
of the epidermis of the Turkish people was thinner
than that of the Korean society, and it is seen that the
thickness of the dermis was much higher. We could
not compare the skin thicknesses of the other regions
we measured in our study, since we could not find any
studies that measured different ethnic origins.

In a study, a significant relationship was reported
between dermis thickness and hypertrophic scar (6).
According to the data obtained in our study, it can be
thought that there will be more scars in areas with
high dermis thickness in men and women. When
evaluated from this point of view, it can be thought that
most of the incisions in men will be on the forehead.
Incisions to be made parallel to the forehead lines can
eliminate this disadvantage.

The limitations of our study are that the facial skin
is limited to some main regions and the average age
is high. However, this is due to the fact that we use the
available archive data. Further studies to be conducted
in large centers where the excision materials of facial
skin lesions are much more or multicenter studies can
provide contribution to the literature.

In many studies in the literature, it has been reported
that the thinnest skin on the face is in the eyelid (3,
23). Although this region was not examined in our
study, it was observed that the thinnest epidermis was
on the cheek in men among the examined regions.
In procedures such as laser, peeling, dermabrasion
to the cheek area of men, performing the procedure
more superficial than other parts of the face can
reduce possible hyperpigmentation. In both sexes,
the processes that damage the epidermis on the
upper lip, where the thickest epidermis is determined,
can be performed deeper than the other regions.

The thickness of the epidermis and dermis we
determined in our study is quite different from the
studies in the literature. In particular, the application
depth to be determined in rejuvenation methods that
work with the logic of damaging the upper layers of
the skin should be chosen in different thicknesses
according to each society. Otherwise, the possibility
of encountering unwanted complications such as
hyperpigmentation or scarring may increase.
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In further studies, a full map of facial skin thickness
can be obtained by dividing the face into more subunits
using more multicentre, multiethnic materials.
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Use of Mechanically Isolated Stromal Vascular
Fraction in Different Wound Types

Farkli Yara Tiplerinde Mekanik Yolla izole Edilen Stromal
Vasktller Fraksiyonun Kullanimi

Cagla Cicek!

Oz

Yara iyilesmesi hemostaz, inflamasyon, proliferasyon ve maturasyon evrelerinden olusan fizyolojik bir
slregtir. Bu ic ice gegmis evrelerin herhangi bir asamasinda meydana gelen bozulma, klinisyenin karsisina
icin kronik bir yara olarak ¢ikar. Lipoaspiratin enzimatik veya mekanik sindiriminden sonra sulu fraksiyonun
bir pargasi olarak izole edilen stromal vaskiler fraksiyon, ayni zamanda 6nemli bir mezenkimal kék hiicre
rezervidir. Igerdigi preadipositler, endotelyal dnciiler, immiin hiicreler, hematopoietik hiicreler, fibroblastlar
ve perisitler nedeniyle heterojen bir doku kokteyli olarak kabul edilir. Proanjiyogenik, antiapoptotik,
antifibrotik, imminomodilatér ve antiinflamatuar aktivitelerinin yani sira izolasyondaki avantajlari
nedeniyle, stromal vaskdiler fraksiyon son zamanlarda mevcut yara tedavisinde énem kazanmistir. SVF
tek basina yara iyilesmesi icin etkili olmasa da, uygun yara bakimi ve rekonstriiksiyon éncesi yara yatagi
hazirh@i icin yeterli hiicre sayisi ve canliligi saglayan ve cerrahi basarisizligi en aza indiren yeni ve etkili
bir teknolojidir.
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Wound healing is a physiological process consisting of hemostasis, inflammation, proliferation, and
Gelis Tarihi/Received: 24 May 2022 maturation phases. The disruption that occurs at any stage of these intertwined phases is presented to the
Kabul Tarihi/Accepted: 9 July 2022 clinician as a chronic wound. The stromal vascular fraction, isolated as a part of the aqueous fraction after

enzymatic or mechanical digestion of lipoaspirate, is an important mesenchymal stem cell reserve, as
well as. It is considered a heterogeneous tissue cocktail due to the preadipocytes, endothelial precursors,
immune cells, hematopoietic cells, fibroblasts and pericytes it contains. Because of its proangiogenic,
antiapoptotic, antifibrotic, immunomodulatory, and anti-inflammatory activities, as well as its advantages
in isolation, stromal vascular fraction has lately acquired prominence in current wound therapy. Although
SVF alone is not effective for wound healing, it is a new and effective technology that provides adequate
cell count and viability for proper wound care and wound bed preparation prior to reconstruction and to
minimize surgical failure.
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INTRODUCTION

Wound healing is a physiological process
consisting of hemostasis, inflammation, proliferation,
and maturation phases. The disruption that occurs at
any stage of these intertwined phases is presented
to the clinician as a chronic wound. An ideal method
could not be determined due to the high cost of
chronic wound management, the inability of current
therapeutic strategies to affect all healing phases
alone, and potential adverse effects. After it was
discovered in 2001 that stem and stromal cells could
be obtained from adipose tissue, more research
studies were designed about the use of this cell groups
with regenerative properties (1). The stromal vascular
fraction (SVF), isolated as a part of the aqueous
fraction after enzymatic or mechanical digestion of
lipoaspirate, is an important mesenchymal stem cell
reserve, as well as. It is considered a heterogeneous
tissue cocktail due to the preadipocytes, endothelial
precursors, immune cells, hematopoietic cells,
fibroblasts and pericytes it contains (2,3). SVF
has two primary characteristics that distinguish it
from mesenchymal stem cells in terms of tissue
regeneration. The first of these is that thanks to the
different cell components it contains it offers greater
benefits in aspects such as immunomodulation, anti-
inflammatory, and angiogenesis than compared to
the application of stem cells alone, and the second is
that SVF is easier to produce than stem cell isolation
(4). Because of its proangiogenic, antiapoptotic,
antifibrotic, immunomodulatory, and anti-inflammatory
activities, as well as its advantages in isolation, SVF
has lately acquired prominence in current wound
therapy. The goal of our research was to present the
outcomes of mechanically produced SVF in patients
with different wounds caused by a variety of factors.
Application Procedure

Patients were operated in the operating room
with spinal anesthesia with sedation or general
anesthesia. Fat is harvested from any area of excess
subcutaneous fat and/or areas of patient preference
if sufficient fat is available. The patient who have
malignancy, coagulation disorder, pregnancy and
connective tissue disease is accepted unsuitable
candidate for lipoaspirate. Tumescent anesthesia
material, which is approximately 35% more than
the amount of fat planned to be harvested, was
given to the donor area from which lipoaspirate was
to be harvested, and it was waited for an average
of 5-10 minutes. Tumescent anesthesia includes
500 mL of Ringer lactate with 25 mg lidocaine and
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1 vial of epinephrine [1:1000]. With a blunt cannula
with- maximum dimensions of 20 mm length, 3 mm
diameter and 2 mm aspiration holes, lipoaspirate was
transferred to the closed system bag as milli-fat. For
the separation of Milli fat tumescent anesthesia in the
bag, 60 cc of SF was added and suspended for 5 -7
minutes to ensure decantation. After separation, the
tumescent anesthesia material was removed from
the bag by means of a 3-way cock. The washed Milli
fat remaining in the bag was reduced to micron level
by mechanically refining with the help of knives in 2
separate Lipocube SVF black cubes, respectively.
Autologous fat, which was reduced to micron degree,
was separated in a patented piston tube with 4
separate concave gaskets (black piston injector) and
Lipocube special software variable speed Celldrive
(Centrifuge) device for 9 minutes. ‘Stromal Vascular
Matrix’ was obtained by combining Extracellular
Matrix and Stromal Vascular cell collection in the
separated fat. The resulting Stromal Vascular Matrix
was injected intralesional and perilesional to the
wound of the patients

CASE
Case 1

A 62-year-old male patient was admitted to the
wound care clinic with a tissue defect accompanied by
ulcerated areas which is hyperemic and edematous
on the left cruris diagnosed as a venous ulcer (Figure
1). Venous doppler ultrasound showed no thrombosis

Figure 1. The tissue defect accompanied by
ulcerated areas which is hyperemic and edematous
on the left cruris diagnosed as a venous ulcer
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on the venous system. He has a history of diabetes
mellitus, coronary artery disease and hypertension. At
the time of admission, the patient's body temperature
was 36.10C. The erythrocyte sedimentation rate
was 55 mm/h and the CRP value was 31.6 mg/L.
Revascularization was not considered necessary after
the Ankle/Arm index was found to be 0.9. Debridement
was performed, and cultures were taken. Upon
the growth of P. Aeuriginosa in deep tissue culture,
piperacilin/tazobactam was applied in accordance
with the culture antibiogram, and antibiotic therapy
was applied for 10 days. In the wound care follow-
up process, Negative Pressure Wound Therapy was
applied for 9 days. Fat-derived Mechanical Stromal
Vascular Matrix application was applied to the patient
whose granulation tissue progression slowed down
during this period. After the operation patient had
hyperbaric oxygen therapy for 20 sessions. Pre-
procedure sedimentation rate was 32 mm/h and CRP
was 9 mg/L. Wound dimensions were measured as 6
cmx 6 cm x 3 cm (108 cm?) during the application. After
the SVM application, the follow-up was continued with
the hydrocolloid-containing passive wound dressing
and offloading. Photographing and wound care were
performed at 1st, 3rd, and 6th week follow-ups. At the
end of the sixth week, 96.7% success was achieved
with a wound volume of 1.5 cm? (Figure 2-3).
Case 2

A 43-year-old male patient was admitted to the
wound care clinic with adetachment of the anterolateral
thigh flap on the anterior and inferomedial side on the

Figure 2. Postoperative third week of venous ulcer
on left medial malleolus
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Figure 3. Postoperative sixth week of venous ulcer
on left medial malleolus

postoperative third months. Tissue defect that was
present on the previous operation was due to the car
accident. There was no early complication during the
follow-up. Patient was discharged 7th day of operation
with no detachment or infection. Patient has no
significant medical history. At the time of admission,
the patient’s body temperature was 36.40C. The CRP
value was 32.4 mg/L. Debridement was performed,
and cultures were taken. No significant growth of any
bacteria in deep wound culture. On the wound care
follow-up process, Negative Pressure Wound Therapy
was applied for 9 days. Fat-derived Mechanical
Stromal Vascular Matrix application was applied to the
patient. After the SVM application, the follow-up was
continued with the hydrocolloid-containing passive
wound dressing and offloading Photographing and
wound care were performed at 1st, 3rd, and 6th week
follow-ups. At the end of the sixth week, no more
tissue defect between the flap and nearby tissue.
Case 3

A 47-year old man patient was admitted to the
wound care clinic with a total necrosis of D1 and D2
at the level of metatarsophalangeal joint (Figure 4).
An arterial doppler ultrasonography showed that the
anterior tibial artery had biphasic flow pattern on the
affected side. The patient consulted to the orthopedy
and traumatology department. Orthopedy department
planned a ray amputation. On postoperative 13th
day, patient came to our clinic with detachment and
bed-smell at the incision site. Debridement was
performed, and cultures were taken. Upon the growth
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Figure 4. The tissue defect on the level of D1 and
D2 metatarsophalangeal joint

of A. Baummani in deep tissue culture, tigesiklin was
applied in accordance with the culture antibiogram,
and antibiotic therapy was applied for 18 days. At the
end of the sixth week of SVM application, no more
tissue defect between the flap and nearby tissue
(Figure 5).
Case 4

A 62-year old man patient was admitted to the
wound care clinicwith adiabetic ulcerthatis hyperemic,
sniffy and purulent discharge on the dorsal surface of

Figure 5. Postoperative sixth week without no more
tissue defect
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the left foot. Peripheral pulses were palpable. Arterial
and venous doppler ultrasonography showed no
significant changes on the vascular system bilaterally.
On the X-Ray; there was no sign of osteomyelitis or
any kind of osseous pathologies. CRP value was 256
g/dL. Three sessions of debridement were performed.
Upon the growth of A. Baummani and P. Aeruginosa
in deep tissue culture, tigecycline and piperacillin/
tazobactam were applied in accordance with the
culture antibiogram, and antibiotic therapy was
applied for 13 days. Fat-derived Mechanical Stromal
Vascular Matrix application was applied to the patient.
After the SVM application, on the postoperative 30th
day; we reconstruct the tissue defect with the split-
thickness skin graft.

DISCUSSION

Chronic wounds, which are difficult to heal and
complex, cause patients to stay in the hospital for
a long time periods and create a workload for the
health workforce. Although wound healing follows the
same process in all tissues, wounds due to different
etiological reasons can become complicated. Even
though progress has been achieved in chronic wound
management with the developing technology, complex
procedures are still required in the management of
severe wounds treatments despite modern wound
dressings (5). Since there is no method that can provide
success in chronic wound management alone, many
procedures are performed before reconstruction in
order to optimize wound healing and achieve success
in chronic wound management (6). The stromal
vascular fraction included in these procedures is
an application that is obtained from adipose tissue
through several mechanisms and has a positive
contribution to wound healing (8). Isolation methods
that can be used to obtain SVF can be basically
divided into three as enzymatic methods, automatic
devices, and mechanical separation (9). Despite
the fact that enzymatically generated lipoaspirate
can contain around 100000-1300000/gr cells, its
high cost and long manufacturing time (average 120
minutes) limit its application (7). In addition, it has
been evaluated by the FDA within the scope of drug
research since it is argued that the enzymatic SVF
production causes deterioration of the original content
and tissue integrity of the adipose tissue. On the other
hand, automatic devices have an advantage over
enzymatic isolation as they provide isolation in closed
environment, limit contamination, and standardize
in clinical practice. However, the cost of the devices
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has been the major limitation of this method (8). Due
to these disadvantages, mechanical methods such
as shaking, vibration, centrifugation, and sonication
have been ftried in recent years to obtain SVF. SVF
obtained via this way is called 'Tissue-like SVF' (10).
They contain extracellular matrix fragments and cells
because they are microfragmented adipose tissue.
When different mechanical isolation methods were
compared to enzymatic techniques, it was observed
in the study by Tiryaki that, while the cell number in
the SVF population obtained by mechanical methods
was low, the cell division rate and type 1 collagen
gene expression were higher in the SVF population
isolated by mechanical methods (11). Increased type
1 collagen gene expression indicates the acceleration
of collagen production and the secondary enhanced
wound healing as a result. The physiological activities
and functionality of cells are thought to be enhanced
by cellular forces during mechanical isolation. The
most significant advantage of this method is that
it can be obtained easily and quickly even in the
operating room, since no enzymes are used during
mechanical isolation; nevertheless, obtaining fewer
cells is seen as a disadvantage when compared to
enzymatic methods. Banyard et al. suggested in a
study that cell number is less important in SVF activity
than previously thought, and that cell activity is more
important (12). In addition, Fraser et al. determined
that mesenchymal stem cells were 500 times more
abundant in SVF than in bone marrow. Thus, it can be
argued that SVF, which is easily obtained from adipose
tissue, can be an alternative to bone marrow-derived
mesenchymal stem cells (13). Another advantage
regarding the use of SVF for wound healing is that
it contains not only stem cells, but also a regulatory
T cell (Treg), which is a cell of the immune system
and has anti-inflammatory properties. According
to another study, it was argued that there are more
Tregs in the SVF compared to the peripheral regions,
and that the anti-inflammatory effect to be obtained
by SVF application can be increased in this way (14).
There is not enough information on when it should be
used in the chronic wound method, however in our
study, it was preferred to be applied after showing the
absence of microbial growth and osteomyelitis in the
wound culture. Furthermore, it would be appropriate to
use it in chronic wound management after correcting
the pathologies that need to be treated depending on
the etiology. Although SVF alone is not effective for
wound healing, it is a new and effective technology
that provides adequate cell count and viability for
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proper wound care and wound bed preparation prior
to reconstruction and to minimize surgical failure.
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