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YAZARLARIN DiKKATINE
Genel Bilgiler

Genel Bilgiler
Turkiye Fizyoterapistler Dernegi'nin resmi yayin organi olan Tirk Fizyoterapi ve
Rehabilitasyon Dergisi, bagimsiz, tarafsiz ve cift kor hakemlik ilkelerine uygun bir sekilde
elektronik ve basili olarak yayimlanan agik erigimli, ucretsiz, bilimsel bir yayin organidir.
Dergi, Nisan, Agustos ve Aralik olmak Uzere yilda 3 kez yayimlanir. Yazim dili Turkge ve
Ingilizcedir. Bununla birlikte Ingilizce gonderilen makalelere yayimlanma asamasinda dncelik
verilecektir. Dergi, bzgiin arastirmalar, cagrili derlemeler, sistematik derleme ve meta-analiz
calismalari, ilging olgu sunumlari ve editore mektuplari yayimlamaktadir.
Derginin amaci fizyoterapi ve rehabilitasyon ile ilgili en yiksek bilimsel, etik ve klinik
degere sahip orijinal ¢alismalari yayimlamaktir. Turk Fizyoterapi ve Rehabilitasyon Dergisi,
yayimladigr makalelerin daha dnce bagka bir yerde yayimlanmamis veya yayimlanmak iizere
gbnderilmemis olmasi, ticari kaygilarda olmamasi sartini gbzetmektedir. Yayimlanacak
makalenin tim yazarlar tarafindan ve galismanin yapildigi yerdeki sorumlu kisi tarafindan
dolayl olarak veya acik bir sekilde onaylandigini ve kabul edilmesi halinde ayni bicimde
Turkge, Ingilizce veya baska bir dilde bagka bir yerde yayimlanmayacagini taahhit eder.
Dergi, bilimsel kalitesi yilksek ve atif potansiyeline sahip bir yazinin yayina kabul edilmesi
icin en dnemli kriter olan dzgiinluk ilkesini benimsemektedir.
Derginin yazim kurallari Uniform Requirements for Manuscripts Submitted to Biomedical
Journals - International Committee of Medical Journal Editors (http://www.icmje.org)
ve Committee on Publication Ethics (COPE) (https:/publicationethics.org) tarafindan
yayimlanan rehberler ve politikalar dikkate alinarak hazirlanmigtir.
Tirk Fizyoterapi ve Rehabilitasyon Dergisi (Tirk Fizyoter Rehabil Derg / Turk J Physiother
Rehabil), diinyanin her yerinden makaleler yayimlamaktadir ve asagidaki ozelliklere sahip
makalelere dncelik vermektedir:
e Fizyoterapi ve rehabilitasyon uygulamalar {izerinde etkisi olacak onemli arastirma
sorularini ele alan ve hipotezleri giigli yontem ve arastirma tasarimi ile test eden dzgiin
calismalar

e Klinik veya saha uygulamalari icin temel teskil edebilecek laboratuvar tabanli calismalar

e Rehabilitasyon uygulamalari, politikalari, egitimleri veya arastirmalarda karar vermeyi
kolaylastirmaya ve gelistirmeye yardimci olabilecek calismalar.

ETIK SORUMLULUK

Editor ve Alan Editorleri

Editor ve alan editorleri, acik erisim olarak Committee on Publication Ethics (COPE)

tarafindan yayimlanan “COPE Code of Conduct and Best Practice Guidelines for Journal

Editors” ve “COPE Best Practice Guidelines for Journal Editors” rehberleri temelinde etik

gorev ve sorumluluklara sahiptirler. Editorler ve alan editorleri:

e Dergide yayimlanan her makalenin dergi yayin politikalari ve uluslararasi standartlara
uygun olarak yayimlanmasindan,

o Derginin kalitesini, 6zgunlugint ile okunurlugunu gelistirmekten,

e Fikri mulkiyet haklan ile etik standartlardan taviz vermeden seffaf bir sekilde is
sureclerini yurutmekten,

e Makalelerin tarafsiz ve bagimsiz olarak degerlendirme siireclerinin tamamlanmasi icin
yazarlar, hakemler ve Uigiincil kisiler arasinda olugabilecek ¢ikar iliskisi ve ¢atismalarina
karsi onlem almaktan sorumludurlar.

Editorler, calismalarin dnemi, 6zgin degeri, gecerliligi, anlatimin acikligi ve derginin amag

ve hedeflerine dayanarak olumlu ya da olumsuz karar verirler. Dergi yayin politikalarinda yer

alan “Kor Hakemlik ve Degerlendirme Sireci” politikalarini uygulamaktadirlar. Bu baglamda
editorler her calismanin degerlendirme surecinin ¢ikar catismasi olmadan, adil, tarafsiz ve
zamaninda tamamlanmasini saglarlar.

Derginin editor veya editor kurulu tiyelerinin yazar olduklari makalelerin degerlendirme

sureclerinin yonetilmesi igin disaridan bagimsiz bir editor davet edilebilir.

Hakemler

Turk Fizyoterapi ve Rehabilitasyon Dergisi'ne gonderilen yazilar cift kor hakem degerlendirme

surecinden gecer. Tarafsiz bir degerlendirme siirecini saglamak icin her gonderi, alanlarinda

uzman olan en az iki bagimsiz hakem tarafindan incelenir. Hakemler yaziya iliskin bilgileri
gizli tutmakla yukiimludir. Hakemler, ¢ikar catismasi olmasi halinde bu konu hakkinda Tirk

Fizyoterapi ve Rehabilitasyon Dergisi'ne bildirimde bulunur.

Hakemler kendilerine gonderilen calismayi degerlendirme sureci tamamlanincaya ve yayina

verilinceye kadar herhangi bir amag icin kullanamaz. Hakemler makaleyi degerlendirirken

nazik ve yapici bir dil kullanmali, kbtil yorum ve ifadelerden kaginmalidirlar. Hakemler
makaleyi zamaninda ve etik kurallara dikkat ederek degerlendirmekle sorumludurlar.

Yazarlar

Yazilarin bilimsel icerigi ve etik kurallara uygunlugu yazar/yazarlarin sorumlulugundadir.
Deneysel ve klinik caligmalar ile olgu sunumlarinin arastirma protokollerinin uluslararasi
anlagmalara (World Medical Association Declaration of Helsinki “Ethical Principles
for Medical Research Involving Human Subjects” www.wma.net) uygun olarak, etik
kurul tarafindan onaylanmasi gerekmektedir. Dergiye, etik kurul onayr almis ve Helsinki
Bildirgesi'nin en giincel versiyonuna uygun yuritilimiis arastirmalar kabul edilir. Yazarlar,
insan 0gesi ile yapilmig calismalarda makalenin “YONTEM” boluminde bu prensiplere
uygun olarak ¢alismayi yaptiklarini, kurumlarinin etik kurullarindan ve calismaya katilmis
insanlardan “bilgilendirilmis olur veya onam formlarin’” (informed consent) aldiklarini
belirtmek zorundadirlar. Yazarlar gerektiginde hastalara veya katilimcilara ait bilgilendirilmis
olur veya onam formlarini belgeleyebilmelidir. Katilimcinin onayi ile ilgili bilgiler, etik
kurulun adi ve etik komite onay numarasi da yazinin “YONTEM” bolumiinde belirtilmelidir.
Etik kurul onayr gerekmeyen calismalar icin calismanin tasarimi ve igerigine uygun etik
kurullardan alinan muafiyet belgesi veya sorumlu yazar tarafindan yazilan bilgi amacl bir
beyanin (meta-analiz, sistematik derleme, cagrili derleme icin) sisteme yiiklenmesi gerekir.
Calismada hayvan dgesi kullanilmis ise yazarlar, makalenin “YONTEM” bolumiinde Guide
for the Care and Use of Laboratory Animals (http://www.nap.edu/catalog/5140.html)
prensipleri dogrultusunda ¢alismalarinda hayvan haklarini koruduklarini ve kurumlarinin
etik kurullarindan onay aldiklarini belirtmek zorundadir.

Yazar olarak listelenen her kisi, International Committee of Medical Journal Editors (ICMJE-
www.icmje.org) tarafindan dnerilen ve asagida gosterilen yazarlik kriterlerinin dordini de
kargilamalidir:

. Calismanin  planlanmasina, verilerin toplanmasina veya verilerin analizine ve

yorumlanmasina katkisi olmalidir,

o Makale taslaginin hazirlanmasi veya revize edilmesine katkida bulunmalidir,

o Makalenin dergiye gonderilecek ve yayinlanacak son halini okuyup kabul etmelidir,

e (Calismanin herhangi bir bolumunin dogrulugu veya butunlugi ile ilgili sorularin
uygun bir sekilde arastinldigi ve ¢dziimlendigi konusunda diger yazarlarla hemfikir
olmali ve calismadan tim yonleriyle sorumlu olmalidir.

Makalelerin bilimsel icerigi ve etik kurallara uygunlugu yazarlarin sorumlulugundadir. Tim

calismalar lisansli bir benzerlik tespit yazilimi (CrossCheck tarafindan iThenticate/Turnitin

vb.) tarafindan taranip ilgili rapor belge olarak basvuru sirasinda sisteme yuklenmelidir.

Kaynaklar, tablo ve sekil icerikleri haricindeki yazinin igeriginde benzerlik orani %20

‘nin Uizerinde olmamali ve yazarlarin onceki ¢alismalariyla bir benzerligi bulunmamalidir.

Benzerlik orani %20'nin {izerindeki makaleler hakeme gonderiimeden reddedilir. Intihal,

alinti manipiilasyonu ve veri sahteciligi/uydurma gibi durumlardan siiphelenilmesi veya

tespit edilmesi halinde yayin kurulu COPE yonergelerini izleyecek ve bunlara gore hareket
edecektir.

lletisimden sorumlu yazar makalenin sunum agamasindan basimina kadar olan sureglerde

her tirll yazismalari gerceklestiren yazardir. lletisimden sorumlu yazar:

e Ftik kurul onay belgesi,

e Telif hakki devir formu (e-imza veya islak imzali olmalidir. Bu formda imzasi bulunanlar
diginda sonradan yazar ismi eklenemez ve yazar siras degistirilemez.)

e Yazar katki formu

. Cikar catismasi formu belgelerini sisteme taratip yuklemelidir.

Makalede, kitaplarda veya dergilerde daha once yayimlanmis alinti yazi, tablo, sekil vb.

mevcutsa, yazarlar ilgili yazi, tablo, sekil, anket ve dlgegin (gecerlilik, giivenirlik calismalari

ile kullammi icin ozel izin, sertifika istenen anket/dlgekler) telif hakki sahibinden ve

yazarlarindan yazili izin almak; izin yazisini makale ile birlikte gondermek ve bunu makalede

belirtmek zorundadir. Hastalarin kimligini aciga ¢ikarabilecek fotograflar icin hasta veya

yasal temsilcisinin imzali izinleri eklenmeli ve “YONTEM” bolumiinde bu izinlerin alindigi

ifade edilmelidir. Bilimsel toplantilarda sunulan bildiler 6zet seklinde daha dnce sunulmus

ve/veya basilmis ise baslik sayfasinda mutlaka belirtilmelidir.

Yazim Kurallan

Makaleler, ICMJE -Recommendations for the Conduct, Reporting, Editing and Publication

for Scholarly Work in Medical Journals (updated in December 2019 - http://www.icmje.org/

icmje-recommendations.pdf ) uyarinca hazirlanmalidir. Yazarlarin CONSORT'a uygun olarak

makale hazirlamasi gerekmektedir. Orijinal aragtirma calismalari igin STROBE kilavuzlari,

sistematik incelemeler ve meta-analiz icin PRISMA yonergeleri, deneysel hayvan galismalari

icin ARRIVE yonergeleri kullaniimalidir.

Turkce makalelerde Turk Dil Kurumu’nun Turkge Sozlugu esas alinmalidir. Ingilizce makaleler

ve Ingilizce dzetlerin, dergiye gonderilmeden once dil uzmani tarafindan degerlendirilmesi

gerekmektedir. Editor veya alan editorleri gerekli gordikleri hallerde Ingilizce makale veya

Ingilizce dzet igin redaksiyonun sertifikasini talep edebilirler.

0zgiin Makale: Guncel ve dnemli bir konuda temel veya klinik bilgi sunan, dnceki calismalari

genisletip ilerleten veya klasik bir konuda yeni bir yaklagim getiren tirde arastirmalardan

olusur. 0zgiin makaleler 4000 kelimeyi ve kaynak sayisi 40’1 asmamalidir.

Olgu Sunumu: liging olgular, yeni fikirleri ve teknikleri tanimlamaktadir. Sekiller, tablolar ve

kaynaklar yaziy1 agiklamaya ve desteklemeye yetecek en az sayida olmalidir. Kelime sayisi

2000, kaynak sayisi 20yi gegmemelidir.

Editoryal Yorum: Editorler Kurulu, egitim ve klinik uygulamalar konusunda uzman bir yazari

belli bir konuda bilgilendirici bir yazi yazmak veya yorum yapmak {izere davet edebilir.

Kelime sayisi 1000'i, kaynak sayisi 10’u gegmemelidir.

Cagnli Derleme/Sistematik Derleme/Meta-Analiz: Sistematik derleme ve meta-analizler

dogrudan, cagrili derlemeler ise davet edilen yazarlar tarafindan hazirlanmaktadir.

Fizyoterapi ve rehabilitasyon bilimi ve klinik uygulamalar hakkinda olabilecek her turlu

konu igin giincel literatirin de icine alacak sekilde hazirlanmalidir. Yazarlarin o konu ile ilgili

basilmig yayinlarinin olmasi ozellikle tercih nedenidir. Kelime sayisi 6000'i, kaynak sayisi

100’0 gegmemelidir.

Editore Mektup: Editorler Kurulunun onayi ile yayimlanmaktadir. Mektup, dergide

yayimlanmis bir makaleye yorum niteliginde ise hangi makaleye (sayi, tarih verilerek) ithaf

edildigi kaynak olarak belirtiimelidir. Mektuba cevap, editor veya makalenin yazar (larr)

tarafindan, yine dergide yayimlanarak verilir. Mektuplarda kelime sayisi 500, kaynak sayisi

beg ile sinirhdir.

Dergide yayimlanmak tizere gonderilen makaleler;

e Yazim sayfasi A4 boyutunda olacak sekilde, PC uyumlu Microsoft Word programi ile
yazilmaldir.

o “Times New Roman” yaz tipi kullanilarak 12 punto ve makalenin tim bolumleri 1,5
satir aralikl yapiimalidir.

. Sayfanin her kenarinda en az 2,5 cm bogluk birakilmalidir.
e Sayfalar (sag alt kbsede) ve satirlar numaralandiriimaldir.

e Makalenin ana basliklari (Giris, Yontem, Sonuglar, Tartisma, Kaynaklar) biyik harf
kullanilarak ve koyu olarak belirtilmelidir.

e Altbaglklar ise bag harf biyilk ve koyu renk olacak sekilde yazilmalidir.

e Metin icinde verilen sayisal degerlerde Tirkce makalelerde virgil (,); Ingilizce
makalelerde nokta (.) kullaniimahdir. Verilen bu sayisal degerlerde virgil veya
noktadan sonra p ve r degerleri hari¢ sayinin iki basamagi daha verilmeli (Ornek: 13.31
veya 15,21); p ve r degerleri ise virgiilden/noktadan sonra {i¢ basamak olacak sekilde
yazilmahdir.

. Kisaltmalar, kelimenin ilk gectigi yerde parantez icinde verilir ve tim metin boyunca
0 kisaltma kullanilir. Uluslararasi kullanilan kisaltmalar igin ‘Bilimsel Yazim Kurallar”
kaynagina bagvurulabilir.

Baslik Sayfasi

Makalenin baghg kisa fakat icerigi tanimlayici ve amagla uyumlu olmalidir. Baglikta kisaltma

kullaniimamalidir. Makale baghgi Turkce ve Ingilizce yazilmalidir. Turkce ve Ingilizce

bagliklarin tamami biyiik harfler ile koyu olarak yazilmaldir. Ayrica yazinin 40 karakterlik
kisa bir baghgr da Turkge ve Ingilizce olarak baslik sayfasinda belirtilmelidir. Makalenin
kelime sayisi (baslik sayfasi, kaynaklar, tablolar, sekiller hari¢) yaziimaldir. Tum yazarlarin
acik adlan, soyadlan (buyuk harf ile yazilacak) ve akademik unvanlari, calistiklari kurum,



iletisim bilgileri, Open Researcher and Contributor 1D (ORCID) numaralari, calismanin
yurutldug kurumun veya kurumlanin agik adi ve adresi belirtiimelidir. Her yazar igin
st numaralandirma kullaniimalidir. lletisimden sorumlu yazarin iletisim bilgileri ayrica
sunulmalidir. Baglik sayfasi her yazarin iletisim bilgilerini, adres, giincel e-posta adresi ve is
telefon numarasini igermelidir.

Dzetler

Her makale Tirkge ve Ingilizce dzet icermelidir.

Tiirkce Dzet ve Anahtar Kelimeler

Turkge Ozet ayn bir sayfadan baglamall ve 250 kelimeden fazla olmamalidir. Turkge dzet
bodlimu calismanin amacini, uygulanan yontemi, en dnemli bulgulari ve sonucu icermelidir.
Ozet, “0z” bagligini tasimali ve “Amag”, “Yontem”, “Sonuglar” ve “Tartisma” alt basliklarina
ayrilmaldir. “Sonuglar” kisminda p degeri belirtilmelidir. Tirkge makale ozetlerinde ondalik
sayilarda virgil (,) kullamiimalidir.

Anahtar kelimeler 3'ten az, 5ten ¢ok olmamalidir. Anahtar kelimeler “Turkiye Bilim
Terimleri” listesinden (http://www.bilimterimleri.com) segilmelidir. Bu listede heniiz yer
almayan yeni bir kavram icin liste digi kelimeler kullanilabilir. Anahtar kelimelerin her biri
biylik harf ile baglamali; virgl ile birbirinden ayrilmali ve alfabetik siraya gore yazilmaldir.
Makale Turkge ise Ingilizce dzet kismindaki anahtar kelimeler (keywords) Turkge anahtar
kelimelerin alfabetik siralamasina uygun siralanmalidir.

Ingilizce Dzet (Abstract) ve Anahtar Kelimeler (Keywords)

Ingilizce 0zet ayri bir sayfadan baglamali ve 250 kelimeden fazla olmamalidir. Ingilizce dzette
ondalik sayilarda nokta (.) kullaniimalidir. Ingilizce dzet “Purpose”, “Methods”, “Results”
ve “Conclusion” alt basliklarina ayriimalidir. Ingilizce bzet ve anahtar kelimeler, Turkce
otzet ve anahtar kelimelerin birebir aymisi olmalidir. Anahtar kelimeler “MeSH (Medical
Subject Headings)” terimlerinden segilmis olmalidir. MeSH listesinde heniiz yer almamig
yeni bir kavram icin liste digi kelimeler kullanilabilir. Anahtar kelimelerin her biri buyilk harf
ile baglamali; virgul ile birbirinden ayrilmali ve alfabetik siraya gore yazilmalidir. Makale
Ingilizce ise Ingilizce anahtar kelimelerin (keywords) alfabetik siralamasina gore, Turkce
anahtar kelimeler siralanacaktir.

Aragtirma Makalesinin Bolumleri

Makale metni Tirkce makalelerde “Girig”, “Yontem”, “Sonuglar” ve “Tartisma” bolimlerinden
olusur. Ingilizce makalelerde ise “Introduction”, “Methods”, “Results” ve “Discussion”
bolimleri yer alir. Metin icinde bes defadan fazla tekrar eden ifadeler igin standart kisaltmalar
kullanilabilir. Kisaltmanin agiklamasi metinde ilk gectigi yerde belirtilmelidir.

Girig

Calisma konusuyla ilgili dnceki yayinlardan elde edilen temel bilgilerin ozetini icermelidir.
Calismanin yapiimasindaki gereklilik ve amag kisaca belirtilmelidir.

Yontem

Calismadaki Klinik, teknik veya deneysel yontemler agikga belirtiimelidir. Yontem igin
uygun kaynaklar verilmelidir. Bu bdlumde yazarlar, insanlar Uzerinde yapmis olduklari
calismalari Helsinki Bildirgesi prensiplerine uygun olarak yurittuklerini, ilgili etik kuruldan
onay aldiklarini (etik kurulun adi, tarih ve protokol numarasi yazilmalidir) ve katilimcilardan
bilgilendirilmis onam alindigini belirtmek zorundadir. Yontem bolumil “Istatistiksel analiz”
alt baghgini igermelidir. Calismada hayvan dgesi kullaniimis ise yazarlar, Guide for the
Care and Use of Laboratory Animals (http://www.nap.edu/catalog/5140.html) prensipleri
dogrultusunda hayvan haklarini koruduklarini ve ilgili etik kuruldan onay aldiklarini belirtmek
zorundadirlar. Katilimeilarin kimligini aciga cikarabilecek fotograflar igin yayin onay
alindigina yonelik bir ifade bu bolumde yer almalidir.

Istatistiksel analiz icin herhangi bir istatistik programi kullanilmig ise kullanilan yaziim
programinin adi, suriim numarasl, yer, tarih ve firma bilgileri yaziimaldir. Istatistiksel analiz
yontemleri ve drneklem bilyikluginiin hesaplanmasi ile ilgili bilgiler gerekgeleri ile birlikte
sunulmali, gerektiginde kaynaklarla desteklenmelidir.

Sonuglar

Sonuglar sayisal verilere dayanmayan herhangi bir yorum icermemelidir. Tablolarda sunulan
verilerin, metin iginde tekrar edilmesinden kaginiimali, en dnemli sonuglar vurgulanmalidir.
Tartisma

Tartisma, calismada elde edilen en dGnemli sonuglara ait bilgiler ile baglamalidir. Calismadan

elde edilen sonuglar yorumlanmali ve dnceki ¢alismalarin sonuglari ile iliskilendirilmelidir.

Tartismada calismanin kisithliklari, literatiire ve klinik uygulamalara olan katkisi belirtilmelidir.

“Sonuglar” bolimiinde ve tablolarda yer alan bulgularin, detaylari ile tartisma boluminde

tekrar edilmesinden kaginilmaldir. Arastirmada elde edilmeyen veriler tartisiimamaldir.

Asagidaki bashklar tartisma kismindan sonra aciklamalariyla beraber eklenmelidir:

. Destekleyen Kurulug: Destekleyen kuruluglar varsa belirtilmelidir.

e (ikar Catismasi: Cikar ¢atismasi varsa belirtilmelidir.

. Yazar Katkilari: Yazarlann makaleye yonelik katkilar belirtiimelidir. Katkilar fikir/
kavram, tasarim, denetleme/ danismanlik, kaynaklar ve fon saglama, materyaller, veri
toplama ve/veya isleme, analiz ve/ veya yorumlama, literatiir taramasi, makale yazimi,
elestirel inceleme basliklari altinda toplanmalidir.

e Agiklamalar: Yazi bzet ve/veya bildiri seklinde daha nce sunulmug ise, sunuldugu
bilimsel toplanti, sunum yeri, tarihi ve basilmigsa basimi yapilan yayin organina iligkin
bilgiler “Agiklamalar” kisminda belirtilmelidir.

e Tesekkiir: Yazar olma kriterlerini kargilamayan ancak arastirma sirasinda destek
saglayan (makaleyi okuma, yazma, teknik destek, dil ve istatistik destegi vb.) bireylere
ve/veya kuruluglara iligkin bilgiler olabildigince kisa ve 0z bir sekilde “Tesekkir”
kisminda belirtilmelidir.

Kaynaklar

Kaynaklar makale ana metinden hemen sonra yer almalidir. Kaynaklar metinde gegcis

sirasina gore, ciimle sonunda (noktadan once), Arabik rakamlarla, parantez icine alinarak

numaralandinimalidir [Ornek: ....... meydana geldigi bulunmustur (21).]. Kaynak sayisinin

40’1 agmamasina ve 10 yildan eski tarihli kaynak kullaniminin toplam kaynak sayisinin

% 15'ini gegmemesine ozen gosterilmelidir. Gerekmedikge kitaplarin, web sayfalarinin,

yayinlanmamig gozlem ve kisisel gdrismelerin kaynak olarak kullanimindan kaginilmalidir.

Birden cok kaynaga atif varsa kaynaklar arasina virgiil konulmali ve virgiilden dnce ya

da sonra bogluk birakilmamalidir. Ornek olarak (3,7,15-19) verilebilir; burada “15-19”,

15. kaynaktan 19. kaynaga kadar olan bes yayini kapsamaktadir. Ana metin icinde isim

belirtilerek referans gosterilmesi gerektiginde, makalenin yazim dili Ingilizce ise “Yazar adi

etal.” (Ornek: Burtin et al.); makalenin yazim dili Turkge ise “Yazar adi ve dig.” (Ornek: Burtin
ve dig.) seklinde yazilmalidir.

Dergi adlari Index Medicus'a gore kisaltilmis olarak sunulmalidir. Standart dergide

yayinlanmis bir makalede, yazar sayisi 6 ve daha az ise tim yazarlarin adi yazilmalidir.

Yazar sayisi 6'dan cok ise, ilk 6 yazar yazilmali, diger yazarlar Tirkce makaleler icin “ve

dig.”, Ingilizce makaleler igin “et al.” olarak belirtiimelidir. Endnote, Mendeley gibi program

kullanacak yazarlar programlarin icerisinde bulunan “VANCOUVER” stilini kullanmalidir.

Vancouver stilinde verilen bir referansta mutlaka olmasi gereken bilgiler asagida

belirtilmigtir: - Yazar(lar) ad(lar), - Makale adi, - Dergi adi (Index Medicus’a gore kisaltilmig),

- Basim yili, - Dergi voliimu ve sayisi, - Sayfa araligi (Ornek:10-5).

Kaynak yazim drnekleri asagidaki gibidir:

e Makaleler; Burtin C, Saey D, Saglam M, Langer D, Gosselink R, Janssens W, et al.
Effectiveness of exercise training in patients with COPD: the role of muscle fatigue.
Eur Respir J. 2012;40(2):338-44.

e Dergi ilavesinde yayimlanan calismalar; Hielkema T, Hadders Algra M. Motor and
cognitive outcome after specific early lesions of the brain—a systematic review. Dev
Med Child Neurol. 2016;58(Suppl 4):46-52.

e Kitap; Murtagh J. John Murtagh’s general practice. 4th ed. Sydney: McGraw-Hill
Australia Pty Ltd; 2007.

. Kitap bolumis; Cerulli G. Treatment of athletic injuries: what we have learned in
50 years. In: Doral MN, Tandogan RN, Mann G, Verdonk R, eds. Sports injuries.
Prevention, diagnosis, treatment and rehabilitation. Berlin: Springer-Verlag; 2012: p.
15-9.

e Kongre Bildirisi; Callaghan MJ, Guney H, Bailey D, Reeves N, Kosolovska K, Maganaris
K, et al. The effect of a patellar brace on patella position using weight bearing magnetic
resonance imaging. 2014 World Congress of Osteoarthritis Research Society
International, April 24-27, 2014, Paris. Osteoartr Cartilage; 2014;22(Suppl):S55.

e |Web sayfasi; Diabetes Australia. Gestational diabetes [Internet]. Canberra (AU):
Diabetes Australia; 2015 [updated 2015; cited 2017 Nov 23]. Available from: https:/
www.diabetesaustralia.com.au/gestational-diabetes.

Tablolar

Tablolar, Microsoft Word dosyasi formatinda hazirlanmali, her biri ayn sayfalarda
olacak sekilde makalenin sonunda yer almali ve ana metinde gectikleri siraya gore
numaralandinimalidir. Toplam tablo ve sekil sayisi en fazla 6 olmalidir. Tablolarda her siitun
basligina kisa bir baglik yazilmalidir. Tablolarin siitunlarinda her kelimenin ilk harfi biyilk
olmalidir. Tablo numara ve baghgr tablonun Uist kisminda yer almali; tablo numarasi koyu
renk ile yazilmali, tablo bagligindan nokta (.) ile aynimalidir (Ornek: Tablo 1. Katilimcilarin
Sosyodemografik Ozellikleri). Tablolarda dikey ¢izgi kullaniimamali sadece ilk satir iistiinde,
altinda ve son satirin altinda yatay ¢izgiler olmalidir. Tabloda yer alan p degerleri *, ** ile
gosterilmelidir. Notlar ve tabloda kullanilan kisaltmalarin agiklamalari tablonun alt kisminda
yazilmalidir. Kisaltmalarin aciklamasinin yaziminda once kisaltma yazilmali, iki nokta ust
Uste () isaretinden sonra kisaltmanin agik hali yazilmalidir. Kisaltmalar birbirinden virgill
ile ayniimaldir. Tabloda kullanilan degiskenlerin birimleri parantez icinde belirtiimelidir.
Belirli bir araligi kapsayan birimler aralik dilimi ile sayisal olarak ifade edilmelidir. Tabloda
verilen ondalik sayilarda, Turkce makalelerde virgiil (,); Ingilizce makalelerde nokta (.)
kullanilmalidir. Tablolarda verilen ondalik sayilarda virgiil veya noktadan sonra iki basamak
yazilmaldir (Ornek: 31,12 veya 20.10). Ortalama, yiizde ve ortanca degerleri disindaki
degerler (p, r, vb.) virgillden/noktadan sonra tic basamak olarak yazilmalidir. Tablo 6rnegi
asagida bulunmaktadir.

Tablo 1. Gruplarin Bilgi Testi Sonuglari

Bilgi Testi TU Grubu SH Grubu TU-SH Grubu

(n=20) (n=20) (n=20) t ps
On Test 60,50+13,17  69,05¢14,11  67,14:14,54 0,002 0,051
Son Test 83,00£14,18  73,50+9,33 83,33+10,17 0,002 0,001

*p<0,05. SKruskal Wallis Analizi. TU: Teorik/uygulamali ders grubu, SH: Simile hasta
grubu, TU-SH: Teorik/uygulamal ders ve simille hasta grubu.

Sekiller

Sekil bagliklar tablolardan sonra ayn bir sayfada yer almaldir. Sekiller ise ayri bir
dosya olarak JPEG, TIFF, PNG formatinda yilksek kalitede yuklenmelidir. Makale icinde
kullanilan fotograflar net olmalidir. Fotograf ve sekiller metin icinde gegis sirasina gore
numaralandinimalidir. Yazarlar, insan 0gesinin bulundugu fotograflarda, kisiden yazili
izin ve kimligini gizleyecek onlemler almalidirlar. Izin metni makale ile birlikte dergiye
gonderilmelidir. “YONTEM” boluminiin ilk paragrafinda yayin onayr alindigina dair bilgi
verilmelidir.

Makale Gonderme Formati

Makaleler Microsoft Office Word dosyasi formatinda hem yazar isimleri olan hem de yazar
isimleri icermeyen iki kopya seklide DergiPark (http://dergipark.gov.tr/tjpr) sistemine
kullanici olarak kayit olunduktan sonra yuiklenecektir. Yazar isimlerinin bulunmadigi Word
dosyasinda adi gegen tiim kurumlarin (etik kurul onayin alindigi kurum da dahil olmak tizere)
“X” ile kapatilmasi gerekmektedir.

Makale Degerlendirme Siireci: Derginin yayin sireci, Uluslararasi Tibbi Dergi Editorleri
Komitesi (ICMJE), Dunya Tibbi Dergi Editorleri Birligi (WAME), Bilim Editorleri Konseyi
(CSE), Yayin Etigi Komitesi (COPE), Avrupa Bilim Editorleri Birligi (EASE) ve Ulusal Bilgi
Standartlari Organizasyonu (NISO) kilavuzlari ile uyumludur. Yazar makalenin degerlendirme
surecini DergiPark (http://dergipark.gov.tr/tjpr) sisteminden takip edebilmektedir. Dergiye
gonderilen yazilar ilk olarak, teknik editor tarafindan yazinin dergi yonergelerine uygunlugu
acisindan degerlendirilecektir. Derginin yonergelerine uymayan yazilar, teknik duzeltme
talepleriyle birlikte yazara tekrar gonderilecektir. Makaleler ilgili alanda uzman en az iki dig
hakem tarafindan degerlendirmeye tabi tutulacak ve hakem raporlari, iletisimden sorumiu
yazara bildirilecektir. Revizyon gerektiren makalelerde yazarin hakem yorumlarini birebir
yanitlamasi ve makalenin revize edilmis versiyonunu yiklemesi gerekir. Bu siireg, yayin
kurulu makaleye onay verene kadar tekrarlanir.

Telif Hakki

Dergimizde yayinlanan yazilarin tim telif haklarn Turkiye Fizyoterapistler Dernegi'ne aittir.
Sorumluluk Reddi

Turk Fizyoterapi ve Rehabilitasyon Dergisi'nde yayimlanan yazilardaki ifadeler veya
gorusler, editorlerin, yayin kurulunun veya yayincinin gorislerini degil yazarlarin goriglerini
yansitmaktadir. Editorler, yayin kurulu ve yayinci bu tir materyaller icin herhangi bir
sorumluluk veya yukumliluk kabul etmemektedir. Yayinlanan icerikle ilgili nihai sorumluluk
yazarlara aittir.
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policies, education, or research.

ETHICAL RESPONSIBILITY
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evaluating the article and avoid bad comments and expressions. The reviewers are responsible
for evaluating the article on time and by paying attention to the ethical rules.

Authors

The scientific content of the manuscripts and their compliance with ethical principles are under
the responsibility of the author(s). The ethics committee must approve research protocols of
experimental and clinical studies and case reports following international agreements (World
Medical Association Declaration of Helsinki “Ethical Principles for Medical Research Involving
Human Subjects” www.wma.net). The journal accepts manuscripts which; have been approved
by the relevant Ethical Committees and are by ethical principles stated in the Declaration of
Helsinki. The authors must state that they conducted the study according to the abovementioned
principles in the “METHOD” section for studies conducted on human subjects. They also must
express ethical committee approval and obtain “informed consent forms” from volunteers
who participated in the study. Authors should document informed consent or consent forms
of patients or participants when necessary. Information about the approval of the volunteers,
the name of the ethics committee, and the ethics committee approval number should also
be stated in the “METHOD” section of the manuscript. For studies that do not require ethics
committee approval, letter of an exemption from the ethics committee in accordance with the
design and content of the study or an informative statement written by the responsible author
(for meta-analysis, systematic review, or invited review) should be uploaded to the system.
In studies involving “animals,” the author(s) should state in the “Methods” section that they
have protected the rights of the animals by the principles of “Guide for the Care and Use of
Laboratory Animals” (http://www.nap.edu/catalog/5140.html) and obtained approval from the
relevant Ethical Committees.

Each person listed as an author must meet the following 4 criteria for authorship recommended
by the International Committee of Medical Journal Editors (ICMJE-www.icmije.org:

o Substantial contributions to the conception or design of the work; or the acquisition,

analysis, or interpretation of data for the work; AND

. Drafting the work or revising it critically for important intellectual content; AND

. Final approval of the version to be published; AND

] Agreement to be accountable for all aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are appropriately investigated and
resolved.

The scientific content of the articles and their compliance with ethical principles are the

responsibility of the authors. All studies must be checked by a licensed plagiarism detection

software (iThenticate/Turnitin etc., by CrossCheck) and uploaded to the system as a

supplementary document at the time of application.

The similarity rate in the content of the article should not be over 20% and should not have any
similarity with the previous works of the authors except for the references, table, and figure
contents. Articles with a more than 20% similarity rate are rejected without being sent to the
referee. In case of suspected or detected plagiarism, citation manipulation, and data forgery/
fabrication, the editorial board will follow the COPE guidelines and act accordingly.

The corresponding author carries out all kinds of correspondence from the presentation stage
to the printing of the article. The corresponding author should scan and upload the following
documents to the system.

] Ethics committee approval form,

. Copyright transfer form (must be e-signed or original signed. Another author’s name
cannot be added later, and the order of authors cannot be changed, except for those whose
signatures are on this form.)

. Author contribution form

. Conflict of interest form
Publication rights agreement form

Suppose there are cited articles, tables, and figures previously published in articles, books, or
journals. In that case, the authors must obtain written permission from the copyright holder for
the table, figure, survey, and scale (validity, reliability studies and special permission for its use,
certificate/scales), send the permission letter together with the article, and indicate this in the
article. In addition, the signed permission of the patient or his legal representative should be
attached for the photographs that may reveal the identity of the patient, and it should be stated in
the “METHOD” section. Finally, if the papers are presented in scientific meetings and presented
and/or published in the abstracts book, authors must be stated on the title page.

Instructions for Authors

Articles should be prepared following ICMJE -Recommendations for the Conduct, Reporting,
Editing, and Publication for Scholarly Work in Medical Journals (updated in December 2019 -
http://www.icmje.org/icmje recommendations.pdf). In addition, authors are required to prepare
an article in accordance with the Consolidated Standards of Reporting Trials (CONSORT)
Statement. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
Statement should be used for original research studies, Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) Statement should be used for systematic reviews and
meta-analysis, and Animal Research: Reporting of In Vivo Experiments (ARRIVE) Statement for
experimental animal studies.

Turkish dictionary of Turkish Language Institution should be considered in Turkish manuscripts.
A native speaker should edit the manuscripts and abstracts in English before being submitted
to the journal. Editors or field editors may request proofreading for English articles or English
abstracts if they deem necessary.

Original Article: It consists of research that provides basic or clinical information on a current
and essential topic, extends, and advances previous studies, or introduces a new approach to
a classic topic. Original articles should not exceed 4000 words, and the number of references
should not exceed 40.

Case Report: It describes interesting cases, novel ideas, and techniques. Figures, tables, and
references should be as minimal as possible to explain and support the text. The number of
words should not exceed 2000, and the number of references should not exceed 20.

Editorial Comment: The Editorial Board may invite an author who is an expert in education and
clinical practice to write an informative article or comment on a particular subject. The number of
words should not exceed 1000, and the number of references should not exceed 10.

Invited Review/Sy ic Review/Meta-Analysis: Systematic reviews and meta-analyses
are prepared directly, while invited authors prepare invited reviews. They should also include
the current literature for any subject about physiotherapy and rehabilitation science and clinical
applications. It is especially preferred that the authors have published publications on that
subject. The number of words should not exceed 6000, and the number of references should
not exceed 100.

Editorial Letter: It is published with the approval of the Editorial Board. If the letter is a

commentary on an article published in the journal, it should be stated as the source to which

article (number, date) it is dedicated. The answer to the letter is given by the editor or the

author(s) of the article, again by publishing it in the journal. The number of words in the letters

is limited to 500, and the number of references is limited to five.

Articles submitted for publication in the journal;

o The writing page should be A4 size, with a PC-compatible Microsoft Word program.

o “Times New Roman” font with a 12-font size should be used, and all parts of the article
should be written with 1.5 line spacing.

o At least 2.5 cm of space should be left on each side of the page.

. Pages (bottom right corner) and lines should be numbered.

. The main headings of the article (Introduction, Method, Results, Discussion, and
References) should be written in capital letters and in bold.

. Sub-headings should begin with a capital letter as a sentence case and bold.

. In the numerical values given in the text, a comma (,) should be used in Turkish articles
and a period (.) in English articles. In these numerical values given, two more digits of the
number should be given after the comma or period, excluding p and r values (Example:
13.31 or 15.21); the p and r values should be written as three digits after the comma/
period.

] Abbreviations are given in parentheses at the first occurrence of the word, and that
abbreviation is used throughout the text. Reference can be made to the scientific spelling
rules for internationally used abbreviations.

Title Page

The title of the manuscript should be brief but descriptive for the content and compatible with
the purpose. Article title should be written in Turkish and English. The Turkish and English titles
should be written in bold with capital letters. Besides, a short running title (not exceeding 40
characters) should be specified both in Turkish and English on the title page. The number of
words (excluding title page, references, tables, and figures) of the article should be written.
Full names, surnames (written in a capital letter), academic titles, institutions, and digital
identifiers Open Researcher and Contributor ID (ORCID) of the authors, full name and address
of the clinic, department, institute, hospital, or university which the study was conducted at
should be declared using superscript numbers for each author. The contact information of the
corresponding author should also be specified. The title page should include each author’s
contact information, address, current e-mail address, and business phone number.



Abstracts
Each manuscript should include both Turkish and English abstracts.
Turkish Abstract and Keywords

The Turkish abstract should begin from a separate page and not exceed 250 words. The Turkish
summary section should include the purpose of the study, the methods, the primary findings,
and the result. The abstract should be titled “Oz” and divided into subheadings of “Purpose,”
“Methods,” “Results,” and “Conclusion.” The p-value must be specified in the “Results” section.
A comma (,) should be used in decimal numbers in Turkish article summaries.

The number of keywords should not be less than 3 or more than 5. Keywords should be selected
from the “Turkey Science Terms” list (http:/www.bilimterimleri.com). The out-of-list terms may
be used for a new concept. Each keyword begins with an uppercase letter, separated by a comma
and written in alphabetical order. If the article is in Turkish, the keywords in the English abstract
should be written in the alphabetical order of the Turkish keywords.

English Abstract and Keywords:

The English abstract should begin on a separate page and not exceed 250 words. A period (.)
should be used in decimal numbers in the English summary. English abstract must be divided
into subheadings of “Purpose,” “Methods,” “Results,” and “Conclusion.” The English abstract
and keywords should be the same as the Turkish abstract and keywords. Keywords should be
selected from “MeSH (Medical Subject Headings)” terms. The out-of-list terms may be used for
a new concept that has not taken place in MeSH yet. Each keyword begins with an uppercase
letter, separated by a comma and written in alphabetical order. If the article is in English, the
keywords in the Turkish abstract should be sorted according to the alphabetical order of the
English keywords.

Sections of the Original Research Articles

The sections of Turkish Article consist of “Girig”, “Yontem”, “Sonuglar” and “Tartisma”. In
English articles, there are “Introduction,” “Methods,” “Results,” and “Discussion” sections.
Abbreviations can be used for the expressions repeated more than five times in the manuscript.
The explanation of the abbreviation should be stated in the first place in the text.

Introduction

The introduction should summarize the basic knowledge obtained from previous studies related
to the study topic. The rationale and purpose of the study should be described briefly.

Methods

The clinical, technical, or experimental methods in the study should be clearly stated.
Appropriate references should be given for the method. In this section, the authors must state
that they carried out their studies on humans in accordance with the principles of the Declaration
of Helsinki, that they received approval from the relevant ethics committee (name of the ethics
committee, date, and protocol number should be written) and informed consent was obtained.
The method section should include the subtitle as “Statistical analysis.” If an animal is used in
the study, the authors should state that they protect animal rights in line with the principles of
the Guide for the Care and Use of Laboratory Animals (http://www.nap.edu/catalog/5140.html)
and have obtained approval from the relevant ethics committee. A statement that publication
approval has been obtained for photographs that may reveal the identity of the participants
should be included in this section.

If any statistical program is used, the name of the software program, version number, location,
date and company information should be written. Information on statistical analysis methods
and the calculation of sample size should be presented and supported with references when
necessary.

Results

The results should not contain any interpretation that is not based on numerical data. In the text,
repetition of the data presented in the tables should be avoided, and the most important results
should be emphasized.

Discussion

The discussion should begin with information on the most important results obtained in the
study. Results from the study should be interpreted and correlated with the results of previous
studies. In the discussion, the limitations of the study, its contribution to the literature, and
clinical practice should be stated. It should be avoided to repeat the findings in the “Results”
section and the tables with their details in the discussion section. Data not obtained in the study
should not be discussed.

The following titles should be added after the discussion section with their explanations:

o Sources of Support: If there are supporting organizations, it should be specified.

. Conflict of Interest: It should be stated if there is a conflict of interest.

. Author Contributions: Authors’ contributions to the article should be stated. Contributions
should be gathered under the headings of idea/concept, design, supervision/consulting,
resources and funding, materials, data collection and/or processing, analysis and/or
interpretation, literature review, article writing, critical review.

. Explanations: 1f the article has been presented in the form of an abstract and/or a
conference proceeding before, information about the scientific meeting, place, and
date of the presentation, and if published, the publication organ should be stated in the
“Explanations” section.

. Acknowledgement: Information about individuals and/or organizations that do not meet
the criteria for being an author but provided support during the research (reading the
article, writing, technical support, language, and statistical support, etc.) should be stated
in the “Acknowledgements” section as briefly and concisely as possible.

References

References should be placed after the main text. References should be numbered in the order of
occurrence in the text, at the end of the sentence (before the point), with Arabic numerals, and
in parentheses [Example: ....... it was found (21).]. The number of references should not exceed
40, and the use of references older than ten years should not exceed 15% of the total number
of references. Unless necessary, the use of books, web pages, unpublished observations, and
personal interviews as references should be avoided. If more than one reference is cited, a
comma should be placed between them, and no spaces should be left before or after the comma.
An example (3,7,15-19) can be given; “15-19” covers five publications from reference 15 to
reference 19. If the article is in English, the references that the name will indicate in the text
should be specified as “Author’s name et al.” (Example: Burtin et al.); if the text is in Turkish,
the references that the name will indicate in the text should be specified as “Yazar adi ve dig.”
(Example: Burtin ve dig.).

Journal names should be presented in abbreviated form as in Index Medicus. All authors should
be written if the number of authors is six or less in the standard journal. If the number of authors
is more than 6, the first six authors should be written, and the other authors should be specified
as “ve dig.” for Turkish articles and “et al.” for English articles. Authors who will use programs
such as Endnote, Mendeley should use the “VANCOUVER” style. The information that must be
included in a reference given in Vancouver style is as follows:

- Author(s) name(s), - Article title, - Journal name (abbreviated as in Index Medicus), -
Publication year, - Journal volume and issue, - Page range (Example:10-5).

Reference writing examples are as follows:

. Article; Burtin C, Saey D, Saglam M, Langer D, Gosselink R, Janssens W, et al.
Effectiveness of exercise training in patients with COPD: the role of muscle fatigue. Eur
Respir J. 2012;40(2):338-44.

. Studies published as a supplement of the journal; Hielkema T, Hadders Algra M. Motor and
cognitive outcome after specific early lesions of the brain-a systematic review. Dev Med
Child Neurol. 2016;58(Suppl 4):46-52.

. Book; Murtagh J. John Murtagh’s general practice. 4th ed. Sydney: McGraw-Hill Australia
Pty Ltd; 2007.

] Book Section; Cerulli G. Treatment of athletic injuries: what we have learned in 50 years. In:
Doral MN, Tandogan RN, Mann G, Verdonk R, eds. Sports injuries. Prevention, diagnosis,
treatment and rehabilitation. Berlin: Springer-Verlag; 2012: p. 15-9.

. Congress Papers; Callaghan MJ, Guney H, Bailey D, Reeves N, Kosolovska K, Maganaris
K, et al. The effect of a patellar brace on patella position using weight bearing magnetic
resonance imaging. 2014 World Congress of Osteoarthritis Research Society International,
April 24-27, 2014, Paris. Osteoartr Cartilage; 2014;22(Suppl):S55.

. Web pager; Diabetes Australia. Gestational diabetes [Internet]. Canberra (AU): Diabetes
Australia; 2015 [updated 2015; cited 2017 Nov 23]. Available from: https://www.
diabetesaustralia.com.au/gestational-diabetes.

Tables

Tables should be prepared in Microsoft Word file format, placed at the end of the article on
separate pages, and numbered according to the order in which they occur in the main text.
The total number of tables and figures should be at most 6. A short title should be written
for each column heading in the tables. The first letter of each word in table columns must be
capital. Table number and title should be at the top of the table; “table” should be written in bold,
separated from the table title by (.) (Example: Table 1. Sociodemographic Characteristics of
the Participants). Vertical lines should not be used in tables, and only horizontal lines should be
used above and below the first line and below the last line of the table. The p values in the table
should be indicated with *, **. Notes and explanations of abbreviations used in the table should
be written at the bottom of the table. While writing the explanation of the abbreviations, the
abbreviation should be written first, and the open version of the abbreviation should be written
after the colon (:) sign. Abbreviations should be separated by commas. The units of the variables
used in the table should be specified in parentheses. Units covering a certain range should be
expressed numerically by the range segment. In decimal numbers given in tables, comma (,)
in Turkish articles; point (.) in English articles should be used. In the decimal numbers given in
the tables, two digits should be written after the comma or the point (Example: 31,12 or 20.10).
Values other than a mean, percent, and median values (p, r, etc.) should be written as three digits
after the comma/point (Please see the example table below).

Table 1. Knowledge Test Results of the Groups

Group TP Group SP Group TP-SP
Knowl Test
nowledge Test 1) (n=20) (n=20) t pe
Pre Test 60.50+13.17  69.05+14.11 67.14+14.54  0.002 0.051
Post Test 83.00+14.18  73.50:9.33 83.33+10.17  0.002 0.001

*p<0,05. SKruskal Wallis Analysis. TP: Theoretical/practical course group, SP: Simulated patient
group, TP-SP: Theoretical/practical course, and simulated patient group.

Figures

A list of figures should be placed on a page after the list of tables. The authors are expected to
submit good quality figure(s) in JPEG, TIFF, or PNG versions as separate files. The photographs
used in the manuscript should be clear. The photographs and figures should be numbered in
the order in which they are referenced. If the manuscript involves humans, written consent of
the participants should be collected, and precautions should be taken to disguise individuals’
identities. The text of the consent form should be sent to the journal with the manuscript. It
should be indicated in the first paragraph of the “METHOD” section that the written consent was
collected from the participants.

Manuscript Submission

Two copies of the manuscript should be prepared for submission as Word files. One file must
have all author details included, and the other must be anonymized. Both versions should
include the title, abstract, body, and references. All institutions mentioned in the anonymous file
(including the institution where the ethics committee approval was obtained) must be written as
“X.” Both copies will be uploaded (after registering as a user) in the DergiPark (http:/dergipark.
gov.tr/tjpr) system.

Peer Review Process: The editorial and publication process of the journal is shaped following the
guidelines of the International Committee of Medical Journal Editors (ICMJE), World Association
of Medical Journal Editors (WAME), Council of Science Editors (CSE), Committee on Publication
Ethics (COPE), European Association of Science Editors (EASE), and National Information
Standards Organization (NIS0). The author(s) will be able to follow the evaluation process of
the article from the DergiPark system (http:/dergipark.gov.tr/tjpr). Manuscripts submitted to
the journal will first go through a technical evaluation process where the editorial office staff
will ensure that the manuscript has been prepared and submitted following the journal’s
guidelines. Submissions that do not conform to the journal’s guidelines will be returned to the
submitting author with technical correction requests. The articles will be evaluated by at least
two external referees who are experts in the relevant field, and the referee reports will be sent
to the corresponding author. If a revision is required, the author should respond to all referee
comments and upload the revised version of the manuscript. This process will be repeated until
the editorial board approves the manuscript.

Copyrights

Copyrights of all published articles will be held by the publisher: Turkish Physiotherapy
Association.

Disclaimer

The information, opinions, and views presented in the Turkish Journal of Physiotherapy and
Rehabilitation reflect the views of the authors and contributors of the articles and not of the
editors, the editorial board, or the publisher. The editors, the editorial board, and the publisher
disclaim any responsibility or liability for such materials. The final responsibility regarding the
published content rests with the authors.
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EDITORDEN

Degerli Okurlarimiz,

Turk Fizyoterapi ve Rehabilitasyon Dergisinin 2024 yili Nisan sayisinda, koruyucu
fizyoterapi yaklasimlarindan cerrahi sonrasi ve palyatif dénem uygulamalaring;
cocuk, gebe, hasta ve yetiskinler gibi farkli populasyonlarda agri, postir, denge,
kas aktivasyonu, otonomik cevaplar gibi parametrelerin degerlendiriimesinden
cesitli fizyoterapi uygulamalarinin bu parametreler tzerine etkinliklerine ve de
Tirkge olcek gelistirme calismalarina uzanan genis bir konu yelpazesine sahip 14
arastirma makalesi ile karsiniza ¢ikiyoruz.

Siz okuyucularimizdan ve gelecekteki yazarlarimizdan beklentimiz, bu calismalardan
hem klinik hem de bilimsel calismalarinizda yararlanmaniz ve dergimizin
gorinurligund bilimsel yayinlarinizda yapacaginiz atiflarla arttirmanizdir.

Bu yil, Turkiye dahil diinyanin 27 farkli ilkesinden dyeleri olan (yeleri olan
Foundation for Global Community Health (GCH) basta olmak (izere toplam 83
Universite ve dernegin destekledigi, Hindistan'in Delhi NCR kentindeki Manav
Rachna International Institute of Research and Studies ile BRICS Council of
Exercise and Sports Science tarafindan 26-29 Mart 2024 tarihleri arasinda
diizenlenen 3. BRICSCESS Kongresinde sunulan bildiriler de dergimizin 34. sayisina
ek olarak yayimlanmistir. Bu 146 degerli calismanin &zetine https://dergipark.org.
tr/tr/download/issue-file/77554 adresinden ulasabilirsiniz.

Dergimizin hazirlanmasinda biyik emekleri olan hakemlerimize, editérlerimize ve
yayin kurulumuza huzurlarinizda tesekkirlerimi sunmak isterim. Bilime hizmeti ve
fizyoterapistlik mesleginin bilimselligini arttirmay ilke edinmis olan Tirk Fizyoterapi
ve Rehabilitasyon Dergisinin Editor ekibi olarak 2024 yilinin ilk sayisi ile sizi bas
basa birakirken, bu ayin iki giizel ve anlamli giinii olan 8 Nisan Fizyoterapistler Ginu
ile 23 Nisan Ulusal Egemenlik ve Cocuk Bayrami'mizi kutlar, hepinize esenlikler
dileriz.

Yayin Kurulu adina,
Saygilarimla,

Prof. Dr. H Serap INAL
Bas Editor
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EDITORDEN

Dear Readers,

In the April 2024 issue of the Turkish Journal of Physiotherapy and Rehabilitation,
we present you with 14 research articles with a wide range of topics, ranging
from preventive physiotherapy approaches to post-surgical and palliative period
applications; from the evaluation pain, posture, balance, muscle activation and
autonomic responses in different populations such as children, pregnant women,
patients and adults, to the effectiveness of various physiotherapy applications on
these parameters; and to Turkish scale development studies.

Our expectation from you, our readers, and future authors is that you benefit from
these studies in both your clinical and scientific studies and increase the visibility
of our journal with citations in your scientific publications.

This year, proceedings of the 3rd BRICSCESS Congress established by the Manav
Rachna International Institute of Research and Studies in Delhi NCT, India, and
the BRICS Council of Exercise and Sports Science between 26-29 March 2024,
as a scientific meeting endorsed by a total of 83 universities and associations
-especially the Foundation for Global Community Health (GCH), which has members
from 27 different countries, including Turkey, were published as a supplement to
the 34th issue of our journal. You can read the summaries of these valuable studies
from https://dergipark.org.tr/tr/download/issue-file/77554

| would like to express my gratitude to our referees and our editorial and technical
board members for their great efforts in the preparation of our journal. As the
Editorial team of the Turkish Physiotherapy and Rehabilitation Journal, which has
adopted the principle of serving science and increasing the scientific nature of the
physiotherapist profession, we leave you with the first issue of 2024 and celebrate
the two beautiful and meaningful days of this month, April 8, Physiotherapists’ Day
and April 23, National Sovereignty and Children’s Day, and wish you all health and
well-being.

On Behalf of the Editorial Board,
Kind Regards,

H. Serap INAL, PT. Prof.
Editor-in-Chief
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FARKLI OBEZITE FENOTIPLERINDE YURUYUSE AiT
ZAMAN-MESAFE PARAMETRELERININ iNCELENMESI

ARASTIRMA MAKALESI

0z
Amag: Calismanin amaci, android ve jinoid obezlerde yiiriyiisiin zaman-mesafe parametrelerinin
saglikli bireylerden farkini arastirmaktir.

Yéntem: Calismaya 18-65 yas araliginda toplam 103 olgu katilmistir. Viicut kiitle indeksi (VKi); normal
(18,50-24,99 kg/m?) ve obez (=30kg/m?) olgularin bel/kalca oranlari (BKO) tespit edilmistir. Obezite
fenotipi bel-kalca oranina gére belirlenmistir. Android obez 43, jinoid obez 32 ve normal kilolu 28
olgunun dinamik pedobarografik analiziyle yiriytstin zaman mesafe parametreleri degerlendirilerek
karsilastiriimistir.

Sonuglar: Sallanma siiresinin (sag p=0,032, sol p=0,022), deselerasyon ivmesinin (sag p=0,003;
sol p=0,008) ve adim genisliginin (bilateral p<0,001) ti¢c grup arasinda anlamli olarak farkli oldugu
bulunmustur. Obez gruplarin ikili karsilastirimasinda zaman-mesafe parametrelerinde anlamli fark
olmadigi gorulmistir (p>0,016). Adim genisliginin android obezlerde normal kilolulara gére daha
fazla oldugu bulunmustur (p<0,001). Jinoid obezlerde normal kilolulara gére, deselarasyon ivmesinin
(sag p=0,001; sol p=0,003) ve sallanma siresinin (bilateral p=0,009) ise daha az oldugu ve adim
genisliginin (bilateral p=0,001) daha fazla oldugu gériilmiistiir. Bunun yani sira adim uzunlugu, kadans,
akselerasyon ivmesi, durus stiresi ve cift destek siiresi parametreleri agisindan gruplar arasinda anlamli
fark olmadigi gérilmiistir (p>0,05).

Tartigma: Calismamiz her iki obezite fenotipinde adim genisliginin normal bireylere gére arttigini,
yalnizca jinoid obezlerde sallanma siiresi ve deselarasyon ivmesinin azaldigini ve total viicut yag oranin
bunu etkiledigini gostermektedir. Sonuclarimiz obezitenin yiirilyiisiin zaman mesafe parametrelerini
etkiledigini, ancak farkli obezite fenotiplerinin bu parametreler agisindan benzer &zelliklere sahip
oldugunu ortaya koymustur.

Anahtar Kelimeler: Android, Jinoid, Obezite, Pedobarografi, Yiirime.

INVESTIGATION OF TEMPORAL-SPATIAL
PARAMETERS OF GAIT IN DIFFERENT OBESITY
PHENOTYPES

ORIGINAL ARTICLE

ABSTRACT

Purpose: The aim of the study is to investigate the difference of temporal-spatial parameters of gait
(TSPG) in android and gynoid obese.

Methods: A total of 103 individuals between the ages of 18-65 participated in the study. Body mass
index (BMI); of normal (18.50-24.99 kg/m?) and obesity (=30kg/m?), and waist/hip ratio (WHR) were
evaluated. Obesity phenotype was determined according to WHR. Dynamic pedobarographic analysis
of 43 android obese, 32 gynoid obese and 28 normal individuals evaluated the TSPG and compared
them.

Results: Significant differences were found between the three groups in step width (bilateral
p<0.001), deceleration (right p=0.003; left p=0.008) and swing time (right p=0.032, left p=0.022).
When comparing the obese groups, there was no significant difference in TSPG (p>0.016). It was found
that the step width was higher in android obese than in normal individuals (p<0.001). It was observed
that the step width (bilaterally p=0.001) was higher, deceleration (right p=0.001; left p=0.003) and
swing time (bilaterally p=0.009) were less in gynoid obese compared to the normal individuals. In
addition, it was observed that step length, cadence, acceleration, stance time and double support time
were not significant (p>0.05).

Conclusion: Our study shows that step width increases in both obesity phenotypes compared to
normal individuals, swing time and deceleration decrease only in gynoid obese and total body fat ratio
affects this. Our results revealed that obesity affects the temporal-spatial parameters of gait, but
different obesity phenotypes have similar characteristics in terms of these parameters.

Keywords: Android, Gait, Gynoid, Obesity, Pedobarography.
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Farkli Obezite Fenotiplerinde Yiiriiyiise Ait Zaman-Mesafe Parametrelerinin incelenmesi

GIRIS

Obezite, tim viicut sistemleri dahil olmak (izere
ozellikle kas-iskelet sistemini siirekli olarak strese
maruz birakan, biyomekanik ve metabolik olarak
etkileyen bir halk saghgi sorunudur (1-14). Obezite
prevalansinin arttigl g6z éniinde bulundurulursa vii-
cut mekaniginin total etkilenimi géz 6niinde bulun-
durulmalhidir (1,6). Artmis viicut agirligi; eklemlere
binen stresi arttirmakta ve yiriyls patolojilerine
yol agmaktadir (1,6,7).

Halk saghgini tehdit eden obezite, viicut icerisin-
de depolanan yag dokusunun yerlesimine gore ta-
nimlanmaktadir. Yag dagilimi abdominal bélgede
yogunlastiginda android obezite (1,9,15,16); glute-
ofemoral bélgede yogunlastiginda ise jinoid obe-
zite (1,15,16) olarak tamimlanmaktadir. Viicut yag
dagihm farkliliklari obezlerin viicut biyomekanigini
etkilemektedir (1,6,7,15-18).

Obezite; vuciitta eklem hareketlerini kisitlamak-
ta, agri gorilme sikhgini ve kirk gelisme riskini
arttirmaktadir (19-26). Zayiflayan kas kuvveti ve
dejeneratif kas-iskelet sistemi hastaliklarinin da
obezite ile dogru orantih oldugu bilinmektedir (19-
21,27,28). Viicut segmental yag dagilimi ile biyo-
mekanik etkilenim iliskilendirilmektedir (1,6,7,15-
18).

Obez bireylerin disme riskinin arttig1 ve kas kuv-
vetinin zayifladigini bildiren calismalar azalmis
adim uzunluguna ve sikligina vurgu yapmaktadir
(29,30). Obezlerin normal yiirtiyus paterni icersinde
zaman-mesafe parametrelerini gluteofemoral bdl-
gede asirn yag dokusu birikiminin etkiledigini bilin-
mektedir (30). Obezlerin ayni hizda yiiriiyen saglikl
kilolu bireylere gére adim uzunlugu kisalarak daha
yavas ylrudigu ve yiriyls esnasinda ise azalmis
sallanma fazi ile goreceli olarak artmis durus ve ¢ift
destek fazi oldugu saptanmaktadir (19,27). Obezle-
rin genellikle artmis yag kiitlesine bagh olarak daha
kisa adimlarla daha yavas yiiridiigii ve adim genis-
liginin arttigr bildirilmektedir (19-21,30).

Literatiirde obez bireylerin daha yavas yiriudigu,
daha kisa adim uzunluguna ve daha biyik adim
genisligine sahip oldugu bilinmektedir (30-32).
Bunun yani sira durus fazi ve cift destek siiresinin
uzadigl ve sallanma fazi siresinin kisaldig bilgisi
de mevcuttur (27,30-33). Ancak yag dagihmindaki
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farkhhklarin yiriyise etkileri konusundaki bilgile-
rimiz sinirhdir. Bu dogrultuda calismamizin amaci
normal kilolu bireyler ile android obez ve jinoid obez
bireylerin yiriyisin zaman mesafe parametreleri
acisindan farkliliklarini arastirmaktir.

YONTEM

Kesitsel arastirma tasarimina sahip olan bu calis-
ma, Nisan- Haziran 2019 tarihleri arasinda Zongul-
dak Biilent Ecevit Universitesi Obezite ve Diyabet
Uygulama ve Arastirma Merkezinde gerceklesti-
rilmistir. Zonguldak Bilent Ecevit Universitesi Kli-
nik Arastirmalar Etik Kurulundan 2019-04-09/01
protokol numarasi ile 14/01/2019 tarihinde onay
alinmistir ve aydinlatilmis onam formunu dolduran
bireyler calismaya dahil edilmistir. Bireylerin yazil
ve sozlli onami alinarak calismaya dahil edilmistir.
Calismaya 18-65 yas arasl, ayak saghgi acisindan
podolojik degerlendirilmeleri yapilmis, bioimpe-
dansmetre ile viicut yag analizi yapilmis, pedoba-
rografik ayak analizi yapilmis ve testleri anlaya-
bilecek diizeyde kooperasyona sahip olan gondilli
olgular arastirmaya alinmistir.

Viicut kiitle indeksi (VKi) =30 kg/m? ve total viicut
yag orani yiizdesi kadinlarda =35 ve erkeklerde =25
olanlar obezite grubuna alinirken; VKi 18,50-24,99
kg/m? arasi olan ve viicut yag orani yiizdesi kadin-
larda 30’un altinda ve erkeklerde 20’in altinda olan-
lar normal kilolu grubuna dahil edilmistir.

Cahsmada; norolojik ve inflamatuar hastaligi alt
ekstemiteyi etkileyebilecek olan, denge etkilenimi
olan, alt ekstemite malignitesi ve kas-iskelet cer-
rahisi olan, esitsiz bacak boyu olan, amputasyonu
olan, yardimci yiriime cihazi kullanan, hamile olan,
kalp pili (pace maker) olan, Tip Il Diabetes Mellitus
tanisini Oral Glukoz Tolerans Testi'nde alan ve gor-
me bozuklugu ciddi diizeyde olan olgular dislanmis-
tir. Degerlendirmeler sonucunda calismaya android
obeziteli 43, jinoid obeziteli 32 ve normal kilolu 28
birey olmak tzere toplam 103 olgu alinmistir.

Tum olgular bel/kalca oranina (BKO) gére siniflan-
dinlarak BKO kadinlarda =0.85 erkeklerde ise 20,90
android obez; sirasiyla <0,85 ve <0,90 ise jinoid
obez olarak tanimlanmistir (1,30,34,35).

Calismada olgular demografik ve antropometrik
verileri, total viicut yag yiizdeleri ve dinamik pedo-



barografik analizi ayni fizyoterapist tarafindan bir
kez degerlendirilmistir. Yas, boy, viicut agirligi, VKI,
BKO ve bioimpedansmetre (TANITA BC-418, Tok-
yo, Japan) ile total viicut yag yiizdesi (TVYY) verileri
alinmistir. Dinamik pedobarografik analiz ise ba-
sinclara sensérli platformda bilgisayara dogrudan
bagh bir élcim cihazi (Diagnostic Support-DIASU,
Rome, Italy- Ultrasensor 3D baropodometro con 7
sensor/cm?) ile yapilmistir. Bu cihaz; zaman-mesa-
fe parametreleri hakkinda veri saglamistir. Analiz
verileri; ayni taraf iki topuk arasi mesafeyi adim
genisligi, bir ayagin topuk vurusu ile diger ayagin
topuk vurusu arasindaki mesafeyi adim uzunlugu,
dakikada atilan adim sayisi kadansi, yiriytstn ak-
selerasyon fazi ivmesini akselerasyon, yirlyusin
deselerasyon fazi ivmesini deselerasyon, sadece
bir ayagin yerde oldugu zamani durus siresi, her iki
ayagin yerde oldugu zamani ¢ift destek siiresi ve bir
ayagin yer ile temasinin olmadigl zamani sallanma
stiresi olarak tanimlanmistir.

istatistiksel Analiz

istatistiksel analizler Windows tabanli SPSS 22.0
paket programi (IBM SPSS Statistics for Windows,
Version 19.0, IBM Corp., Armonk, NY, USA) ile yapil-
mis, p degeri 0,05 olarak alinmistir.

Orneklem buyikligiini belirlemek icin giic anali-
zi yapilmistir. Onceki bir calismaya bakilarak 0,4
standart sapma ve maksimum plantar basin¢larin
ortalamalari arasindaki fark 0,3 alinmistir (36).
Buna gore, %80 glic ve %5 tip 1 hata payi ile her
gruba en az 31 olgu alinmasi gerektigi hesaplan-
mistir.

Degiskenlerin normal dagilima uygunlugu gorsel
(histogram ve olasilik grafikleri) ve analitik yon-

Eser Karka T, Bayraktaroglu T., Unver B., Alarcin G.

temler (Kolmogorov-Smirnov) kullanilarak incelen-
mistir. Kategorik degiskenlerin karsilastiriimasinda
Ki-kare testi kullanilmistir. Android ve jinoid obezi-
tesi olan gruplar ve normal kilolu bireylerden olu-
san ¢ grubun sayisal verilerinin karsilastiriimasi,
degiskenler normal dagihma uygun olmadigi icin,
Kruskal Wallis testi ile yapilmistir. Anlamh ¢ikan so-
nuclarin ikili karsilastirmalar Bonferroni diizeltmeli
Mann Whitney U testi ile yapilmistir. Hesaplanan
p<0,05 degerleri istatistiksel olarak anlamh kabul
edilmistir.

SONUGLAR

Calismaya yas araligi 18-65 olarak dahil edilen 103
yetiskin olgu alinmistir. Android 43 obez yaslari 22-
65 araliginda (%41,75), jinoid 32 obez yaslari 18-
65 arahginda (%31,07) ve normal kilolu 28 birey
yaslari 21-55 arali§inda (%27,18) calismaya dahil
edilmistir. Bu bireylerin demografik ve antropomet-
rik parametreleri ile toplam viicut yag yiizdelerinin
karsilastirilmasi Tablo 1 ve 2'de verilmistir. Bu pa-
rametrelere gore; viicut agirliginin ve VKi'nin her iki
obezite grubunda fazla (p<0,001), BKO’nun android
obezlerin jinoid obezlere (p<0,001) ve normal kilolu
(p<0,001) bireylere gore yiiksek oldugu ayrica TVY-
Y'nin ise jinoid obezlerin android obezlere (p=0,007)
ve normal kilolu (p<0,001) bireylere gore fazla ol-
dugu bu degerin ayni zamanda android obezlerde
(p<0,001) de normal kilolu bireylere gore fazla ol-
dugu bulunmustur.

Zaman-mesafe parametrelerinin karsilastiriimasi
android obez, jinoid obez ve normal kilolu bireyler
arasinda yapiimistir (Tablo 3). Sallanma siiresi (sag
p=0,032, sol p=0,022), deselerasyon ivmesi (sag
p=0,003; sol p=0,008) ve adim genisligi (bilateral

Tablo 1. Android, Jinoid ve Normal Kilolu Bireylerin Demografik ve Antropometrik Parametreleri ile Toplam Viicut Yag

Yizdelerinin Karsilastiriimasi

Parametreler Android (n=43) Jinoid (n=32) Normal (n=28) p
Cinsiyet (K/E) 31/12 32/0 18/10 0,001*
Boy (cm+SD) 163,51+8,90 158,62+6,27 165,78+10,35 0,014*
Vicut Agirlig (kg+SD) 102,83+17,82 102,48+15,79 62,40+11,55 <0,001**
VKi (kg/m?+SD) 38,64+7,01 40,83+6,52 22,57+2,67 <0,001**
BKO (ort. + SD) 0,95+0,49 0,81+0,03 0,79+0,08 <0,001**
TVYY (ort. +SD) 39,15+8,41 44,18+6,78 21,58+6,66 <0,001**

*p<0,05,**p<0,001, SD: standart deviasyon, n: olgu sayisi, ort: ortalama, K: kadin cinsiyet, E: erkek cinsiyet, cm: santimetre, kg: kilogram, m: metre, VKi: viicut

kiitle indeksi, BKO: bel/kalca orani, TVYY: total viicut yag yiizdesi.
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Tablo 2. Gruplar Arasi Demografik ve Antropometrik Parametreler ile Toplam Viicut Yag Yiizdelerinin ikili Karsilastiriimasi.

Parametreler

Android - Jinoid

Normal - Android Normal - Jinoid

(n=75) (n=71) (n=60)
z P 4 P z P
Boy -2,113 0,035 -0,936 0,349 -2,663 0,008*
Viicut Agirligi -0,552 0,581 -6,883 <0,001** -6,379 <0,001**
VKi -1,843 0,650 -7,025 <0,001** -6,610 <0,001**
BKO -7,385 <0,001** -6,547 <0,001** -1,639 0,101
TVYY -2,694 0,007* -6,883 <0,001** -6,535 <0,001**

*p<0,016, **p<0,001, n: olgu sayisi, VKi: viicut kiitle indeksi, BKO: bel/kalca orani, TVYY: total viicut yag yiizdesi.

p<0,001) parametrelerinde anlamli fark oldugu bu-
lunmustur.

Her iki obezite grubunun karsilastirilmasinda za-
man-mesafe parametrelerinde anlamh kabul edi-
len fark olmadigi gorulmistir (p>0,016) (Tablo 4).
Adim genisliginin android obezlerde normal kilolu-
lara gore daha fazla oldugu bulunmustur (bilateral
p<0,001) (Tablo 4). Normal kilolu bireyler ve jinoid
obez bireylerin karsilastirlmasinda ise sallanma
stiresinin (bilateral p=0,009) ve deselarasyon ivme-
sinin (sag, p=0,001; sol p=0,003) daha az oldugu,
ayni zamanda adim genisliginin (p=0.001) jinoid
obezlerde bilateral daha fazla oldugu goértlmistir
(Tablo 4). Bunun yani sira adim uzunlugu, kadans,
akselerasyon ivmesi, durus siiresi ve cift destek si-
resi parametreleri acisindan gruplar arasinda an-
lamli fark olmadig gorilmistir (p>0,05).

TARTISMA

Android obez, jinoid obez ve normal kilolu bireylerin
yurdylisin zaman mesafe parametreleri acisindan
farkhliklarini arastirmak tizere planlanan calisma-
miz, deselarasyon ivmesinin ve sallanma siiresinin
jinoid obezlerde normal kilolulara gére daha az ol-
dugunu, adim genigliginin android ve jinoid obez-
lerde normal kilolulara gére daha fazla oldugunu
gostermistir. Ayrica, obezite fenotipleri arasinda
android ve jinoid obezlerde yiriyilisin zaman me-
safe parametrelerinin benzer oldugu ortaya koyul-
mustur. Obezitenin yuriylisin zaman mesafe pa-
rametrelerini degistirdigini gosteren calismamiz,
farkl obezite fenotipleri arasinda bu acidan bir fark
olmadigini ortaya koymustur.

Perfetto ve ark. (37) ve Manigrasso ve ark. (38), vi-
cut yag oraninin ve VKi'nin android ve jinoid obez-
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lerde normal bireylere gore arttigini géstermistir.
Bizim calismamizda da benzer sekilde her iki obe-
zite grubunun total viicut yag oraninin ve VKi de-
gerlerinin normal kilolu bireylere gore fazla oldugu
ortaya koyulmustur.

DeVita ve ark. (27) obezlerin normal kilolulara goére
durus fazinin siresinin gérece daha uzun ve sallan-
ma siiresinin gérece daha kisa olduga bildirmistir.
Lai ve ark. (31); obez yetiskinlerin yiriyis hizinin
ve adim uzunlugu azaldigini buna karsilik yrtydsin
cift destek siiresinin ve durus fazinin uzadigini sap-
tamislardir. Sheen ve ark. (33); obez yetiskinlerin
yurtstinde artmis durus ve cift destek fazi oldugunu
bunun en énemli sebebinin VKIi artisi oldugunu bil-
dirmistir. Calismamiz literatiire ek olarak; yalnizca
jinoid obezlerde deselarasyon ivmesinin ve sallan-
ma slresinin normal kilolu bireylere gore azaldi-
gin1 gostermistir. Literatiirde obezitenin dinamik
dengede azalmaya ve enerji tiketiminde artisa
neden oldugunu gosteren calismalar bulunmakta-
dir (19,30,38-40). Jinoid obezlerde deselerasyon iv-
mesi ve sallanma fazi siresinin azalmis olmasinin
dinamik dengenin azalmasi ve enerji tiketiminin
artmasi ile iliskili olabilecegini diisinmekteyiz.

Analizimiz; adim genisliginin hem android hem
de jinoid obezlerde normal bireylere gore arttigi-
ni gostermektedir. Spyropoulos ve ark. (30); obez
erkeklerin normal erkeklere kiyasla daha yavas yi-
ridigind, adim uzunluklarinin daha kisa ve adim
genisliklerinin ise daha biyuk oldugunu saptamis-
lardir. Lee ve ark. (32); obez addlesanlarin normal
kilolu adélesanlara gore daha biyik adim genisli-
gine sahip olduguna deginmistir. Bizim calismamiz
literatiirden farkl olarak android ve jinoid obeziteli
bireylerin her ikisinin de adim genisliginin normal
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Tablo 3. Android, Jinoid ve Normal Kilolu Bireylerin Zaman-Mesafe Parametrelerinin Karsilastiriimasi.

Parametreler Android Jinoid Normal P
(n=43) (n=32) (n=28)
Adim genisligi (cm) Sag 16,42+4,02 15,62+4,17 12,05+3,65 <0,001**
Sol 16,80+4,25 15,66+3,70 12,23+3,61 <0,001**
Cift adim uzunlugu (cm) 538 96,88+11,43 89,91+23,29 96,45+23,78 0,259
Sol 98,30+10,65 93,37+18,46 102,24+11,98 0,150
Adim uzunlugu (cm) Sag 49,84+6,70 50,68+9,99 53,98+11,86 0,141
Sol 48,86+4,78 50,67+11,97 53,56+11,49 0,133
Kadans (adim/dk) 20,9413,75 21,83+4,23 21,62+2,95 0,741
Ortama cift adim siresi Sag 1,27+0,15 1,20+0,31 1,17+0,28 0,349
o Sol 1,280,16 1,230,18 1,25+0,12 0,804
Hiz (cm/sn) Sag 30,28+4,85 28,10+6,33 31,09+4,71 0,076
Sol 29,33+6,66 29,14+6,10 31,26+7,45 0,557
Akselerasyon ivmesi (cm/ 538 1217,94+660,63 1047,35+741,25 1237,18+703,69 0,055
sn’) Sol 1164,98+733,52 999,83+598,86 1488,60+1764,56 0,094
Deselerasyon  ivmesi 28 -877,06+392,43 -725,02+268,15 -927,06+314,87 0,003*
(cm/sn?) Sol -834,91+388,85 -735,44262,54 -1035,38+518,68 0,008*
Durus zamani (sn) Sag 0,83+0,23 0,89+0,36 0,79+0,17 0,316
sol 1,19+1,68 0,85:0,32 0,86+0,39 0,392
Durus zamani CD (sn) 28 0,16+0,07 0,23+0,27 0,16+0,16 0,130
Sol 0,28:0,31 0,21:0,20 0,21:0,26 0,244
Sallanma zamani (sn) 38 0,49+0,06 0,46+0,11 0,49+0,10 0,032*
Sol 0,46:0,12 0,44:0,15 0,51:0,05 0,022*

*p<0,05, **p<0,001, SD: standart deviasyon, n: olgu sayisi, cm: santimetre, sn: saniye, cm/sn* santimetre/saniye kare, dk: dakika, CD: cift destek.

bireylere gére artmis oldugunu saptamistir. Andro-
id ve jinoid fenotipe sahip obezlerde gluteofemoral
bélgede adipoz doku yogunlugunun fazla olabile-
cegi ve bu ylzden adim genisliginin iki grupta da
artacag dusindlmelidir (32,34).

Cahismamizda; tim alt gruplarin olgu sayilarinin
esit olmamasi, gruplar arasi yas ortalamasinin

farkli olmasi, tim alt gruplarda kadin cinsiyette
olan olgularin oraninin yilksek olmasi ve obezite
fenotipinin ayriminin BKO ile yapilmasi limitasyon-
dur. Ayrica, calismamizda katilimcilarin dominant
ayaklari belirlenmemis, gruplarin sag ve sol ayakla-
r karsilastirimistir. Bu durum da ¢alismamizin bir
baska limitasyonudur.

Tablo 4. Gruplar Arasi Zaman-Mesafe Parametrelerinin ikili Karsilastiriimasi.

Parametreler

Android - Jinoid

Normal - Android Normal - Jinoid

(n=75) (n=71) (n=60)
z P z P z p
Sallanma Fazi Sag -1,153 0,121 -1.232 0218 -2,631 0,009*
Sol -0,705 0,481 -2,140 0,032 -2,605 0,009*
Deselerasyon ivmesi Sag -2,131 0,033 -1,745 0,081 -3,275 0,001*
Sol -0,997 0,319 -2,280 0,023 2,978 0,003*
Adim genisligi Sag -0,436 0,663 4119 <0,001**  -3,282 0,001*
Sol -0,901 0,368 4075  <0,001**  -3252 0,001*

*p<0,016. **p<0,001. n: olgu sayisI.
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Farkli Obezite Fenotiplerinde Yiiriiyiise Ait Zaman-Mesafe Parametrelerinin incelenmesi

Sonug olarak; calismamiz farkl obezite fenotiple-
rinde zaman-mesafe parametrelerinin normal kilolu
bireylere gére farkl oldugunu ancak obezite feno-
tiplerinin kendi arasinda bu agidan fark olmadigi-
ni gostermistir. Her iki obezite fenotipinde adim
genisliginin normal bireylere gore arttigi, yalnizca
jinoid obezlerde sallanma siiresi ve deselarasyon
ivmesinin azaldigi ortaya koyulmustur. Her iki obe-
zite fenotipinde de adipoz dokunun gluteofemoral
bélgede yogunlasmasindan kaynakli adim genisli-
ginin obezite gruplarinda artmis oldugunu, ayrica
dinamik dengenin azalmis olmasinin artmis adim
genisligine katkida bulunmus olabilecegini disun-
mekteyiz. Dinamik denge yetersizligi ve enerji ti-
ketimindeki artis bu bireylerde sallanma siresinin
azalmasi ile iliskili olabilir. Sonuglarimiz obezitenin
yurdylisin zaman mesafe parametrelerini etkiledi-
gini, ancak bu parametrelerdeki degisikligin viicut-
taki yag kitlesinin dagihmindan degil, yag kitlesi-
nin artisindan kaynaklaniyor olabilecegini ortaya
koymustur. Farkli obezite fenotiplerinin yiriyusiin
diger kinematik ve kinetik parametrelerine etkisini
inceleyen ileri calismalara ihtiya¢ bulunmaktadir.

Destekleyen Kurulus: Yoktur.

Cikar Catismasi: Herhangi bir cikar catismasi bu-
lunmamaktadir.

Yazar Katkilari: Fikir/Kavram- TEK, BU, GA, TB;
Tasarim- TEK, BU, TB; Denetleme/Danismanlik-BU,
TB; Kaynaklar ve Fon Saglama- TEK, BU, GA, TB;
Materyaller- TEK, BU, GA, TB; Veri Toplama ve/veya
Veri isleme- TEK, GA; Analiz ve/veya Yorumlama-
TEK, BU, GA, TB; Literatiir Taramasi- TEK, BU, GA,
TB; Makale Yazimi- TEK, BU, TB; Elestirel inceleme-
BU, TB.

Aciklamalar: Bu calisma Obezite ve Diyabet Uy-
gulama ve Arastirma Merkezi biinyesinde gercek-
lestirilmistir.

Tesekkiir: Obezite ve Diyabet Uygulama ve Arastir-
ma Merkezi calisanlarinin tamamina ve katilimcila-
ra tesekkir ederiz.
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Kutty RK., Chee 0.S., Stalin S., Dewan S.D., Acharry N.V,, A Comparative Analysis of Various Proprioceptive Neuromuscular Facilitation (PNF) Techniques on Muscle Flexibility

Among Extended Sitting Posture Individuals, Turk J Physiother Rehabil. 2024; 35(1):20-28. doi: 10.21653/tjpr.1076651

A COMPARATIVE ANALYSIS OF VARIOUS
PROPRIOCEPTIVE NEUROMUSCULAR FACILITATION
(PNF) TECHNIQUES ON MUSCLE FLEXIBILITY AMONG
EXTENDED SITTING POSTURE INDIVIDUALS

ORIGINAL ARTICLE

ABSTRACT

Purpose: The purpose of this research is to compare the effectiveness of different Proprioceptive
Neuromuscular Facilitation (PNF) stretching techniques for hamstring muscle tightness, and to find out
the best PNF technique for improving hamstring flexibility.

Methods: In this quasi-experimental designed study, 30 university students who were between 18-25
years-old, sitting >6 hours per day, and had a Active Knee Extension Test (AKET) >20° were recruited
with convenience sampling and equally allocated into Group A, B and C, non-randomly. Hold-Relax (HR),
Agonist Contraction (AC) and Contract-Relax-Antagonist-Contract (CRAC) stretching techniques were
given respectively, 3 sessions/week, for three weeks.

Results: Paired t-test showed significant effect of each technique compared between pre-test value
and post-test value of AKET measurements of Hold-relax (HR), AC and CRAC groups (p<.001). One-way
ANOVA results showed significant difference between the effects of these techniques (F(2,27)=13.069,
p<.001). Tukey Post-Hoc test revealed that effect was significantly greater in CRAC (-20.033°+2.666°,
p<.0071) and AC groups (-17.516°+1.658°, p=.047) than HR (-15.100°+2.025°). Furthermore, CRAC
(p=.038) was found to have significantly greater effect than AC.

Conclusion: The PNF stretching techniques used in this study are effective in improving hamstring
flexibility among university students. In addition, CRAC technique was found to be the most effective
one.

Keywords: Extended Sitting Posture, Flexibility, Hamstring, Proprioceptive Neuromuscular Facilitation,
Stretching

UZUN SURELi OTURMA POZiSYONUNA SAHiP
BIREYLERDE KAS ESNEKLIiGi UZERINE CESITLI
PROPRIOSEPTIF NOROMUSKULER FASILITASYON
(PNF) TEKNIKLERININ KARSILASTIRMALI ANALIZi

ARASTIRMA MAKALESI

0z

Amag: Bu arastirmanin amaci, hamstring kas gerginligi icin farkli Propriyoseptif Noromuskiiler
Fasilitasyon (PNF) germe tekniklerinin etkinligini arastirmak ve hamstring esnekligini gelistirmek icin
en iyi PNF teknigini bulmaktir.

Yontem: Bu yari deneysel dizaynli calismada 18-25 yasinda, giinde >6 saat oturan ve Aktif Diz
Ekstansiyon Testi (AKET) >20° olan 30 universite 6grencisi elverislilik drnekleme yontemiyle secilmis ve
Grup A, B ve C'ye esit olarak ayrilmistir.. Sirasiyla tut-gevse (HR), agonist kasilma (AC) ve kas-rahatla-
antagonist kas (CRAC) germe teknikleri verilmis ve miidahaleler deneklere haftada ti¢ seans, ii¢ hafta
stireyle uygulanmustir.

Sonuclar: Paired t-testi, HR, AC ve CRAC gruplarinin hepsinde 6n test ve son test AKET élctimleri
arasinda anlaml farklar oldugunu gésterdi (p<.001). Tek yonli ANOVA testi, bu tekniklerin etkinlikleri
arasinda anlamli bir farkhlik oldugunu (F(2,27)=13,069, p<,001); Tukey Post-Hoc testi, etkinin CRAC
(-20,033°+2,666°, p<,001) ve AC gruplarinda (-17,516°+1,658°, p=,047) HR'den (-15,100°+2,025°)
anlaml olarak daha yiiksek oldugunu ortaya koydu.. Ayrica, CRAC'In (p=,038) AC'den 6nemli dlciide
daha fazla etkiye sahip oldugu bulundu.

Tartisma: Bu calismada kullanilan PNF germe teknikleri, tniversite 6grencilerinde hamstring
esnekligini gelistirmede etkili olup, en etkili olan CRAC teknigidir.

Anahtar Kelimeler: Uzun Siireli Oturma Pozisyonu, Esneklik, Hamstring, Proprioseptif Noromiiskiiler
Fasilitasyon, Germe
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INTRODUCTION

Sitting for long periods of time, whether at a desk,
behind the vehicle, or in front of a computer screen,
can be detrimental. A study of 13 studies on sit-
ting time and activity levels discovered that peo-
ple who sat for more than eight hours a day with
no physical exercise had a risk of dying similar to
those who smoked or were obese (1). Studies have
linked prolonged sitting hours with health concerns
such as heart disease, cancer, depression, diabetes
and obesity. Research shows that breaking up long
periods of sitting with movement at least once an
hour reduces those risks, while regular exercise
at other times of day does not solve the purpose
(2). Nowadays, people spend most time sitting be-
cause everyday life becomes more automated and
computer-based. Also, extended sitting duration is
required in most occupations and educational set-
tings (3). During Covid-19 pandemic, E-learning re-
placing physical classes were ordered by Malaysian
Education Ministry since April 2020 (4). This causes
university students to stay home every day leading
to increase sitting time and even increased rate
of low back pain (LBP). (5-6). In sitting, hamstring
muscles are not active and kept in shortened posi-
tion as knees are flexed (7). With extended sitting,
these cause decline blood-muscle pumping, ham-
string trigger points development and shortening
adaptation results in hamstring tightness (8-9)

Hamstring muscles are a collection of long, strong
muscles in which both ordinary people and ath-
letes experience a high level of flexibility inhibition.
Tightness in hamstring not only causes a decrease
in movement but also poses various musculoskel-
etal issues. If physiologically seen, the muscle re-
lationships of length-tension act as the shock en-
grossing capacity of the limb which is influenced by
muscle tightness. Diminished flexibility contributes
in decreased range, and prompts different muscu-
loskeletal issues (3). Therefore, majority university
students had adopted prolonged sitting habit for
learning and recreations which is the main cause of
hamstring tightness among them (10-11). Qamar
et al. (2017) also reported that high percentage of
university students (82%) with extended sitting on
chair (>six hours a day) had hamstring tightness.

Extended sitting habit among university students

Kutty R.K., Chee 0.S., Stalin S., Dewan S.D., Acharry N.V.

causes high prevalence of hamstring tightness. Es-
pecially during Covid-19 pandemic, students spend
more time sitting as they have E-learning classes
and are restrained from going outdoors. Severe
hamstring tightness can cause unnatural gait as
hip, knee and ankle biomechanics were interrupted
and eventually results in plantar fasciitis (12). Ham-
string tightness also causes knee pathology due to
the interfered distribution of load caused by muscle
imbalance (9). In physical therapy and rehabilita-
tion to deal with hamstring tightness or any mus-
cle with tightness various physical treatment are
available. One of the most popular and easy way
is by stretching. Hamstring flexibility is frequently
assessed using Active Knee Extension Test (AKET)
in researches as it is an ideal hamstring flexibility
test. Knee flexion angle >20° indicates hamstring
tightness (13). For decades, static stretching tech-
nique has been utilised as the standard benchmark
for various training programs, because it revealed
that using static stretching technique used to in-
crease flexibility in contrast to other methods of
stretching (14).

In a recent study, they compared the effects of two
active stretching techniques on hamstring flexibil-
ity in asymptomatic individuals; they used a mod-
ified hold-relax technique of proprioceptive neuro-
muscular facilitation (PNF) and neural mobilisation
on male subjects to improve hamstring flexibility.
Their findings showed that hold-relax and neu-
ral mobilisation are equally efficient in increasing
hamstring flexibility (15). Static stretching (SS), dy-
namic stretching (DS), and Proprioceptive Neuro-
muscular Facilitation (PNF) are some of the promi-
nent stretching treatments that can assist improve
hamstring flexibility and prevent such issues (16).

In a similar study, conducted noted PNF to be su-
perior to other stretching techniques (17). It is a
stretching technique that promotes neuromuscular
mechanism response through proprioceptors stim-
ulations, that is used to increase muscle flexibili-
ty (18) It involves muscle active contraction while
target muscle (TM) (muscle to be stretched) being
held at its stretched position followed by relaxation
and passive stretching (19). The three main PNF
stretching techniques are Hold-Relax (HR), Ago-
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nist Contraction (AC) and Contract-Relax-Antago-
nist-Contract (CRAC) (20). HR involves autogenic
inhibition that increases muscles compliance to be
lengthened following TM isometric contractions,
whereas AC involves reciprocal inhibition following
OM concentric contractions (21). While in CRAC,
TM static contraction followed by OM concentric
contraction has both reciprocal and autogenic inhi-
bition involved (22).

Previous studies which compared effect of various
PNF stretching techniques on hamstring flexibil-
ity of several populations showed different opin-
ions on which technique is superior and beneficial
for improving flexibility of a muscle. Therefore, in
this study various PNF stretching techniques are
compared and applied on subjects to identify the
best technique. HR, AC and CRAC PNF stretching
techniques to determine the most effective PNF
technique for Malaysian university students with
extended sitting to improve hamstring flexibility
and prevent complications caused by hamstring
tightness.

METHODS

A quantitative approach with a quasi-experimen-
tal design was applied in this study with a pre-
test-posttest design to compare the effect of
Hold-relax (HR), AC, and CRAC stretching tech-
niques (independent variable) on hamstring flex-
ibility (dependent variable) among university stu-
dents with extended sitting posture. An informed
consent was signed and the procedure were clearly
explained to the participants. Before the first and
after the last stretching session, AKET that contrib-
uted numerical data were performed to measure
hamstring flexibility.

“Sampling” Subjects were recruited with a
non-probability sampling method; convenience
sampling is used. The sample size was calculated
using the below formula with type-| error rate at
5% and type-Il error rate at 20%: However, due to
pandemics, there were limited available subjects
and because of time limitations, only 30 subjects
were recruited. After subjects were recruited based
on selection criteria, they were allocated into one
of the three groups purposively without randomiza-
tion. Every group had 10 subjects. Group A received
HR, Group B received AC and Group C received
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CRAC technique. Male and female university stu-
dents aged 18-25 were included in the study. Sub-
jects who spend more than six hours sitting a day
and subjects with right hamstring positive in AKET
(>20° knee extension limitation) were included in
the study. Participants who don’t line up with the
inclusion & exclusion criteria were not selected for
the study. The data were collected in a timespan
from June to August 2021.

An ethical review and ethical approval are provided
by the Faculty of Health Sciences Research Review
Committee, MAHSA University (FRRC) by fulfilling
requirements with concern to the safety and eth-
ics of the study. (Reference Number: FOHS/PT/21/
UG61). Subjects’ confidentiality and anonymity
were taken care of all the time. Subjects’ health
status and personal information were kept safe
with reference to Personal Data Protection Act
2010, and will not be revealed without the agree-
ment of the respective subject. To ensure safety
during the Covid-19 pandemic, Covid-19 Standard
Operating Procedures (SOP) have been strictly ad-
hered to throughout the study.

“Procedures” To determine the effectiveness of the
techniques, hamstring flexibility was assessed us-
ing AKET, the gold standard measure, with subjects
actively straightening the tested knee with hip re-
mains 90° flexed with help of stabilizing tool and
the pelvic and non- tested leg also stabilized to
prevent unwanted movements. A Universal Goni-
ometer (UG) tool was used during AKET to measure
knee ROM. Target samples were approached by in-
vitation posted in university students’ online com-
mon groups, whoever was interested to participate
were visited at their houses nearby university as
they underwent online classes. They were briefed
regarding the study objectives and procedures.
Screenings were done with AKET and Participant
Screening Form filled up by target samples. AKET
procedure was demonstrated

before performing. Subjects’ hamstring flexibility
was assessed with AKET before first (pre- test) and
immediately after the last stretching session (post-
test). Pre-test and post-test measurements (ROM)
were recorded in Data Collection Table.

“Statistical Analysis” These data were analyzed us-
ing IBM Corp. Released 2017. IBM SPSS Statistics
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Table 1. Paired Samples Statistics for HR, AC and CRAC Groups

Variables Mean N SD Std. Ervor
Mean
HR Pre-Test 137.766° 10 4.85 1.53
Post-Test 152.866° 10 391 1.23
AC Pre-Test 138.534° 10 6.27 1.98
Post-Test 156.050° 10 5.76 1.82
CRAC Pre-Test 135.217° 10 4.49 1.42
Post-Test 155.250° 10 498 1.57

HR- Hold Relax, AC- Agonist contraction, CRAC- Contract relax — Antagonist contract

for Windows, Version 25.0. Armonk, NY: IBM Corp
with confidence interval (Cl) set at 95%, signifi-
cance level set at p<.05. To test the hypotheses,
the pre-test and post-test knee ROM of each group
were analyzed with a paired t-test to determine the
effectiveness of each technique based on the mean
difference as the measurements were taken at two
separate times which were once before and once
after an intervention. One-way ANOVA was used to
compare the means of three distinct groups to see
if there was a statistically significant difference in
the effectiveness of the strategies. The post-hoc
test was run, to identify the significant group by
comparing each group (23). Before running these
tests, | had cleaned the data, looked for missing
values, and then keyed in values to the datasheet.

RESULTS

30 subjects (18 females and 12 males) were al-
located into three groups. Group A (HR) had six
females(n=6) (60%) and four males(n=4) (40%)
aged 22.400+2.412; Group B (AC) had seven fe-
males(n=7) (70%) and three males(n=3) (30%)
aged 21.300+2.451; Group C (CRAC) had five fe-

males(n=5) (50%) and five males(n=5) (50%) aged
20.900+2.282. To test on the hypothesis on wheth-
er there is significant effect within each tech-
nique, paired t-test was performed. For HR group,
mean + SD of pre-test AKET measurement was
137.76°+4.588° and post-test AKET improved to
152.866°+3.917° (Table 1).

As presented in Table 2, the mean difference was
-15.100°£2.025° between pre- test and post-test.
Paired t-test result shows t(9)= -23.574, p<.001
indicating HR has statistically significant effect in
improving hamstring flexibility. Thus, null hypothe-
sis was rejected.

Paired t-test also performed to test hypothesis
on the effectiveness of AC. According to Table 2,
mean + SD of pre-test AKET measurement was
138.534°+6.2773° and post-test AKET improved
to 156.050°+5.7660°. Table 3 shows the mean
difference was - 17.5160°+1.6587° between pre-
test and post-test. Paired t-test result shows t(9)=
-33.394, p<.001 indicating AC has statistically sig-
nificant effect in improving hamstring flexibility, re-
jecting null hypothesis.

Table 2. Paired Samples Statistics for HR, AC and CRAC Groups

Mean Esrff)r 95%(Cl of thedifference df faluglétZi;
Variables Difference SD m (:?:r Upper t
HR Egest -15.100° 2.02 64 -16.54 -13.65 2357 9 .000
AC IF;(r)it -17.516° 1.65 52 -18.70 -16.32 3339 9 .000
CRAC Egit -20.033° 2.66 84 -21.94 -18.12 2375 9 .000

HR- Hold Relax, AC- Agonist contraction, CRAC- Contract relax — Antagonist contra (The p value (quoted under Sig. (2-tailed)) is . 000 (reported as p <. 001)

statistical significance)
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Table 3. Statistical analysis using One-Way ANOVA for Comparison Between HR, AC and CRAC Groups

ROM (AKET) Sum of Squares df Mean Square F Sig.
Between Groups 121.68 2 60.84 13.06 .000
Within Groups 125.70 27 4.656

Total 247.39 29 - - -

Paired t-test was performed to test hypothe-
sis on the effectiveness of CRAC. Table 2 shows
mean = SD of pre-test AKET measurement was
135.217°+4.4924° and post-test AKET improved
to 155.250°+4.9806°. Referring Table 2, the mean
difference was - 20.033°+2.666° between pre-test
and post-test. Result shows t(9)= -23.753, p<.001
indicating CRAC has statistically significant effect
in improving hamstring flexibility. Therefore, null
hypothesis was rejected.

+

To test the hypothesis of whether there is signifi-
cant difference between effect of these techniques,
One-way ANOVA was performed. Mean differences
of AKET measurements of HR, AC and CRAC groups
were compared and analyzed. Result shows statis-
tically significant difference between effectiveness
of these techniques with F (2,27) = 13.069, p<.001,
rejecting null hypothesis and accepting alternate
hypothesis (Table3)

To identify the significant group, multiple compar-
isons were done with Tukey Post-Hoc test. Results
revealed improvement was statistically significant-
ly greater in CRAC (- 20.033°+2.666°, p<.001) and
AC groups (-17.516°+1.658°, p=.047) compared to
HR

(-15.100°+2.025°) as presented in Table 4. Addi-
tionally, there is statistically significant difference

(p=.038) between effect of CRAC and AC, suggest-
ing CRAC to be most effective.

The result of this study showed all three techniques
had significant effect (p<.001) compared between
mean of pre-test and post-test AKET measure-
ment. One-Way ANOVA result showed significant
difference (p<.001) between effect of these tech-
niques. Tukey Post- Hoc Test revealed that CRAC
(-20.033°+2.666°, p<.001) had most significant
effect followed by AC (-17.516°+1.658°, p=.047),
then HR (-15.100°+£2.025°)

DISCUSSION

The study was conducted to determine and compare
effectiveness of HR, AC and CRAC PNF stretching
techniques on hamstring flexibility among universi-
ty students with extended sitting posture. Result of
current study showed all three techniques had sig-
nificant effect (p<.001) compared between mean
of pre-test and post-test AKET measurement. This
study found significant effect of HR (p<.001), con-
sistent with previous studies (24) found HR greatly
improved hamstring flexibility of inactive female
students with 20-session stretching with assess-
ments done using AKET. Result of current study
is also in accordance with study done by Rani
and Mohanty (15) who found significant effect of
HR on hamstring flexibility among asymptomat-

Table 4. Statistical analysis using Post-Hoc Test for Between Groups Multiple Comparison

95%(Cl
(U} Mean Difference Std. Error
Groups (J) Groups (1)) : Sig. Lower Upper
Bound Bound
HR AC -2.41* .96 .047 -4.80 023
CRAC -4.93* .96 .000 -7.32 -2.54
AC HR 2.41* .96 .047 .023 4.80
CRAC -2.56* .96 .038 -4.90 =12
HR 493* .96 .000 2.54 7.32
CRAC
AC 2.51* .96 .038 a2 4.90

HR- Hold Relax, AC- Agonist contraction, CRAC- Contract relax — Antagonist contract

Iy -
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Figure 1. A Graph Representing Mean Differences of AKET of HR, AC And CRAC Groups.

ic subjects aged 20-30 in four-week intervention
with 11.08°+3.08° improvement as measured with
AKET. Rajendran et al. (9) also found that HR sig-
nificantly improved hamstring flexibility among un-
dergraduates with 16.46° knee ROM improvement
after one-session stretching but the effect was not
long-lasting. Current study provided nine stretch-
ing sessions to all participants so that accumulated
effect can be more obvious to be compared and
perhaps the effect can last longer to be more ben-
eficial clinically. (25,18). Such significant effect can
be attributed to autogenic inhibition mechanism as
TM contracted, Ib-afferent fibers in GTO activated,
which it sends signals that activate inhibitory in-
terneurons and finally the inhibitory stimulus caus-
es TM relaxation, decreasing resistance towards
stretch. (22).

Present study also showed significant effect of AC
(p<.001) on hamstring flexibility, consistent with
study done by Naga (18) who found that AC ef-
fectively improved hamstring flexibility in subjects
with hamstring tightness after one-session of AC.
Result of current study also demonstrated signifi-
cantly greater effect of AC (p=.047) than HR, con-
sistent with study done by Ferber et al. (26) who
found that AC was more effective than HR and SS
in improving hamstring flexibility among active el-
derlies as the knee ROM improvement was 29%-
34% greater. Regima et al. (21) also found that
AC was significantly more effective than HR on

hamstring flexibility among undergraduates. They
suggested that reciprocal inhibition in AC produces
greater hamstring flexibility improvement. It occurs
as OM contracts which is produced by descending
input and this input and la-afferent fiber interact-
ed with TM la- inhibitory interneurons, causes TM
relaxation. Moreover, OM concentric contraction
moving knee joint towards maximal end range al-
lows TM to lengthen even more as stretching force
causes more neural inhibition. Also, this active
stretching was suggested as another reason for AC
to be more effective.

Furthermore, this study also demonstrated signifi-
cant effect of CRAC (p<.001), in line with study done
by Mani et al. (27) who found that CRAC signifi-
cantly improved hamstring flexibility among male
subjects with hamstring tightness after eight-week
intervention with assessments done using AKET.
Besides, current study found CRAC had significant-
ly greatest effect, consistent with study conducted
by Ramachandran et al. (16) and Nagarwal et al
(28) who found that CRAC had significantly great-
er effect than HR in improving hamstring flexibility
of university students after three-week stretching.
Sundaram and Arun (29) also found that CRAC had
most marked effect compared to HR and AC on ath-
letes’ hamstring flexibility with 25.9°+1.422° knee
ROM improvement although they only looked for
the immediate effect. As current study applied con-
sistent parameter for all techniques except CRAC
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involved both TM and OM contraction. Thus, the
superiority could be due to both neurophysiologi-
cal mechanisms involvement causing more neural
inhibition and muscle relaxation than AC and HR.
This is supported by Etnyre and Abraham (30) who
found that HR and CRAC did suppress motor pool
excitability based on Hoffman Reflex responses
although excitability increased after few seconds.
They found greater motor pool excitability suppres-
sion and longer lasting inhibitory effect in CRAC
than HR due to the addition of reciprocal inhibition.
As suggested, stretching must be done immediate-
ly after contraction when muscle relaxes (31). This
were done during this study and found that CRAC
had greatest effect.

Effectiveness of PNF stretching is attributed to
combination of several factors (32). Beside neu-
rophysiological mechanisms, altered stretch per-
ception could contribute to its effectiveness. Aze-
vedo et al (33) stated that stretching itself can
alter stretch perception, the addition of contrac-
tion further alters the stretch perception. Mitchell
et al. (34) found stretch tolerance in subjects who
received PNF stretching was greater than those re-
ceiving SS. They supported that the contraction in
PNF causes stretch perception alteration. Further-
more, PNF techniques involve stretching following
contraction. As musculotendinous units have vis-
coelastic properties, stress relaxation will occur
which is the resistance of viscous material towards
stress decreased during stretching. This property
causes ability to endure stretching lost over time
and musculotendinous units lengthen slowly. (35)

Result of present study is inconsistent with some
studies. Dafda (20) found that HR was more effec-
tive than AC as assessed with AKET. However, such
difference could be due to the test procedure as
subjects’ pelvic and contralateral leg were not sta-
bilized and subjects’ hip flexion at 90° were man-
ually held instead of utilizing stabilizing tool. Thus,
some alteration of hip and pelvic position can be
suspected. Davis et al. (36) suggested that neural
tension, pelvic position and stability would affect
result of an outcome measure. Oh et al. (37) found
no significant difference between effect of PNF
stretching techniques on university students’ ham-
string flexibility when assessed with SLRT. There
may be more pelvic rotation in SLRT especially in
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persons with hamstring tightness (38). Moreover,
contralateral hip flexor flexibility also affects out-
come of SLRT (39). Another possibility that affects
accuracy of measurement is subjects’ inability to
keep knee fully extended during SLRT. AKET ap-
plied in current study can overcome limitations
of SLRT like pelvic movement and neurological
involvements (40). Thus, such different finding of
current study could be explained with the test pro-
cedure and outcome measure used.

CONCLUSION

Hamstring tightness is a common problem among
university students because of extended sitting
habits. It causes multiple musculoskeletal problems
but is preventable with effective hamstring stretch-
ing. PNF stretching is superior to other techniques.
This study compared the effectiveness of HR, AC,
and CRAC PNF stretching techniques on hamstring
flexibility among university students with extend-
ed sitting postures. Thirty subjects were allocated
into three experimental groups. Before and after
the three-week stretching, their hamstring flexi-
bility was assessed with AKET. Based on the re-
sults, it can be concluded that all techniques are
effective with CRAC to be most effective followed
by AC, then HR. Thus, CRAC can bring the great-
est improvement to university students’ hamstring
flexibility. Furthermore, the perception of pain and
flexibility is also influenced by the different race of
the participants (41).

This study contributes more shreds of evidence
and clear confusion on which PNF technique is
more effective. As this study found all techniques
are effective with CRAC yielded the greatest effect,
it can be applied by clinicians to effectively im-
prove hamstring flexibility among this population
who are prone to hamstring tightness. These tech-
niques are also advisable to clinicians when treat-
ing patients with neurological disorders as these
PNF techniques may help normalize tone better.
The parameter applied in the current study was
six seconds submaximal contraction followed by a
30-second stretch for three repetitions and found
all techniques significantly improved hamstring
flexibility. Thus, this parameter can serve as a ref-
erence for clinicians when applying PNF stretching.

However, this study did not manage to determine



the chronic effect after cessation of PNF stretch-
ing. Furthermore, subjects were not provided with
special instruction on their activity level as they
were not able to be controlled during the current
pandemic.

A larger sample size is recommended to ensure the
representativeness of the population and for more
reliable findings. Future studies should determine
and compare the sustainability of the accumulat-
ed effect of these techniques. Lastly, for more ac-
curate ROM measurement, an electro-goniometer
which is more reliable is recommended for future
studies.
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SEX DIFFERENCE IN ABSOLUTE AND NORMALIZED
FORCE AT FOUR DIFFERENT ISOMETRIC
CONTRACTION INTENSITIES: A CROSS-SECTIONAL
STUDY

ORIGINAL ARTICLE

ABSTRACT

Purpose: When measuring isometric contractions, providing real-time visual feedback differs from the
practices in general clinical environment. In addition, even though men and women have clear physical
and physiological differences, most of the existing studies analyzed absolute muscle contractions with
no distinction between men and women. The aim of this study was to investigate whether there
are differences in absolute and normalized hip extension forces measured without visual feedback
between men and women.

Methods: Twenty-eight healthy adults participated (13 men and 15 women; age=- 22.00+11.44 years;
height=165.86+18.30 cm; and weight=61.91+12.34 kg) in the study. Maximum (MVC) and submaximal
voluntary contraction forces (75%, 50%, and 25% of MVC, in a random order) of hip extension were
measured using a wireless strain gauge and with no visual feedback.

Results: Absolute contraction forces measured at four target intensities were significantly greater in
men (p<0.001). Intra-trial reliability of contraction forces across 3 trials was very high in both men and
women. There was a significant difference in normalized forces at 75% (p=0.024), 50% (p=0.033), and
25% (p=0.004) of MVC between the sexes.

Conclusion: Normalized force close to the target intensity was measured at high-intensity for men
and low-intensity for women. In submaximal intensities, a decrease in normalized force smaller than
the assigned target intensity occurred in both men and women as the target intensity decreased, with
men showing a smaller decrease proportionally.

Key Words: Dynamometer, Hamstring Muscles, Isometric Contraction, Muscle Strength, Sex Difference

DORT FARKLI iZOMETRIK KASILMA YO(.':UNLUC':UNDA
MUTLAK VE NORMALLESTIRILMIS KUVVETTE
CINSIYET FARKI: KESITSEL BIR CALISMA

ARASTIRMA MAKALESI

0z

Amag: izometrik kasilmalari olcerken gercek zamanli gorsel geribildirim saglamak genel Klinik
ortamdaki uygulamalardan farkhidir. Bununla birlikte, erkek ve kadinlarin belirgin fiziksel ve fizyolojik
farkliliklari olmasina ragmen mevcut calismalarin cogunda mutlak kas kontraksiyonlari cinsiyet ayrimi
yapilmadan analiz edilmistir. Bu calismanin amaci, erkekler ve kadinlar arasinda gorsel geribildirim
olmaksizin élctilen mutlak ve normalize edilmis kalca ekstansiyon kuvvetlerinde farklilik olup olmadigini
arastirmaktir.

Yontem: Calismaya 28 saglikh yetiskin katildi (13 erkek ve 15 kadin; yas=22,00+11,44 yil;
boy=165,86+18,30 cm; ve viicut agirhigi=61,91+12,34 kg). Kalca ekstansiyonunun maksimum (MVC)
ve submaksimal istemli kasilma kuvvetleri ((MVC'nin %75, %50 ve %25'i, rastgele sirayla) kablosuz bir
gerinim olcer kullanilarak ve gorsel geri bildirim olmaksizin él¢ildi.

Sonuglar: Erkeklerde dort hedef yogunlukta 6lciilen mutlak kasiima kuvvetleri énemli dlciide daha
yiiksekti (p<0,001). Tekrarli 6l¢tiim tutarlihg t¢ deneme boyunca hem erkeklerde hem de kadinlarda ¢ok
yiksekti. MVC'nin %75'inde (p=0,024), %50'sinde (p=0,033) ve %25'inde (p=0,004) cinsiyetler arasinda
anlaml fark vardi.

Tartisma: Hedef yogunluga yakin normallestirilmis kuvvet erkeklerde yiiksek yogunlukta, kadinlarda
diistik yogunlukta élctildii. Submaksimal yogunluklarda, hedef yogunluk azaldikca, erkeklerde orantil
olarak daha kiictik olmak tizere hem erkeklerde hem de kadinlarda belirlenmis olan hedef yogunluktan
daha kiiciik bir normallestirilmis kuvvet azalmasi gozlendi.

Anahtar Kelimeler: Dinamometre, Hamstring Kaslari, izometrik Kasilma, Kas Kuvveti, Cinsiyet Farki
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Sex Difference in Absolute and Normalized Force at Four Different Isometric Contraction Intensities: A Cross-Sectional Study

INTRODUCTION

In clinical practice, maximal or submaximal volun-
tary isometric contractions are performed accord-
ing to the patient’s condition or treatment purpose
(such as proprioceptive neuromuscular facilitation
stretching), and muscle contraction intensity should
be recorded quantitatively and/or qualitatively. In
the past, manual muscle testing (MMT) was pri-
marily utilized to measure voluntary isometric con-
tractions. However, in MMT, subjective judgment
factors of the measurer may affect the results. In
addition, it has the disadvantage that quantified
values in the ratio or interval scale cannot be pre-
sented, and those above normal cannot be classified
in detail (1). The rating of perceived exertion (RPE),
which is based on an individual’s subjective judg-
ment rather than the measurer, is also often used
to measure intensity (2,3). However, it is important
for physical therapists to aware that RPE can be
significantly affected by psychological factors. The
primary drawback of these measurement methods
is the inability to quantitatively determine the ab-
solute force produced by muscle contractions. To
compensate for this, a variety of measurement
equipment is currently utilized by physical thera-
pists, ranging from specialized equipment such as
isokinetic dynamometers to portable devices such
as portable dynamometers and strain gauges (4,5).

However, most of the existing studies provide mea-
sured values as real-time visual feedback, helping
performers to clearly distinguish each target inten-
sity (6,7). This does not reflect the general clinical
environment in which the patient cannot know his/
her voluntary muscle contraction force. It is neces-
sary to check whether the performer can produce
the correct amount of muscle force based on his/
her own judgment without visual feedback. In one
of the previous studies, 100%, 50%, and 20% of
maximum voluntary contraction (MVC) were sepa-
rately performed, but the subject was a field sport
athlete with better muscle performance than the
general public (8). In addition, while men and wom-
en should be divided into separate groups because
of their clearly different physical characteristics,
analyses were conducted using overall means with-
out grouping them by sex (9,10). A study on reli-
ability between repetitions, not just absolute con-
traction force, is also needed. Research on existing
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reliability is mainly focused on intra-rater reliability
at different time points rather than reproducibility
at the same time point (11). In the case of some
studies in which repetitions were performed at the
same time, there is a problem in that the number of
repetitions was too small to 2, or only specific trials
were selectively presented in spite of performing 3
or more repetitions (12). If only the largest value
is selectively presented, the variation in individual
iterations is unknown, and the baseline can be set
too high.

This study aimed to identify differences in absolute
and normalized hip extension forces and differenc-
es in intra-trial reliability between men and wom-
en at four different target intensities (100%, 75%,
50%, and 25% of MVC).

METHODS
Study Design

This study designed as a cross sectional study. The
experiment was conducted on January 29, 2020
at the College of Health and Welfare, 0000000
University. The study was approved by the Insti-
tutional Review Board of OOO0O00O University
(Number: 1041549-191011-SB-81) and informed
consent was obtained from participants prior to
any study-related procedures. The research related
to human use has been complied with all the rele-
vant institutional policies and has been conducted
in accordance with the tenets of the Helsinki Dec-
laration.

Subjects

Twenty-eight healthy adults participated. Subjects
were those who had no musculoskeletal or nervous
system problems, and had not experienced any
pain in the hip, knee, or ankle joint for the past 6
months. The sample size was calculated with the
G*Power version 3.1.9.7 software (Heinrich-Heine
Universitat Disseldorf, Diisseldorf, Germany), with
the alpha probability of 0.05 and a power of 0.8.

Procedures

The subject lies down on the treatment table in
the supine position. Pelvis and non-measured legs
were fixed to the treatment table using straps. The
straight leg was slowly raised by a sling (Marpe,
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Figure 1: (a) Starting Position to Measure Absolute Force during Hip Extension (b) with Strain Gauge.

Jeonju, South Korea) until the point of discomfort.
One end of the sling wire was fixed to the ceiling
and the other end was connected to the ankle using
an ankle strap (Figure 1a). The angle between the
lower extremity and the sling wire was maintained
at 90 degrees. A wireless strain gauge (Re-live,
Kimhae, South Korea) was connected in the mid-
dle of the sling wire, and absolute force was re-
corded 4 times per second (Figure 1b) (4,7,13,14).
The term “absolute force” refers to the direct force
measurements obtained using the strain gauge. It
provides a quantitative measurement of the actual
force magnitude exerted by the subjects during hip
extension. To minimize the effect of leg weight due
to gravity, the strain gauge was calibrated (i.e., set
to zero) before measurement. There was no visu-
al feedback during hip extension. For MVC, total 3
trials (5 sec/trial, 10 sec rest between trials) were
performed, and the middle 3 seconds were used ex-
cluding 1 second from the front and back out of 5
seconds. After MV, 3 trials (5 sec/trial, 10 sec rest
between trials) were performed in 75%, 50%, and
25% of MVC. The three submaximal target intensi-
ties were provided in random order, and sufficient
rest was provided between submaximal target in-
tensities. To calculate the normalized force, the

following formula was used: Normalized Force =
(Absolute Force / MVC) * 100%.

Statistical Analysis

Shapiro-Wilk was performed to test the normality
of data. Based on the result of Shapiro-Wilk test,
the Mann-Whitney U test was used to compare age
(years) between sexes and the Independent Sam-
ples T-test was used to compare other variables
such as height (cm), weight (kg), absolute contrac-
tion force (N), normalized force (%), and difference
between normalized force and target intensity
(Aforce, %) between sexes. Intraclass correlation
coefficient (ICC; 3,1, Consistency) was used to an-
alyze intra-trial reliability. Additionally, coefficient
of variation (CV) was calculated as follows: CV
=700 x (2 x (SDd / v2)/(X1 + X2)), where SDd is
the standard deviation of the differences between
two trials, and X1 and X2 represents the mean
of each trial (15,16). All statistical analyses were
performed using IBM SPSS 27 for Windows (IBM
Corp., Armonk, NY, USA) and Microsoft Excel 2019
for Windows (Microsoft Inc., Redmond, WA, USA).
The significance level was set at p<0.05. All values
were reported as mean + standard deviation.
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Table 1. Characteristics of the Subjects.

Men (n=13) Women (n=15) p
Age (year) 22.54+1.90 21.53+0.64 0.294
Height (cm) 173.46+3.55 159.27+4.67 < 0.001
Weight (kg) 70.69+10.42 54.30+8.18 < 0.001

Table 2. Absolute Contraction Force and Intra-trial Reliability across Three Trials at Four Different Target Intensities.

Target

intensity Sex Absolute force Trials ICC cv
1st-2nd 0.82 11.60
Men 85.11+21.97 N 2nd-3rd 0.93 6.98
100%* 3rd-qst 0.74 1413
1st-2nd 0.80 15.37
Women 53.84+16.52 N 2nd-3rd 0.90 9.51
3rd-qst 0.85 13.09
1st-2nd 0.98 5.02
Men 66.19+24.66 N 2nd-3rd 0.94 9.54
750" 3rd-qst 0.95 8.64
1st-2nd 0.93 11.85
Women 32.43+14.44 N 2nd-3rd 0.98 7.02
3rd-qst 0.91 13.37
1st-2nd 0.93 10.90
Men 47.42+19.84 N 2nd-3rd 0.97 7.96
50%* 3rd-qst 0.92 12.32
1st-2nd 0.96 9.44
Women 22.70+£10.16 N 2nd-3rd 0.91 13.77
3rd-qst 0.91 13.55
1st-2nd 0.95 12.00
Men 28.32+13.64 N 2nd-3rd 0.94 10.85
2506* 3rd-qst 0.85 20.00
1st-2nd 0.89 18.35
Women 11.38t6.21 N 2nd-3rd 0.96 11.82
3rd-qst 0.91 16.49

*P<0.001, significantly different between men and women, ICC: intraclass correlation coefficient, CV: coefficient of variation

RESULTS

There was no significant difference in age between
men and women (p=0.294) but was significant dif-
ference in height and weight (p<0.001) (Table 1).
The average hip flexion angle was 63.8°. Absolute
contraction forces measured at each target inten-
sity were significantly different between men and
women (Table 2). Intra-trial reliability of contrac-
tion forces across 3 trials was very high at all tar-
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get intensities in both men and women. Aforces in
men were 0.8+14.7%, 5.0+15.1%, and 7.9+11.5%
at 75%, 50%, and 25% of MVC, respectively (Figure
2).

Aforces in women were -14.9+19.1%, -7.6+14.4%,
and -4.0+8.3% at 75%, 50%, and 25% of MVC, re-

spectively. There was significant difference in nor-
malized forces between sexes at 75% (p=0.024),
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Figure 2: Difference between Normalized Force (%) and
Target Intensity (% of MVC) in Men and Women.

50% (p=0.033), and 25% of MVC (p=0.004). The
difference in frequency distribution of normalized
forces between men and women was most mis-
matched at 25% of MVC (Figure 3).

DISCUSSION

The absolute contraction forces of men measured
at four different target intensities were signifi-
cantly higher than those of women. One interest-
ing thing is that the ratio of women contraction
force to men contraction force decreased grad-
ually with decreasing target intensity. In detail,
women showed 63.2%, 48.9%, 47.9%, and 40.3%
of the contraction force of men at 100%, 75%,
50%, and 25% of MVC, respectively. It is already
widely known that the maximal contraction force
of women is lower than that of men because of the
physical characteristics between men and women
(17). However, if the decrease in contraction force
at submaximal target intensity is relatively small
compared to men, the ratio can be increased. In
this study, women reduced the contraction force
more than required, and it was confirmed that the
ratio also decreased gradually when the target in-
tensity decreased. Differences between men and
women may be due to physical and physiological
characteristics. Women has less CSA for type |, lIA,
and IIB muscle fibers and less peak torque of ham-
strings and quadriceps than men (18,19). The sexu-
al dimorphism observed in muscle composition can
be attributed, at least in part, to endocrine factors,
specifically the influence of hormones like testos-
terone, which significantly modulate the process
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Figure 3: Frequency Distribution of Normalized Force (%)
in Men and Women at Four Different Target Intensities.

of protein synthesis (20,21). In addition to simple
physical characteristics, differences between men
and women are also observed in muscle extensibil-
ity and movement strategy (22,23). It is also known
that women have slightly lower proprioception in-
cluding threshold to detect passive motion in the
lower extremities (24-26). In addition to the abso-
lute contraction forces, the frequency distribution
of normalized force also showed differences be-
tween men and women. In particular, in the case of
women, a high frequency was observed in 25% of
MVC. This may be because the mean of normalized
force at 25% of MVC was lower than that of men,
closer to 0%, which is the left end of the range, and
consequently the range from min to max became
narrower than that of men. In one of the existing
studies, there was a difference between men and
women in frequency distribution at 100% of MVC -
this is probably because, in that study, the number
of repetitions was 5 times and the maximum value
out of the 5 trials was set to 100% of MVC, but the
average of 3 times was set as 100% of MVC in the
present study (27).

Since the baseline value of contraction force be-
tween men and women is significantly different,
it is necessary to analyse using muscle force nor-
malized to 100% of MVC, which is a relative value
rather than an absolute value, which is contrac-
tion force (28,29). Normalized muscle forces in
men were 75.8414.6, 55.0+¢15.1, and 32.9+11.5
at 75%, 50%, and 25% of MVC, respectively. Nor-
malized muscle forces in women were 60.1+19.1,
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42.4£14.4, and 21.0£8.3 at 75%, 50%, and 25%
of MVC, respectively. In the values of Aforce, sim-
ilarities and differences between men and women
are observed, respectively. First, the difference is
that, in 75% of MVC, the normalized force to the
assigned target intensity was the closest for men,
but the most distant for women. What they have in
common is that when the target intensity is low-
ered from 75% to 25% of MVC, Aforce increases
gradually. As Aforce gradually increases as it goes
to low-intensity, unlike high-intensity, it was the
closest for women at 25%, while it was the most
distant for men. In previous studies that did not
separate men and women, under-production at
high-intensity (30), and over-production at low-in-
tensity were often observed (8). Under-production
at high-intensity has been viewed as a protective
mechanism to reduce the risk of injury caused by
intense muscle contraction (30). If this study also
performed statistical analysis with a single group
without grouping by sex, contraction force would
be 67.4% in 75% of MVC (under-production) and
26.5% in 25% of MVC (over-production). That is,
there is a clear difference according to the charac-
teristics of men and women, but when averaged,
the difference between men and women is offset
and can be interpreted differently.

If the amount of force produced by muscle during
a single contraction shows a quantitative abili-
ty of muscle performance, the same amount of
force produced during repeated contractions will
show a qualitative ability (31). Intra-trail reliabil-
ity confirmed through ICC and CV was found to
be very high in both men and women except for
100% of MVC. The difference between the trials
was more pronounced than the difference between
men and women. When comparing the ICC mea-
sured at each target intensity, the 2-3rd trials had
the highest total of 5 times, and the 3rd-1st trials
had the lowest number of just once. If wishing to
use consistent data in an experimental study, it is
most recommended to use the average of the 2nd
and 3rd trials. Unlike absolute contraction force,
there was no significant difference between men
and women in reproducibility. In order to maintain
the same muscle contraction strength, the body
provides real-time information that occurs during
muscle contraction to the central nervous system
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via afferent pathways (32-34). This feedback
mechanism is implemented by proprioceptors such
as muscle spindles and golgi tendon organs (35).
During muscle contraction, motor unit recruitment
and rate coding are constantly adjusted to the sit-
uation, helping the muscle to maintain a constant
contractile strength (36-38). Changes in neuro-
muscular activation can be confirmed by electro-
myography, and increased EMG is observed in ac-
tual sustained contraction (39). Since the feedback
mechanism only provides information that occurs
during movement, feedforward control of move-
ment in the pre-contraction phase is required to
generate the same amount of muscle force during
repetitive contractions (40,41). Feedforward sends
anticipatory input to the sensory area before
movement occurs. The internal copy of the motor
signal is then compared with the reafferent sig-
nals from the sensory system to determine senso-
ry discrepancy (42). Integrated information in the
feedforward and feedback mechanism will help the
contraction force approximate the target intensity
(43).

In a previous study conducted on lower extremity
muscles, it was found that the maximum muscle
contraction occurred most frequently between 3-5
repetitions (12). Three repeated measurements of
each target intensity may not have been sufficient
to elucidate differences between men and women.
In addition, in this study, electromyography activi-
ty was not measured, so there was a limitation in
interpretation.

In this study, the absolute contraction force during
hip extension was measured three times at four
different target intensities, and differences in ab-
solute and normalized force with its reproducibility
between sexes were confirmed. The results showed
that the normalized force close to the target inten-
sity was produced at high-intensity for men and at
low-intensity for women. Also, when both men and
women reduced the target intensity from high-to
low-intensity, it was confirmed that the normalized
force did not decrease as much as the decrease of
the target intensity, and the decrease was smaller
in men. In addition, there was no significant differ-
ence in reproducibility between men and women,
and reliability was generally higher in 2nd-3rd tri-
als. In clinical practice, physical therapists should



be aware that absolute and normalized muscle
force may manifest in different patterns at maxi-
mal and/or submaximal intensities between sexes.
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IS SCOLIOSIS A COMMON DEFORMITY IN CHILDREN
WITH JUVENILE IDIOPATHIC ARTHRITIS?

ORIGINAL ARTICLE

ABSTRACT

Purpose: Juvenile Idiopathic Arthritis (JIA) is the most common chronic rheumatic disease in childhood.
Scoliosis can occur in children with JIA, since it mainly affects joint involvement, and contributes to
the asymmetry of body and spine. This study aims to screen scoliosis in JIA, compare it with healthy
controls, and evaluate the awareness among parents of children.

Methods: 218 children with JIA (163 girls, 55 boys) and 144 healthy controls (124 girls, 20 boys) aged
4-16 years were involved in this study. Angle of Trunk rotation (ATR) was measured by a scoliometer
by applying a forward bending test. Children with more than 5° ATR were referred to take X-ray. To
collect demographic data from parents and assess their awareness of scoliosis, forms designed for
parents were used.

Results: Scoliosis was seen in 35 of the 218 (16.1%) children with JIA whose joints other than the
spine were affected. 183 parents reported that they had never heard of scoliosis before the study.
Scoliosis was seen in 25 children of the 183 children whose families had not heard of scoliosis before
the examination. In families who had heard of scoliosis before the study, scoliosis was diagnosed in
10 of the 34 children.

Conclusion: Parents of children with JIA should pay attention not only to joints and extremities but
also to the spine and asymmetries in the body. However, instead of just assessing the affected joint,
professionals should evaluate children with JIA comprehensively, including the spine.

Keywords: Awareness, Deformity, Juvenile idiopathic arthritis, Scoliosis, Spine

JOVENIL iDiYOPATIK ARTRITLi COCUKLARDA
SKOLYOZ YAYGIN BiR DEFORMITE MiDiR?

ARASTIRMA MAKALESI

0z

Amag: Juvenil idiyopatik Artrit (JiA), cocukluk caginda en sik gériilen kronik romatizmal hastaliktir.
JIA eklem tutulumu ile birlikte omurganin asimetrisini etkiledigi icin JIAll cocuklarda skolyoz ortaya
cikabilir. Bu calisma, JIAll cocuklarda omurga taramasini ve saglikli kontrollerle karsilastirmayi ve
ebevynlerin bu konudaki farkindaligini degerlendirmeyi amaglamaktadir.

Yoéntem: Bu calismaya 4-16 yas arasi 218 JIAll cocuk (163 kiz, 55 erkek) ve 144 saglikli kontrol (124
kiz, 20 erkek) dahil edildi. Gévde rotasyon acisi, éne egilme testi uygulanarak bir skolyometre ile
6lculdi. Gévde rotasyon agisi 5°'den fazla olan cocuklar ortopedist tarafindan réntgene yénlendirildi.
Ebeveynlerden demografik veri toplamak ve skolyoz farkindaliklarini degerlendirmek icin ebeveynler
icin hazirlanan formlar kullanildi. Tim analizlerde Statistical Package for Sciences (SPSS)-24.0
programi kullanildi. p<0,05 anlamli olarak kabul edildi.

Bulgular: Omurga disindaki eklemleri etkilenen JiAll 218 cocugun 35'inde (%16,1) skolyoz gériildi.
183 ebeveyn calismadan once skolyozu hi¢ duymadigini bildirdi. Taramadan 6nce aileleri skolyozu
duymayan 183 cocugun 25'inde skolyoz goriiliirken, skolyozu duyan ailelerde 34 cocuktan 10'ununa
skolyoz tanisi konuldu.

Tartisma: JIAll cocuklarin ebeveynleri sadece eklem ve ekstremitelere degil, omurga ve viicuttaki
asimetrilere de dikkat etmelidir. Bununla birlikte, sadece etkilenen eklemi degerlendirmek yerine, JiA‘Il
cocuklar omurga da dahil olmak iizere kapsamli bir sekilde degerlendirmelidir. Bu konuda ailelelerin
skolyoz hakkindaki farkindaligi bilyiik 6nem tasimaktadir.

Anahtar Kelimeler: Farkindalik, Deformite, Jivenil idiyopatik artrit, Skolyoz, Omurga
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Is Scoliosis a Common Deformity in Children with Juvenile Idiopathic Arthritis?

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is an umbrella
term is a chronic autoimmune inflammatory dis-
ease characterized by joint inflammation and pain
that lasts for at least 6 weeks and affects children
who are under 16 years old. The disease involves
different clinical pictures rather than being a single
disease (1,2). It commonly affects large joints such
as the ankle and knee and often causes structural
damage (3). The altered load on the joints com-
bined with pain, inflammation, and other mechan-
ical factors contribute to the onset of the injury
(1). This pain and inflammation cause postural and
muscular imbalance with a limited range of motion
in the affected joints (4,5). Persistent inflammation
can lead to growth disturbances and deformities
such as scoliosis (3). Scoliosis is defined as the in-
crease in the lateral curvature of the spine by 10
degrees to the right or left in the coronal plane, as
determined radiologically (6). Moreover, scoliosis is
a three-dimensional complex orthopedic deformity
that also involves the spine, shoulder, and pelvis (7).
Although genetic factors, melatonin disorders, con-
nective tissue disorders, skeletal muscle abnormal-
ities, neurological mechanisms, and biomechanical
factors have been attributed to the etiology of sco-
liosis, the true etiology of this condition is not fully
understood, and it is currently defined as a multifac-
torial disorder (3). Studies show that it is the most
common diseased spinal region affected by JIA in
77% of patients. According to the American Col-
lege of Rheumatology (ACR) and recent research,
the true prevalence of spine involvement may be
higher due to the subclinical course of the disease
(8). Since JIA, which starts with joint involvement
and causes body and spine asymmetry, has become
an important secondary deformity in these children
(9,10). There is no study in the literature investi-
gating the presence of scoliosis in children with JIA.
Therefore, in this study, it was aimed to investigate
the presence of scoliosis in children with JIA and to
investigate the presence of scoliosis compared to
their healthy peers.

METHODS

Study design and selection of participants: this
observational study was conducted randomly in Is-
tanbul University Cerrahpasa, Division of Pediatric
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Rheumatology between August-December 2022.
The study was approved by the research ethics
committee of Istanbul University Cerrahpasa (A-
03) and conducted based on the Declaration of
Helsinki. Verbal and written information about the
study was provided for participants and written in-
formed consent was obtained from all participants.
This study was registered with ClinicalTrials.gov
under registration number NCT04664231.

The inclusion of 218 participants was above the
minimum sample size needed to ensure a power of
95% confidence level and to detect statistical sig-
nificance at a two-sided significance level of 0.05
(b = 0.20) by considering the effects of size 19,4%
in average between the two groups, JIA and con-
trols, using the calculation method for the basis of
descriptive studies (11).

218 children diagnosed with JIA clinically accord-
ing to EULAR criteria were included in the study.
160 healthy children from pre-school to high school
were screened and determined as the control
group. Children with scoliosis were excluded from
the study, and 144 children without spinal prob-
lems were included in the study as a healthy con-
trol group. Age-matched healthy participants were
involved in the study as controls. Participants were
examined by a pediatric rheumatologist and an or-
thopedist and met inclusion criteria.

Eligibility criteria

The following eligibility criteria applied to children
with JIA: (1) had been diagnosed with JIA, (2) aged
between 4 and 16 years, (3) had been diagnosed
within 6 months before the study. The exclusion
criteria were as follows: (1) having severe neuro-
logical, musculoskeletal, or cardiovascular disease
limiting mobility, (2) having conservative scoliosis
rehabilitation (exercises and braces) in the past 6
months, and (3) spinal involvement.

Assessments

Each child and parents’ knowledge of scoliosis was
assessed physically by a specialist physiotherapist
(EPK-ET) on the spine.

Assessment of posture

Assessment of the anterior, posterior, and lateral



posture of the children was done through observa-
tion. Shoulder height, scapula height, waist-to-arm
distance, hip height, genu valgum, and foot defor-
mity were assessed anteriorly and posteriorly. The
use of foot orthotics was assessed. Trunk rotation
was assessed using the Adam’s Bend test. Head po-
sition, thoracic kyphosis, and lumbar lordosis were
assessed laterally (12).

Assessment of pain

Pain status was evaluated using a numeric rating
scale (NRS). The numerical scale is commonly used
from O to 10, with 10 indicating “the worst pain”
and O indicating “no pain”. The child is asked to
draw a circle around which they feel back pain at
rest (13).

Scoliometric assessment

To obtain more objective results about the spine,
the angle of trunk rotation (ATR) was assessed with
a scoliometer (Bunnel scoliometer) during Adam'’s
Bend test, which the physiotherapist measures by
moving the scoliometer from the beginning of the
thoracic vertebra to the sacrum in the standing for-
ward bending position. The largest ATR measured
was recorded (14,15). As a result of scoliometric
measurement, children with more than 5° ATR were
referred to take radiographic measurement.

Radiographic imaging

The results of the radiographs were compared with
the clinical assessment of the physiotherapist at
the end of all measurements. Radiographic imag-
ing assesses the degree of scoliosis by measuring
the Cobb angle by the orthopedist on the image
of a standing anterior-posterior radiograph and
recording the largest Cobb angle. The Cobb angle
is a gold standard for the evaluation of scoliosis
(16,17,18).

Risser classification

To assess the maturity of ossification, the Risser
classification scale has been used. The scale pro-
vides information about the development stage of
the skeleton depending on the degree of ossifica-
tion and fusion of the iliac crest apophysis. Since
stage 0 and stage 5 may look similar, age and long
bone growth plates can help distinguish these two.
A stage O patient will still have open growth plates
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in most of the long bones, while a stage 5 patient
will not have any open growth plates in their long
bones (19).

Parent awareness assessment

To assess the awareness of the parents about sco-
liosis, an assessment questionnaire was prepared
with questions about personal and socio-demo-
graphical information. Gender, age, weight, height,
educational status of children, dominant side, af-
fected side(s), history of the disease, duration of
disease, and sports/exercise habits were ques-
tioned in detail. To inquire about parents’ aware-
ness of their children’s posture, questions such as
“Have you ever heard of scoliosis? Is there any per-
son among your relatives with scoliosis? When your
child bends forward, do you see any asymmetry in
his/her back? Does your child have any pain in the
back?” were asked from the parents.

Statistical Analysis

Statistical analysis was performed using Statisti-
cal Package for Sciences (SPSS) version 24.0 (SPSS
inc., Chicago, IL, ABD). Descriptive statistics includ-
ing frequency, the percentage for nominal vari-
ables, and mean and standard deviations were cal-
culated. The Kolmogorov-Smirnov test was used to
determine if the data was normally distributed. To
compare quantitative variables, the student’s t-test
was used for normally distributed variables and the
Mann-Whitney U-test was used for non-normally
distributed variables. All tests were two-sided tests
and p-values < 0.05 were considered to indicate
statistical significance (20).

RESULTS

A total of 218 children with JIA (age range 4-16
years) whose joints were affected other than the
spine was studied (Table 1). Scoliosis was found in
35 of 218 (16.1%) children with JIA. 183 parents
reported that they had never heard of scoliosis
before the examination. Scoliosis was diagnosed
in 25 of the 183 children whose families had not
heard of scoliosis before the examination. Scoliosis
was diagnosed in 10 of the 34 children whose fam-
ilies had heard about scoliosis before the examina-
tion. Only three out of ten children with scoliosis
were diagnosed with scoliosis before coming to the
clinic (Figure 1).
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Figure I. Flow chart of parent scoliosis awareness

In the control group, a total of 160 children were
examined. Scoliosis was diagnosed in 16 of the
160 (10%) children. Children with scoliosis were
excluded from the study, and 144 children without
spinal problems were included in the study as a
healthy control group (Table 2).

Table 1. Clinic Features of Children with JIA

188 of the children with JIA who came to the clin-
ic had no exercise habits (p<0.001). Fifty-seven JIA
children were referred to a physician for x-rays be-
cause it was suspected in the physical examination
that they might have scoliosis. The clinical findings
of 35 of the 57 children (%61,40) referred for radi-

JIA with Scoliosis

JIA without Scoliosis

(n: 35) (n: 183)
Affected joint (n, %)
Hand-wrist 5(10) 35(13)
Elbow 7 (13) 41 (16)
Hip 1(2) 2(1)
Knee 26 (49) 110 (42)
Ankle 14 (26) 75 (28)
Type of disease
Oligoarticular 24 (69) 115 (63)
Polyarticular RF+ 1(3) 12 (7)
Polyarticular RF- 8 (23) 51 (28)
Systemic 2 (6) 4 (2)

Disease Duration (month)
mean+SD (min-max)

32.4+25.3 (2-120)

31.3+25.1 (1-144)

Number of affected joints
mean=SD (min-max)

2.0£1.1 (1-6)

2.4+1.5 (1-6)

min: minimum, max: maximum, SD: standard deviation, n: number
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Table Il. Demographic Characteristics of JIA and Healthy Control
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JIA Healthy Control

(n: 218) (n:144) P
Age (year) mean+SD (min-max) 10.4+2.8 (6-16) 11.1+2.9 (6-16) 0.26
Gender n (%)
female 168(77) 124(86) 0.33
male 50 (23) 20(14) ’
BMI (kg/cm2) mean+SD (min-max) 18.6+2.8 (14.3-29.5) 18.8 +2.8 (14.2+27.6) 0.50
Children Educational status n (%)
kindergarten 11 (5) 2(1)
primary school 78 (36) 42 (29)
middle school 90 (41) 35(25) <0.001
high school 39 (18) 65 (45)
Economic Status n (%)
very bad 2 (1) 0 (0)
bad 30(14) 3(2)
medium 170 (78) 124 (86) 010
high 16 (7) 16 (11) :
very high 0 (0) 1(1)
Sports Habit
Yes 31 (14) 70 (49)
No 187 (86) 74 (51) <0.001

min: minimum, max: maximum, SD: standard deviation, p<0,05, n: number, , Independent t samples t-test; significance was accepted as p<0.05.

ography were consistent with our clinical findings.
The mean age of the children with JIA and scolio-
sis was 10.45+2.27 (p: 0.26), and the scoliometric
measures were 6.57+1.89 (5-10) (p<0.001). Mean
Cobb angles of 16.14+4.39 (10-27) and Risser de-
grees of 2.11+1.67 (0-5) were measured on the ra-

diograph (Table 3).

Table Ill. Physical assessment and pain level in JIA and Healthy Control

DISCUSSION

Early diagnosis of scoliosis is of critical importance
in terms of the negative effects it will have on the
lives of adolescents and their parents in the fu-
ture. This study aimed to investigate the presence
of scoliosis in children with JIA and awareness of

scoliosis in their parents it was found that children

JIA Healthy control

(n: 218) (n:144) p
Posture assessment (n,%)
Shoulder asymmetry 19 (8) 49 (27)
Scapula asymmetry 5(2) 7 (4)
Kyphosis 22 (9) 19 (10)
Lomber lordosis 60 (24) 9 (5)
Weiss asymmetry 5(2) 7 (4)
Genu valgum 62 (25) 11 (6) <0.0012
Pes planus 41 (17) 21 (12)
No deformity 31 (13) 58 (32)
NRS mean+SD (min-max) 0.77+1.27 (0-5) 0.67+1.37 (0-6) 0.47
Foot deformity (n, %)
Have deformity 173 (79) 25(17) <0.001°
Have not deformity 147 (21) 119 (83) :
Using sole (n, %)
Using 71 (32) 0(0) b
Not using 125 (68) 144 (100) <0.001
Degree of Scoliometer () mean+SD (min-max) 2.3+2.5(0-10) 0.9+1.5 (0-6) <0.001®

min: minimum, max: maximum, SD: standard deviation, ® Chi-square test; significance was accepted as p<0.05., ® Independent t samples t-test; significance

was accepted as p<0.05.
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with JIA without spinal involvement have a high
risk of scoliosis and the families of children with
JIA who had scoliosis were not aware of it. There-
fore, this study focuses on the importance of spinal
screening in children with JIA.

Scoliosis progresses slowly from the beginning.
Thus, observation and care are very important to
prevent deformities from developing during the ac-
celeration phase. Therefore, school screening for
scoliosis during the growth phase is recommended,
especially at the age of bone development, which is
13 years for males and 11 years for females (10).
Although the American Academy of Orthopedic
Surgeons (AAQS), the Scoliosis Research Society
(SRS), the North American Pediatric Orthopedic So-
ciety and the American Academy of Pediatrics, ear-
ly detection is low cost and carries a minimal risk of
exposure to radiation, supports routine screening,
arguing that conservative treatment will increase
the chance of effective treatment (21). Children
should be screened for scoliosis at any age group,
especially in the 10-15 years age group where the
growth is the most rapid. Scoliosis screening is rec-
ommended by the Scoliosis Research Association
(22,23) twice a year for girls aged 10 and 12 years
and once a year for boys aged 13 or 14 years.

Scoliosis screening for healthy children is per-
formed regularly in many countries. There is no na-
tional scoliosis screening program in our country
yet. It is known that regional scoliosis screenings
have been carried out from time to time by some
university hospitals and with the efforts of district
municipalities to reveal scientific data. The current
level of evidence in the literature that routine sco-
liosis screening is necessary is low to moderate.
Although various procedures have been developed
for the treatment of scoliosis, the most effective
treatment still relies on early diagnosis. The lack
of routine scoliosis screening program in many
regions may delay early diagnosis. In our study,
we revealed that the awareness of families about
scoliosis is low. Therefore, it is very important to
increase the awareness of scoliosis in the society
(24,25). However, unfortunately, an additional as-
sessment form for children with rheumatoid arthri-
tis is not available. The fact that we found scoliosis
in 16 of the elementary, middle, and high school
children whom we considered to be in a healthy
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control group during our study may indicate that
we should increase scoliosis screening in school-
aged children. Although scoliosis scans will contin-
ue to be performed in schools as a part of the stud-
ies, we believe that the comprehensive inclusion of
scoliosis scans in routine screening in JIA clinics will
be effective in controlling the disease and prevent-
ing its progression.

Scoliosis screening will both ensure early diagnosis
of scoliosis in children and raise the awareness of
this issue among families (26). One of the strengths
of our study is that it fills a gap in the literature by
looking at the knowledge of scoliosis among par-
ents of children with JIA. This knowledge is crucial
for informing families about this condition (27).

Scoliosis occurs in 2-4% of children aged 10-16
years (28). As a result of our study, although the
sample size was not large enough to give a preva-
lence, previously unreported scoliosis was detect-
ed in 16 (10%) of the 160 healthy children and 35
(169%) of the 218 children with JIA. These rates sug-
gest that scoliosis rates seen in children with JIA
is higher than healthy children. This highlights the
importance of examining the spine as well as the
affected joints in children who come to the rheu-
matology clinics even if they have other joint in-
volvement.

Families try to control the symptoms in the affect-
ed joint as soon as possible because they are afraid
of seeing edema, discomfort, and joint restriction
in the affected joints due to the characteristics of
the disease. Meanwhile, it neglects other parts of
the body. This information was confirmed in our
study.

In a study by Weiss et al (29), it is reported that
children avoid putting weight on the joints or using
the extremities mainly because of pain. The pain
is said to cause kinesiophobia in children (30). In
our clinical experience, most children with JIA have
kinesiophobia with weight transfer due to pain
experiments. This causes children to shift their
weight to the opposite end of the affected joint or
develop a compensatory mechanism in the body to
protect the painful extremity. This situation leads
to scoliosis as it affects the overall biomechanical
alignment. The reason for scoliosis in children with
oligoarticular JIA may be the constant shift of the



body’s center of gravity to one side due to unilater-
al joint involvement.

Pain is not expected in children with scoliosis at
an early age (31,32). Lonner et al (33) compared
two groups of adolescents, including 894 with ad-
olescent idiopathic scoliosis (AIS) and 31 healthy
controls. Pain scores on the specific subdomain of
the SRS-22 (Scoliosis Research Society Outcomes
Questionnaire-22) questionnaire were similar in
the scoliosis group and the control groups. Anoth-
er study that examined a random sample of 310
children concluded that the prevalence of back pain
was “moderately high,” but the reported data on
pain did not appear to be very homogeneous. Se-
vere pain was documented in only 1% of the charts
(31). Our study did not aim to ask about rheumatic
pain but about the presence of back or low back
pain to determine if it was scoliosis-related pain.
The results of the study showed similarities in that
the level of pain was found to be non-significant in
both children with JIA and healthy children.

Norgaad et al (34) examined activity habits in JIA
compared to gender- and age-matched healthy
controls (age range 10-16 years). They found that
children with JIA participated less in sports activi-
ties and had more difficulties in physical education
than their healthy peers, despite having near-nor-
mal functional abilities. However, children with JIA
did not differ significantly from their healthy peers.
In our study, it was found that both groups had no
sports habits. We believe that this is due to the dis-
comfort that children with JIA.

Certain limitations of these previous studies are
relevant to the discussion: (i) not all children were
sent for X-ray, (ii) there is a need for further studies
with larger samples to determine the prevalence,
(iii) the study was conducted in a single center and
(iv) parent awareness assessment questionnaire is
not valid because it was created by us.

In conclusion, these findings suggest that ther-
apists working with JIA should focus on all joints
holistically, rather than a single joint. Exercise and
assessment programs should involve the whole
body, bearing in mind that all biomechanics may be
affected rather than just exercising for the affected
joint(s). Considering the frequency of scoliosis in
children who do not have any disease, it is of great
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importance to perform routine screening. Families
with chronically ill children and families who think
they have healthy children should be informed and
educated about scoliosis in terms of early diagno-
sis. We believe that spine scanning in children with
JIA should become standard practice in rheumatol-
ogy clinics and social awareness should be created
through the coordinated efforts of families, physio-
therapists, and health professionals.
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THE EFFECTS OF VIRTUAL REALITY TRAINING ON
BALANCE AND SPEED-AGILITY IN OBESE CHILDREN:
A RANDOMIZED CONTROLLED TRIAL

ORIGINAL ARTICLE

ABSTRACT

Purpose: The aim of the study was to examine the effects of virtual reality training on balance and
speed-agility in obese children.

Methods: The study included 34 obese children at the ages of 9-11. Participants were divided into
training and control groups using the simple randomization method. The participants in the intervention
group (n=17) were taken into virtual reality training for 6 weeks. No treatment was applied on the
control group (n=17). Balance was assessed by the Flamingo and Y balance tests. Speed-agility was
assessed by the Bruininks-Oseretsky Test of Motor Proficiency-Brief Form-speed-agility sub-test. The
physical activity enjoyment levels of the children in intervention group were assessed by the Short
Form-Physical Activity Enjoyment Scale.

Results: Before the study, the groups were similar in terms of the investigated variables (p>0.05).
Speed-agility scores and Y balance test anterior, posterior-lateral and mixed reaching distances of
the children in intervention group significantly increased after the training in comparison to their
pre-training results (p<0.05). While the Flamingo balance test results significantly increased from pre-
training to post-training (p=0.001), considering along with the 95% Cl, the increase was found to be
insignificant (-0.42—7.42). In intervention group, except for the Y balance test anterior and posterior-
medial reaching distances, static and dynamic balance and speed-agility clinical effects were large
(r=0.5). All participants in intervention group stated that they enjoyed virtual reality training to the
highest degree (95% CI:25.0 —25.0).

Conclusion: Virtual reality training in obese children is effective in improvement of balance and speed-
agility, and it is an enjoyable option of physical activity. The large randomized controlled studies with
long-term trainings and follow-up are recommended.

Keywords: Postural Balance, Child, Obesity, Therapeutics, Virtual Reality

SANAL GERCEKLIK EGITIMININ OBEZ COCUKLARDA
DENGE VE HIZ-CEVIKLiK UZERINDEKI ETKILERI:
RANDOMIZE KONTROLLU CALISMA

ARASTIRMA MAKALESI

0z
Amag: Calismanin amaci, obez cocuklarda sanal gerceklik egitiminin denge ve hiz-ceviklik tizerindeki
etkilerini incelemektir.

Yontemler: Calismaya 9-11 yaslarinda 34 obez ¢ocuk dahil edildi. Katilimcilar basit randomizasyon
yontemi ile egitim ve kontrol grubuna ayrildi. Egitim grubundaki katilimcilar (n=17) 6 hafta boyunca
sanal gerceklik egitimine alindi. Kontrol grubuna (n=17) herhangi bir tedavi uygulanmadi. Denge,
Flamingo ve Y denge testleri ile degerlendirildi. Hiz-ceviklik Bruininks-Oseretsky Motor Yeterlilik Testi-
Kisa Form-hiz-ceviklik alt testi ile degerlendirildi. Egitim grubundaki cocuklarin fiziksel aktiviteden keyif
alma diizeyleri Kisa Form-Fiziksel Aktiviteden Keyif Alma Olcegi ile degerlendirildi.

Bulgular: Calisma 6ncesinde, gruplar incelenen degiskenler acisindan benzerdi (p>0,05). Egitim
grubundaki cocuklarin siirat-ceviklik skorlari ve Y denge testi 6n, arka-yan ve karisik uzanma
mesafeleri egitim sonrasinda egitim 6ncesine gore anlamli olarak artti (p<0,05). Flamingo denge
testi sonuglari egitim 6ncesinden egitim sonrasina anlamli olarak artarken (p=0,001), %95 GA ile
birlikte degerlendirildiginde artisin 6nemsiz oldugu goériildu (-0,42-7,42). Egitim grubunda, Y denge
testi anterior ve posterior-medial uzanma mesafeleri disinda, statik ve dinamik denge ve hiz-geviklik
klinik etkileri blytktt (r=0,5). Egitim grubundaki tim katilimcilar sanal gerceklik egitiminden en yiiksek
derecede keyif aldiklarini belirtti. (%95 CI:25,0 -25,0).

Sonug: Obez cocuklarda sanal gerceklik egitimi denge ve hiz-ceviklik gelisiminde etkilidir ve fiziksel
aktivite icin eglenceli bir secenektir. Uzun sireli egitim ve takip iceren genis randomize kontrolli
calismalar 6nerilmektedir.

Anahtar Kelimeler: Postiiral Denge, Cocuk, Obezite, Terapotik, Sanal Gergeklik
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INTRODUCTION

The World Health Organization (WHO) defines obe-
sity as “abnormal or excessive accumulation of
fat in the body to an extent that would detriment
health” (1). The incidence of childhood obesity is in-
creasing in the entire world. According to the data
of WHO, 15% of school age children in the region
of Europe in 2010 were obese, while 40% were
overweight (2). The prevalence of obesity and over-
weight in children and adolescents significantly in-
creased in the period of 2000-2010 among school-
age children in Northern Cyprus (3). It is known that
obese children have poorer postural performance
and lower motor skills in comparison to non-obese
children. The changes in the body morphology of
overweight individuals negatively affect postur-
al stability by changing the center of mass of the
body (4). With increased body weight, there are bio-
mechanical restrictions in standing up straight, and
in connection to this, there are significant degrada-
tions in static and especially dynamic balance. Falls
due to weak balance control and related injuries
are also seen frequently (5,6). Orthopedic problems
and postural changes lead to a decrease in the mo-
bility of the child and their ability to participate in
physical activities (4-6). Poor physical capacity and
low performance levels make physical activity less
attractive for obese individuals (7). To participate
in exercise and sports, the ability to control static
and dynamic balance is important and necessary.
Participation in physical activity plays a significant
role in prevention and treatment of obesity in chil-
dren (8).

The fight against childhood obesity usually fails due
to reasons such as that obesity-related problems in
childhood cannot be sufficiently explained to chil-
dren, they are easily bored of the methods that
are applied, parents are not adequately equipped
regarding the severity of the problem and cultural
effects (9,10). For this reason, in order to provide
children with habits of physical activity and exer-
cise through games and make these into a lifestyle,
exergaming intervention are utilized. Exergaming
Intervention (El) is a three-dimensional simulation
model that is created by computers and provides
the sense of reality by allowing opportunities of
interaction with a dynamic environment for its us-
ers. It was reported that El speeds up motor learn-
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ing, allows the person to transition from a passive
state to an active state, contributes to solution of
balance problems and is a source of fun and mo-
tivation for children (11). Although Exergaming
Intervention (El) has been used as a physical ac-
tivity modality among various populations, the ev-
idence regarding its effectiveness on balance and
speed-agility outcomes in obese children remains
unclear (12). The purpose of this study is to investi-
gate the effects of El on balance and speed-agility
in obese children.

METHODS
Participants

The randomized controlled studied was carried out
on children at the ages of 9-11 who had higher
than the 95th percentile of body mass index (BMI)
based on their age and sex who were enrolled at a
primary education school in the Famagusta district
of Northern Cyprus between March 2017 and June
2017 (13). The sample size was calculated based
on the data of the study by Sheehan and Katz
which investigated the effects of a 6-week exer-
cise program on the balance of 4th-grade primary
school students by using an iDance™ device (14).
In the study by Sheehan and Katz, based on the
postural stability pretest-posttest scores for the
group where exergaming was applied, the effect
size was calculated as d=1.53. In our study, under
the assumptions that two-tailed Mann-Whitney U
test would be used, a=0.05, d=1.53 and $=0.05, and
the cases would be equally distributed between the
groups, the initial sample size was calculated as
26. Considering that some participants could drop
out of the study, this sample size was increased
by 30%, and the final sample size was determined
as 34, so that there would be 17 participants in
each group. The participants who were included in
the study were randomly divided into two groups
by simple randomization method using the “Ran-
dom Allocation Software”. El was applied with the
children who were included in the first group (in-
tervention group=1G). The second group of children
constituted the control group (CC), and no inter-
vention was applied. Children whose cognitive skills
were on a level where they could understand the
instructions who had not participated in a partic-



ular sports program for at least the last 3 months
were included in the study.

Children who had previously received a psychiat-
ric diagnosis, had musculoskeletal disorders, neu-
rological, orthopedic problems, heart and respira-
tion problems, vestibular disorders, sight, hearing,
speaking, eating and thyroid function disorders
were excluded.

This study was approved by the Health Ethics Com-
mittee of Eastern Mediterranean University (de-
cision dated 06.03.2017 and numbered 2017/39-
13). The families of the children who participated
in the study were informed in written form, and
they signed voluntary consent forms.

Measurements
Demographic characteristics

The participants’ age, gender, height, body weight,
BMI and dominant side were recorded. Body weight
was recorded by an analysis monitor (Tanita SC-
330) (15). Height was measured with bare feet on
the Frankfurt plane with a non-flexible measure-
ment tape fixed on the wall (16). The lower extrem-
ity dominant side was determined as the extremity
with which a ball was kicked. For the participants in
both groups, their average daily sleeping duration,
their daily duration spent in front of the television
or computer and weekly days spent in front of the
television or computer were recorded.

Static balance

The static balances of the participants were evalu-
ated with the Flamingo balance test. For the test, a
wooden beam with the length of 50 cm and height
of 4 cm and a stopwatch were used. The children
were asked to remove their shoes and stand up with
one foot as flamingos do for 1 minute in the middle
of the long line. They were asked to flex their knee
on the other side while one side was on the floor.
The knee that was in flexion was held with the hand
on the same side. A trial was made before the test
so that the children would get used to the test. The
test that started with the instruction to start was
ended by stopping the stopwatch when the balance
was broken, or in other words, when the other foot
touched the floor. The test protocol was repeated
after each contact of the other foot with the floor
and continued until the end of the 1 minute. The
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child received a score based on how many trials
they made within 1 minute. If the balance was bro-
ken more than 15 times within 30 seconds or the
child fell, the test was stopped, and the child was
given “0” points. The test was applied the same
way for both feet (17,18).

Dynamic balance

The dynamic balances of the participants were
evaluated with the Y balance test. For the Y bal-
ance test, to increase the repeatability of the
measurements and standardize the performance
in the test, instead of the 8-way Star Excursion
Balance Test, its adapted version with 3 directions
and 120° intervals was used (19). By taking the Y
Balance Test Kit as an example, a wooden stand-
ing platform was used, and measuring tapes were
fixed on pipes in three directions to measure the
reaching distance. The participants tried to reach
the farthest point with their other foot while their
hands were on their waists, and they were trying
to maintain balance with their dominant foot on
the wooden platform. In compliance with the stan-
dardized test protocol, reaching distances were re-
corded with 3 repetitions each and 3 directions as
anterior, posterior-medial and posterior-lateral. All
tests and practices were carried out without shoes
to prevent balance and stability contribution. To
use in scoring, the dominant side lower extremity
length was determined by measuring the distance
between the iliac spine anterior superior and the
medial malleolus. The mixed reaching distance was
obtained with the formula: [(maximum anterior +
maximum posterior-medial + maximum posteri-
or-lateral) / (3 x lower extremity length)] x 100 (20).

Speed and agility

For assessing speed and agility in the study, the
sub-test of “Stationary Jumping on Preferred Foot”
of the Bruininks-Oseretsky Test of Motor Profi-
ciency-Brief Form Second Version (BOT-2-BF)
was used. For the test, the individual was asked to
stand on their preferred foot by holding their hands
on their waist, keep the other extremity with hips in
neutral and knee at a 90-degree flexion and stand
on the specified line. At this position, they were
asked to jump to the right and left of the specified
line on the floor for 15 seconds. A stopwatch was
started and the number of correct jumps within 15
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seconds was recorded. Separation of hands from
the body or falling of the level of the foot was ac-
cepted as the criterion to end the test (21).

Enjoyment of physical activity

To measure the physical activity enjoyment levels
of the participants in the intervention group, the
Physical Activity Enjoyment Scale’s Short Form
(SF-PACES) was utilized. This is a 5-point Likert-
type scale consisting of 18 items. SF-PACES con-
sists of 5 items to reflect the objectives of exercise
and determine enjoyment while continuing activ-
ities of exercise. The scoring changes between 1
and 5. While the items 2, 3 and 5 are scored in the
form of 1=1, 2=2, 3=3, 4=4 and 5=5, the items 1
and 4 are inversely scored. The total score in the
scale varies from 5 to 25. In each item in the scale,
5 points show that the individual absolutely agrees,
while 1 point shows that they absolutely disagree.
SF-PACES was tested for validity and reliability for
9-14-year-old Turkish children by Mirzeoglu and
Coknaz (22).

Exergaming intervention

The participants in Intervention Group (IG) received
a total of 18 sessions consisting of 30-45 minutes
of El for 6 weeks and 3 days every week on Xbox
360 Kinect™. For the participants to get used to
the equipment and the intervention protocol, suf-
ficient numbers of trials were carried out. During
the trials, the feedback given by the device was uti-
lized in terms of which part of the body to move.
In addition, verbal warnings such as ‘you are doing
great, you are doing well, pay attention, etc.” were
given by the physiotherapist to minimize mistakes
during the games. In the intervention, to improve
balance, weight transfer, coordination and reaction
time, the games River Rush, Reflex Ridge, 20.000
Leaks, Rally Ball, Space Pop, Knock Out Punch, Fun-
nel Cakes, Skiing, Boxing, Gold Mountain Rush and
Kinect Joy Ride were selected. For the games to be
more enjoyable, the participants were taken into
intervention in groups of two. Before the games,
the participants were informed about the purpose
of the game. The selected games contained various
fun movements that could help increase balance. In
the games, the children perform body movements
as do the characters in the virtual World such as
arm movements, stepping aside and bending. The

48 TURKISH JOURNAL OF PHYSIOTHERAPY AND REHABILITATION 2024; 35(1)

body position is carried to the outside of the sup-
port surface limits. This way, balance intervention
takes place. The games were divided into weeks
based on their difficulty, and the difficulty was in-
creased each week.

For the participants to play the games on a large
screen and be more immersed in the virtual envi-
ronment, the content was reflected onto a wall by a
projection device. The intervention was carried out
in an exercise room whose floor was covered with
a non-slippery material and had dimensions of 24
m2 (6m x 4m). To minimize the potential risks relat-
ed to the intervention protocol, all furniture in the
room were removed. For the children to get used to
the games and for preventing negative events that
could be encountered during the games, the chil-
dren were shown videos about the games before-
hand. At the end of each week, participation and
acknowledgement certificates were provided to
encourage the participants. Acknowledgement cer-
tificates were also given to the participants in the
control group for their participation in the study at
the end of the 6 weeks.

Statistical Analysis

The data were analyzed by using the IBM SPSS
Statistics V.20.0.0 software. Shapiro-Wilk test was
utilized to test the normal distribution of the data.
As the p-values obtained with this test were small-
er than 0.05, it was decided that the data were not
normally distributed, and non-parametric statisti-
cal tests were used in the statistical analyses.

The significance of the difference between the
means in two independent samples was examined
by Mann-Whitney U test. The significance of the
difference between the means in two dependent
samples was examined by Wilcoxon signed-rank
test. Chi-Squared and Fisher’s Exact tests were
used to determine the significance of the differ-
ence between two percentages.

The study presents the continuous variables as
mean + standard deviation and categorical vari-
ables as frequency and percentage. Error probabil-
ity was accepted as a=0.05. Arithmetic means are
presented with 95% confidence interval (95% Cl)
lower and upper limit values. To determine whether
or not the groups were different, both p-values and



the 95% Cl values were considered. Accordingly,

1. If p<0.05, and there is no overlap between the
two groups’ 95% Cl lower and upper limits, the
means are different.

2. If the 95% Cl lower and upper limits of the differ-
ence between the two groups does not contain '0’,
the means are different (23).

The effect sizes of the interventions in the groups
were calculated by using the formula r=z/VR K 2. It
was interpreted that r = 0.1 referred to small, r =
0.3 referred to medium and r = 0.5 referred to large
effect (24).

RESULTS

The mean age of the participants was 9.7 + 0.6 in
IG and 9.5 + 0.6 in CG. Each group included 10 fe-
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male (58.8%) and 7 male (41.2%) participants. The
groups were statistically similar in terms of age,
sex, body weight, height and BMI values (p>0.05).
The dominant lower extremity was the right one for
16 participants (94.1%) in 1G and 15 participants
(88.2%) in CG. The dominant lower extremities in
both groups were statistically similar (p>0.05) (Ta-
ble 1).

The statuses of any physical activity before the
study, average daily sleeping duration, duration
spent per day in front of the television or comput-
er and days spent per week in front of the televi-
sion or computer were statistically similar in both
groups (p>0.05) (Table 1).

Before the intervention, the groups were found to
be statistically similar in terms of their static bal-

Table 1. Demographic Characteristics of the Participants, (% 95Cl), (N=34)

Groups
Variable Intervention Group Cg;t:ol P
n=17 P Value
n=17
9.7 + 0.6 95+0.6 .
Age, Year, x + sd (94— 10.0) 92— 98) 0.536
gender, n (%) 10 (58.8) 10 (58.8)
(0.4 —0.8) (0.4 —0.8) 1.000"
7 (41.2) 7 (41.2)
Male (0.2 — 0.6) (0.2 — 0.6)
. 1.4 +0.1 1.4 +0.1 "
Height, m (13 —15) (13 —1.5) 0.173
. 51.5+8.0 479 + 6.9 "
Body Weight, ke (47.4 — 55.6) (44.4 — 51.4) 0.310
Body Mass Index, kg/m? (2232'4_1 g ;52.5) (222'35'9_1 5 ,'5?3) 0.408*
Dominant Lower Extremity, n (%) 16 (94.1) 15 (88.2)
Right (0.7 — 0.9) (0.7 — 0.9) 1.000™
1(5.9) 2(11.8)
Left (00— 0.3) (0.0 —0.3)
Prior Regular Physical Activity, n (%) 8 (47.1) 9 (52.9)
Done (03 —0.7) 03—0.7) 0.732"
None 9 (52.9) 8(47.1)
(03 —0.7) (0.3 —0.7)
Sleep Time, Hours/Day, x + sd 9.2+06 8.8 +0.7 0.084"
(89 —19.5) (8.4 —9.2) ’
TV-PC, Hours/Day, x + sd 22 +0.9 0.7+1.2 0.470°
(1.7 —2.7) (0.1 —1.3) :
TV-PC, Day/Week, x + sd 6.5+0.8 6.7 + 0.9 0.194°
(6.1 —6.9) (62 —72) :

*: Mann-Whitney U Test, **: Chi-Square Test, ***: Fisher’s Exact Chi-Square Test, TV:Television, PC:Personal Computer
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Table 2. Comparison of Before and After Training Values of the Groups

Before Training

After Training

Mean Intervention Mean
Balance and Speed-  |ntervention Control Differences Grou Control Differences
Agility Group Group p’ % 95 Cl P Group p’ % 95 Cl
Flamingo Balance 157+59  165%65 12253 15959 010
Test, Number of o o 0.70 -5.14—3.54 T o ’ -7.62 —0.22
Falls/60sec
BOMYT-2BF Speed- 4429 5529 . .o oo 78x4l 63:38 014 126 426
Agility Score
Y Balance Test Reach
Distance, cm Score
Anterior 48.6 + 3.3 471 £ 4.4 0.39 -1.22— 4.22 2.81 — 8.99
Posterior-Medial 507+35 535:51 004  -586—026 ;g : 2'2 ;‘g'g . :'3 g‘g? -1.25—6.85
Posterior-Lateral 411 +£95 468+ 7.5 0.11 -11.68—0.28 49'3 : 9'5 48.1 : 6.8 0'35 -4.57 — 6.97
Composite 60.4 + 6.6 644 +72 0.06 -8.83—0.83 659+ 79 625+ 62 008 -1.56 — 8.36

BOMYT-2BF: Brief Form Second Edition of Bruininks-Oseretsky Motor Proficiency Test, *: Mann-Whitney U Test, 95% Cl: 95% Confidence Interval, Bolded

- -

numbers indicate that the results are statistically significant.

ance and speed-agility scores (p>0.05) (Table 2).
Before the study, although there was a significant
difference in the reaching distance of the groups
in the posterior-medial direction in the Y balance
test (p=0.036), there was no significant difference
in the other directions and the mixed reaching dis-
tance (p>0.05). It was determined that the differ-
ence between the two means of the posterior-me-

dial reaching distance in the Y balance test covered
‘0" in its 95% Cl. Therefore, the difference was in-
significant (Table 2).

When the groups were compared after the study
in terms of their static and dynamic balance and
speed agility test results, there was a significant
difference only in the anterior reaching distance in

Enrollment

Assessed for eligibility (n=34)

Excluded (n=0)

’ Randomized (n=34) ‘

l

U

¥ Allocation Y

J

Allocated to intervention (n=17)

B Received allocated intervention (n=17)

@ Did not receive allocated intervention (give
reasons) (n=0)

Allocated to intervention (n=17)

@ Received allocated intervention (n=17)

# Did not receive allocated intervention (give
reasons) (n=0)

| |

Lost to follow-up (give reasons) (n=0)

Analysed (n=17) ‘

Figure 1. Flow chart of the study
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Table 3. Comparison of Pre-Test and Post-Test Values of the Groups

Intervention Group

Control Group

n=17) (n=17)
Balance and 'ﬁMean 'HMean
Speed-Agility [ Post- Differences Pre- Post- Differences
Pre-Training Training P’ % 95ClI r’ Training Training P % 95ClI r

Flamingo Balance 159 + 5.9
Test, Number of 15.7 £+ 59 122 +53 0.00 -0.42 — 7.42 0.6 16.5 £ 6.5 T 0.49 -3.74 — 4.94 0.1
Falls/ 60sec
BOMYT-2BF Speed- 4 4,29 7841 500 -588—-092 06 55:29 63+38 012  -316—156 03
Agility Score
Y Balance Test
iﬁjecrri]oDrIStance’ . -5.82 — -0.78 0.4 471 + 4.4 46.0 + 4.9 0.24 -2.15—4.35 0.2

. . 486 + 3.3 519+39 0.01 . ' ' o D 0.01 ' ’ 0.4
Posterior-Medial -5.99 —0.79 0.3 535+5.1 50.4 + 5.7 -0.68—6.88

. 50.7 + 3.5 532 +59 0.14 0.19 0.2
Posterior-Lateral 211:95 493195 0.00 -14.84 — -1.56 0.6 468 + 7.5 48.1 + 6.8 012 -6.30—3.70 03
Composite 604 £ 66 659+ 79 0.00 -10.59 — -0.41 0.5 644 +72 62.5+6.2 -2.79—6.59

BOMYT-2BF: Brief Form Second Edition of Bruininks-Oseretsky Motor Proficiency Test, *: Wilcoxon Sign Test, 95% Cl: 95% Confidence Interval, **: Rosenthal

Effect Size, Bolded numbers indicate that the results are statistically significant.

the Y balance test (p=0.001, 95% Cl: 2.81 — 8.99).
However, no significant difference was found for all
other directions (p>0.05) (Table 2).

The BOT-2-BF speed-agility scores and the Y bal-
ance test anterior, posterior-lateral and mixed
reaching distances of the participants in 1G signifi-
cantly increased after the intervention in compari-
son to their preintervention values (p<0.05). While
the Flamingo balance test result also significantly
increased in this group in comparison to the pre-in-
tervention values (p=0.001), when the 95% Cl re-
sults were examined, this increase was found to
be insignificant (-0.42—7.42). The effect sizes for
these variables were in the range of 0.3-0.6 (Table
3).

There was no statistically significant difference
between the pre-intervention and post-interven-
tion Flamingo balance test and BOT-2-BF scores
of the participants in CG (p>0.05). The effect sizes
for these variables were in the range of r=0.1-0.4.
In terms of the Y balance test reaching distances,
there was a significant difference only in the pos-
terior-medial reaching distance (p<0.05). However,
when the posterior-medial reaching distance was
considered with the 95% Cl, it was seen that the
lower and upper limits were overlapped, and the
difference between the two means covered the val-
ue of ‘0’. This is why the difference that was ob-
tained was insignificant. For the other directions,
the intragroup comparisons revealed no significant

difference (p>0.05) (Table 3).

All participants in IG stated that they enjoyed El
very much. All participants gave the highest score
for El, which was 25 (95% Cl: 25.0 —25.0).

DISCUSSION

As a result of the study, it was determined that
El that was applied for 6 weeks with 9-11-year-
old obese children by using the Xbox 360 Kinect™
device improved static and dynamic balance and
speed-agility. All children that received El had high
levels of satisfaction with the intervention. Balance
is a complex process that contains multidirection-
al sensorimotor and biomechanical components.
Complicated systems such as the somatosensorial
and sensorimotor systems are dominant in achiev-
ing postural control. During normal standing up
straight, postural control is primarily obtained from
visual sources and proprioceptive feedback coming
from the lower extremities. As sensory information
decreases, postural control also decreases (25).
Studies have revealed that postural release is in-
creased in obese children, and projected acts can-
not be modulated fast (7,26). McGraw et al. used
a strength platform for postural stability analy-
sis and made center of pressure (COP) measure-
ments. During standing, there are a higher rate of
reduction in postural stability in obese prepubertal
males in comparison to non-obese ones. In the COP
measurement in obese prepubertal males, it was
seen that especially instability in the medio-later-
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al direction significantly increased (27). During El,
children see their own virtual profiles on the screen
and move accordingly. At this point, children con-
stantly make adjustments in their center of gravity
to be able to reach their goals, and this contributes
substantially to the change that occurs in relation
to balance (28). The study by Beaulieu-Boire et al.
included three adult subjects with balance prob-
lems. In addition to the physiotherapy program of
10 weeks including 2 days per week for 30 minutes
each season, El was applied with games that aimed
to improve balance named ‘Kinect Games, Kinect
Sports, Kinect Adventures, Your Shape Fitness
Evolved and Carnival’. As a result, it was reported
that El applied with Xbox 360 Kinect™ significantly
contributed to improvement of balance (29). In our
study, there was an improvement in static and dy-
namic balance and increase in speed-agility among
the obese children who received El. In our study,
no statistically significant change was found in the
posterior-medial reach distances in the Y balance
test in the El group after the intervention. Perfor-
mance in the Y balance test is affected by trunk and
lower extremity kinematics. Especially hip flexion is
the best predictor of performance in the posterior
direction. In our study, there were no data on hip
flexion and trunk kinematics. This may have had an
effect on our results. Therefore, it is recommended
that trunk and lower extremity kinematics should
also be analyzed during Y balance test in future
studies (30). However, the lack of change in pos-
terior-medial access distance may also be due to
the games used. Therefore, it may be useful to use
different games in future studies.

In our study, there was an improvement in static
and dynamic balance and increase in speed-agili-
ty among the obese children who received El. The
clinical effects were moderate-large. In CG, which
received no intervention, the clinical effect of the
change was small-moderate for static and dynam-
ic balance and moderate for speed-agility. In other
words, there were also improvements in the bal-
ance and speed-agility of the children who did not
receive any intervention, although these changes
were smaller. If children are encouraged to learn
motor skills, their motor skills show a faster devel-
opment stage than what is expected of their age
(31). In this context, it may be stated that, with
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exergaming games that increase postural stability
and control as a result of biomechanical effects,
both balance and speed-agility skills may be im-
proved better. Van Bijon et al. used the short ver-
sion of the Bruininks-Oseretsky Competence test
for motor competence in 30 overweight and obese
children. The study group received a 6-minute ac-
tive video intervention using Nintendo Wii for 30
minutes per session, 3 days a week. There were
two control groups in the study. One of the con-
trol group played traditional video games and the
other group was asked to continue their daily life
activities without any intervention. The study group
that played active video games showed improve-
ments in motor competence, especially in terms
of agility and speed (32). Similarly, in our study,
Exergame was applied for a total of 6 weeks, and
the control group was asked to continue their daily
lives without any intervention. When examined in
terms of speed and agility in our study group, it
was determined that there were both statistically
and clinically significant improvements. Although
statistical significance was not detected in the
control group, the fact that a small-moderate clin-
ical effect was found may be a result of continuing
their daily physical activities. This result indicates
that active video games are an effective tool in
correcting speed and agility, which is one of the
indicators of motor competence in children and ad-
olescents. Therefore, it can be used as an alterna-
tive tool to traditional exercises to improve health
during childhood. Moreover, clinical effect may be
increased by longer-term intervention strategies
(33). The main change in dynamic balance took
place in the mixed, anterior and posterior-lateral
directions. The requirement of the games to move
fast and immediately and have coordination and
their characteristics may have been affective on
the outcomes. However, to reach a precise judge-
ment, biomechanical analyses on games should be
carried out. When the results of our study were an-
alyzed, it was found that the difference between
the groups in the Y balance test was found only in
the anterior reach distance. Reach distances in the
Y balance test may be affected by various factors.
There are studies showing that the reach distance
especially in the anterior direction is related to the
normal range of motion and flexibility of the ankle
joint (34,35). The fact that no evaluation was made



for these in our study prevents us from making a
judgment in this direction. However, we think that
it would be useful to examine flexibility and range
of motion values in the lower extremity when Y bal-
ance test results are analyzed in future studies. The
nature of the games used in our study may also
have had an impact on our results.

Nowadays, posturography measurement is accept-
ed as the gold standard measurement for balance
assessments. Computerized posturography was to
provide a detailed and quantitative assessment of
the motor system and the central processing of
inputs from the vestibular, visual, somatosenso-
ry systems related to postural stability. However,
posturography measurements were not used in our
study because they are expensive and not available
in our university.

Sheehan and Katz reported that traditional physi-
cal activity programs and active video games that
aimed to improve balance, agility and coordination
in 3rd-grade primary school students had similar
effects in improving balance. Based on this result,
the authors stated that Wee Fit +™ helped improve
balance (36). Daniel et al. reported that comparing
traditional treadmill exercise training with exercise
game in university students, higher enjoyment of
exercise game and less perceived exercise rating.
Based on this result, the authors stated that ex-
ergaming is an attractive and effective option for
students to participate in physical activity (37).

Studies have reported that, when obese children
take part in physical activity through active vid-
eo games, they enjoy the physical activity more
(38,39). In our study, it was seen that the children
who participated in El were satisfied with the inter-
vention to the maximum extent. In this context, it
is believed that El's are a highly motivating physi-
cal activity option to direct obese children towards
physical activity. Based on this reality, applying ex-
ergaming in an integrated way with routine phys-
iotherapy programs may contribute to the solution
of problems related physical inactivity. Additionally,
it may help planning the treatment process by pro-
viding the physiotherapist with a new point of view.

The most important limitation of our study was
that the participants were not selected from a
population containing obese children based on the
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national health and population data. This prevents
the generalization of the results. Nevertheless, to
the best of our knowledge, there is no such pool of
data in the Northern Cyprus.

Although the time spent passively (such as TV and
computer time) was similar in both groups, the fact
that physical activity levels were not determined
is a limitation of our study. In this context, it is
thought that it will be useful to determine the lev-
el of physical activity in future studies in order to
make a definite judgment.

Another limitation of the study is the lack of nor-
mative values of the Y balance test for the mea-
surement of lower extremity dynamic balance for
children aged 9-11 years participating in our study.
This makes it difficult to interpret the results ob-
tained from the Y balance test. Therefore, obtain-
ing normative values for children in this age group
in future studies will lead to a more objective inter-
pretation of the results. Therefore, more detailed
information can be obtained by using computerized
posturography measurements for balance assess-
ment.

In our study, Bruininks-Oseretsky Motor Proficiency
Test was used to measure speed and agility. In this
test, only the ability to jump to the right and left of
a line drawn on the ground for 15 seconds is test-
ed. Therefore, it is recommended to use other tests
to get detailed information about speed and agility.

6 weeks of El applied on obese children is effec-
tive in improving static and dynamic balance and
speed-agility. Considering in this context, El may
be recommended for improving balance to be used
as a part of physical education courses and spare
time activities based on the interests of children in
their pre-adolescent period.

Additionally, as El is a physical activity that is en-
joyed by children, it is a good alternative for direct-
ing obese children to physical activity. Furthermore,
it should be kept in mind that turning physical ac-
tivity into a lifestyle requires longer intervention
duration. For this reason, the large randomized
controlled studies with long-term interventions and
follow-up are recommended.
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EXAMINING THE EFFECTS OF CONNECTIVE TISSUE
MASSAGE ON PAIN AFTER THORACOTOMY -
RANDOMIZED CONTROLLED TRIAL

ORIGINAL ARTICLE

ABSTRACT

Purpose: The objective was evaluate the effect of a connective tissue massage on pain, applied
analgesic amounts and length of hospitalization of the patients.

Method: The study was a prospective, randomized, controlled clinical trial and conducted at a thoracic
surgery department of university hospital. The patients were randomly allocated to 1 of 2 groups:
a control group (n=27) and the experimental group (n=27). Standard medical treatment, care and
pulmonary rehabilitation program were applied to both groups. In addition, a total of 5 sessions of
connective tissue massage were applied to the experimental group. Pain level of the patients was
evaluated at every 24 hours as of the zeroth postoperative day. VAS was used as a one-dimensional
scale for pain assessment. Totally applied analgesic amounts and length of hospitalization of the
patients were recorded.

Results: There was no statistically significant difference between the experimental and control groups
on the postoperative Oth and 1st days. A statistically significant difference was found between VAS
averages on postoperative 2nd, 3rd, 4th, 5th, 6th and 7th days (p<0.001). Totally applied analgesic
amounts of the the patients decreased significantly from the postoperative 2nd day (p<0.05). The
length of hospital stay in the experimental group was short.

Conclusions: The pain of the experimental group decreased significantly and their pain on the
postoperative 7th day was quite low and therefore the need for analgesic drugs decreased significantly.

Key words: Connective tissue massage, Pain, Quality of life, Thoracotomy.

TORAKOTOMi SONRASI KONNEKTIF DOKU
MASAJININ AGRI UZERINDEKi ETKiSININ
INCELENMESI - RANDOMIZE KONTROLLU CALISMA

ARASTIRMA MAKALESI

0z
Amag: Konnektif doku masajinin hastalarin agrilarina, uygulanan analjezik miktarlarina ve hastanede
kalis siirelerine etkisinin degerlendirilmesi amaclandi.

Yontem: Calisma prospektif, randomize, kontrollii bir klinik calismaydi ve bir tniversite hastanesinin
g0ogus cerrahisi bolimiinde yurdttldi. Hastalar rastgele 2 gruptan 1'ine ayrildi: bir kontrol grubu (n=27)
ve calisma grubu (n=27). Her iki gruba da standart medikal tedavi, bakim ve pulmoner rehabilitasyon
programi uyguland. Ayrica calisma grubuna toplam 5 seans konnektif doku masaji uygulandi. Hastalarin
agr dizeyi postoperatif O. giinden itibaren 24 saatte bir degerlendirildi. Agri degerlendirmesi icin tek
boyutlu bir 6lcek olarak VAS kullanildi. Hastalarin toplam uygulanan analjezik miktarlari ve hastanede
kalis siireleri kaydedildi.

Sonuglar: Cerrahi sonrasi 0. ve 1. giinlerde calisma ve kontrol gruplari arasinda istatistiksel olarak
anlamli fark yoktu. Postoperatif 2., 3., 4., 5., 6. ve 7. glinlerde VAS ortalamalar arasinda istatistiksel
olarak anlaml fark bulundu (p<0,001). Hastalarin toplam uygulanan analjezik miktarlari postoperatif
2. giinden itibaren anlamli olarak azaldi (p<0,05). Calisma grubunda hastanede kalis siiresi kisaydi.

Tartisma: Calisma grubunun agrilar anlamli olarak azaldi ve postoperatif 7. giin agrilari oldukga azd
ve bu nedenle analjezik ilac ihtiyac 6nemli 6lciide azald.

Anahtar kelimler: Agri, Konnektif doku masaji, Torakotomi, Yasam kalitesi
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INTRODUCTION

Acute postoperative pain continues as refractory
pain after a major surgery such as thoracic surgery.
Massage is a manual therapy method with proven
efficiency in reducing pain in the postoperative pe-
riod. Connective tissue massage, which is one of
the massage types, can provide relief in the patient
due to its effects (1).

Today, the most preferred method for the patients
undergoing thoracotomy is seen as multimodal
analgesic methods in addition to the traditional
analgesic medications and it is considered as the
golden standard (2).

Non-pharmacological methods can be classified as
physical, cognitive, behavioral, other complemen-
tary methods or invasive and non-invasive meth-
ods (3).

Massage is an adjuvant therapy that can be safely
applied to relieve pain in the acute postoperative
period after major operations. Massage reduces
anxiety, stabilizes the condition of the patient and
improves the coping skill to in the intensive care
unit (4,5).

Connective tissue massage was developed by the
German physiotherapist Elizabeth Dicke in 1935.
Connective tissue massage is a manual therapy
technique performed by stretches on connective
tissue. The stretches are made on the places where
the fascia adheres to the bone or where the fas-
cia is superficial (6). Connective massage is slightly
different from classical manipulative treatment ap-
proaches in terms of its application technique and
physiological effects. It is thought that classical
massage acts as presynaptic inhibitions and con-
nective tissue massage as postsynaptic inhibitions
on pain. (7,8).

Massage changes the blood flow, causing psycho-
logical relaxation and reduction of pain. Tactile in-
formation from massage can stimulate large-fast
nerve fibers and then block smaller-slow nerve fi-
bers that detect pain. This effect is likely due to
local lateral inhibition in the spinal cord, which may
explain why touching a painful area is an effective
strategy for relieving pain (9).

Connective tissue massage is a type of massage
that focuses on stretching the connective tissue
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layers. There are various theories about connective
tissue massage. One theory is that tension applied
to connective tissue may stimulate cutaneous-vis-
ceral reflexes via the autonomic nervous system
and produce healing effects on internal organs that
share the same innervation as dermatomes in the
skin. At the same time, connective tissue massage
reduces pain, increases collateral circulation and
mobility, and affects the autonomic nervous system
by reducing muscle spasms (6,7).

The aim was to evaluate the effect of connective
tissue massage after thoracotomy on patients’
pain, the amount of analgesics applied, and their
hospital stay.

METHODS
Study design

This study was planned as a randomized controlled
prospective study on “The Effects of Connective
Tissue Massage Application on Pain After Thora-
cotomy”.

This research was conducted in Akdeniz University
Hospital Thoracic Surgery Intensive Care Unit and
Thoracic Surgery Service between August 2017 and
January 2018. The research was approved by Ak-
deniz University Clinical Research Ethics Commit-
tee (dated 03.05.2017, numbered 70904504/170-
6). The written informed consent was signed by
every participant. The study was conducted in ac-
cordance with the principles ofthe Declaration of
Helsinki.

Participant selection
Inclusion Criteria of the Study

« Applying to Thoracic Surgery Department of Uni-
versity Hospital and undergoing thoracotomy via
posterolateral thoracotomy incision,

+ Being in age range of 20-75 years,
+ Being stable in terms of hemodynamics,
+ Having no metastatic dissemination,

+ Having no cognitive impairment that may inhibit
communication,

+ Agreeing to participate in the study.
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Exclusion Criteria for the Study
+ Having cardiovascular diseases,

« Having more than 200 cc bleeding per hour from
the drainage tubes,

+ Having an intubation period longer than 24 hours.
Randomization

The patients were randomly divided into two
groups as the control group and the experimental
group by using the Microsoft Excel program. The
first group of the study consisted of the patients in
the control group and the second group consisted
of the connective tissue massage group.

Sample size calculation

The sample of the study was determined by the PS
Power and Sample Size Calculations Version 3.0
program. Accordingly, the number of patients tar-
geted to be reached in the sample with the power
of 95% and 0.05 Type | error was planned a total
of 54 patients including at least 27 controls (11).

Interventions

Standard medical treatment, care and pulmo-
nary rehabilitation program were applied to both
groups. In addition, a total of 5 sessions of con-
nective tissue massage were applied to the exper-
imental group as 1 session a day on the postop-
erative 1st day, 2nd day, 3rd day, 4th day, 5th day.
The connective tissue massage was started from
the lumbosacral region (baseline) and was applied
to the lower thoracic, scapular, inter-scapular and
cervico-occipital region according to the vascular
response of the connective tissue (12).

Outcome measures

VAS (Visual Analogue Scale) was used as a one-di-
mensional scale for pain assessment. The scale is
10 centimeters long. A value of O at the left end
of the scale indicates no pain, and a value of 10
at the right end indicates unbearable pain. The
patient is asked to mark a point on a vertical or
horizontal line that matches his or her pain level.
The distance between the marked point and the far
left end of the line is measured in centimeters and
the obtained value is recorded. This value shows
the patient’s pain intensity. O indicates no pain, 1-3
indicates mild pain, 4-6 indicates moderate pain,
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and 7-10 indicates severe pain (13). Sensitivity and
selectivity evaluations of VAS were made and it
was decided that it could be used (14). On postop-
erative Oth day, 1st day, 2nd day, 3rd day, 4th day,
5th day, 6th day and 7th day (before the massage
in the experimental group) (between 8:00 and 9:00
in the morning); in other words, pain level of the
patients (n=54) was evaluated at every 24 hours as
of the zeroth postoperative day.

Totally applied analgesic amounts of the patients
were recorded on the postoperative Oth day, 1st
day, 2nd day, 3rd day, 4th day, 5th day, 6th day, and
7th day. In addition, length of hospitalization of the
patients was recorded.

Statistical analysis

The data were analyzed in the SSPS (Statistical
Package for Social Sciences) (IBM Electronics,
ABD) 21.0 program. Shapiro Wilks Test was used to
determine the suitability of the variable for normal
distribution in the study and control groups. When
p<0.05, it was decided that the normal distribution
of the data was not appropriate and nonparamet-
ric tests were applied.

In order to analyze the difference between the
mean values of the numeric data between two
groups, Mann Whitney-U Test were used. In the
evaluation of the difference between the pre-test
and post-test mean values of the data, Wilcoxon
T Test were used. The Friedman test was used to
examine the changes in the amount of pain and
analgesic drugs used by the groups according to
the days. Correlation coefficients were calculated
in order to determine the relationship between
demographic, clinical characteristics demographic
characteristics of patients and VAS scores, applied
analgesic amounts of the patients.

RESULTS
Baseline characteristic

65 patients who were hospitalized before the sur-
gery were evaluated. 6 patients were not eligible
for study and 5 patients did not want to partici-
pate in the study. Trial flow is presented in Figure
1. There was no significant difference between the
groups in terms of age, gender, BMI, marital sta-
tus, educational status, smoking, chronic diseases,
type of surgery, duration of mechanical ventilation,
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Assessed for eligibility (n=65)

Excluded n=11
. e ineligible (n=6)

y

e declined to participate (n=5)

Preop

Measured pain, recorded used analgesic amounts of the patients and
preoperative clinic evaluation was carried out to obtain information
on demographic and personal characteristics of the patient

Postop 0™ day (n=27)

Randomised (n = 54)

(n=27)

Experimental group

From the postop 0" "

day until the discharge e Early mobilization

discharge)

Postop 1%, 27,34, L~
4th 5t day

45t day)

Chest physiotherapy

(from the postop 0™ day until the

o Connective tissue massage
(on the postoperative 1%, 2, 37,

(a total of 5 sessions of connective
tissue massage, as 1 session a day)

Control group
o Chest physiotherapy
e Early mobilization
(from the postop Oth day
until the discharge)

From postop 0™ day
to discharge

(=27

Measured pain levels and recorded applied analgesic amounts of the patients

(n=27)

Just before discharge

Recorded length of hospitalization of the patients

Figure 1. CONSORT Flow Diagram

duration of stay in intensive care unit, preopera-
tive pain level and preoperative applied analgesic
amounts of the patients (p>0.05) (Table 1).

Outcome measures

As seen in Figure 2 VAS scores of the patients in
the experimental group was statistically lower than
the control group on the postoperative 2nd day, 3rd
day, 4th day, 5th day, 6th day and 7th day (p<0.001).
There was a statistically significant improvement
in intra-group change analysis VAS scores in the
both group (p<0.001) (Figure 2).

The applied tramadol amounts of the patients in
the experimental group was statistically lower than
the control group on the postoperative 2nd day, 3rd
day, 4th day, 5th day, 6th day and 7th day (p<0.005)
(Table 2).

The length of hospitalization of the patients in the

experimental group was 8.07 + 0.27 days and in
patients in the control group was 8.74 + 0.98 days.
The length of hospitalization of the patients was
significantly higher in the control group (p=0.001)
(Table 2).

Pain level of the patients

Patients with longer hospitalization had more
pain scores on the 5th and 7th postoperative days
(p<0.005) (Table 3).

The applied analgesic amounts of the patients

The applied tramadol and diclofenac amounts of
the patients on postoperative Oth day was high-
er in patients with higher BMI (p<0.005). Patients
with more hospitalization in the intensive care unit
had higher tramadol use on postoperative 5th and
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Table 1. Demographic and Clinical Characteristics of the Patients

Experimental Group

Control Group

n % n % P
Gender 1.000
Female 7 25.9 7 25.9
Male 20 74.1 20 74.1
Marital status 0.704
Married 22 81.5 24 88.9
Single 5 185 3 11.1
Educational status 0.500
Primary Education 5 185 5 18.5
Secondary Education 17 63 18 66.7
University 5 185 4 14.8
Smoking
Not Smoke 16 59.3 18 66.7 0.779
Less Than One Pack a Day 5 183 5 183
More than One Pack a Day 6 222 4 14.8
Chronic Diseases
Hypertension 18 66.7 20 741
Chronic Pulmonary Disease 24 88.9 24 88.9
Diabetes 22 81.5 21 77.8
Hyperlipidemia 22 81.5 20 741
Surgery
Wedge Resection 11 40.7 10 37
Segmentectomy 2 7.4 2 7.4
Lobectomy 10 37 10 37
Bilobectomy 1 3.7 2 7.4
Mean + SD Mean + SD
Body Mass Index (kg_/mz) o 24.44+0.85 24.46+0.80 0.910
Du.ratlon of Mechanical Ventilation 127.04+22 33 127.22+27 43 0978
(minutes)
Age (years) 55.37+2.01 55.78+2.25 0.782
VAS Preop 0.04+0.09 0.05+0.09 0.808
Tramadol Preop (mg) 0.00+0.00 0.00+0.00 1.000
Diklofenac Preop (mg) 0.00+0.00 0.00+0.00 1.000
Morfin Preop (mg) 0.00+0.00 0.00+0.00 1.000
Paracetamol Preop (mg) 0.00+0.00 0.00+0.00 1.000

kg: Kilogram, m: Meter, mg: Milligram, n: Number of patients, SD: Standart deviation.

7th days (p<0.001) (Table 4). The applied trama-
dol amounts of the patients on the postoperative
3rd day decreased in patients with prolonged me-
chanical ventilation (r=-0.280 p=0.041). In addition,
the applied tramadol amounts of the patients on
postoperative 5th day and 7th day was higher in
patients with longer hospitalization (p<0.005) (Ta-
ble 4).

DISCUSSION

This is the first randomized controlled trial inves-
tigating the effects of connective tissue massage
applied after thoracotomy. Our results showed that
connective tissue massage had a positive effect
on pain, analgesic drug use, and hospital stay. Al-
though analgesics are necessary in the treatment
of postoperative pain, they may not always relieve
pain sufficiently.
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New drugs and methods for postoperative pain
control have been developed in the last 20 years.
However, some studies have found these new drug
treatments inadequate. Additionally, analgesics
may have undesirable side effects. Therefore, non-
drug treatment methods may be preferred in the
treatment of acute pain after surgery. This situa-
tion makes complementary treatments and inter-
ventions more important and necessary (15).

In connective tissue massage, a short-term and
painful stimulus applied from the periphery acti-
vates large-diameter A fibers. These higher-level
inputs can inhibit pain through presynaptic inhi-
bition. In other words, connective tissue massage
can prevent the feeling of pain from reaching the
conscious level (16,17). Celenay et al. They stated
that connective tissue massage was more effective
than placebo massage in reducing pain in patients
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Figure 2. Time-dependent VAS Change During Rest in the Study and Control Groups

Table 2. Applied Analgesic Amounts of the Patients for Both Groups During the Trial
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group
control
experimental

Experimental Group Control Group Iné:lra-:gr::p Intra Group Changes
Applied Analgesic Amounts (mg) Experimental Group Control Group
Mean + SD Mean + SD p P P
Tramadol 0 296.30+19.25 296.30+19.25 1.000
Tramadol 1 288.89+32.03 288.89+32.03 1.000
Tramadol 2 92.59+67.52 233.33+82.21 <0.001*
Tramadol 3 50.26+97.11 100.00+£103.77 0.088 <0.001* <0.001**
Tramadol 4 14.81+36.20 59.26+57.24 0.002*
Tramadol 5 7.41+26.69 51.85+57.98 0.001*
Tramadol 6 3.70£19.25 51.85+50.91 <0.001*
Tramadol 7 3.70£19.25 48.15+50.92 <0.001*
Diclofenac O 138.46+3.,81 138.89+40.03 0.692
Diclofenac 1 86.54+62.54 113.89+56.47 0.072
Diclofenac 2 28.85+52.29 83.33+56.33 <0.001*
Diclofenac 3 20.19+40.01 108.33+52.35 <0.001* <0.001** <0.001%
Diclofenac 4 28.85+56.43 108.33+66.87 <0.001*
Diclofenac 5 34.62+57.04 111.11+63.67 <0.001*
Diclofenac 6 17.31+32.23 105.56+69.80 <0.001*
Diclofenac 7 17.31+48.88 77.78+76.38 0.001*
Morfin O 4.44+1.33 4.44+3.20 0.950
Morfin 1 0.00+0.00 0.37+1.33 0.153
Morfin 2 0.00+0.00 0.00+0.00 1.000
Morfin 3 0.00+0.00 0.00+0.00 1.000 <0.001** <0.001*
Morfin 4 0.00+0.00 0.00+0.00 1.000
Morfin 5 0.00+0.00 0.00+0.00 1.000
Morfin 6 0.00+0.00 0.00+0.00 1.000
Morfin 7 0.00+0.00 0.00+0.00 1.000
Paracetamol O 0.00+0.00 111.11+£211.83 0.010
Paracetamol 1 18.52+96.23 55.56+160.28 0.303
Paracetamol 2 0.00+0.00 55.56+160.13 0.077
Paracetamol 3 18.52+96.23 129.63+223.29 0.023* 0744 0456
Paracetamol 4 18.52+96.23 111.11+211.83 0.045*
Paracetamol 5 18.52+96.23 74.07+181.01 0.077
Paracetamol 6 0.00+0.00 55.56+160.13 0.163
Paracetamol 7 0.00+0.00 55.56+160.13 0.077
Length of Hospitalization (days) 8'0(;%{8)'27 8(7;?%;3 8 0.001*

Abbreviation: mg: Milligram, SD: Standard deviation. *p<0.05, Mann Whitney-U Test: Difference between experimental and control group. **p<0.05, Friedman
Test: The Changes in the amount of pain and analgesic drugs used by the groups according to the days.
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Table 3. Pain Level of the Patients According to Their Demographic and Clinical Characteristics

VAS
Postop O Postop 3 Postop 5 Postop 7
’S*g;is vical evaluation r-0.205 r-0.144 r-0.146 r-0.146
p:0.137 p:0.298 p:0.684 p:0.293
Gender
Kadin 0.81+0.07 0.35+0.15 0.35+0.11 0.23+0.13
Erkek 0.81+0.09 0.36+0.11 0.37+0.16 0.22+0.14
Statistical evaluation p:0.883 p:0.987 p:0.600 p:0.648
SB&‘:% t"‘;:fes‘/:l';j;’l‘on r-0.180 r0.078 r-0.025 r0.015
p:0.194 p:0.574 p:0.857 p:0.913
Surgery
Wedge resection 0.84+0,09 0.36+0,12 0.35+0,14 0.20+0,14
Segmentectomy 0.81+0,07 0.39:0,13 0.42+0,25 0.28+0.22
Lobectomy 0.80+0.08 0.35+0.11 0.36+0.15 0.23+0.12
Bilobectomy 0.77+0.09 0.42+0.27 0.33+0.12 0.12:0.13
Pneumonectomy 0.79+0,07 0.31+0,11 0.38+0,09 0.27+0,11
Statistical evaluation p:0.163 p:0.719 p:0.962 p:0.731
?;':‘Stt',‘:g[ zsaslzzzo': intensive care unit r-0.068 r0.147 r0.058 r0.144
p:0.624 p:0.287 p:0.679 p:0.299
sDtl:zrthttI:g;l ‘e"ta’['l‘;‘;';:"ica' ventilation 10.063 r0.154 1-0.030 r-0.108
p:0.651 p:0.268 p:0.831 p:0.436
'S'f(;‘titt?a‘;fetg;z:g‘:izati°" r-0235 r0.191 1:0.399 1:0.374
p:0.121 p:0.167 p:0.003* p:0.005*

Abbreviation: postop: Postoperative, VAS: Visual analog scale. * p<0.05; test: pearson correlation coefficient.

Table 4. The Applied Analgesic Amounts of the Patients According to Their Demographic and Clinical Characteristics

Tramadol Diklofenac
Postop O Postop 3 Postop 5 Postop 7 Postop 0 Postop 3 Postop 5 Postop 7

Age ) . ) . ) . \ .
o stical evaluation r:-0.003 r:-0.061 r-0.079 r-0.022 r0.013 r-0.106 r0.128 r:-0.037

p:0.982 p:0.659 p:0.569 p:0.876 p:0.926 p:0.446 p:0.355 p:0.790
Body mass index Statisti- 1.0 302 r-0.061 r-0.014 r-0.122 r:0.422 r0.103 r0.194 r0.160

p:0.026 p:0.662 p:0.918 p:0.379 p:0.002* p:0.458 p:0.160 p:0.248
Duration of stay in
intensive care unit r:0.174 r:-0.108 r:0.558 1:0.742 r:-0.083 r:0.026 r:-0.033 r:-0.108
Statistical evaluation p:0.208 p:0.438 p<0.001* p<0.001* p:0.552 p:0.849 p: 0.813 p:0.435
3:;:::;’:0‘: mechanical 156 r:-0.280 r-0217 r-0.027 r:-0.005 r-0.145 r:-0.109 r-0.034
Statistical evaluation p:0.964 p:0.041 p:0.115 p:0.845 p:0.974 p:0.295 p:0.434 p:0.805
;f;itt'i‘czfetgi‘:;g:zat'°" r-0.132 r0.095 r:0.280 r0.326 r-0230 r0.063 r0.020 1-0.008

p:0.341 p:0.505 p:0.040* p:0.016* p:0.094 p:0.650 p:0.883 p:0.480

Abbreviation: postop: Postoperative. * p<0.05; test: pearson correlation coefficient.

with chronic low back pain (18). After thoracotomy,
the pain is quite severe due to the wide distribution
of the intercostal nerves and the cutting of more
muscle mass (19). Pain control not only reduces the
feeling of pain but also reduces the complications
and accelerates the healing process. Patients with
chronic postoperative pain after traditional thora-
cotomy received insufficient pain treatment during
hospitalization (20,21).
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Various techniques providing post-thoracotomy
pain management have been described, but there
has been still no internationally accepted best
strategy. Opioid is easy to use and is the most com-
mon method used to provide analgesia. However,
this may have some unwanted side effects such as
respiratory depression, vomiting, nausea, ileus and
urinary retention (22). Epidural analgesia can be an
ideal method for thoracotomy pain management.
However, it has not been proven to reduce pulmo-



nary function and pulmonary complications (23).

Non-pharmacological applications are included
in routine patient care. In 2007, it was observed
that 37.4% of the hospitals in the United States
of America were using one or more non-pharma-
cological therapies. Most of these therapies focus
on pain and anxiety. Therefore, these therapies aim
to help the needs that cannot be met by traditional
approaches in the postoperative period. Especial-
ly, massage therapy seems a rational choice in the
postoperative period. Massage is effective in sig-
nificantly reducing postoperative pain in patients
with major thoracoabdominal surgeries and chole-
cystectomy, appendectomy (24,25).

Massage has gained widespread popularity for
pre-operative anxiety management and pain man-
agement in hospitalized patients. However, mas-
sage is mostly used for pain relief. Massage relieves
anxiety and pain, but the mechanism of action is
not yet understood. Many scientists have suggest-
ed that massage works to alleviate anxiety by pro-
moting relaxation and working on the subconscious
to encourage positive emotions. Similarly, massage
can relieve pain by producing a localized effect on
the muscles and activating unmyelinated C fibers
that block the perception of pain. Despite the pop-
ularity of massage for pain management among
postoperative patients who have had heart surgery
and thoracic surgery, only a few types of massage
have been used to treat pain in women who have
had breast surgery (26).

One study shows that massage therapy can be suc-
cessfully integrated into thoracic surgery practic-
es. Based on these findings, massage therapy has
been shown to provide both subjective and objec-
tive benefits to thoracic surgery patients in terms
of improved pain management. In a hospital set-
ting, massage therapy needs to focus on individual
patient symptoms, and then therapy is individual-
ized based on these symptoms, medical condition,
and position tolerance. There are potential benefits
to adding complementary therapies, such as mas-
sage and potentially other mind-body therapies, to
a pain management program in the hospital set-
ting (27).

Although there is evidence to support the pain-re-
lieving effects of massage in cardiac surgery pa-

Temel Aksu N., Erdogan A.

tients, few studies have been conducted in the in-
tensive care unit where pain intensity is highest.
Given the complexity and severity of pain in the
ICU, future rigorous randomized controlled trials
are needed to evaluate the effect of massage on
the pain intensity of critically ill adults. In addition,
studies are needed to evaluate the effects of mas-
sage such as pain distress and pain interference,
which are other dimensions of pain, and the use
of opioids during hospitalization. Reducing opioid
use may improve patients’ recovery by reducing
opioid-related side effects (28).

Massage therapy has been studied in many clinical
settings and found to be valid. It has been proven
that the massage applied to cancer patients has
symptomatic benefits. Massage was applied to
605 postoperative patients for 20 minutes per day
for 5 days. As a result of the study, the pain inten-
sity, short-term anxiety, opioid use, and hospitaliza-
tion periods of the patients decreased. However, no
effect was observed on long-term anxiety (5).

It has been proven that postoperative massage in
the patients undergoing cardiac surgery has pro-
vided physical and psychological benefits during
their hospitalization periods. Massage therapy sig-
nificantly reduces pain, anxiety and muscle strain
and provides relaxation and satisfaction (29,30,31).

Post-cesarean massage significantly reduces anx-
iety and pain. Massage is recommended to reduce
pain and anxiety due to the simplicity, efficacy, re-
liability, low cost and lack of side effects of the ap-
plication (32).

Massage was applied to the patients, who under-
went abdominal colorectal surgery, on the post-
operative 2nd and 3rd days and pain, tension, and
anxiety changes before and after massage were
observed. It has been proven that massage has a
significant role in the postoperative recovery pro-
cess of the patients undergoing colorectal surgery.
It has been proven that post-mastectomy massage
therapy is effective in reducing pain, anxiety, and
tension and increasing relaxation (33).

Massage is included in the traditional treatment
at various cancer treatment centers because it in-
creases the levels of relaxation, sleep, immune sys-
tem response quality, and reduces the fatigue, pain,
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anxiety, and nausea levels of the patients. Massage
is quite effective in reducing the surgery-related
pain in patients with cancer. Foot reflexology mas-
sage is more effective than aromatherapy or body
massage for reducing cancer pain (34,35).

Massage therapy can be a significant additional
procedure that relieves pain in the recovery pro-
cess after thoracic surgery. Despite improved ef-
forts and innovations, most patients experience
post-operative pain and discomfort. Massage ther-
apy was applied to 160 patients, who were operat-
ed by general thoracic surgical methods including
pulmonary resection, esophageal resection, and
reconstruction due to benign and malign disease
and through various pleural, chest wall, and medi-
astinal methods and had an average age of 60.7
of these women were female. Their pain levels be-
fore and after the massage were compared. It was
found that there was a significant decrease in the
pain level before and after the massage (36). In the
present study, it was found that massage therapy
can be performed safely in the hospital setting and
can have significant clinical benefits.

In another study, 3-day kinesiologic taping before
menstruation was applied to 20 out of 40 wom-
en suffering from primary dysmenorrhea; whereas,
20-minute connective tissue massage was applied
to 20 women for 3 days before menstruation. At
the end of the study, it was found that connective
tissue massage and kinesiologic banding reduced
the cramps in the lower abdominal region. Because
the mechanical distortion induced by the connec-
tive tissue massage stretches helps to have the
connective tissue mobilized. This leads to release
histamine from the mast cells that cause local
swelling and arteriolar dilatation. Thus, regional
blood flow increases and inflammation decreases.
Chemicals causing pain are removed from the tis-
sue. Hence, inflammation and pain decrease (27).

Conclusion

In conclusion, the patients who decreased pain due
to the connective tissue massage used less anal-
gesic drugs, the patients in the experimental group
experienced less nausea, vomiting, sleepiness and
digestive and renal dysfunction problems. Due to
all these reasons, the duration of discharge short-
ened in the patients having less complaints and the
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length of hospitalization decreased. It was thought
that less use of analgesic drugs and decrease in
the hospitalization time would decrease the cost
rate.

Limitations

In our study, we examined the short-term changes
of variables such as pain, quality of life, analgesic
drug requirement and hospitalization period after
thoracotomy, and the effects of connective tissue
massage on these variables. But we did not exam-
ine the long-term consequences. In diseases such
as cancer and osteoarthritis, massage should be
applied for a long time. Osteoarthritis is a chron-
ic condition and is different from the post-surgical
period. For this reason, it is not necessary to ap-
ply long-term massage after surgery. However, the
evaluation of the effectiveness of massage therapy
after discharge may be the subject of further stud-
ies. Surgical incision often prevents patients from
lying down and may require an alternative position.
In our study, we applied connective tissue massage
while the patients were sitting in a chair. The ideal
application dose and duration of massage are not
clear. Therefore, their effectiveness can be evalu-
ated at different times and doses. In addition, the
effects of connective tissue massage on respira-
tory functions were not evaluated objectively with
spirometric measurements or blood gas results in
our study. Future work can focus on this issue.
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WHOLE-BODY VIBRATION EFFECT ON MUSCLE
ACTIVATIONS: WHICH ONE IS THE MOST EFFECTIVE,
LOW FREQUENCY OR HIGH FREQUENCY?

ORIGINAL ARTICLE

ABSTRACT

Purpose: Whole Body Vibration (WBV) is a practice that passively applies mechanical oscillations to
an individual from a support surface. The tonic vibration reflex response depends on the vibration
localization, frequency, amplitude, and initial length of the muscle, but there is no consensus on what
the optimal frequency should be. This study was conducted to examine the activation differences of
lower extremity muscles at low and high frequencies during squat exercise on WBV.

Methods: This study involved 16 healthy individuals (Age = 23.66 + 2.33 years, Body Mass Index
= 22.59 + 3.86 kg/m?). WBV application was performed on a vertical vibration platform (GLOBUS
Physioplate®). Participants performed static half-squats on WBV for 20 seconds under vibrating (20
Hz and 60 Hz; 2-3 mm amplitude) conditions. An 8-channel Electromyography (EMG) Noraxon MiniDTS
system was used to measure the activation of the Gluteus Medius (GMed), Gluteus Maximus (GMax),
Vastus Lateralis (VL), and Vastus Medialis (VM) muscles.

Results: It was observed that there was a difference between the two frequencies for the activation of
the VM, VL, and GMed muscles (p = 0.004, 0.001, 0.002, respectively). Vibration frequencies of GMed,
VL, and VM muscle activities at high frequency were increased compared to low frequency. GMax did
not show any statistically significant change between the two vibration conditions (p=0.013).
Conclusions: Physiotherapists and trainers should prefer high frequencies in WBV applications,
especially when they need to improve the neuromuscular response in the quadriceps and gluteus
medius muscles.

Keywords: Electromyography, Frequency, Lower Extremity, Whole Body Vibration

TUM VUCUT VIBRASYONUN KAS AKTIVASYONLARINA
ETKISI: HANGISI EN ETKILI, DUSUK FREKANS MI
YUKSEK FREKANS MI?

ARASTIRMA MAKALESI

0z

Amag: Tim Vicut Vibrasyon (TVV), kisiye bir destek yiizeyinden pasif olarak mekanik salimimlar
uygular. Tonik vibrasyon refleksi yaniti, vibrasyon lokalizasyonuna, frekansina, amplittidiine ve kasin
baslangi¢ uzunluguna baghdir, ancak optimal frekansin ne olmasi gerektigi konusunda bir fikir birligi
yoktur. Bu calisma, TVV'de yapilan squat egzersizi sirasinda alt ekstremite kaslarinin diisiik ve yiiksek
frekanslardaki aktivasyon farkliliklarini incelemek amaciyla yapilmistir.

Yontem: Bu calismaya 16 saglikli birey dahil edildi (Yas = 23,66 + 2,33 yil, Viicut Kitle indeksi = 22,59 +
3,86 kg/m?). TVV uygulamasi, vertikal vibrasyon platformunda (GLOBUS Physioplate®) gerceklestirildi.
Katilimcilar diisiik amplittidte (2-3 mm) 20 Hz ve 60 Hz'lik vibrasyon durumlarinda TVV iizerinde 20
saniye boyunca statik half-squat yaptilar. Gluteus Medius (GMed), Gluteus Maximus (GMax), Vastus
Lateralis (VL) ve Vastus Medialis (VM) kaslarinin aktivasyonunu élcmek icin 8 kanalli Elektromiyografi
(EMG) Noraxon MiniDTS sistemi kullanild.

Sonuglar: VM, VL, GMed kaslarinin aktivasyonu icin iki frekans arasinda fark oldugu gozlendi (sirasiyla
p = 0,004; 0,001; 0,002). Calismamiz, yiiksek frekanstaki GMed, VL ve VM kas aktivitelerinin titresim
frekanslarinin distk frekansa gore arttigini géstermektedir. Gmax kas aktivitesinde iki frekans
arasinda istatistiksel olarak anlaml bir fark bulunmadi (p=0,013).

Tartigma: Fizyoterapistler ve antrenérler TVV uygulamalarinda, 6zellikle quadriceps ve gluteus medius
kaslarinda néromuskiiler yaniti gelistirmeye ihtiyac duyduklarinda yiiksek frekanslari tercih etmelidirler.

Anahtar Kelimeler: Elektromyografi, Frekans, Alt Ekstremite, Tiim Viicut Vibrasyon
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INTRODUCTION

Whole body vibration (WBV) is an exercise modality
that can be used by applying indirect mechanical
oscillations from the support surface to the target
muscle (1). During the WBV exercise, the vibration
is transmitted through the kinetic chain depending
on the body position, and its energy is absorbed by
the activated muscle (1,2). It has been shown that
WBV exercises have a similar effect with strength-
ening and plyometric training on muscle activation,
strength, and performance. For this reason, it has
been applied to increase the effectiveness of the
exercises in sports and rehabilitation programs and
has become an important research topic in recent
years (3,4).

The traditional theory explaining the possible mech-
anism of action of vibration stimulation is that as
vibration produces rapid and short changes in the
length of the muscular-tendon complex, it increas-
es the activation of the terminations of the muscle
spindle, creating a tonic vibration reflex (TVR) in the
muscle (5). TVR results in increased muscle activa-
tion, contraction, and synchronization of the motor
unit (6). TVR response depends on the localization
of vibration, its frequency, amplitude, and the initial
length of the muscle (5). Therefore, in studies with
WBYV, the effect of these parameters on the TVR
response has commonly been investigated (3,5,6).
Studies have shown that acute WBV generally pro-
vides higher EMG activation responses compared
to no-vibration conditions (7-14). However, there
are also studies that show the opposite results.
Also, the effect of differences in vibration frequen-
cy on muscle activity is contradictory (15,16). Many
studies include different exercise parameters (type
of vibration platform, duration, and volume of exer-
cises), vibration frequency, amplitude, and joint an-
gles in order to evaluate the EMG activation of the
lower extremities (7-16). Since various parameters
are used in the studies and no consistent results
are produced, the optimal vibration frequency re-
mains uncertain (5). Thus, creating a WBV protocol
for each type of exercise and target muscle would
be a sensible approach.

The squat is a type of exercise that is commonly
used in the strengthening and motor control exer-
cises of the lower extremities and has become an
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essential part of hip and knee training programs
(17). The primary muscle acting on the knee during
squat exercise is the quadriceps femoris. Gluteus
maximus (GMax) is a potent hip extensor and sta-
bilizer, contracting eccentrically to inspect going
down during squats and contracting concentrical-
ly to overcome external resistance when going up
(18,19). Gluteus Medius (GMed) has a key role in
providing pelvis and knee stabilization during the
squat (20). There are many studies investigating
the effect of vibration on the activity of the quadri-
ceps muscles during squat exercise. However, there
is no consensus in the related literature regarding
the available information on the frequency at which
the Vastus Medialis (VM) and Vastus Lateralis (VL)
muscles are activated at a higher level during stat-
ic half-squat exercises in the WBV application. Also,
a limited number of studies were found for the
GMax muscle, while no studies were found for the
GMed muscle. Therefore, this study was conducted
to investigate the effect of vibration frequency on
lower extremity muscles (GMed, GMax, VL, VM) ac-
tivations during static half-squat exercise.

METHODS
Participants

The study was approved by Gazi University Ethics
Committee (Date: 14.07.2020, Number: 91610558-
604.01.02, Research Code Number: 2020-374).
After the participants were informed about the
purpose and procedure of the study, an informed
consent form was signed. Healthy volunteers be-
tween the ages of 18-30 were included in the study
(Table 1). Individuals with any orthopaedics or neu-
rological disorders that would affect their ability to
exercise were not included. The study was complet-
ed with 16 individuals who agreed to participate in
the study.

Experimental Design

The study design was determined as a single group
and repeated measurement. The dependent vari-
ables were activation of lower extremity muscles
(GMax, GMed, VM, and VL), while the independent
variable was vibration frequency (20 Hz (low) and
60 Hz (high). In addition, evaluation was made in
the static squat position in the vibration-free con-
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dition. Moreover, one day was allocated to each
subject in the experiments.

Procedures
Whole Body Vibration Protocol

A vertical vibration platform (GLOBUS Physio-
plate®) was used for WBV application. The subjects
were asked to stand barefoot on the platform and
maintain the static half-squat posture for 20 sec-
onds under vibration-free and vibrating (20 Hz and
60 Hz; at 2-3 mm amplitude) conditions (9). The ad-
verse effects of vibration on the human body occur
below 20 Hz and above 60 Hz frequencies (3). For
this reason, 20 Hz for low frequency and 60 Hz for
high frequency were preferred. Simultaneous EMG
measurement was performed to examine changes
in muscle activation under different vibration con-
ditions. Each of the three vibration conditions was
performed twice. The subjects took a 2-minute rest
between trials (21). The starting frequency for each
participant was determined by randomization, and
WBYV frequencies were not told to the participants.
Participants were asked to hold the handrail of the
device and extend their arms straight. In addition,
the participants were instructed to keep their trunk
position upright, and their shanks were nearly ver-
tical, preventing the knee joint from going over the
toes. Using a universal goniometer, a physiother-
apist measured the joint angle to keep 90° flex-
ion angles (22) and ensured that the participants’
body positions were maintained (23). This study
preferred a 90° half-squat because the hip exten-
sor torque peaks at 90° and angles above 90° are
unreliable (19).

EMG Measurements

An 8-channel EMG Noraxon MiniDTS system (No-
raxon, USA, Inc, Scottsdale, AZ) was used to assess
the activation of the VM, VL, GMed, and GMax mus-
cles. Unit specifications include a common-mode
rejection ratio (CMRR) greater than 100dB and in-
put impedance greater than 100 Mohm. The sam-
pling rate for EMG data was 1500 Hz per channel.
EMG measurement was performed with bipolar Ag/
AgCl surface electrodes (Noraxon, USA, Inc, Scott-
sdale, AZ) with a center-to-center distance of 20
mm. Before placing electrodes to reduce skin im-
pedance, the skin was cleaned with a 70% alcohol
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solution and body hair was removed (21). During
all trials, the participants’ EMG activity was re-
corded from their dominant leg. The surface elec-
trodes were aligned in the direction of the muscle
fibers (13). A clinical expert put the electrodes on
the areas of interest, following the SENIAM proj-
ect instructions (24). All electrodes were taped to
the skin with double-sided tape to ensure that they
stayed steady during the session, and the cables
were taped to the skin with care.

The EMG signals were processed with MR 3.12
software (Noraxon, USA, Inc, Scottsdale, AZ) and
then analyzed. For the data analysis, the middle 10
seconds of the test duration (from 5 seconds to
15 seconds) was chosen. First, the raw EMG sig-
nals were band-pass filtered (25) between 15 and
500 Hz. The raw EMG data were smoothed using a
moving root-mean-square (RMS) filter (time win-
dow 100 ms) (26).

The baseline EMG activity was recorded at the be-
ginning during static half-squat (knee flexion angle
was 90°) without vibration (13). Then, the values
were normalized to the muscle activities obtained
during the no vibration according to the following
formula:

vibration conditions/no vibration * 100.
Statistical Analysis

Statistical Package for Social Science (SPSS) ver-
sion 23.0 (IBM Corp., Armonk, NY, 2015) was used
for the statistical analysis. Descriptive analyses
are presented as mean + standard deviation. Bon-
ferroni corrected Wilcoxon signed-rank test was
used to examine the changes in muscle activities
at different frequencies. The significance level was
set at 0.0125. Post-hoc power analysis was con-
ducted. The achieved power is 0.99 according to
the G*Power analysis, the effect size of Cohen’s d =
1.56 with alpha = 0.0125, and two-tailed (n = 16) in
a Wilcoxon signed rank test (matched pairs).

RESULTS

Normalized mean values and standard deviations
are shown for the no vibration condition. VM, VL,
GMed muscle activities significantly increased un-
der the high frequency vibration condition com-
pared to low frequency (p = 0.004, 0.001, 0.002,
respectively; Table 2 and Figure 1). GMax did not



Table 1. The Demographic Information of the Participants
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Participants (n=16)

(Mean = SD)
Age (years) 23.66 + 2.33
Height (cm) 174.00 + 12.00
Body weight (kg) 69.78 + 28.85
Body Mass Index (kg/m?) 22.59 + 3.86

SD: Standard Deviation

Table 2. Neuromuscular Activity of the Muscles Between Low and High Vibration Frequencies (Normalized to the No

Vibration Condition)

Low Frequency (%)

High Frequency (%)

Changes in Muscle

(Mean + SD) (Mean + SD) ("h;:;’r"ti g’g)) z P
VM 119.46 + 19.02 142.42 + 24.74 22.96 + 24.42 2.844  0.004*
VL 11212 + 1814 14222 +22.86 3010+ 19.17 3309  0.001*
GMed 143.69 + 33.00 189.84 + 38.68 4615 + 42.22 -3.103 0.002*
GMax 152.45 + 30.80 194.52 + 52.04 42.06 + 56.93 -2.482 0.013

VM: Vastus Medialis, VL: Vastus Lateralis, GMed: Gluteus Medius, GMax: Gluteus Maximus, SD: standard deviation, *p<0.0125

Changes in Muscle Activity

(%No vibration)
8

e
'l . ml ui

Vastus Medialis Vastus Lateralis  Gluteus Medius Gluteus

. e Maximus
B Low Frequency 8 High Frequency

Figure 1. The mean and standard errors of normalized
values to the no vibration condition neuromuscular activity
in knee and hip muscles during Whole Body Vibration in
response to the low and high frequencies.

show any statistically significant change between
the two vibration conditions (p=0.013).

DISCUSSION

This study investigated the effect of static half-
squat exercise performed at low (20 Hz) and high
(60 Hz) frequencies in WBV on EMG activity of the
lower limb muscles. It was found that high vibra-
tion frequency was more effective on muscle acti-
vation responses than low frequency in VM, VL, and
GMed. There was no statistically significant change
in GMax muscles.

The effects of different vibration frequencies ap-
plied during various exercises on muscle activities

have often been investigated (8,10,11,14). Most of
the studies have shown that adding vibration to ex-
ercise increases the EMG activities of the VM and
VL muscles (11,12,74). In our study, increasing the
vibration frequency led to an improved EMG activ-
ity of the VM and VL muscles. There are studies
that support our findings (10,11,21). Krol et al. in-
vestigated the effects of amplitude (2-4 mm) and
frequency (20, 40, and 60 Hz) on VL and VM activ-
ity in female participants only. It was determined
that the highest muscle activation was seen when
the frequency and amplitude were set at 60 Hz and
4 mm, respectively (21). Perchthaler et al. also re-
corded EMG signals of VL and VM muscles during
the squat with different knee flexion angles at 6,
12, 18, 24, and 30 Hz frequencies. They similar-
ly demonstrated that an optimal WBV protocol is
achieved with higher frequency (10). These results
indicated that even low level of changes in vibra-
tion frequency causes a significant increase in the
muscle activity. The vibration increases the activa-
tion of the muscle spindle and creates a TVR in the
muscle (27). This response is more elicited at high-
er vibration frequencies, resulting in an increased
EMG activity (28). The WBV with high frequencies
also contributes to a large number of simultane-
ously stimulated motor units and this results in a
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higher muscle activation (18,24). Although most
of the studies showed significant improvement in
the muscle activities by increasing the frequency,
some studies have controversial results. Cardinale
and Lim (2003) investigated different frequencies
(30, 40 and 50 Hz.) during isometric half-squat
exercise in professional women volleyball players.
The higher muscle activity was shown during the
lowest vibration frequency (7). Borges et al. (2017)
compared VL muscle activity during half-squat ex-
ercise under no vibration and two different vibra-
tion conditions (30 and 50 Hz) in 40 healthy wom-
en (29). Their results showed that muscle activity
increased in vibration conditions but there were no
significant differences between the two vibration
conditions. The reason for these inconsistent re-
sults in the literature may be the highly variable
demographics of population and vibration parame-
ters (frequency, amplitude, duration). Due to the va-
riety of parameters, it is very difficult to determine
the optimal frequency for each muscle. Therefore,
related studies should be specific to each muscle,
exercise, and population.

Although there are many studies in the literature
assessed the response of the quadriceps muscle
activity to WBV during the squat, there are limited
studies investigating the gluteal muscles (22,30-
33). In our study, GMax muscle activity was not
affected by the changes of frequency. Zaidell et
al. (31) evaluated the effect of 20, 25, and 30 Hz
vibration frequencies on GMax EMG activity during
the squat (30°) and standing position. Muscle activ-
ity during the squat increased with WBV compared
to the no-vibration condition. However, similar to
our results, vibration frequency did not affect GMax
muscle activity. The vibration energy produced
by the WBV device decreased while transmitting
through the body. Vibration energy is damped by
muscles and joints as it is transmitting through the
body (22,31). For this reason, it is thought that the
muscles closer to WBV platform may show higher
activation than the muscles far from the platform.
Zaidell et al. (31) stated that higher frequencies or
deeper squat angles may be effective in inducing
the activity of the GMax muscle located distal to the
platform. In our study, higher frequency (60 Hz) and
deeper squat angle (90 degrees) were used. How-
ever, there was no significant difference between
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the low and high frequency of vibration in GMax
activity. It has been reported that increasing the
knee angle (>30degree) during the squat decreas-
es the vibration energy transmitted to the proximal
body part (hip and head region) as the knee mus-
cles may absorb more energy. This may explain the
results showing a statistically significant difference
between high and low frequencies (27). In addition,
the duration of exposure to vibration may affect
the activation response. Longer exposure to vibra-
tion may be required to elicit the tonic vibration re-
flex in the GMax muscle (1). Pollock and colleagues
recorded EMG signals of GMax muscle during 15°
knee flexion at different low frequencies (5, 10, 15,
20, 25, and 30). Similar to our results, they found
that GMax muscle activation did not change with
frequency. The reason for this result may be the
preferred vibration frequencies that are very close
to each other (30). Liu et al. (32) investigated the
effect of body positions during different squat
tasks (static, static with elastic band loading, and
dynamic squat) and amplitude of the vibration on
muscular activity in GMax in middle aged and older
women. They showed that there were no differenc-
es between vibration and no vibration conditions
during static squat in GMax muscles. WBV does not
affect gluteus maximus activity in different squat
tasks. On the contrary, Duck et al. (22) showed that
high frequencies (50 and 60 Hz) result in higher
EMG responses in GMax than low frequencies (20
Hz). Kim and Seo investigated the change of GMax
muscle activation with different vibration frequen-
cies (0, 10, 20 Hz) and different pelvic positions
(neutral, anterior, and posterior pelvic tilt) when
standing still. The results showed that higher fre-
quencies (20 Hz) and the use of posterior pelvic tilt
during WBV improved GMax activation (33).

Although there are studies evaluating VM, VL, and
GMax muscle activities during squat exercises with
different knee angles and vibration parameters, no
study has been found on the GMed muscle activi-
ty during squat exercises with vibration condition.
Only the study by Aguilera-Castells et al. assessed
the response of the GMed muscle to vibration of 30
and 40 Hz during the suspended lunge and Bulgari-
an squat exercises (34). Their results demonstrated
that there was a statistical difference between no
vibration and vibration conditions but no statisti-



cally significant difference between the two vibra-
tion frequencies. However, our study showed that
increased vibration frequency improved neuromus-
cular responses in GMed. Differences in the activa-
tion responses of the Gmed muscle were observed
in the two studies. There may be many reasons for
this difference (population selection, exercise type,
amount of vibration and amplitude). In our study,
two vibration frequencies (vibration 20 or 60 Hz
and 2 mm of amplitude) are compared during squat
exercise in a mixed group of men and women. How-
ever, in the study of Aguielera Castells et al., 2 dif-
ferent vibration frequencies were applied (vibration
30 or 40 Hz and 4 mm of amplitude) during bul-
garian squat and suspended lunge exercises only
to men. There might not have been a difference in
the activation response of the Gmed muscle due to
the fact that they chose 2 frequencies very close
to each other in their studies. In addition, the ex-
ercises used in the studies differ from each other.
Since each muscle’s contribution rate and response
to each exercise are different, it might have giv-
en different responses to different frequencies. In
addition, the difference in the selected population
and amplitude in both studies might have affected
the results. The gluteal muscles have a key role in
improving athletic performance, preventing and re-
habilitating lower extremity injuries (35). For this
reason, determining the optimal WBV frequency
for the gluteal muscles is important for the correct
training of these muscles. More studies are needed
to assess the gluteal muscle activities with WBV.

In raw EMG data, sharp peaks of the power spec-
trum are observed during WBV exercises. Some au-
thors point out that accurate EMG measurement is
difficult to obtain due to motion artifacts occurring
during WBV exercises and the exact activation level
cannot be determined. For this reason, notch filter
of vibration frequency and its harmonics is used in
some studies (29). As the neuromuscular response
to vibration frequency has been shown to contrib-
ute more than motion artifacts, no additional filter
is suggested (36,37).

The vibration stimulus in the WBV device used in
the study was applied only vertically up and down
with 2-3 mm amplitude, excluding other oscilla-
tions and amplitudes. In addition, the effect of mul-
tiple WBV sessions was not examined in this study.
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Our research was completed with one-time eval-
uation results. The fact that the long-term train-
ing effect was not evaluated is a limitation of this
study. WBV studies should be performed in differ-
ent populations and with more participants and, if
possible, with long-term interventions.

As a result of this study, the effect of high vibration
frequency on VM, VL, and Gmed muscles was found
to be higher compared to low vibration frequen-
cy. It has been determined that 60 Hz frequency is
more appropriate to maximize VM, VL, and Gmed
muscle activation responses in WBV application.
Physiotherapists who incorporate WBV into their
programs in training lower extremity rehabilita-
tion can optimize their training programs. More-
over, EMG recordings can be a tool to individualize
training protocols for WBV. In this way, maximal
neuromuscular development can be achieved by
determining the optimal frequency specific to the
individual.
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CORRELATION BETWEEN VARIOUS
ANTHROPOMETRIC AND MUSCULOSKELETAL
MEASUREMENTS AND HEMORRHOIDS IN
PREGNANCY

ORIGINAL ARTICLE

ABSTRACT

Purpose: The aim of this study was to determine the presence of hemorrhoids in pregnancy and
symptoms related to hemorrhoids and to evaluate the relationship between hemorrhoids in pregnancy
and various anthropometric and musculoskeletal parameters.

Methods: The retrospective cross-sectional study included pregnant women in 3 different trimesters
(1st, 11-15 weeks; 2nd, 16-23 weeks; 3rd, 24-40 weeks) without any anorectal problems before
pregnancy. The presence of hemorrhoids and other anorectal symptoms during pregnancy was
evaluated with yes/no questions on self-reported scales.

Results: Evaluation was made of 268 pregnant women (92, 1st Trimester; 107, 2nd Trimester; 69,
3rd trimester). In the whole study sample, waist circumference measurement (p = 0.042; OR = 1.13;
95% Cl 1.07-1.92), bi-iliac width (p = 0.036; OR = 1.17; 95% Cl 1.09-1.38), rectus abdominis muscle
strength (p = 0.006; OR = 0.45; 95% C| 0.04-0.58), Diastasis-recti-abdominis grade measured from
umbilicus level (p = 0.023; OR = 1.38; 95% Cl 1.14-1.83), hypermobility score (p = 0.006; OR = 3.34;
95% Cl 1.98-7.94) and parity (p = 0.032; OR = 2.47; 95% Cl 1.85-7.19) were found to be important risk
factors for the presence of hemorrhoids in pregnancy.

Conclusion: This is the first study to have evaluated hemorrhoids and hemorrhoid-related symptoms
and to examine the associated risk factors comprehensively. It was also demonstrated for the first time
that waist circumference measurement, bi-iliac width, increased grade of Diastasis-recti-abdominis
measured at umbilicus level, hypermobility score, and decreased rectus abdominis muscle strength
were risk factors for hemorrhoids in pregnancy.

Keywords: Anthropometric Measurements, Hemorrhoids, Pregnancy.

GEBELIKTE GORULEN HEMOROID iLE
ANTROPOMETRIK OLCUMLER VE KAS-iSKELET
SISTEMi OLCUMLERI ARASINDAKI iLiSKININ
iINCELENMESI

ARASTIRMA MAKALESI

0z
Amac: Bu calismanin amaci, gebelikte hemoroid varligi ve hemoroid ile ilgili semptomlari incelemek ve

gebelikte hemoroid varligi ile cesitli antropometrik ve muskuloskeletal parametreler arasindaki iliskiyi
arastirmakti.

Metod: Bu retrospektif kesitsel calismaya gebelik 6ncesi herhangi bir anorektal problemi olmayan, 3
farkh trimesterdaki (1. Trimester, 11-15 hafta, 2. Trimester, 16-23 hafta, 3. Trimester, 24-40 hafta)
gebeler dahil edildi. Gebelikte hemoroid ve diger anorektal semptomlarin varlig self-reported olarak
var/yok seklinde degerlendirildi.

Bulgular: Calismaya 268 gebe (92, 1. trimester; 107, 2. trimester; 69, 3. trimester). Tim calisma
érnekleminde bel cevre &l¢limii (p= 0,042; OR = 1,13; % 95 Cl 1,07-1,92), bi-iliak genislik (p= 0,036;
OR =1,17;% 95 Cl 1,09-1,38), rectus abdominis kas kuvveti (p= 0,006; OR = 0,45; % 95 Cl 0,04-0,58),
umbilikus seviyesinden 6lciilen diastazis rekti abdominis (DRA) miktari (p= 0,023; OR = 1,38; % 95 Cl
1,14-1,83), hipermobilite skoru (p= 0,006; OR = 3,34; % 95 Cl 1.98-7,94) ve dogum sayisi (p= 0,032; OR
=2,47; % 95 Cl 1,85-7,19) hemoroid gelisiminde énemli risk faktérleri olarak bulundu.

Sonug: Bu calisma, hemoroid ve hemoroid ile iliskili semptomlari degerlendiren ve hemoroid ile iligkili
risk faktorlerini uygun 6rneklem genisligi ile kapsamli olarak degerlendiren tek calismadir. Ayni zamanda
gebelikte, bel cevre 6lciimiiniin, bi-iliak genisligin, umblikus seviyesinden 6dlciilen DRA miktarinin ve
hipermobilite skorunun artmasinin ve rektus abdominis kas kuvvetinin azalmasinin hemoroid acisindan
risk faktorii oldugu ilk kez bu calisma ile ortaya konulmustur.

Anahtar Kelimeler: Antropometrik Olciimler, Gebelik, Hemoroid
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Correlation Between Various Anthropometric and Musculoskeletal Measurements and Hemorrhoids in Pregnancy

INTRODUCTION

Hemorrhoids which develops with the prolapse of
the distal rectum contains rectal mucosa, smooth
muscle, connective tissue, and blood vessels are
common anal canal problem with high recurrence
rates and accompanied by acute attacks and
chronic symptoms. The incidence of hemorrhoids
increases during the reproductive years, especially
in pregnancy (1). The incidence has been reported
at approximately 85%, especially in the 2nd and
3rd trimesters of pregnancy (2).

Hemorrhoids are classified into three categories:
internal (above the dentate line), external (below
the dentate line), and mixed. Pregnancy increas-
es the formation of venous veins, the incidence of
venous problems, and the incidence of symptom-
atic hemorrhoids (3). The factors that cause this
condition are explained mechanically (expanding
uterus, with increasing fetus weight causes venous
obstruction in the internal sphincter and enlarge-
ment and sagging of the hemorrhoidal plexus) and
hormonally (decrease in the level of estradiol and
progesterone and decreased gastrointestinal mo-
tility) (1).

While pregnancy itself is mentioned as a risk factor
for hemorrhoids formation, there are many factors
that increase the risk of hemorrhoids during preg-
nancy (4). In previous studies, it has been stated
that obesity, high depression levels, low quality of
life, eating disorders, and high doses of iron sup-
plements also increase the risk of hemorrhoids (5).
Although there is no research on the topic examin-
ing the connection between hemorrhoids and hy-
permobility in pregnancy, it was stated in a study
of Ehlers-Danlos Syndrome that hypermobility
associated with connective tissue problems was
associated with hemorrhoids. However, that and
similar studies in the literature were not conducted
on pregnant women (6). Although there are studies
in the literature which have investigated the risk
factors affecting the formation of hemorrhoids in
pregnancy, there are no studies which have ex-
amined the relationship between the presence
of hemorrhoids and various anthropometric and
musculoskeletal parameters. Therefore, this study
was planned to investigate the presence of hemor-
rhoids in pregnancy and symptoms related to hem-
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orrhoids and to evaluate the relationship between
hemorrhoids in pregnancy and various anthropo-
metric and musculoskeletal parameters.

MATERIAL AND METHODS
2.1. Study design and participants

This retrospective cross-sectional study was car-
ried out between January 2016 and May 2018 at
Hacettepe University, Faculty of Medicine, De-
partment of Obstetrics and Gynecology. The study
included pregnant women aged >18 years, who
were literate and had no anorectal problems be-
fore pregnancy and were in 3 different trimesters
(1st Trimester, 11-15 weeks, 2nd Trimester, 16-
23 weeks, 3rd Trimester, 24-40 weeks). High-risk
pregnant women with gastrointestinal disease, a
history of pelvic or anal surgery, hypertension, and/
or diabetes mellitus were excluded from the study.
All pregnant women were informed about the study
on the basis of the Helsinki Declaration and in-
formed consent was obtained for participation in
the study. Approval for the study was granted by
the Local Ethics Committee of the university (deci-
sion no: GO 16/101-30).

2.2. Evaluations
Sociodemographic and Clinical Evaluation

The socio-demographic information, physical char-
acteristics, and detailed obstetric anamnesis (grav-
ida, parity, abortion, curettage) of the pregnant
women included in the study were recorded.

Pregnant women participating in the study were
evaluated as present/absent according to the pres-
ence of hemorrhoids. A valid and reliable classifi-
cation system was used to define the severity of
hemorrhoids: Stage 1 = internal hemorrhoids that
do not prolapse, Stage 2 = internal hemorrhoids
that prolapse during defecation but decrease spon-
taneously, Stage 3 = internal hemorrhoids that pro-
lapse and require manual repulsion during defeca-
tion, Stage 4 = internal hemorrhoids that prolapse
and cannot be manually pushed (7). The presence
of constipation, perianal discomfort and pain, pro-
trusion, bleeding, mucous discharge, pruritus, and
burning were evaluated as present/absent. Fecal
type was determined according to the Bristol Gai-
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ta Scale (BGS) (Type 1-2 hard, Type 3-4-5 normal,
Type 6-7 diarrhea) (intra and inter-observer 1CC
values of 0.88 and 0.89, respectively) (8). The col-
orectoanal problems of the pregnant women and
the degree of complaints were evaluated accord-
ing to the subscales of the Pelvic Floor Distress
Inventory-20 Scale of the Pelvic Floor Distress In-
ventory-20 (KRADE-8), as described by Barber et
al. (9) and 2010 Toprak et al (2010) (10), the Turk-
ish version of which have been reported as valid (p
<0.001) and reliable (Cronbach’s alpha, 0.79, ICC,
0.96-0.98). The scale consists of eight items with
a total score ranging from O to 100. More severe
symptoms are indicated by a higher score.

Anthropometric Measurements

- Circumference measurements: Waist circumfer-
ence, umbilicus circumference, and hip circumfer-
ence were evaluated. With the arms out to the side,
the narrowest part of the waist between the iliac
crests and the subcostal region was measured. The
hip circumference was measured from the most
prominent portion of the gluteal region at the back
while holding the tape measure parallel to the hip
(11).

- Diameter measurements: The bi-iliac width (pel-
vis width) was measured by placing the caliper
at an angle of 45° downward on the iliac crests.
Bi-trochanteric width was measured from the wid-
est distance between the trochanter bones (12).

Measurement of Abdominal Muscle Strength

Lovett’s manual muscle test method (intra and in-
ter-observer ICC values of 0.8 and 0.96, respective-
ly) was used to measure the strength of the rectus
abdominis and external oblique muscles (right and
left) with a grading system between 0-5. In the
muscle test, level 3 was taken as a reference and
individuals were grouped as <3 and below and >3
according to their muscle strength (13).

Musculoskeletal Measurements

-Lumbal lordosis: Each pregnant woman was asked
to stand in a comfortable posture with their feet
shoulder-width apart and their arms held loosely
next to the trunk. A bubble inclinometer (Model
10602, Fabrication Enterprise Inc.,USA), which has
been shown to be a valid and reliable device for
lumbal lordosis evaluation (intra and inter-observer

ICC values 0.85 and 0.9, respectively) (14) was used
at the level of T12-L1 and S1-S2. The inclinometer
was placed at the marked points as described by
Kolber and Salamh and 3 measurements were tak-
en from each point and the average of the record-
ed angle values was recorded (15).

-Diastasis recti abdominis (DRA): DRA was eval-
uated with the method of finger and width (intra
and inter-observer ICC values of 0.7 and 0.5, re-
spectively) while the pregnant women were in the
supine and hook position. The measurement was
performed in three places, from the level of the
umbilicus, and at 4.5 cm above and below the um-
bilicus (16).

-Joint hypermobility: The joint hypermobility of the
cases was evaluated using the Beighton scoring
method (intra and inter-observer ICC values of 0.4
and 0.8, respectively). Touching the floor with the
palmar face of the hand when the knees are in full
extension (1 point), hyperextension of >10° of the
elbow (2 points), knee hyperextension of =10° (2
points), passive positioning parallel to the forearm
flexor face of the thumb (2 points) and 5th meta-
carpal joint =90° passive extension (2 points). A
score of =4 points was considered hypermobility
(17).

Sample Size Calculation

A binary logistic regression analysis model was
used to calculate the risk factor effects. There
were a total of 11 risk factors in the model. It has
been suggested in the literature that at least 20
people should be included for each risk factor in
the regression model (18). Therefore, when 11 risk
factors were calculated, it was deemed necessary
to include at least a total of 220 people should be
present.

2.3. Data Analysis

Data obtained in the study were analyzed statisti-
cally using SPSS 23 software (Statistical Package
for Social Sciences for Mac version 20.0- Chicago,
USA). Descriptive statistics of the data were cal-
culated. In comparing anthropometric parameters
according to the presence of hemorrhoids, the Chi-
square test was applied to categorical variables,
the Student’s t-test for normally distributed nu-
merical variables, and the Mann-Whitney U-test for

TURKISH JOURNAL OF PHYSIOTHERAPY AND REHABILITATION 2024; 35(1) 75



Correlation Between Various Anthropometric and Musculoskeletal Measurements and Hemorrhoids in Pregnancy

numerical data that do not show normal distribu-
tion. A value of p<0.05 was considered statistically
significant. According to the univariate analysis,
variables with p<0.20 were considered significant
and were included in the binary logistic regression
model. Abdominal muscle strength measurement
results were categorized into two categories so
that multi-category ordinal variables could be in-
cluded in the model. A value of p<0.05 was consid-
ered statistically significant.

RESULTS

A total of 297 pregnant women were initially
screened of which 29 were excluded for various
reasons; history of the anorectal disease (n=11),
perianal surgery (n=3), hypertension (n=6), multiple
pregnancy (n=4), gestational diabetes (n=5). Con-
sequently, evaluation was made of 268 pregnant
(1st trimester=92, 2nd trimester=107, and 3rd
trimester=69). The sociodemographic and clinical
characteristics, and detailed obstetric histories

Table 1. Sociodemographic, Clinical and Obstetric Characteristics and Medical Characteristics of the Pregnant Women

Between Study Groups

All Pregnancy Hemorrhoid Hemorrhoid
(n:268) (No) (Yes)
(n:184) (n:84)
Age (year) 31.19+3.95 31.25+4.12 31.05t£4.13
Height (cm) 162.48+4.85 162.37+4.85 162.71+4.86
Current body weight (kg) 69.51+£10.03 70.08+10.74 68.23+8.18
BMI (kg/m?) 26.28+3.69 26.54+3.90 25.7243.12
Body weight before pregnancy (kg) 63.16£10.45 63.82+10.83 61.7249.49
BMI before pregnancy (kg/m?) 23.93+£3.93 24.21+4.09 23.31+£3.47
Fetus weight (kg) 964.86+814.18 876.29+688.48 1202.90£1059.21
Gravida 3.20 (1.00-15.00) 3.37 (1.00-15.00) 2.83 (1.00-8.00)
Parity 0.70 (0-4.00) 0.71 (0-4.00) 0.66 (0.00-3.0)
Nullipar (%) 130 (48.50) 94 (51.08) 36 (42.85)
Primipar (%) 102 (38.05) 61 (33.15) 41 (48.80)
Multipar (%) 36 (13.43) 29 (15.76) 7 (8.33)
Abortion-Curettage 1.00 (0-10.00) 1.00 (0-10.00) 1.00 (0-5.00)
Stage 1 39 (46.42) - 39 (46.42)
The severity of hemorrhoids ~ Stage 2 36 (42.85) - 36 (42.85)
(%) Stage 3 7 (8.33) - 7 (8.33)
Stage 4 2 (2.38) - 2 (2.38)
Ano-rectal symptoms in Perianal discomfort 23 (8.58) 9 (4.89) 14 (16.66)
pregnancy(%)
Mucous discharge 57 (21.26) 19 (10.32) 38 (45.23)
Pruritus 28 (10.44) 13 (7.06) 15(17.85)
Burning 19 (7.08) 9 (4.89) 10 (11.90)
Perianal pain 30(11.19) 8 (4.34) 22 (26.19)
Protrusion 26 (9.70) 2(1.08) 24 (28.57)
bleeding 18 (6.71) 3(1.63) 15(17.85)
Constipation 57 (21.26) 23 (12.50) 34 (40.47)
KRADE-8 9.47+13.00 8.94+12.63 10.61+13.78
Fecal type Hard 33(12.31) 23 (12.50) 10 (11.90)
Normal 164 (61.19) 116 (63.04) 48 (57.14)
Diarrhea 71 (26.49) 45 (24.45) 26 (30.95)

*Data are presented as mean + standard deviation, median (minimum-maximum), or frequency (%), BMI: Body Mass Index
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Table 2. Anthropometric and Musculoskeletal Characteristics of the Pregnant Women Between Study Grpups

All Pregnanc Hemorrhoid Hemorrhoid
nae8) (No) (Yes) P
: (n:184) (n:84)

Lumbal lordosis (°) 91.58+14.10 90.89+13.47 93.08+15.38 0.963
Waist circumference (cm) 83.00+9.36 83.7619.85 81.35+8.00 0.043
Umbilicus circumference (cm) 96.44+10.52 96.71+11.12 95.86+9.12 0.127
Hip circumference (cm) 102.2647.65 102.704+8.23 101.2946.13 0.241
Strength of the rectus abdominis 4.30+0.89 4.37+0.87 4.15+0.92 0.013
Strength of the right external 4174091 427+0.89 3.95:091 0.024
oblique
Strength of the left external 4.1740.90 427+0.89 3.96+0.91 0.030
oblique
Bi-iliac width (cm) 29.10+5.91 29.45+6.29 28.28+4.88 0.167
Bi-trochanteric width (cm) 32.0946.47 32.2646.96 31.7045.18 0.173

. . ) Umbilicus 1.77 (0-4.00) 1.69 (0-4.00) 1.94 (0-4.00) 0.003
Diastasis recti
abdominis 4.5 cm above 1.08 (0-3.00) 1.03 (0-3.0)0 1.19 (0-3.00) 0.027
(finger) 4.5 cm below 0.54 (0-3.00) 0.59 (0-3.00) 0.52 (0-3.00) 0.132
Joint hypermobility
Yes (%) 66 (24.62) 43 (23.36) 23(27.38) 0.480
Joint hypermobility score 4.72+0.89 4.51+£0.75 5.13+1.01 0.167

Data are presented as mean + standard deviation, median (minimum-maximum), or frequency (%).

such as gravida, parity, abortus, and curettage for
all the subjects are given in Table 1.

The presence of hemorrhoids during pregnan-
cy was determined at the rate of 31.34% (grade
1, 46.42%; grade 2, 42.85%; grade 3, 8.33%, and
grade 4, 2.38%) in the whole study sample. The
incidence of all anorectal problems, KRADE-8
scores were higher than in those without hemor-
rhoids. According to the BGS, of the whole sample
of pregnant women, 61.19% had normal type fae-
ces, 26.49% had diarrhea, 12.31% had hard type
faeces, and 21.26% had constipation in all preg-
nant women. The rate of constipation was 40.47%
in pregnant women with hemorrhoids and 12.50%
in pregnant women without hemorrhoids. Detailed
medical informations of all the pregnant women
are given in Table 1.

When the anthropometric and musculoskeletal
measurement results of the pregnant women par-
ticipating in the study were examined, it was seen
that the lumbal lordosis values of the whole study
sample were 91.50 + 14.10 and there was no dif-
ference according to the presence of hemorrhoids
(p>0.05). A significant difference was determined
between the groups in respect of waist circumfer-

ence measurements (p= 0.043), and there was no
difference between the groups in respect of umbili-
cus and hip circumference measurements (p>0.05).
There was a difference between the groups in re-
spect of the strength values of the rectus abdom-
inis (p=0.013) and external oblique muscles (right:
p=0.024, left: p=0.030). When the bi-trochanteric
and bi-iliac diameter measurement results were
examined, there was no difference between the
groups (p> 0.05). The DRA grades measured at the
umbilicus level and at 4.5 cm above and below were
1.77 (0-4.00), 1.08 (0-3.00), and 0.54 (0-3.00), re-
spectively. According to the presence of hemor-
rhoids, there was a difference in the DRA grades
measured at the umbilicus and at 4.5 cm above the
umbilicus (p = 0.003, 0.027), and no difference be-
tween the groups in the DRA grade measured at
4.5 cm below the umbilicus (p> 0.05). The Beighton
hypermobility score of the whole study sample was
4.72 + 0.89, and benign joint hypermobility was ob-
served in 24.62% of the pregnant women. There
was no significant difference determined between
the groups (p> 0.05). The anthropometric and mus-
culoskeletal measurements of all the women are
presented in Table 2.

Risk factors associated with anthropometric and
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Table 3. Analysis of Potential Risk Factors for Hemorrhoids During Pregnancy Cl: Confidence Interval, p<0.05.

All Pregnancy

Odds ratio 95% ClI p

Waist circumference 113 1.07-1.92 0.042
Bi-iliac width 1.17 1.09-1.38 0.036
Bi-trochanteric width 1.09 0.95-1.25 0.215
Strength of the rectus abdominis 0.45 0.04-0.58 0.006
Diastasis recti abdominis -Umblicus 1.38 1.14-1.83 0.023
Joint hypermobility score 3.34 1.98-7.94 0.006
Parity 2.47 1.85-7.19 0.032
musculoskeletal measurements in hemorrhoids DISCUSSION

As a result of anthropometric and musculoskeletal
measurements and obstetric evaluations among
the groups separated according to the presence of
hemorrhoids during pregnancy; variables with a p
value <0.20 (waist circumference, rectus abdominis
muscle strength, bi-iliac and bi-trochanteric width,
DRA grade of umbilicus level and hypermobility
score) were added to the binary logistic regression
analysis. The risk model including these parame-
ters and corrected effects is shown in Table 3.

Associated factors were not included in the regres-
sion model. Thus, only one of the circumference,
muscle strength, and DRA measurement results
were added to the model.

The binary logistic regression analysis, it was de-
termined that 6 risk factors were significantly
associated with the development of hemorrhoids
in pregnant women: waist circumference, bi-iliac
width, rectus abdominis muscle strength (<3), DRA
measured from umbilicus level, and parity. The in-
crease in hemorrhoid incidence was determined
as 1.13-fold (OR) with increased waist circumfer-
ence (p=0.042; 95% Cl 1.07-1.92), 1.17-fold with
large bi-iliac width, (p=0.036; 95% Cl 1.09-1.38),
0.45-fold with rectus abdominis muscle weak-
ness (p=0.006; 95% Cl 0.04-0.58), 1.38-fold with
increased DRA measured from the umbilicus lev-
el (p=0.023; 95% Cl 1.14-1.83), 3.34-fold with
increased hypermobility score (p=0.006; 95% Cl
1.98-7.94), and 2.47-fold with high parity (p=0.032;
95% Cl 1.85-7.19). The parameter of lordosis was
not determined as a risk factor affecting the devel-
opment of hemorrhoids.
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The aim of this study was to determine the inci-
dence of hemorrhoids and symptoms related to
hemorrhoids in pregnancy, and to evaluate the
relationship between various anthropometric and
musculoskeletal parameters in pregnancy. Evalua-
tion was made of a total of 268 pregnant women
from all 3 trimesters, separated into two groups
according to the presence of hemorrhoids. To de-
termine the anthropometric and musculoskeletal
parameters associated with hemorrhoids, evalua-
tions were made of lordosis, waist, umblicus and
hip circumference, rectus, right and left external
oblique abdominal muscle strenght, bi-iliac and
bi-trochanteric width, DRA grade measured at um-
bilicus level and 4.5 cm above and below, and hy-
permobility. Previous studies of hemorrhoids during
pregnancy have mostly been conducted during the
third trimester and postpartum (4), immediately af-
ter birth (19) or 6 weeks after birth (20). To the best
of our knowledge, there is no information in litera-
ture of the relationship between hemorrhoids and
anthropometric and musculoskeletal parameters.
Therefore, the results of this study can be consid-
ered important in filling this gap in literature with
the determination of symptoms related to hemor-
rhoids and the relationship between hemorrhoids
and various anthropometric and musculoskeletal
parameters in pregnant women.

It was determined from the study results that waist
circumference measurement and bi-iliac width, de-
creased rectus abdominis muscle strength, DRA
grade measured at the umbilicus level, and the hy-
permobility score were high risk factors for the de-
velopment of hemorrhoids during pregnancy.
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Although the incidence of hemorrhoids is very com-
mon during pregnancy, especially in the 2nd and 3rd
trimesters, the primary cause is not fully known (1).
With the growth of the uterus in the third trimester
of pregnancy in particular, the incidence of hem-
orrhoids and anorectal symptoms increases with
compression of the intestinal tract and lower part
of the rectum (21). In few published clinical stud-
ies, the frequency of symptomatic hemorrhoids in
pregnancy has been reported to vary between 7.9%
and 38% (1, 4). In the results of the current study,
hemorrhoids were seen to develop during pregnan-
cy at the rate of 31.34% in women who had not
had any perianal problems before pregnancy.

The clinical symptoms and signs of hemorrhoids
during pregnancy include anal bleeding, anal itch-
ing, pain, and impaired bowel function, which wors-
en with increased intra-abdominal pressure such
as sneezing and coughing (1). Abramowitz et al. re-
ported that 9.1% of pregnant women experienced
peri-anal discomfort (4). Poskus et al. stated the
incidence of hemorrhoids-related anorectal disor-
ders during pregnancy to be 1.6% in the 1st trimes-
ter and 61% in the 3rd trimester (22). In the cur-
rent study, it was determined that the women with
hemorrhoids during pregnancy had more anorectal
problems than those without hemorrhoids, with
higher KRADE-8 scores indicating worse symptoms
associated with hemorrhoids.

Functional constipation during pregnancy has been
reported to be a risk factor for hemorrhoid devel-
opment with incidence of approximately 38% (4,
21). Abramowitz et al. reported that constipation
is an important factor for hemorrhoids especially
in the 3rd trimester (4). Other studies have stat-
ed that constipation should be treated and stool
stiffness should be reduced to prevent hemorrhoids
from occurring during pregnancy (21). In the current
study, according to the BGS evaluation, most of the
pregnant women (61.19%) had normal fecal type
and 21.26% had constipation, which was seen at a
higher rate in the group with hemorrhoids. Accord-
ing to these results, constipation was not found to
be an important risk factor for hemorrhoids, which
could be attributed to the general analysis rather
than according to trimester.

In recent literature, the importance of adequate

thoracic, abdominal and perineal muscle strength
for pelvic floor rehabilitation and the continence
mechanism have been frequently mentioned. Stud-
ies have demonstrated that a bad sacral and tho-
racic posture may be a cause of pelvic floor dys-
synergia and the evaluation of lumbal lordosis is a
reliable evaluation method of sacral and thoracic
posture (23). It has also been shown that in indi-
viduals with lumbal hyperlordosis, the sacrum at an
angle close to horizontal can change the position
of the coccyx, the anorectal angle and the puborec-
talis muscle tone, which affect defecation (24).
Although there is evidence in the literature that
lumbal lordosis is significantly higher in individu-
als with constipation and urinary incontinence (23),
there are no data of direct evaluation of the rela-
tionship between hemorrhoids and lumbal lordosis.
In the current study, no difference was determined
between the groups according to the presence of
hemorrhoids in terms of lordosis value and it was
therefore concluded that the change in lordosis
during pregnancy was not a risk factor for the de-
velopment of hemorrhoids.

In literature, although the relationship between
waist, umblicus and hip circumference results and
hemorrhoids has not been determined, abdominal
obesity has been evaluated with waist circumfer-
ence measured during normal expiration and in-
creased circumference has been determined as a
risk factor for hemorrhoids (5). The current study
results showed that the increase in waist circum-
ference measured in pregnant women is an import-
ant risk factor for hemorrhoids. This may be be-
cause an increase in body weight during pregnancy
causes stress on the pelvic floor muscles.

To the best of our knowledge, no study in literature
has examined the relationship between abdomi-
nal muscle strength and hemorrhoids. The current
study results showed a significant difference in
rectus abdominis, right and left external oblique
muscle strength measurement results between
the groups determined according to the presence
of hemorrhoids, and all the muscle strength values
were lower in the group with hemorrhoids. In ad-
dition, low rectus abdominis muscle strength was
determined as a risk factor for hemorrhoids. This
may be due to poor synergistic activity between
the pelvic floor and the abdominal muscles, as a
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result of a weak anterior ring of the abdominal
muscle and pelvic floor muscle stability roller. No
clear interpretation can be made of these results in
the current study as there was no evaluation of the
pelvic floor muscle strength. Further studies are
needed on this subject.

In the literature, it has been reported that individu-
als with pelvic floor dysfunction have larger bi-iliac
and bi-trochanteric pelvis widths (25). Sze et al,,
reported that pelvic transverse width was greater
in those with pelvic organ prolapse compared to
those with healthy pelvic organs (26). To the best
of our knowledge, there is no study in the litera-
ture that has directly evaluated the relationship
between bi-iliac and bi-trochanteric width and
hemorrhoids. The current study results showed no
difference in bi-iliac and bi-trochanteric widths
between the groups determined according to the
presence of hemorrhoids. However, an increased
bi-iliac diameter was determine to be a risk fac-
tor for the development of hemorrhoids. This re-
sult can be considered important as this is the first
study in literature to have examined the relation-
ship between bi-iliac and bi-trochanteric diameter
and hemorrhoid development in pregnancy.

In the study results, the highest grade of DRA was
seen at the level of the umbilicus and this result
supports the findings of Noble (27), and Akbayrak
et al (28). There are opinions in the literature that
DRA may be caused by dysfunction occurring in the
abdominal muscles due to the loss of linea albane
integrity (29). This dysfunction has been explained
in literature by the relationship between pelvic
floor muscle strength and endurance and abdomi-
nal muscle strength (28). Spitznagle et al. (29) stat-
ed that due to the synergistic relationship between
the pelvic floor and the abdominal muscles, DRA
may affect the pelvic floor system and therefore
pelvic problems may occur. In the current study, an
increase in DRA measured at the umbilicus level
was seen to be an important risk factor for hemor-
rhoids. This can be considered important as this is
the first study to have examined the effect of DRA
on hemorrhoids in pregnancy.

Joint laxity is expected to increase as a result of
hormonal changes during pregnancy (30). Studies
in the literature evaluating the collagen-protein ra-
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tio have reported that a decrease in the number of
collagen fibers may cause an increase in joint laxi-
ty and may constitute a risk factor for hemorrhoid
formation (6). At the same time, epidemiological
studies in the literature have indicated that the de-
crease in connective tissue stability is associated
with the frequency of hemorrhoids (31). The results
of the current study demonstrated that increased
benign joint hypermobility is a risk factor for hem-
orrhoids. This can be considered important as this
is the first study to have examined the effect of
joint hypermobility on hemorrhoids during preg-
nancy.

Gravida was not found to be a risk factor associ-
ated with hemorrhoids in the current study, which
confirmed the findings of Riss et al. (32) and Peery
et al. (33). In previous study, risk factors associat-
ed with hemorrhoids have included high body mass
index and high parity (21). In the current study, high
parity was found to be a risk factor in all pregnant
women, but there was no relationship between BMI
and hemorrhoids.

In literature, the average fetus weight determined
as a risk factor for hemorrhoids has beeen reported
as 2800 g (21). The average fetus weight measured
by ultrasound examination in the current study was
964.86 g. Although fetus weight has been report-
ed as a risk factor for hemorrhoids in literature, it
was not found to be significant in the current study,
which could be attributed to the lower number of
subjects in the 3rd trimester than in the 1st and
2nd trimesters and therefore the average fetal
weight was lower than the previous findings in lit-
erature.

The strengths of this study are that it was prospec-
tive in design, and the evaluations and data anal-
yses were performed by physiotherapists and doc-
tors who are experts in their field. Limitations of the
study could be said to be that the nutritional level
of the participants during pregnancy was not eval-
uated and ano-rectal symptoms were determined
by subjective evaluation. However, as the pregnant
women included in the study were from different
provinces of Turkey, objective assessments would
have required additional time as there are no ob-
jective methods specific to pregnant women for
hemorrhoid evaluation.
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Conclusions

Hemorrhoids are seen at a high rate in the gen-
eral population and are know to increase during
the reproductive years and especially in pregnan-
cy. This is the first study to have evaluated hem-
orrhoids and hemorrhoid-related symptoms during
pregnancy and to have comprehensively evaluated
the anthropometric and musculoskeletal risk fac-
tors associated with hemorrhoids with an appro-
priate sample size. The study results showed that
parity is a risk factor for hemorrhoids, which was
in accordance with previous findings in literature.
In addition, for the first time it was demonstrat-
ed that waist circumference and bi-iliac width,
rectus abdominis muscle weakness, the grade of
DRA measured at the umbilicus level, and hyper-
mobility were risk factors for hemorrhoids during
pregnancy. In the treatment of hemorrhoids during
pregnancy, the results of this study are important
in terms of considering the risk factors associated
with hemorrhoids, determining non-pharmacolog-
ical treatment methods more clearly and provid-
ing appropriate treatments to prevent hemorrhoid
development before pregnancy. In addition, based
on the results of this study, pregnant women can
be advised to increase their physical activity levels
from the first trimester of pregnancy, pay attention
to their fluid intake and diet, avoid constipation,
and increase total body muscle strength, especially
abdominal muscles.
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IDENTIFYING THE PHYSIOTHERAPY REQUIREMENTS
OF PATIENTS IN PALLIATIVE CARE

ORIGINAL ARTICLE

ABSTRACT

Purpose: Palliative care has an important role in the late stages of diseases. Patients deal with many
symptoms. Physiotherapy approaches are an essential part of palliative care in symptom control. This
study was planned to investigate the level of independence of the patients, their performance status,
symptoms, rehabilitation needs, and caregivers’ expectations.

Methods: The study was designed as cross-sectional and descriptive. Ninety individuals aged
between 18 and 65 years were included. Care needs during palliative care were assessed with the
Palliative Performance Scale. Independence level was assessed by the Barthel Index. The severity of
the symptoms that the patients frequently experienced was investigated. Caregivers reported their
primary expectations from physiotherapy.

Results: The most common diagnosis was found to be cerebrovascular accidents. The mean age
of the patients was 64120 years. The mean age of the caregivers was 49+13 years. The mean the
Palliative Performance Scale score was 31+17. Most of the patients were totally dependent according
to the Barthel Index. Most of the patients faced symptoms, such as reduced muscle strength (94.44%),
atrophy (93.33%) and swallowing problems (82.22%). Improved physical functions was the most
reported expectation among caregivers.

Conclusion: Over 90% of the patients were totally dependent and they had to deal with many
symptoms. This result highlights the importance of physiotherapy. Caregivers expected the patient to
be able to meet their own needs independently. This is very important for the caregiver, and the patient
and caregiver should be in cooperation with the physiotherapist.

Keywords: Caregivers, Expectations, Palliative care, Physiotherapists.

PALYATIF BAKIMDA HASTALARIN FiZYOTERAPI
GEREKSINIMLERINiN BELIRLENMESI

ARASTIRMA MAKALESI

0z

Amag: Palyatif bakimin hastaliklarin geg evrelerinde 6nemli bir rolii vardir. Hastalar birgok semptomla
bas etmektedir. Fizyoterapi yaklasimlari semptom kontroliinde palyatif bakimin 6nemli bir parcasidir.
Bu calisma, hastalarin bagimsizlik diizeylerini, performans durumlarini, semptomlarini, rehabilitasyon
ihtiyaclarini ve bakim verenlerin beklentilerini arastirmak amaciyla planlanmistir.

Yontem: Calisma kesitsel ve tanimlayici olarak tasarlanmistir. 18-65 yas grubu 90 birey dahil
edildi. Palyatif bakimdaki hastalarin bakim ihtiyaclar Palyatif Performans Olcegi ile degerlendirildi.
Bagimsizlik diizeyi Barthel Endeksi ile degerlendirildi. Hastalarin siklikla yasadigi semptomlarin siddeti
arastirildi. Bakim verenler, fizyoterapiden birincil beklentilerini bildirdiler.

Sonuclar: En cok raporlanan tani serebrovaskiiler olay oldu. Hastalarin yas ortalamasi 64+20 idi.
Bakim verenlerin yas ortalamasi 49+13 idi. Ortalama Palyatif Performans Olcegi skoru 3117 idi.
Hastalarin cogu Barthel indeksine gére tamamen bagimliydi. Hastalarin cogu azalmis kas giicti (%
94,44), atrofi (% 93,33) ve yutma problemleri (% 82,22) gibi semptomlarla karsi karsiya kaldigini
belirtti. Bakim verenlerin beklentisi, hastanin fiziksel fonksiyonlarinin iyilesmesi yontindeydi.

Tartisma: Hastalarin %90'indan fazlasi tamamen bagimliydi ve semptomlarla ugrasmak zorunda
kaldiklarini belirttiler. Bu sonug fizyoterapinin 6nemini vurgulamaktadir. Bakim verenler hastanin
ihtiyaclarini bagimsiz olarak karsilamasini istedigini belirttiler. Bu durum bakim veren icin oldukca
6nemlidir ve hasta ve bakimverenler fizyoterapistlerle isbirligi icinde olmalidir.

Anahtar Kelimeler: Bakim verenler, Beklentiler, Palyatif bakim, Fizyoterapistler.
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Identifying the Physiotherapy Requirements of Patients in Palliative Care

INTRODUCTION

Palliative care includes the management of symp-
toms experienced by terminally ill patients. Accord-
ing to the World Health Organization, palliative
care is a healthcare procedure aiming to decrease
symptoms and to improve patients’ quality of life
(QOL). Multidisciplinary healthcare is essential for
the management of different aspects of the prob-
lems experienced by patients (1-3).

Symptoms of advanced cancer patients or those
hospitalized for palliative care/hospice care have
been reported previously. Based on these reports,
patients hospitalized for palliative care may expe-
rience pain, fatigue, lack of energy, somatic com-
plications, emotional problems, and immobiliza-
tion-related side effects including pressure ulcers,
muscle weakness, joint limitations, cardiopulmo-
nary side effects, and physical and performance
deficits (4, 5). These symptoms negatively impact
patients’ activities of daily living (ADL), function-
al capacity, and QOL (6, 7). Accordingly, supportive
care interventions aiming for symptom manage-
ment is an essential part of palliative care. There
are a number of studies investigating the effects of
physical therapy interventions in a palliative care
setting. Physical therapists help individuals to de-
crease symptom severity and to increase indepen-
dence and functionality in daily life during pallia-
tive care (8, 9). Management of physical problems
includes improving mobility, strength, flexibility,
endurance, coordination, balance, gait, breathing,
exercise tolerance, and energy expenditure (7, 10).
Symptom control by physical therapy is applicable
in patients experiencing several symptoms such as
pain, fatigue, weakness, joint limitations, cough,
and shortness of breath (11, 12). In Turkey, there
are limited data regarding physiotherapy assess-
ments or interventions in terminally ill patients
receiving palliative care. To plan effective physical
therapy interventions in a palliative care setting,
this study was planned to examine physical thera-
py needs and problems of palliative care patients.
Therefore, the present study aimed to determine
palliative care patients’ independency level in ac-
tivities of daily living, their performance status,
symptoms, physical therapy and rehabilitation
needs, and caregivers’ expectations in a palliative
care setting in Turkey.
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METHODS
Study design and patients

This research was conducted between June 2018
and September 2019 in Republic of Turkey, Ministry
of Health, Ulus State Hospital Palliative Care Cen-
tre. The study was designed as cross-sectional and
descriptive. The Hacettepe University Ethics Com-
mittee for Non-Interventional Clinical Research ap-
proved the present study with the decision number
GO 18\700. The present study was conducted in
accordance with the principles defined in the Hel-
sinki Declaration. Participants were informed about
the study and a signed written consent form was
obtained from all patients. The study included 18-
to 65-year-old volunteers who were being treat-
ed at a palliative care unit. Patients who did not
meet the inclusion criteria, did not sign the consent
form, or withdrew were not included. Age, gender,
height, weight, body mass index (BMI), hospitaliza-
tion date, marital status, the presence of health in-
surance, diagnosis, and previous treatments were
recorded.

Palliative Performance Scale

The Palliative Performance Scale is a reliable and
valid tool that has been used to measure function-
al performance and predict survival among pallia-
tive care cancer patients. The PPS is a modifica-
tion of the Karnofsky Performance Scale. PPS was
originally developed for cancer patients and later
adapted to be more generalizable to other end-of-
life diagnosis. PPS was developed by Anderson et
al. in 1996 to determine the care needs of patients
receiving palliative care. It includes five sub-head-
ings: ambulation, activity level and evidence of
disease, self-care, oral intake, and level of con-
sciousness. The item that best describes the pa-
tients’ care need is determined in the scale and the
percentage value (PPS%) of the items is recorded.
Each of the five domains is divided into 11 levels
ranging from 0% to 100% in 10%-point intervals,
with 0% indicating death and 100% being fully am-
bulatory and healthy. Turkish validity and reliability
study of this scale was done by Oguz et al. (13, 14).

The Barthel Index

The Barthel Index (Bl) was developed by Mahoney
and Barthel to measure physical and social func-
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tion in daily life. This index defines activity capac-
ity with a scale ranging from O (full dependence)
to 100 (full independence). The Bl score is classi-
fied into five categories: total dependence (0-20
points), severe dependence (21-60 points), moder-
ate dependence (61-90 points), slight dependence
(91-99 points) and total independence (100 points).
The higher scores represent higher functional inde-
pendence. The Bl includes 10 items: nutrition, bath-
ing, personal care, dressing, toilet use, mobility on
flat surfaces (immobile, wheelchair use, assisted or
independent walking), transfer (wheelchair to bed
and vice versa), stair climbing, bowel, and bladder
continence. Turkish validity and reliability study of
this scale was done by Kiictikdeveci et al. (15, 16).

Determination of Physiotherapy Needs

In this section, patient evaluations were conducted
in two parts. The results were obtained by evaluat-
ing the answers of the physiotherapist and the care-
giver. Clinical evaluations about atrophy, muscle
strength, rigidity, decubitus ulcer, spasticity, joint

Table 1. Demographic Information of The Participants

movement limitation, flaccidity, oedema, lymph-
edema, contracture, swallowing problems, phlegm,
constipation, and coughing were performed by the
physiotherapist. The items were answered as “yes”
or “no”. Physiotherapy needs of the palliative care
patients and the expectations of the caregivers
were evaluated. Evaluations were gathered under
three main titles as: improving physical functions,
increasing participation in daily life activities, and
relief of symptoms (9, 17, 18).

Statistical Analysis

Analyses were carried out using SPSS 22 (SPSS Inc.
Chicago IL, USA) program. Descriptive statistics
were calculated for all variables. Descriptive data
were calculated as percentage, mean, and stan-
dard deviation.

RESULTS

A total of 90 palliative care patients (35 females,
55 males) were included in the present study. The
mean age of the participants was 64+20 years (Ta-

Mean + SD
Age (years) 64+20
Caregiver’s Age (years) 49+13
Body Mass Index (kg/m?) 23.27+4.85
Duration of Hospital Stay (day) 32+37
Gender n %
Female 35 38.88
Male 55 61.12
Marital Status
Single 28 31.11
Married 62 68.89
Separated - -
Widowed - -
Health Insurance Status
Yes 84 93.33
No 6 6.67
Caregiver’s Gender
Female 61 67.72
Male 29 32.28
Caregiver’s Degree
Family 79 87.78
Nurse 11 12.22

SD:Standard Deviation, n: Number of Participants
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Table 2. Diagnoses of The Participants

n %

Cerebrovascular Accidents 40 44.44
Cancer 26 28.89
Alzheimer’s Disease 7 7.78
Chronic Obstructive Pulmonary Disease 4 4.44
Health Failure 3 3.33
Parkinson 3 3.33
Pneumonitis 2 2.22
Amyotrophic Lateral Sclerosis 1 1.11
Bullet Injury 1 1.11
Myopathy 1 1.11
Multiple Sclerosis 1 1.11
Anaphylactic Shock 1 1.11

n: Number of Participants

Table 3. The Barthel Index Scores of The Participants

n %

Total Dependence (0-20) 85 94.45
Severe Dependence (21-60) 3 3.33
Moderate Dependence (62-90) 222

Slight Dependence (91-99)
Total Independence (100)

n: Number of Participants

ble 1). Cerebrovascular accident (44.44%), cancer
(28.89%), and Alzheimer (7.78%) were the most
common diagnosis in palliative care patients (Ta-
ble 2).

A mean score of the Palliative Performance Scale
of patients was 31+17. The mean Barthel Index
score was 5.79+13.50 points. According to the re-
sults, 94.45% of the patients were totally depen-
dent, 3.33% were severely dependent, and 2.22%
were moderately dependent (Table 3).

Poor muscle strength (94.44%), atrophy (93.33%),
and swallowing problems (82.22%) were the most
common problems (Table 4).

It was observed that 66.67% of the caregivers ex-
pect improvement in the physical function of the
patients, 52.22% expect an increase in participa-
tion in daily life activities, and 13.33% expect an
increase in relief of symptoms (Table 5).
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DISCUSSION

This study documented a group of palliative care
patients’ functional status, physiotherapy needs,
and mobility and performance levels. Majority of
the participants were totally dependent in the pres-
ent study. Muscle weakness, atrophy, and swallow-
ing problems were the most prevalent symptoms
that needed physiotherapy and rehabilitation. The
most common expectations of the caregivers from
the physiotherapy and rehabilitation were improve-
ment in physical functions and activities of daily
living, and decrease in symptoms.

It was shown that the functional level of patients
receiving palliative care decreases (19). Patients
faced severe constraints both in the palliative care
process and in daily life. Uysal et al. reported the
mean Palliative Performance Scale as 45 points in
patients diagnosed with cancer (20). Ozalp et al.
calculated the mean Palliative Performance Score
as 40 points in cancer patients receiving palliative
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Table 4. Physical Problems and Symptoms of The Participants

n %

Poor Muscle Strength 85 94.44
Atrophy 84 93.33
Swallowing Problems 74 82.22
Phlegm 70 77.78
Coughing 61 67.78
Constipation 58 64.44
Joint Limitation 52 57.78
Contracture 46 51.11
Spasticity 29 32.22
Oedema 21 23.33
Flaccidity 17 18.89
Decubitus Ulcers 17 18.89
Rigidity 11 12.22
Lymphedema 5 5.55

n: Number of Participants

Table 5. Caregiver Expectations from Physiotherapy Service

n %

Improving physical functions 60 66.67
Increasing participation in daily life activities 47 52.22
Relief of symptoms 12 13.33

n: Number of Participants

care (90% metastasis) (4). The mean Palliative
Performance Scale of the patients was 31 points
in the present study. In the present study, most
of the patients were hospitalized at the palliative
care centre due to cerebrovascular accident, and
their illnesses were severe. The average age was
high, and the majority of the patients were from
the geriatric group (64+20 years). These results
may have been because the diseases were at an
advanced stage and poor prognosis may have re-
duced the performance of the patients.

Motor symptoms (tremor, slowness in movements,
walking disorders) and non-motor symptoms (pain,
psychological problems, sleep disorders) negatively
affect the life of patients (21, 22). The symptom re-
ported most often in this study was reduced muscle
strength. Atrophy, swallowing problems, phlegm,
couching, constipation, joint movement limitation,
and contracture were the other most prevalent
symptoms, in this order. There are many studies

in the literature assessing the symptoms of pallia-
tive care patients. A study indicated that dyspnoea
(68%-98%), coughing (59%-94%), and depression
(109%-49%) were observed in lung diseases, as well
as sleep disorders, weight loss, fatigue, and an-
orexia (23). Fong et al. indicated that disease dura-
tion and treatment regimen may have an effect on
symptoms on the musculoskeletal system problems
(24). McLeod et al. investigated which exercises
are preferred by physiotherapists in palliative care.
They found that physiotherapists preferred mobi-
lization, range of motion, massage, and breathing
exercises, balance exercises, and transfer activities
in routine rehabilitation programs. In addition, they
stated that they provide training to patients who
use assistive devices (25).

Caregivers and patients in the present study were
asked about the condition they experienced most
often after diagnosis, and their answers were: loss
of functionality (walking, using their arms) and de-
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creasing symptoms. Most caregivers have stated
that patients wanted to be able to take care of
themselves, stand up and walk independently. In
a study including 53 patients and caregivers, the
priorities of the caregivers and patients were sim-
ilar. The expectations from physiotherapy are to
return to the condition before the disease, to be
able to move the arm and leg, and to meet basic
needs (26). Studies have indicated that 85% of the
patients need an assistive device in their daily life
activities (19). A large proportion of patients expe-
rience difficulty maintaining their daily life. Roh et
al. linked excessive restrictions and low levels of
mobility in cancer patients to symptoms such as
sleep disorder, fatigue, and pain (27). Restrictions
may be due to the fact that the disease is at an
advanced stage and the poor prognosis may have
reduced the performance of the patients, both of
which may be a factor that increases caregivers’
responsibility. Similar to previous studies, we found
how important function and meeting basic needs
are in sustaining life. In this sense, physiothera-
pists have a very crucial role in returning patients
to their pre-disease functionality. First, the needs
must be determined correctly and the right targets
must be identified. Objective-oriented exercises
such as transfer exercises, strengthening exercis-
es, and balance exercises will facilitate the use of
limbs for a specific purpose and help them to per-
form basic self-care activities better.

This study had several limitations. The small sam-
ple size may have affected the results. We could
not have a larger sample because there are few
hospitals providing palliative care in Turkey. Our
study was conducted in one centre, so the num-
ber of patients may have been insufficient. Another
limitation was that the duration of hospital stay of
the patients in the study was highly variable. This
may have affected the caregiver’s perspective on
treatment and the patient’s symptom level. Finally,
the vast majority of the patients were fully depen-
dent, so we were unable to identify symptoms and
physiotherapy needs in dependent people.

This study evaluated palliative care patients’ symp-
toms and independence levels, and caregivers’ ex-
pectations from physiotherapy. Caregivers were
aware of the importance and beneficial aspects
of physiotherapy. The majority of the patients ex-
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perienced several symptoms. Muscle weakness,
atrophy, and swallowing problems were the most
prevalent symptoms. With this study, we think that
we highlighted the need for physiotherapy and re-
habilitation services in patients receiving palliative
care. Further studies, in parallel with the present
study, involving an exercise program and a more
standardized approach (age, duration of hospi-
talization, diagnosis) to determine symptoms are
needed.
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BALANCE PERFORMANCE IN DUAL TASK IN PATIENTS
WITH CERVICAL DISC HERNIATION RELATED
CHRONIC NECK PAIN: A COMPARATIVE STUDY

ORIGINAL ARTICLE

ABSTRACT

Purpose: The aim of the study was to compare balance performance in dual task between patients
with cervical disc herniation (CDH) related chronic neck pain and asymptomatic controls.

Methods: Thirty-two patients with CDH related chronic neck pain and twenty-three age and sex-
matched asymptomatic controls participated in this cross-sectional controlled study. The modified
clinical test of sensory integration of balance (mCTSIB), athletic single leg test (ASLT), limits of
stability (LOS), and fall risk assessment were performed with and without a cognitive task. Dual task
interference (DTI) was assessed.

Results: According to our findings, the change in the mCTSIB values (except standing with eyes
closed on a firm surface) and fall risk scores was greater in the CDH group compared to the control
group (p<0.05). Additionally, the DTI of the mCTSIB values (except standing with eyes closed on a firm
surface) and fall risk scores were higher in the CDH group than in the control group (p < 0.05).
Conclusions: The results of study suggest that patients with CDH related chronic neck pain have
poorer postural control and increased fall risk under dual task conditions. Patients with CDH related
chronic neck pain should participate in rehabilitation program to increase balance and postural control.

Key Words: Balance, Cervical Disc Herniation, Disability, Dual-Task, Postural Control

SERVIKAL DiSK HERNIASYONUYLA iLiSKiLi KRONIK
BOYUN AGRISI OLAN HASTALARDA iKiLi GOREVDE
DENGE PERFORMANSI: KARSILASTIRMALI BiR
CALISMA

ARASTIRMA MAKALESI

0z
Amac: Calismanin amaci, servikal disk herniasyonu (SDH) ile iliskili kronik boyun agrisi olan hastalar ve
asemptomatik kontroller arasindaki ikili gérevdeki denge performansini karsilastirmakti.

Yontem: Bu kesitsel kontrollii calismaya SDH ile iliskili kronik boyun agrisi olan otuz iki hasta ve
yas/cinsiyet uyumlu yirmi t¢ asemptomatik kontrol katildi. Modifiye Klinik Duyu Entegrasyon Testi
(mKDET), atletik tek bacak testi (ATBT), stabilite limitleri (SL) ve diisme riski degerlendirmesi, bilissel
bir gérevle ve bu gorev olmadan gerceklestirildi. ikili gorev etkilesimi (IGE) degerlendirildi.

Sonuglar: Bulgularimiza gére mKDET degerlerindeki degisim (gozler kapali olarak sert bir zeminde
ayakta durma disinda) ve diisme risk skorlarindaki degisim SDH grubunda kontrol grubuna gére daha
fazlaydi (p<0,05). Ek olarak, mKDET degerlerinin iGE 'si (gézler kapali bir zeminde ayakta durmak haric)
ve diisme riski skorlari SDH grubunda kontrol grubuna gére daha yiiksekti (p <0,05).

Tartigma: Calismanin sonuclari, SDH ile iligkili kronik boyun agrisi olan hastalarin, ikili gérev kosullari
altinda daha zayif postiiral kontrole ve artan diisme riskine sahip oldugunu gostermektedir. SDH
ile iliskili kronik boyun agrisi olan hastalar denge ve postiiral kontrolii artirmak icin rehabilitasyon
programina katilmalidir.

Anahtar Kelimeler: Denge, Servikal Disk Hernisi, Ozirliiltik, ikili Gorev, Posttiral Kontrol
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INTRODUCTION

Dual-task is defined as doing more than one task
at a time, and fail of this one or more simultaneous
tasks is called as dual task interference (DTI) (1).
The frontal lobe is responsible for higher cognitive
functions such as memory, motor function, problem
solving, and dual-tasking (2). Dysfunction of the
frontal lobe may result in a consequent reduction
in attentional capacity and this is thought to be the
neurological background of DTI. (3). Therefore, in
conditions such as aging and neurological diseas-
es, DTl increases (1, 4). Chronic pain is another con-
dition which is related with cognitive impairments
and alters the structure of the brain, especially the
frontal lobe (5, 6). Therefore, chronic pain may also
increase the DTI (7).

Higher DTI during postural control increases risk of
falls, disability and death (8, 9), and therefore, it is
important to determine the effects of pain related
disability on dual task performance. Intense pain
and moderate disability are seen most patients
with symptomatic cervical disc herniation (CDH)
(10). Since neck pain and disability affect negative-
ly neck motion and motor control (11), it is highly
likely that patients with neck pain related disabili-
ty would display DTI during postural control with a
cognitive task. In addition, the cervical region, its
rich proprioceptive content, the cervical afferents
that form the basis of the vestibular reflex, and
the visual sense perception associated with neck
movements, affect all three mechanisms that are
effective in providing postural control (12). A prob-
lem which might arise in cervical region can be lead
to significant postural instability and fear of falling
(13). Additionally, it is demonstrated that patients
with neck pain have altered spatiotemporal param-
eters and neck and trunk kinematics during walking
while performing concurrent head movements (14,
15).

As mentioned above, it is seen that the effects of
neck pain and dual task are mostly emphasized. To
the best our knowledge, there is no study direct-
ly investigating the relationship between CDH and
dual task in the literature. However, CDH is a fre-
quent reason for neck pain in adults (16). It is very
important for patients with CDH to perform more
than one task at the same time for many activities
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of daily living. However, considering the disruptions
seen even in single tasks due to postural instability,
it is possible that problems may arise in perform-
ing dual-task focused activities. Therefore, the aim
of this study was to compare balance performance
in dual task between patients with CDH related
chronic neck pain and asymptomatic controls.

METHODS
Study design and participants

This study was designed cross-sectional controlled
study (ClinicalTrials.gov Identifier: NCT05338788).
Thirty-two patients with CDH related chronic neck
pain and twenty-three age and sex-matched as-
ymptomatic controls participated in this study.

Patients who aged 20-50 years, had neck pain
for at least 12 weeks, having disc prolapse with
neck pain symptom between C3 and C7, patholo-
gy confirmed by magnetic resonance imaging, no
disease other than CDH that might affect balance,
no vertebrobasilar insufficiency, no tumour, trau-
ma, fracture pathology in the spinal region and no
history of spine surgery were included. People with
cognitive, orthopaedic or neurological diseases
that could negatively affect the evaluations were
excluded. Age- and sex-matched asymptomatic
controls without any known disease diagnosis and
health problems that would affect the evaluations
were included.

All procedures performed in studies involving hu-
man participants were in accordance with the eth-
ical standards of the institutional and/or national
research committee and with the 1964 Helsinki
declaration and its later amendments or compa-
rable ethical standards. The study protocol was
approved by the local ethics committee of Izmir
Bozyaka Education and Research Hospital (Report
number and date = 08 and 08.05.2019). Informed
consent was obtained from all participants includ-
ed in the study.

Data collection

The Neck Disability Index (NDI): The patients’
self-reported neck pain related disability was as-
sessed with the NDI. It assesses the level of neck
pain related disability during activities of daily liv-
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ing. The NDI is 10-item questionnaire and evalu-
ated between 0 and 50 points. Increasing score is
associated with increased disability (17, 18).

The Biodex Balance System (BBS; Biodex Medi-
cal Systems, Shirley, New York, USA) was used to
assess postural control. This system allows indi-
viduals to measure their stability limits. It also ex-
amines the control of the center of gravity on the
support surface and balance abilities when trying
to move it. The evaluated parameters of this sys-
tem are presented below:

-The modified Clinical Test of Sensory Integration
of Balance (mCTSIB): The mCTSIB was used to as-
sess individuals’ capability to use sensory inputs
for balance. Four conditions (standing with eyes
open or closed on a firm or foam surface) were
assessed. An increasing score indicates impaired
postural control (19).

-Athletic Single Leg Test (ASLT): The evaluation
was made with eyes open and closed on one leg
(dominant limb) on a firm floor on the balance de-
vice platform. Each test lasted 10 seconds and with
3 repetitions. The average of 3 measurements was
recorded as the ‘Athletic Single Leg Test’ score. As
the score increases, the balance deteriorates (20).

-Limits of Stability (LOS): This test is the best test
that measures dynamic control among the stan-
dard sway tests. It is a test with a total of nine
goals by standing on the platform and hitting the
targets in one centre and eight different directions
on the screen (21). As the score increases, dynamic
control deteriorates.

-Fall risk assessment: The pre-test platform lev-
el was adjusted so that the starting position was
12 and the ending position was 8. A test protocol
was created, consisting of three tests (20 seconds
each) for a total of 60 seconds, and a 10-second
rest period was given between each test. The mean
of these three tests was accepted as the fall risk
index score. The higher the score is associated with
the higher the risk of falling (22).

Measurement procedure

In order to avoid the order bias of postural control
measurements during “Single-task” and “Dual-task”
for each case, the order of the measurements was
determined by randomization on the first day by
using sealed envelope method. After single/dou-
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ble task randomization was made, the order of
tests was also randomized by using sealed enve-
lopes containing two different orders (1-mCTSIB,
2-ASLT, 3-Fall test, 4-LOS and 1- LOS, 2- Fall test,
3- ASLT, 4-mCTSIB).

Before starting the evaluations, the participants
were informed about the tests. Considering meth-
odological bias, the same investigator performed
all assessments and all participants received stan-
dardized and identical instructions.

Single and dual task measurements were made as
follows:

Single task measurements involved the measure-
ment of balance parameters by using Biodex Bal-
ance System without any additional cognitive task.
For assessment of dual task performance, the par-
ticipants were asked to perform an additional cog-
nitive task (counting backwards from 200 by three
or seven) during measurements (23).

DTl values were calculated for all balance parame-
ters using the formulas below (24):

DTl %= (Dual Task-Single Task)/Single
Task*100

Sample size

A previous study has shown that the balance is
disturbed with dual task (p<0.05) (25). Based on
the findings of that study, the minimum required
sample size for an analysis was calculated as 31
participants for the probability level of 0.05; the
anticipated effect size as 0.458; and a statistical
power level of 80% when using G*Power Software
(version 3.1.9.2).

Data analysis

The data was analysed by using the IBM® SPSS®
Statistics for Windows software (ver. 22.0; IBM
Corp., NY, USA). Shapiro-Wilk test and histograms
were used to check normality. To compare the in-
dependent groups, independent samples t-test,
Mann-Whitney U Test or chi-square test were used.
The paired sample t-test was used to assess the
mean difference between single and dual tasks
within the groups. Two-way repeated measures
analysis of variance was used to compare ‘condi-
tion’ and ‘group*condition’ interaction between the
groups.



Table 1. Characteristics of the Participants
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CI?:I =G3r§)up Asymptomatic Group (n=23) p
Age (year) 41.09+5.68 39.61+3.60 0.275%
Gender (Female, n (%)) 19 (59.4) 12 (52.2) 0.595°
Height (cm) 168.69+9.24 172.48+9.46 0.1432
Weight (kg) 75.09+13.10 70.30+11.47 0.165%
Body mass index (kg/m?) 26.35+3.94 23.52+2.39 0.0042
Neck Disability Index 12.88+4.77

Cervical pain duration (months)

Disc herniation level

One level disc herniation (n (%))
Two level disc herniation (n (%))
Three level disc herniation (n
Disc herniation stages
Bulging (n (%))

Protrusion (n (%))

Bulging+ Protrusion (n (%))

(%))

36.00 (12.00-72.00)

16 (50.0)

8 (25.0)
15 (49.6)
9(28.1)

a: Student t Test, b: Chi-square Test.

Values are expressed as meanzstandard deviation for continuous variables and ‘n" were reported for categorical variables.

RESULTS

Based on the data obtained from thirty-two pa-
tients with CDH related chronic neck pain (59.4 %
female) and twenty-three controls (52.2 % female)

Table 2. Comparison of Outcomes

were analysed. The demographic characteristics

(age, sex, height, weight) except body mass index
of the two groups were similar (p > 0.05, Table 1).
The clinic characteristics (neck disability level, cer-

vical pain duration, disc herniation level, disc herni-

Asymptomatic Group

- 2
CDH Group (n =32) (n=23) p
Outcome Measures p' p'
Single Task Dual Task Single Task Dual Task Condition Groyp.v
Condition

mCTSIB

EO-Firm sway index 0.47+0.13 0.70:020  <0.001  0.54:0.12 0.58+0.17 0265 <0.001 0.009 (0.121)

(score) (0.215)

EC-Firm sway index (score) ~ 0.70+0.20 0.81+0.27 0065  0.83:036  091:029 0224 0.034(0.082) 0.654 (0.004)

E?;;am sway index 0.68+0.20 106:036  <0.001  0.87+0.48 0.93:026 0618 0.002 (0.169) 0.023 (0.094)

Eccoi‘;;"m sway Index 1.35:047 1.66+0.45 0.003  1.82:026 1.85:021 0727 0.013(0.111) 0.034 (0.082)
ASLT

Overall (score) 0.78+0.23 0.94:0.47 0051  0.62:0.15 0.66:0.19 0291 0.046 (0.073) 0261 (0.024)

AP (score) 0.50+0.14 0.64+0.39 0065  0.47:0.15 0.50:0.12 0295 0059 (0.066) 0261 (0.024)

ML (score) 0.50+0.23 0.57+026 0183  0.45:0.12 0461011 0517 0.182(0.033)  0.424(0.012)
Los

Overall (score) 4413:904  4650:12.07 0263  42.74+877  44.87:7.07 0225 0.120(0.045) 0.932 (< 0.001)

Time (sn) 47.66:8.81  49.47:13.09 0367 5335:11.28 54611676 0534 0292 (0.021)  0.849 (0.001)
Fall risk assessment

) <0.001
Fall risk (score) 1.30+0.33 1.71+0.36 <0.001 1.43+0.45 1.49+0.35 0.570 (0.220) 0.006 (0.136)

mCTSIB: Modified Clinical Test for Sensory Integration of Balance, ASLT: Athletic Single Leg Test, AP: Anteroposterior, ML: mediolateral, EO: Eyes open, EC:
Eyes closed, Firm: Firm surface, Foam: Foam surface, LOS: Limits of Stability.
Note: p1, paired sample t-test; p2, two-way repeated measures analysis of variance. Values are expressed as mean + standard deviation. Figures in parentheses

are effect sizes.
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Table 3. Comparison of Dual-Task Interference

CDH Group

Asymptomatic Group

(n =32) (n=23) P

mCTSIB

DTI EO-Firm sway index % 39.95 (0.39-80.44) 5.55 (-11.76-14.03) 0.007

DTI EC-Firm sway index % 19.64 (-9.01-54.22) 8.75(-10.71-42.85) 0.726

DTI EO-Foam sway index % 54.88 (12.57-91.64) 27.58 (0.00-61.76) 0.022

DTl EC-Foam sway index % 18.12 (-2.01-58.86) 2.23 (-6.63-11.79) 0.024
ASLT

DTI Overall % 18.33 (-12.15-48.21) 0.00 (-16.66-20.00) 0.146

DTI AP % 0.00 (-20.00-75.00) 0.00 (-12.50-25.00) 0.869

DTI ML % 22.50 (0.00-44.09) 0.00 (-14.28-25.00) 0.199
LOS

DTI Overall % 3.08 (-14.45-20.78) 3.70 (-4.25-10.86) 0.865

DTI Time % 0.34 (-12.79-12.54) 3.50 (-10.76-13.33) 0.959
Fall risk assessment

DTI Fall risk % 26.78 (1.92-55.82) 10.00 (-9.52-25.00) 0.019

mCTSIB: Modified Clinical Test for Sensory Integration of Balance, ASLT: Athletic Single Leg Test, AP: Anterior-posterior, ML: mediolateral, EO: Eyes open, EC:

Eyes closed, Firm: Firm surface, Foam: Foam surface, LOS: Limits of Stability.
Note: Mann-Whitney U Test Values are expressed as median (25-75 quartiles)

ation stages) of the patients are presented in Table
1.

According to our findings, the change in the mCTSIB
values (except standing with eyes closed on a firm
surface) and fall risk scores was less than in the
control group compared to the CDH group (p<0.05,
Table 2). Additionally, the ASLT and the LOS scores
were similar between the groups (group x condi-
tion interactions) (p>0.05, Table 2).

The DTI of the mCTSIB values (except standing
with eyes closed on a firm surface) and fall risk
scores were higher in the CDH group than in the
control group (p < 0.05, Table 3). There was no sig-
nificant difference in DTI in the ASLT and the LOS
tests between the two groups (p>0.05, Table 3).

DISCUSSION

The primary finding of the study reported that
the impairment in postural control performance
and increased risk of falling throughout dual task
was more prominent in patients with CDH related
chronic neck pain than in asymptomatic controls.

Postural control is of vital importance for the
maintenance of activities of daily living (26). It has
been reported that deterioration in postural con-
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trol is increased in patients with chronic neck pain
compared to healthy individuals (27). The postural
control problems increase risk of fall and mortali-
ty (28). Also, a previous review noted the negative
effects of dual tasks on postural stability (9). The
DTl is a consequences of frontal lobe dysfunction
(2). Additionally, chronic pain alters the structure
of the brain especially frontal lobe (6). Hamacher
et al. showed that chronic pain increases the DTI
by decreasing motor-cognitive dual-task perfor-
mance capacity (7). A previous study has shown
that patients with chronic neck pain have more
severe impairments in postural control of different
sensory and dual-task conditions. (14). A system-
atic review postulated that neck proprioception is
deteriorated in people with neck pain compared to
healthy controls (29). Neck pain has been shown
to impair input from cervical mechanoreceptors
and it has been claimed that impaired cervical in-
put may be the reason for poorer balance in people
with neck pain (29, 30). When the studies in the
literature are examined, it is seen that the effects
of neck pain and dual task are mostly emphasized.
To the best our knowledge, there is no study di-
rectly investigating the relationship between CDH
and dual task in the literature. As you know, cervical



disc herniation is a frequent reason for neck pain
in adults (16). Our study suggests that patients
with CDH related chronic neck pain have poorer
postural control under concurrent dual tasks condi-
tion. All the three mechanisms which are influential
in maintaining postural control are influenced by
the cervical region, its rich proprioceptive content,
the cervical afferents which create the basis of
the vestibular reflex, and the perception of visual
sense linked with neck movements (12). Addition-
ally, chronic pain which alters the structure of the
brain, especially the frontal lobe, increase the DTI
(5). For these reasons, a situation that will affect
the cervical region such as pain can explain cause
of deterioration of postural control during dual task
conditions in patients with CDH.

Dual-task testing is a widely used method of eval-
uating the relationship between cognition and mo-
bility. Additionally, the DTl is associated with future
fall risk, and this association is stronger than that
for single-task conditions (31). Chronic pain has
been shown to decrease the ability to complete
motor-cognitive dual tasks. These effects are gen-
erated by central mechanisms in which pain impairs
executive functioning, potentially increasing the
chance of falling (7). Additionally, dual-task mea-
sures were more predictive of falls than single-task
measures (32). The gap in performance between
dual-task and single-task walking trials has been
shown to be important to discriminate between
falls (33). Our study suggests that patients with
CDH related chronic neck pain have increased fall
risk compared controls under concurrent dual tasks
condition.

This study had some limitations. First, the patients
with cervical disc herniation related chronic neck
pain had mild neck pain related disability (NDI
score=12.88+4.77). The results may be different,
especially in patients with high disability due to
neck pain. Second, this study had a cross-sectional
design. Making inferences concerning the causality
relationship among the variables is impossible due
to the study’s cross-sectional design. Third, only
motor effects were evaluated with the cognitive
task given as dual task in our study. However, in
these patients, cognitive impairment may be ob-
served in addition to motor impairment during the
dual task. Future studies can be conducted with a
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design to evaluate both impairments.

The results of study suggest that patients with
CDH related chronic neck pain have poorer postur-
al control and increased fall risk under dual task
conditions. Patients with CDH related chronic neck
pain should participate in rehabilitation program to
increase balance and postural control.
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LONG-TERM FUNCTIONAL OUTCOMES AND QUALITY
OF LIFE IN YOUNG ADULTS WITH INTERNAL
FIXATION OF FEMORAL SHAFT FRACTURE: A CROSS-
SECTIONAL STUDY

ORIGINAL ARTICLE

ABSTRACT

Purpose: Although internal fixation surgery of femoral shaft fracture (FSF) has high rates of union, it
affects the patient’s functionality and quality of life due to additional health conditions depending on
the traumatic nature of these injuries. This cross-sectional study aimed to investigate the long-term
functional outcomes and quality of life of young adults who underwent internal fixation of isolated FSF
to compare with healthy peers.

Methods: The Harris Hip Score (HHS) and Stair Climb Test (SCT) were used to evaluate the functionality
of the participants. The EuroQol 5-Dimension Questionnaire (EQ-5D) was used to assess the quality
of life.

Results: Twenty young adult volunteers with internal fixation surgery aged 18-55 years are included in
the FSF group (mean age: 39.55+11.92 years; duration after surgery: 28+7.2 months) and 20 healthy
peers (mean age: 42.75+8.83 years) as the control group. The HHS and EQ-5D scores were lower
(p<0.001) in patients with FSF; however, the SCT test time was longer in patients with FSF compared
to healthy controls (p<0.001).

Conclusion: The results of the present study demonstrated that functional outcomes and quality of
life in patients with FSF did not improve well enough compared to healthy peers 2 years after internal
fixation surgery. We suggest that assessment of patients with FSF in a long-term period is needed,
even after fracture union, to have a better outcome.

Keywords: Femoral Fractures, Femur, Function, Quality of life

FEMUR SAFT KIRIGINA BAGLI INTERNAL FiKSASYON
CERRAHISI GECIRMiS GENC ERiSKINLERDE GEC
DONEM FONKSIYONEL SONUCLAR VE YASAM
KALITESI: KESITSEL BiR CALISMA

ARASTIRMA MAKALESI

0z

Amac: Femur cisim kingi (FCK) icin yapilan internal fiksasyon cerrahilerinde kaynama oranlari yiiksek
olmakla birlikte, yaralanmalarin travmatik yapisi nedeniyle olusan ek saglik durumlari hastalarin
fonksiyonelligini ve yasam kalitesini olumsuz etkileyebilmektedir. Bu kesitsel calismanin amaci, izole
FCK’larinda internal fiksasyon uygulanan geng eriskinlerin ge¢ dénem fonksiyonel sonuclarini ve yasam
kalitelerini saglikli yasitlariyla karsilastirmaktir.

Yontem: Calismaya 18-55 yas arasinda olan ve internal tespit cerrahisi gecirmis 20 genc yetiskin
gondillii (ortalama yas: 39,55+11,92 yil; ameliyat sonrasi siire: 28+7,2 ay) ve benzer yas ve cinsiyette
20 saglikli birey (ortalama yas: 42,75+8,83) dahil edildi. Katilimcilarin fonksiyonelligini degerlendirmek
icin Harris Kalca Skoru ve Merdiven Cikma Testi kullanildi. Yagam kalitesini degerlendirmek icin EuroQol
Yasam Kalitesi Olcegi kullanildi.

Sonuglar: Cerrahi geciren bireylerde, kalca fonksiyonelligi ve yasam kalitesi puanlari, sagliklilara gére
daha duistik bulunurken (p<0.001); merdiven ¢ikma test siiresi, saglikli bireylerden daha uzun bulundu
(p<0.001).

Tartigma: Bu calismanin sonuclari, femur cisim kingina bagl internal fiksasyon cerrahisi geciren
bireylerde, 2 yil sonra bile kalca ile iliskili fonksiyonel sonuclarin ve yasam kalitesinin saglikh akranlarina
gore yeterince diizelmedigini performans testlerinde de yetersizlik oldugunu gostermistir. Cerrahiden
sonra uzun donemde femur cisim kirigina bagl internal fiksasyon cerrahisi geciren bireylerde
fonksiyonel yetersizliklerin devam etmesi fizyoterapi ve rehabilitasyon uygulamalarinin kalcanin
fonksiyonel ve yasam kalitesi ile iliskili sonuglarinin gelistirilmesi icin bireysel ihtiyaclara gére devam
ettirilmesinin gerekli oldugunu diistiniyoruz.

Anahtar Kelimeler: Femoral Kiriklar, Femur, Fonksiyon, Yasam Kalitesi
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INTRODUCTION

Femoral shaft fracture (FSF) is defined as the dis-
ruption of the anatomical integrity of the femoral
diaphysis, from 5 cm below the trochanter minor
up to the proximal part of the adductor tubercle
(1). FSF is a severe injury that occurs between
37/100.000 a year (2). Injury is most seen in the
young population aged 15-40 years who have been
exposed to high-energy trauma such as traffic ac-
cidents (80-90%), firearm injuries, and falling from
heights. Young adult males have a higher rate of
injury than females (3). The primary objective in
the treatment of FSF is to restore the anatomical
integrity of the extremity and to enable individu-
als to regain their functions in daily life before the
fracture.

Currently, the rate of the union varies between 95-
99%, and the rate of infection after internal fixation
is less than 1% (4). Although surgical treatment is
effective in achieving fracture union, it has been
reported that the functional performance of the
patients after surgery was decreased due to the
high-energy traumatic nature of these injuries and
possible additional surgical interventions. In the
literature, post-surgical persistent problems such
as post-operative residual per-trochanteric pain,
stiffness in muscles, and difficulty in climbing stairs
are frequently mentioned (5-7). The weakness of
the abductor muscles of the hip is the most im-
portant trigger of these problems. This weakness
may occur due to direct damage of the muscle or
damage to the superior gluteal nerve during ante-
grade nailing (8). Also, the pain in the lower limb is
a significant predictor and source of disability (9).

The decrease in functional performance after fem-
oral shaft fractures leads to an increase in the lev-
el of social dependence within society with a de-
crease in quality of life (10). Increased length of
hospital stays, prolonged rehabilitation processes,
and functional deficiencies may adversely affect
the quality of life of the patients as well as socio-
economic problems such as professional education
life or delay in return to work. However, it has been
shown in previous studies that deep psychosocial
influences were observed in individuals in the post-
operative period (11). Decreases in the quality of
life of individuals with FSF have been reported,
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even after an average of 55 months after surgery
(7).

We hypothesized that the long-term functional
outcomes and quality of life in young adults who
underwent internal fixation surgery of isolated
femoral shaft fracture would be not equal to their
healthy peers. This study aimed to compare the
long-term functional and quality of life outcomes
of the young adults who underwent femoral nailing
due to isolated femoral shaft fracture with their
healthy peers.

METHODS
Sample Size and Participants

The effect size was calculated as 1.08 accord-
ing to the data obtained from the pilot study
(69.66+13.31, 85+£14.93) since no similar studies
were found in the literature in our study, in which
the primary measurement parameter was deter-
mined as the total score of Harris Hip Score. Ac-
cording to these results, it was decided to include
20 individuals for each group in the study, accord-
ing to the analysis made in the G*Power program,
for the study to be 91.6% (alpha = 0.05, bidirec-
tional) power. Twenty patients (15 male, 5 female)
aged between 18-55 years who underwent internal
fixation (IF) surgery participated. All the isolated
fractures were fixed with intramedullary nails fol-
lowing either closed or open reduction in the supine
position. Twenty healthy participants (15 male, 5
female) aged between 18-55 years were included
in the study as a control group. Additional inclusion
criteria were at least 1-year post-surgery and ra-
diologically intact femoral shaft fracture. Individu-
als at risk for secondary osteoporosis, those who
had neurological or systemic disease history, those
who had undergone surgery for any pathology in
the lower extremity, and those who had a revision
or additional surgeries such as additional injuries,
spinal column injury, tibia, humerus fractures, and
subarachnoid bleeding due to FSF injury were ex-
cluded in the study.

Ethical approval was obtained from Hacettepe
University Non-Interventional Clinical Research
Ethics Committee with the number of GO 18/ 08-
13. We carried out our studies on humans in ac-



cordance with the principles of the Declaration of
Helsinki. This cross-sectional prospective study
was conducted in the Department of Orthopedics
and Traumatology of Hacettepe University Hospi-
tal, between 01.11.2018 - 01.07.2019. Before the
procedure, participants were informed about the
study, and an informed consent form was signed by
all participants.

Procedure

Surgical procedures performed by an orthopedist
with 20 years of surgery experience in Hacette-
pe University Hospital. During the hospitalization
period after surgery, all patients received approx-
imately 7-day inpatient physiotherapy program 2
times per day. This program included: Quadriceps
isometric exercises, straight leg raises, and ac-
tive-assistive and passive range of motion exercis-
es. Partial weight-bearing as tolerated was started
for all patients from the postoperative first day via
crutches or walkers. Home exercises based on in-
patient exercises were also advised to all patients
before discharge. None of the patients received
additional outpatient physical therapy. However, all
patients were called for union and wound healing
controls on their first week, 6th week, 3rd month,
6th month, and 1st year. Home exercises were also
followed and developed by physiotherapists during
these visits. Finally, all patients were contacted in
for long-term assessments on average 2 years (18-
36 months) following their surgery. All assessments
are administered by a 5+ year experienced physio-
therapist.

Functional Status Assessment

The pain and functional status of all individuals was
assessed by the Harris Hip Score (HHS). The HHS
is a valid and reliable questionnaire widely used to
evaluate hip and related pathologies (12). It is a
10-item scoring including pain, function, functional
activities, and joint range of motion. The severity
of pain and its effect on activities were measured
while scoring it. The HHS has a maximum score of
100 points. Higher scores indicate that lower risk
of hip and related pathologies. Therefore, higher
scores might be referred to as better functional
outcomes following the interventions and surger-
ies (13,14). The Turkish version of the Harris Hip
Score was used in our study. Turkish translation,
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validation, and cross-cultural adaptation has been
performed by Celik et al. in 2014 (15).

Functional performance was evaluated by the Stair
Climb Test (SCT). The SCT is an easily accessible,
convenient, and inexpensive test. It can be used to
measure functional performance in neurological
diseases, cardiovascular problems, post fractures,
and musculoskeletal problems. There is no consen-
sus on the number of steps to be used in the SCT
(16). It is recommended in SCT that the step depth
is 24-27 cm, and the step height is 16-20 cm (17).
When performing the test, it was explained that
the individual had to go up and down 9 steps. The
step height of the stairs was 20 cm. The patients
were asked to go up and down the steps one by
one as quickly as possible. Before starting the test,
an experiment was performed for the individual to
fully understand the test. The patient was allowed
to hold on to the handrail only to maintain balance,
if possible. The patient was instructed to go up and
down 9 steps with the start command, and this
time was recorded in seconds.

Health-related Quality of Life Assessment

The quality of life was assessed by the EuroQol
5-Dimension Questionnaire (EQ-5D). The EQ-
5D is a valid, reliable, standardized, and gener-
al health scale measuring health-related quality
of life (HRQoL) (18). The EQ-5D is a scale with a
wide perspective that can be used to measure the
quality of life in many different disease groups, to
determine cost-effectiveness analyses, or even to
calculate quality-adjusted life expectancy (19). The
scale consists of two parts. The first part, the EQ-
5D index scale, consists of 5 dimensions including
movement, self-care, usual activities, pain/discom-
fort, and anxiety/depression. Answers to each di-
mension have 3 options: no problem, some prob-
lem, and major problem. Index value results vary
between “-0.59” and “1” points. In the index score
function, the value of “0” indicates death, and the
value of “1” the state of being completely healthy,
while the negative values indicate the state of un-
consciousness and bedridden life (20,21). Currently,
there are more than 100 official language versions
of EQ-5D including the Turkish version, which was
obtained from EuroQol (www.euroqgol.org) and ap-
plied to participants (22).
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Figure 1. Flow chart of individuals included in the study

Statistical Analysis

Statistical analyses of the study were performed
using the “Statistical Package for Social Sciences”
(SPSS) version 22.0 (SPSS Inc. Chicago, IL, USA).
Visual (probability plots and histograms) and ana-
lytical methods (Shapiro-Wilk’s/ was performed to
determine whether the selected parameters were
normally distributed. The Mann-Whitney U-test
was used for comparing nonparametric data in in-
dependent groups without normal distribution. The
level of significance was set at p<0.05.

RESULTS

Fifty individuals were included at the beginning
of the study. Ten individuals were excluded from
the study for various reasons (Figure 1). A total

of 40 individuals with “20” in the patient group
(39.55+11.92 years) and “20” in the healthy con-
trol group (42.75+8.83 years) were included in the
present study. The mean postoperative follow-up of
the patients (n=20) was 28+7.22 (18-36) months.
Their mean length of hospital stay after surgery
was 7.35+3.49 (1-14) days.

The most common etiology of fracture was mo-
tor vehicle accidents (75%), followed by falls from
height (10%), occupational injuries (10%), and fire-
arm injuries (5%).

All the patients underwent antegrade intramed-
ullary nailing in the supine position after closed
(80%) or open (20%) reduction. Limb length in-
equality less than 2 cm was seen in 1 case (5%).

Table 1. Comparison of Physical Characteristics of the Participants

Physical Characteristics (n = 20) X FtSSFD c)?zt;?)l t p

Age (years) 39.55+11.92 42.75 + 8.83 -0.964 0.43
Height (cm) 170.70 + 8.51 170.15 + 8.86 -0.200 0.86
Body weight (kg) 75.45 + 12.68 74.01 + 15.03 0.330 0.79
Body Mass Index (kg/m?) 2585 + 3.76 2540 + 3.86 0.369 0.82

Independent Samples t-Test, FSF: Femoral Shaft Fracture Group, X + SD: Mean + Standard Deviation
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Table 2. Comparison of Functional Performance and Quality of Life Results of Participants

(n=20) FSF Control

Min.-Max. Min.-Max. z p
HHS 26.8-96.0 79-100 -4.959 <0.001**
SCT (sec) 4.01-29.82 4.20-7.71 -4.355 <0.001**
EQ-5D IS 0.125-0.774 0.596-1.0 -4915 <0.001**

Mann-Whitney U Test, Min. - Max.: Minimum - Maximum, FSF: Femoral Shaft Fracture group, HHS: Harris Hip Score, SCT: Stair Climb Test, EQ-5D IS:

EuroQol 5-Dimension Index Score

There was no statistically significant difference be-
tween the groups in terms of age, sex, height, body
weight, and body mass index (p>0.05) (Table 1).

The mean HHS score was 71.65+15.42 in the FSF
group, while the mean HHS score was 94.99+5.74
in the control group (p<0.001). For SCT scores, the
FSF group (11.5 s) was approximately two times
slower than the control group (5.5 s) (p<0.001). The
EQ-5D outcomes of the FSF group were also sig-
nificantly lower than the control group (p<0.001)
(Table 2).

DISCUSSION

Functional disability in the early postoperative
period is expected in patients with femoral shaft
fractures. Our focus with the present study was to
examine whether there are still functional deficits
in patients in the long-term following union. The
results of our study showed that the functional and
quality of life outcomes of the individuals with FSF
are lower than their healthy peers in the long term
after IF surgery.

Evidently, FSF injuries predominantly manifest
within the youth adults respectively to high-energy
trauma, a trend substantiated by multiple studies
with an age range of 30 to 40 years (23-25). Con-
sistent with the studies, the present study has en-
rolled cases of a mean age of 39.

The incidence of femoral shaft fractures exhibits
notable gender-based variations, with a higher
prevalence observed among young adult males in
comparison to females. In a study conducted by
Sonbol et al., they reported a male-to-female ratio
of 3.6:1 among the patients included in their inves-
tigation (24). Similarly, EImi et al. indicated a study
population distribution where 75% of participants
were male and 25% were female. In the present
study, it is found that male-to-female ratio of 3:1,

which was comparable with literature findings (26).

The Harris Hip Score (HHS) is a frequently used
assessment to measure both short- and long-term
postoperative functional outcomes in femoral frac-
tures. In the literature, a study in patients who un-
derwent surgery for an intertrochanteric fracture
reported a low HHS score in the short term after
surgery (27,28). Similarly, in studies conducted in
patients operated for proximal femur fracture, it
was reported that the HHS score was moderate in
the 1-year postoperative period (29,30).

Additionally, Moumni et al. reported that the mod-
erate to severe pain persisted even 7 years after IF
surgery after FSF in 17% of the patients and which
might be critical source of functional disabilities
9).

Climbing stairs is an important functional perfor-
mance that is widely used in daily life (31). To climb
stairs, increased range of motion of joints and
greater muscle strength in the lower extremities
are needed. The SCT is an appropriate test of func-
tional performance assessment since stair-climb-
ing activities are both an important part of daily
life and are related to independence and partici-
pation in society (32). Clinical studies have shown
that individuals with osteoarthritis climbed stairs
up and down for significantly longer time than in-
dividuals of the same age and sex both in the short
and long term (17,33). Davis HC et al. demonstrat-
ed that lower percent fat mass and higher percent
lean mass are individually associated with bet-
ter physical performance (20-m fast-paced walk,
30-second chair-stand test, stair-climb test) in in-
dividuals with radiographic and symptomatic knee
OA (33). There is a lack of studies assessing the
ability to climb stairs after femoral shaft fracture
patients. Our results also indicated disabilities in
stair climbing activity in the long term after IF sur-
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gery compared to healthy peers. Therefore, the
functional performance of individuals with FSF in
the short and long term should be monitored in
routine clinical visits.

In short-term follow-up clinical studies evaluating
the quality of life, it was found that quality of life
was significantly lower in both geriatric and young
adult populations in injuries such as unstable tro-
chanter fracture and distal femoral fracture, com-
pared to healthy individuals (34,35). Therefore, it is
observed that the quality-of-life scores of individ-
uals were lower than the norm values of the EQ-
5D population in long-term follow-up studies (10).
Ramoutar et al. evaluated young adult patients
with proximal femoral fractures at least 2 years af-
ter surgery and found that the mean EQ-5D value
was 0.70 (36). Larsen et al. reported that the mean
value of EQ-5D was 0.79 in young adult patients,
which they evaluated on average 55 months after
FSF. In our study, the mean EQ-5D value of the pa-
tients with femoral shaft fractures was 0.52 and
the mean EQ-5D value of the healthy individuals
evaluated was 0.84. We think that the reason for
some difference between the results of our study
and the results of the studies of Ramoutar et al,
and Larsen et al. is the difference in the norm val-
ues of the population in which the studies were
conducted. However, we consider that this numer-
ical difference can be explained by the facts that
there is no norm value for the Turkish population in
the EQ-5D scales formed by the EuroQol group and
that Larsen et al. reported that the mean Danish
index was 0.928 for males and 0.903 for females
in their comparative study with the norm values of
the Danish population (7). Even though the index
scores may be different according to cultural norm
values, it is reported that the long-term quality of
life scores of our individuals with femoral shaft
fractures were lower than their healthy peers in the
present study.

This study has some limitations. Firstly, the pres-
ent study did not measure the hip muscle strength
of individuals with FSF. Hip muscle strength after
surgery may be related to functional outcomes and
quality of life. Further studies are necessary to de-
termine whether individuals with FSF have long-
term weakness in the hip and related muscles. Sec-
ond, the preoperative status of functionality and
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quality of life of the patients could be obtained to
compare long-term outcomes with healthy peers.
Since the FSF requires immediate surgical inter-
vention, the preoperative status of patients unable
to be recorded. Lastly, the cross-sectional design of
the present study limits the generalization of the
obtained results.

We demonstrated that the individuals with FSF had
lower functional outcomes and decreased quality of
life even in the long term after internal fixation sur-
gery. It is obvious that only achieving fracture union
after surgery does not guarantee long-term better
functional outcomes and quality of life. Therefore,
the functional outcomes and quality of life assess-
ments should be also on the agenda of health pro-
fessionals both in the short and long term after
surgery to develop better rehabilitation strategies
for better outcomes in the FSF population.
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MANUEL LENF DRENA)I SAGLIKLI KADINLARDA
OTONOMIK FONKSiYONLARI ETKILER Mi?: BiR
RANDOMIZE KONTROLLU CALISMA

ARASTIRMA MAKALESI

0z
Amag: Bu calisma, saglikli kadinlarda manuel lenf drenajinin (MLD) otonomik fonksiyonlar tizerindeki
etkilerini incelemeyi amaclamaktadir.

Yontem: 40 saglkh kadin calismaya dahil edildi. Tek kér randomize kontrollii calismada katilimcilar
MLD, sham MLD ve kontrol grubu olarak 3 gruba ayrildi. Katiimcilarin demografik bilgileri, kan basinci
ve kalp hizi degiskenligi (KHD) degerlendirildikten sonra soguk basing testi uygulandi. Testin hemen
ardindan kan basinci ve KHD yeniden degerlendirildi. MLD grubuna MLD uygulamalari yapildi. Sham
MLD grubuna sham protokolii uygulandi. Kontrol grubundan 10 dakika sirt Gstl yatmalar istendi.
Uygulama sonrasi katilimcilar tekrar degerlendirildi.

Sonuclar: Sistolik kan basinci soguk basing testi ile her 3 grupta da diiserken, sham MLD grubunda
uygulama sonrasi diismeye devam etti (p<0,05). Soguk basing testi sonrasi MLD, sham MLD ve kontrol
gruplarinda kalp atim hizinda anlamli azalma olurken, uygulama sonrasi sadece MLD grubunda anlamli
diistis devam etti (p<0,05). KHD'nin RMSSD parametresi uygulama sonrasi sadece MLD grubunda
anlamli olarak artti (p<0,05). RR araligi degeri hem soguk basing testi hem de uygulama sonrasi MLD
ve kontrol gruplarinda artti (p<0,05).

Tartigma: MLD, KHD parametrelerindeki degisiklik nedeniyle parasempatik sinir sisteminin
aktivasyonunda kullanilabilir. Parasempatik sinir sistemi aktivasyonu ozellikle otonomik etkilenim olan
bazi hastaliklarin tedavisinde 6nemli bir tedavi yaklasimi olabilir.

Anahtar Kelimeler: Kalp hizi degiskenligi, Manuel lenf drenaji, Otonomik fonksiyon, Soguk basing testi

DOES MANUAL LYMPH DRAINAGE AFFECT
AUTONOMIC FUNCTIONS IN HEALTHY WOMEN?: A
RANDOMIZED CONTROLLED STUDY

ORIGINAL ARTICLE

ABSTRACT

Purpose: This study aimed to examine the effects of manual lymph drainage (MLD) on autonomic
functions in healthy women.

Methods: 40 women were included in the study. In the single-blind randomized controlled study, the
participants were divided into 3 groups MLD, sham MLD, and control group. After evaluating the
demographic information, blood pressure (BP), and heart rate variability (HRV) of the participants,
the cold pressure test was applied. Immediately after the test, BP and HRV were re-evaluated. The
MLD group received MLD applications. A sham protocol was applied to the sham MLD group. The
control group was asked to lie on their back for 10 minutes. After the application, participants were
re-evaluated.

Results: While systolic BP decreased in all 3 groups with the cold pressure test, it continued to
decrease after the application in the sham MLD group (p<0.05). While there was a significant decrease
in heart rate in the MLD, sham MLD, and control groups after the cold pressure test, a significant
decrease continued only in the MLD group after the application (p<0.05). The RMSSD parameter of
HRV increased significantly only in the MLD group after the application (p<0.05). The RR interval
value increased both after the cold pressure test and after the application in MLD and control groups
(p<0.05).

Conclusion: MLD can be used in the activation of parasympathetic nervous system (PNS) due to the
change in HRV parameters. PNS activation can be an important therapeutic approach in the treatment
of some diseases, especially those with autonomic involvement.

Keywords: Autonomic function, Cold pressure test, Heart rate variability, Manual lymph drainage
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INTRODUCTION

The autonomic nervous system (ANS) is a com-
plex system that includes many areas of both the
central and peripheral nervous system and is as-
sociated with many organs (1). It is responsible
for regulating visceral functions and maintaining
homeostasis in the body. Two important parts of
the peripheral autonomic nervous system; while the
sympathetic nervous system sends ‘fight or flight’
signals to the body, the parasympathetic nervous
system sends the ‘rest or digest’ signal (2). ANS
is evaluated clinically through maneuvers that trig-
ger the autonomic nervous system such as blood
pressure, heart rate variability (HRV), valsalva ma-
neuver, or sudomotor autonomic tests (3). HRV is
a physiological signal consisting of oscillations in
successive intervals of heartbeats controlled by the
autonomic nervous system. It is an effective meth-
od in the non-invasive evaluation of both the sym-
pathetic and parasympathetic nervous systems (4).
Electrocardiography (ECG), a noninvasive method,
is used to evaluate cardiovascular autonomic func-
tions. ECG recordings are made in two different
ways. The first is the short-term measurements
before/after that are made under control in a lab-
oratory environment. Short-term measurements
over 5 minutes are standard. The other is the holter
measurement made for 24 hours (5). Short-term
measurements reflect the relationship between
the sympathetic and parasympathetic nervous sys-
tems. Long-term measurements reflect change in
heart rate with involvement of circadian rhythm,
core body temperature, sleep, metabolism, and re-
nin-angiotensin systems (6).

Manual lymph drainage (MLD) is a manual thera-
py method consisting of low-pressure, slow, repet-
itive movements that allow the skin to return to
its starting position to accelerate and direct lym-
phatic flow (7). MLD, which is used as a component
of complex decongestive therapy in the treatment
of lymphedema; can be used in the treatment of
many diseases and symptoms such as traumatic
injuries, muscle fiber tears, complex regional pain
syndrome, scar treatment, rheumatological dis-
eases, headache, migraine, fibromyalgia (8). The
mechanism underlying the use of MLD in diseases
other than lymphedema treatment; is explained as
the effects on the autonomic nervous system, car-
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diovascular system, and pain (9).

Experimental stress was taken from the field of
engineering by Hans Selye in 1936 and defined as
a phenomenon that produces a series of interre-
lated symptoms with various stimuli in biological
systems. Stress sources can be physical, psycho-
logical, or mixed. The stress-related changes occur
at the psychological (emotional and cognitive), be-
havioral (fight or flight), and physiological (altered
autonomic and neuroendocrine function) levels
(10). The cold pressure test is frequently used in
the evaluation of the autonomic nervous system by
creating experimental acute stress. There are dif-
ferent studies in the literature that the cold pres-
sure test, which is a simple, reliable, reproducible,
and well-designed test, activates the autonomic
nervous system sympathetically or parasympathet-
ically (11).

The results regarding the effects of MLD on ANS
are controversial and limited in the literature
(9,12-15). The methodological deficiencies and
differences in the current studies, the lack of con-
sensus in the results, and the absence of the sham
MLD protocol necessitate the need for new studies.

The study aimed to evaluate the effect of experi-
mental stress on the autonomic functions with the
cold pressure test applied for 2 minutes and to de-
termine the effects of MLD applied afterward.

METHODS
Study Design

The study was approved by the Ethics Committee
of Kutahya Health Sciences University (Protocol No.
2021/03-06) and was conducted at Kutahya Health
Sciences University, Department of Physiotherapy
and Rehabilitation from June 7, 2021, to July 2,
2022. The manuscript was reported according to
CONSORT guideline. 46 participants were included
in the study. But 6 participants were excluded from
the study because of unwillingness to continue the
study and unable to complete the cold pressure test
(Figure 1.). The inclusion criteria for the study were
being over 18 years of age and being voluntary to
participate in the study. The exclusion criteria were
having advanced cardiorespiratory diseases, ortho-
pedic and neurological problems, using medication
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Y

Does Manual Lymph Drainage Affect Autonomic Functions in Healthy Women?: A Randomized Controlled Study

related to pain and cardiovascular system, having
skin disorders that prevent skin contact, and having
cold urticaria. All study procedures were conducted
according to the principles of Good Clinical Practice
and the Helsinki Declaration. Written informed con-
sent was obtained from all individual participants.

Randomization

This study was planned as a single-blind random-
ized controlled trial. Randomization was performed
using the online computer program (http://www.
randomizer.org). The randomization method based
on a single sequence of random assignments is
known as simple randomization. The participants
included in the study were randomly divided into
3 groups; manual lymph drainage, sham manual
lymph drainage, and a control group in the comput-
er program. Participants were assigned to groups
in a 1:1 ratio. Assignment and randomization were
made by the researcher (M.L.A)). The participants
were blinded. The content and name of the treat-
ment approach applied to the participants have

not been detailed; however, it has been stated that
sham MLD and MLD groups will receive a manual
treatment approach. Each participant has been in-
dividually treated without observing the treatment
approach applied to other participants.

Study Protocol

Participants rested for 5 minutes before the first
evaluation. The first evaluation was made after the
demographic information of the participant was
obtained. Within the scope of this evaluation, blood
pressure, heart rate, and heart rate variability were
evaluated. All assessments were performed on the
patient’s dominant upper extremity. After the eval-
uation, cold pressure test was applied to the dom-
inant extremity. A second assessment was made
immediately after the test. All of the parameters
examined within the scope of the first evaluation
were examined for the second time. Appropriate
treatment was applied to the group to which the
participant belonged. After the treatment, the third
evaluation was made and the study was terminat-

’ Assessed for eligibility (n=46)

Randomized (n=40)

Excluded (n=6 )
Unable to complete the cold pressure test (n=3)
Refuse to participate (n=3)

|

MLD Group (n=14 )

(n=14)

Sham MLD Group

A

Control Group (n=13)

FIRST ASSESSMENT
APPLICATION OF COLD
PRESSURE TEST
SECOND ASSESSMENT

v
INTERVENTION
THIRD ASSESSMENT

Analysis

l l

l

’ Analysed (n=14) ‘ ’

Analysed (n=13) ‘

Analysed (n=13)

Figure 1. Flow Chart
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ed. All participants were asked to avoid exercise,
caffeine, energy drinks, and heavy meals at least
1 hour before the test. Environmental noise, light,
and temperature were controlled during the test.

Outcome Measures
Demographic information

First, a form prepared by the research physiothera-
pist was filled out to define the participant’s height,
body weight, body mass index, age, occupation,
smoking, and alcohol use.

Evaluation of Blood Pressure

Blood pressure was evaluated with the Omron®
M2 Basic (Omron Healthcare, Kyoto, Japan) brand
measuring device (16). A single measurement was
made on the dominant arm while the participants
were in the sitting position. Systolic blood pressure
(SBP) (mmHg) and diastolic blood pressure (DBP)
(mmHg) were evaluated.

Evaluation of Heart Rate and Heart Rate Vari-
ability

Polar H10 (Polar Electro Oy, Kempele, Finland)
heart rate sensor was used to evaluate heart rate
and heart rate variability (17). Polar H10 is a heart
rate sensor that is placed under the chest with an
elastic electrode strap. RR intervals were record-
ed for 5 minutes with the smartphone app (Elite
HRV) (18). The measurement was made with the
participant in a sitting position, without any cloth-
ing in the area where the device was placed. Heart
rate variability was investigated in both time and
frequency domains that are heart rate (beats/min-
ute), the standard deviation of NN intervals (SDNN)
(ms), the root mean square of successive differenc-
es between normal heartbeats (RMSSD) (ms), the
proportion of NN50 divided by the total number of
NN (PNN50) (%), mean RR interval, total power, LF/
HF ratio (Hz), low frequency (LF) (Hz), high frequen-
cy (HF) (Hz).

Cold Pressure Test

The test is used to induce experimental stress, in-
duce systemic stress, and evaluate the autonomic
nervous system (20-22). In the test protocol; The
participant was asked to immerse his dominant
hand in water at 4 °C and hold it for 2 minutes.
The temperature of the water was monitored with
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the help of an in-water thermometer. By adding ice
cubes, the water temperature was kept constant
at 4 °C for 2 minutes. After 2 minutes, he took his
hands out of the water and the test was terminat-
ed (23,24).

Manual Lymph Drainage

MLD was administered by a certified and experi-
enced physiotherapist (H.K.) trained in the Vodder
technique. MLD; neck drainage, abdominal drain-
age, stimulation of axillary lymph nodes, and right
arm drainage were performed by following a spe-
cial technique and sequence (7). MLD was applied
in a comfortable position while the patient was ly-
ing in the supine position. It took an average of 20
minutes.

Sham manual lymph drainage

Sham MLD was planned by the same physical ther-
apist as the opposite of MLD techniques. For the
Sham MLD protocol, opinions were obtained from 3
physiotherapists who are experts and experienced
in the field of complex unloading physiotherapy and
3 physiotherapists working in different fields. Deep
pressure was applied from distal to proximal with
rapid movements to the right extremity to which
the cold pressure test was applied. Fingers, dorsal
and palmar surfaces of the hand, forearm, elbow,
and upper arm were applied in order. The applica-
tion was performed while the patient was lying in
the supine position and lasted an average of 20
minutes.

Participants in the control group were asked to lie
on their backs for 10 minutes without speaking in a
quiet, calm environment. At the end of 10 minutes,
the patient was placed in a sitting position again
and the third evaluation was performed.

Statistical Analysis

Statistical analysis was performed using Statis-
tical Package for the Social Sciences (SPSS for
Windows Version 25.0, USA). Continuous variables
were expressed in meantstandard deviation (SD),
while categorical variables were stated as numbers
and percentages. All variables were assessed for
normal distribution using the Kolmogorov-Smirnov.
Repeated measures ANOVA was used to evaluate
the differences in the mean values of the normal-
ly distributed quantitative data. In the absence of
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Table 1. The Demographic Comparison in the Groups

n Mean+SD Med Min Max F/KW p

MLD 14 24141532 22.00 1900 3800

Age (years) ShamMLD 13 2523:4.71 2300 2000  37.00  KW=1205 0547
Control 13 24.85:6.11 22.00 1900  41.00
MLD 14 1807:724 16350 15800  170.00

“D":;Str”a' Cycle  ShamMLD 13 13.85:848 163.00 15000  173.00 F=1.046 0.361
Control 13 15.00£7.91 16400 15400  173.00
MLD 14 163.00£390  57.00  49.00 77.00

Height (cm) Sham MLD 13 163541636 6250  49.00  92.00 F=0.033  0.967
Control 13 163.23+5.82 6500 4700  82.00
MLD 14  5815:7.37 22.30 1760  30.80

Weight (kg) Sham MLD 13  64.54:14.04 2245 1820 3470 F=1.625 0212
Control 13 655+11.59 25.50 1670 32.50
MLD 14 22.03:3.41 23.20 1500  36.10

m‘gn‘g;z) ShamMLD 13 24.03:5.00 27.65 15.60 40.90 F=1.294 0.287
Control 13 24.68+4.6 30.60 1110 41.50

n: number of participants; SD: standard deviation; kg: kilogram; cm: centimeter; kg/m?*: kilogram/ square meters; F: one-way analysis of variance; KW: Kruskal

Wallis H test; MLD: manual lymph drainage; p: significance level; min: minimum; mak: maximum, med: median

normal distribution, it was analyzed performing the
Friedman test. In the normal distribution of data,
one-way ANOVA was used for within-group com-
parations. Kruskal Wallis H test was performed in
data without normal distribution. If there were any
significant differences in the test of within-group or
time effects, post hoc comparisons was performed
to determine pairwise differences. p<0.05 was ac-

cepted statistical signifance for all measurements.
Sample Size

The power of the study was calculated with the
analysis program G*Power (G*Power, version
3.1.9.4 for Windows XP, Germany). According to the
power analysis of the Heart Rate score of the 40
participants included in the study, the 95% confi-

Table 2. The Changes in the Blood Pressure Values of the Participants Over Time

Before Cold  After Cold  _ After , Post-
A b reatment F

Pressure Test® Pressure Test . hoc

Protocol

n
. Mean+SD MeanxSD MeanzSD .

Syfﬁ'scsfr':“ g"h';% 14 114.79:10.03 1085:7.53 110641072 4724 0018 a>b
(mmHg) ~ MLD 13 meiices  10650e1298 1086nerazs 1007 0005 ax

Control . + . . + . . + .
13 7.872 0.002* asb

F=0.969 F=0.187 F=2.852

p=0.389 p=0.830 p=0.070
D'I;it:;“ e 14 73.86:8.17 71861968 7321604 0342 0714 -
Pressare  MLD 13 70.38+11.91 7331+1513 7038719 1167 0558 -
(mmHg)  Control 13 70.62+8.67 70.46+8.33 70464713 00 0093 -

F=0.549 KW=0.200 F=0.770

p=0.582 p=0.905 p=0.470

n: number of participants; SD: standard deviation; MLD: manual lymph drainage; F: one-way analysis of variance; F': one way anova for repeated measures; p:

significance level; *: p<0,05; min: minimum; mak: maximum, med: median, a: before cold pressure test, b: after cold pressure test, c: after treatment protocol
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dence level and the power of the study with 1,706
effect sizes were found to be 99.38% (25).

RESULTS

46 participants were included in the study. But 6
participants were excluded from the study because
of unwillingness to continue the study and unable
to complete the cold pressure test (Figure 1.). The
study was completed with 40 women aged 19-41
years. The age, height, body weight, body mass in-
dex, and menstrual cycle day of the women partic-

Table 3. The Changes in the HRV Time Domains

Kiloatar H., Isintas M.

ipating in the study are given in Table 1, and there
was no statistically significant difference between
the groups in terms of these data (p<0.05).

In the MLD and control groups, while systolic blood
pressure decreased significantly after the cold
pressure test (p<0.05), no significant difference
was observed after the application (p>0.05). SBP
was significantly reduced after sham MLD applica-
tion (p<0.05). There was no significant change in
DBP either after the cold pressure test or after the
applications (p>0.05) (Table 2.).

Before Cold Pres-

After Cold

After Treatment

sure Test? Pressure Test® Protocol® F' p Post-hoc
n Mean+SD Mean+SD Mean+SD
MLD 14 86.43+9.09 84+8.94 82.64+8.61 7.740 0.002* a>b,c
Heart Rate Sham MLD 13 83.69+7.34 81.54+7.04 81.00+7.06 7.732" 0.003* a>c
Control 13 87.85+11.01 84.77+6.69 82.69+6.88 8.1672 0.017* a>c
F=0.676 KW=1.601 F=0.212
p=0.515 p=0.449 p=0.810
MLD 14 75.9+24.07 74.9+25.79 82.39+24.72 3.431" 0.067 -
SDNN (ms) Sham MLD 13 93.81+21.33 91.63+24.94 91.2+£19.77 0.547' 0.586 -
Control 13 76.49+20.27 81.38x16 787917 3.8467 0.146 -
KW=5.158 F=1.841 F=1.221
p=0.076 p=0.173 p=0.307
MLD 14 3.76+0.39 3.75+0.47 3.87+0.39 3.4417 0.047* c>b
RMSSD (ms) Sham MLD 13 4.07+0.28 4.06+0.34 4.07+0.29 0.086' 0.918 -
Control 13 3.76+0.45 3.87+0.34 3.83+0.33 32312 0.199 -
F=2.953 F=2.060 KW=3.788
p=0.065 p=0.142 p=0.150
MLD 14 21.79+£12.95 24.07+15.50 26.57+15.44 3084 0.063 -
PNNS50 (%) Sham MLD 13 33.15+£12.16 33.54+14.85 33.38+13.11 0.026 0.974 -
Control 13 22.46+12.25 26.08+12.04 25.00+11.7 1299 0.291 -
F=3.448 F=1.630 F=1.413
p=0.042 =0210 =0256
Post-hoc: 2>1,3 p=L. p=L.
M RR MLD 14 711.65+£75.19 732.09+78.64 743.71+80.66 7.334' 0.011* ca
ean
Interval Sham MLD 13 688.02+191.46 754.15+58.29 757.28+61.10 5922 0.052 -
ms
(ms) Control 13 701.56+84.94 732.17+78.76 739.55+66.1 6.760' 0.007* cXa
KW=0.978 F=0.402 F=0.228
p=0.623 p=0.672 p=0.797
MLD 14 5153.7+3434.18 5213.88+3481.41 5976.18+3781.67 1.465 0.250 -
Total Power
(ms?) Sham MLD 13 7687.52+4725.37 7999.83+4843.93 8056.39+4177.84 0.111 0.895 -
Control 13 4648.75+2767.1 5625.71+2881.46 4888.47+2273.13 1.436 0.258 -
F=2.502 F=2.057 F=2.729
p=0.096 p=0.142 p=0.078

n: number of participants; SD: standard deviation; MLD: manual lymph drainage; F: one-way analysis of variance; F': one way anova for repeated measures;
KW:Kruskal Wallis H test; SDNN:standard deviation of the NN (R-R) intervals; RMSSD;root mean square of successive RR interval differences; PNN50; proportion
of NN50 divided by the total number of NN (R-R); p: significance level; *: p<0,05, a: before cold pressure test, b: after cold pressure test, c: after treatment
protocol, :MLD, % Sham MLD, *: Control, ms: millisecond, ms? millisecond squared
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Table 4. The Changes in the HRV Frequency Domains

Does Manual Lymph Drainage Affect Autonomic Functions in Healthy Women?: A Randomized Controlled Study

Before Cold Pressu- After Cold After Treatment Fl Post-
re Test® Pressure Test® Protocol* p hoc
n Mean+SD Mean+SD Mean+SD
MLD 14 4630.64+3272.2 4670.94+3129.8 5385.11+3256.05 1.519 0.241 --
Sham MLD 13 6866.18+3806.84 6727.56+4418.26 10312.51+13887.07 0.758 0.406 -
2’
LF (ms?) Control 13 4006.3+2430.55 4999.06+2542.43 4363.48+1957.39 6615 0.037* b>a
F=2.846 F=1.363 KW=3.169
p=0.071 p=0.268 p=0.205
MLD 14 523.06+309.95 543.01+566.09 538.93+622.67 0.143 0.931 -
Sham MLD 13 1317.81+959.43 1272.27+1019.18 1316.13+1121.45 0.745 0689 -
2
HF (ms?) Control 13 642.52+471.22 626.65+536.64 525.0+417.61 1.077 0.584 -—--
KW=8.632 KW=6.046 KW=7.351
p=0.013* p=0.049* p=0.025*
post hoc: 2>1 post hoc: 2>1 post hoc: 2>1
MLD 14 10.48+9.01 11.37+9.01 13.25+13.01 2.714 0.257 ———-
LF/HF Sham MLD 13 7.03+3.86 7.75+4.33 7.74+4.80 1.592 0.451 -
Ratio Control 13 9.07+9.41 10.761+5.89 12.58+10.15 8.769 0.012* ca
KW=1.319 F=1.446 KW=2.981
p=0.517 P=0.485 p=0.225

Y

n: number of participants; SD: standard deviation; MLD: manual lymph drainage; F: one-way analysis of variance; F': one way anova for repeated measures;
KW:Kruskal Wallis H test; LF; low frequency, HF; high frequency; p: significance level; *: p<0,05, , a: before cold pressure test, b: after cold pressure test, c: after

treatment protocol, :MLD, ?: Sham MLD, *: Control, ms* millisecond squared

Heart rate decreased significantly in all groups af-
ter the application (p<0.05). RMSSD increased sig-
nificantly after MLD (p<0.05). The mean RR interval
increased statistically significantly in both the con-
trol group and the MLD group after the application
(p<0.05). No significant differences were found in
other variables (p>0.05) (Table 3.).

Considering the change in frequency-dependent
HRV parameters, it was found that LF and LF/HF
ratios increased significantly in the control group
(p<0.05). There was no difference in all groups in
the other parameters (p>0.05) (Table 4.).

DISCUSSION

This study aimed to evaluate the effect of exper-
imental stress on autonomic functions with the
cold pressure test applied for 2 minutes and to de-
termine the effects of MLD applied afterward and
compare it with sham MLD and control application.
As a result of the study, in the MLD group with the
cold pressure test; SBP and heart rate decreased, in
the control group; SBP decreased, and LF increased.
After MLD application; heart rate decreased, and
RMSSD and mean RR interval increased. In the
Sham MLD group; heart rate and SBP decreased. In
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the control group; heart rate decreased, mean RR
interval, and LF/HF ratio increased. However, there
was no significant difference between the groups
after both the cold pressure test and the applica-
tions.

In the current literature, some studies found that
the cold pressure test changes the ANS in the di-
rection of both the sympathetic and parasympa-
thetic nervous systems. Mechanisms relating to
autonomic nervous system response are largely
uncertain. Sympathetic activation increases cholin-
ergic reactions by increasing vascular alpha-adren-
ergic and cardiac beta-adrenergic responses, caus-
ing an active coping strategy. Activating ANS in the
parasympathetic direction has a passive coping
strategy; it may be to decrease beta-adrenergic re-
sponses and increase alpha-adrenergic and cholin-
ergic responses or to respond by increasing cortisol
levels through the HPA axis (26). In addition, gen-
der, presence of infection, and anxiety levels also
affect the response (27,28). As a result of our study,
the cold pressure test revealed different effects in
all 3 groups. While the cold pressure test revealed
activation in the direction of the parasympathet-



ic nervous system in the MLD and control groups,
there was no change in the parameters evaluated
concerning the autonomic nervous system in the
sham MLD group. Some studies have shown that
SARS-CoV-2 infection can cause dysautonomia
by affecting the autonomic nervous system in the
acute, subacute, and chronic periods (29). In a study
evaluating the heart rate variability of COVID-19
patients, an increase in the autonomic nervous sys-
tem towards the parasympathetic system was ob-
served in the patients. The difference between the
groups may be because the data of the study were
collected during the pandemic and the effects of
the SARS-CoV-2 infection on the participants were
unknown. The anxiety level of the participants was
unknown. It was also unclear whether the results
were affected by this difference between groups.

Several studies dealing with the effects of MLD on
HRV have complicated results. A study conducted
on healthy men evaluated the effects of MLD on
HRV (12). As a result of the study, they found that
R-R interval, SDNN, RMSSD, and pNN50 (%) val-
ues were higher, and heart rate, LF/HF ratio, and
total power were statistically significantly lower
in the experimental group. They concluded that
MLD changes the autonomic nervous system in
the parasympathetic nervous system. In the study,
participants were given 2 minutes of psychological
stress, but there were no results on how psycholog-
ical stress changed HRV. In addition, MLD was ap-
plied only to the neck and abdomen for 40 minutes.
This time is very long only for neck and abdomen
MLD applications. Despite these confusing sub-
jects, it was an important study so that we could
compare the results of the current study. In a study
by Honguten et al., the acute effects of MLD on
HRV in healthy volunteers aged 40-65 were eval-
uated (13). MLD applications were performed by
a certified and experienced therapist, in order, to
cover the neck, abdomen, and one leg. The control
group was only asked to rest. Although there was
no difference in HRV parameters as a result of the
study, a parasympathetic change was found in the
evaluation of the Hoffman reflex in the MLD group.

In our study, MLD parasympathetically activated
the autonomic nervous system by decreasing the
heart rate and increasing the RMSSD, mean RR in-
terval. The RMSSD means beat-to-beat variance in

Kiloatar H., Isintas M.

heart rate and is the primary time measure used
to estimate vagal-mediated changes in HRV. An in-
crease in the RMSSD value reflects the activation
of the parasympathetic system (6). The mean RR
interval is the average of two consecutive R waves
in milliseconds. An increase in the mean RR inter-
val indicates activation of the parasympathetic
system (5). According to these results, acute MLD
can activate the parasympathetic nervous system
in healthy women. In addition, there was no signif-
icant change in blood pressure after MLD showed
that MLD can be used safely in hypertensive in-
dividuals. However, considering that our study
was conducted in young women, there is a need
for studies to be conducted in both different age
groups and in men.

This is the first study to compare MLD and sham
MLD to the best of our knowledge. We think that
testing the sham MLD protocol, which is planned
by the researcher as the opposite of MLD princi-
ples, will make significant contributions to the lit-
erature. A true placebo treatment protocol is not
yet available in manual therapy studies. Generally,
as a sham protocol, application to a different area
or a touch opposite to the application is preferred.
It cannot be said that such different touches do
not have any effect on health (30). Touch itself can
have a positive effect on the body (31). In our study,
the sham protocol; affected the autonomic nervous
system by causing changes in heart rate and SBP.
However, the lack of a study in the literature on
which of the parameters evaluating the autonomic
nervous system reflects the autonomic activity bet-
ter and the lack of difference between the groups
did not create a clear answer to the superiority of
the sham MLD and MLD methods.

In the control group; a decrease in heart rate, mean
RR interval, and LF/HF ratio after application sug-
gested parasympathetic system activation. Lying
supine may produce a relaxation effect in healthy
participants. In future studies, the control group
can be applied in a different position.

Limitations

Firstly, the anxiety levels of the participants were
not evaluated and their exposure to SARS-CoV-2
infection is unknown. Secondly, this study evaluat-
ed the acute effects of a single session of MLD in
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healthy volunteers. Lastly, this study was conduct-
ed as a single-blind study. Especially in studies with
sham protocol, the blindness of the evaluator in-
creases the reliability of the study.

CONCLUSION

To the best of our knowledge, this study is the first
to implement the sham MLD protocol. MLD can be
used in the activation of the parasympathetic ner-
vous system due to the change in HRV parameters.
However, there is a need for new studies to be con-
ducted in different patient populations using the
sham MLD protocol. Considering the changes that
MLD induces in the autonomic nervous system, it
can be used not only as a part of complex decon-
gestive physiotherapy but also as a standalone
manual treatment approach in conditions where
the autonomic nervous system is affected. How-
ever, further studies are needed in patient groups
and different age groups. In addition, it should be
investigated whether HRV parameters are superior
to each other in showing the changes in the auto-
nomic nervous system.
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TURKISH RELIABILITY AND VALIDITY OF POSTURAL
AWARENESS SCALE IN OFFICE WORKERS

ORIGINAL ARTICLE

ABSTRACT

Purpose: The aim of this study was to perform the Turkish cross-cultural adaptation of the Postural
Awareness Scale and test its reliability and validity on office workers.

Methods: The study was conducted at Bitlis Eren University, and 180 office workers were included
in the study. The average age of the participants was 39.05+8.44, and 74.4% were male. As a first
step, forward and backward translations of the scale were performed. Then, the final version of the
scale was developed and introduced to all the participants by face-to-face interviews. The internal
consistency and construct validity of the scale was assessed with internal consistency analysis,
explanatory and confirmatory analyses.

Results: The Turkish version of the Postural Awareness Scale, consisting of eleven items, had
satisfactory reliability (total a score = .854, factor 1 score = .886, factor 2 score = .777). The reliability
of the scale was confirmed by the test-retest analysis performed with a two-week interval as well (r =
.831). In explanatory factor analysis, twelfth item was loaded on both factors. In confirmatory factor
analysis, factor load of the 12th item was low (0.21). For these reasons, the 12th item was removed
from the scale.

Conclusion: The Turkish version of the Postural Awareness Scale, consisting of eleven items, is a
reliable and valid scale for the assessment of postural awareness in office workers.

Key words: Awareness; Office workers; Posture

POSTURAL FARKINDALIK OLCEGINiN OFis
CALISANLARINDA TURKCE GUVENIRLIK VE
GECERLILIGI

ARASTIRMA MAKALESI

0z
Amag: Bu calismanin amaci Postiiral Farkindalik Olceginin Tiirkce kiiltiirel adaptasyonu ile ofis
calisanlarindaki gtivenirlik ve gecerliligini yapmakti.

Yéntem: Calisma Bitlis Eren Universitesinde yiiritiildii ve calismaya 180 ofis ¢alisani dahil edildi.
Calismaya dahil edilen katiimcilarin yas ortalamalar 39,05+8,44'tii ve %74,4'i erkekti. ilk adim
olarak olcegin ileri geri cevirileri yapildi. Ardindan &lcegin son hali gelistirildi ve katilimcilara yiiz
yiize géristilerek uygulandi. Olgegin i¢ tutarlihgi ve yapisal gecerliligi ic tutarlilik analizi, aciklayici ve
dogrulayici faktér analizleri ile degerlendirildi.

Sonuclar: On bir maddeden olusan Postiiral Farkindalik Olcegi Tiirkce versiyonu giivenirligi yeterli
diizeydeydi (toplam a degeri = .854, faktér 1 = .886, faktér 2 =.777). Olgek giivenirligi iki hafta arayla
yapilan test tekrar testi ile onaylandi (r = .831). Aciklayici faktér analizinde on ikinci madde her iki
faktore de yiiklenmekteydi. Dogrulayici faktor analizinde on ikinci maddenin faktor yiikii disiikti (0.21).
Bu sebeplerden dolayi on ikinci madde dlcekten cikarildi.

Tartisma: On bir maddeden olusan Postiiral Farkindalik Olcegi Tirkce versiyonu ofis ¢alisanlarinda
postiiral farkindaligin degerlendirmesinde gtivenilir ve gecerli bir 6lcektir.

Anahtar kelimeler: Farkindalik, Ofis calisanlari, Postiir
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INTRODUCTION

Posture is the position and alignment of the body
parts with respect to each other and has a con-
stantly changing dynamic based on the needs of
the individual (1,2). Inherent dynamism in posture
has led to the optimal posture concept. Optimal
posture is the balance in the musculoskeletal sys-
tem that prevents injury risk (1). Although optimal
posture is explicitly defined for different postures
(i.e.,, sitting posture) (3), considering the modern
working conditions, preserving the optimal posture
is challenging (4,5). Essentially, office workers drift
away from the optimal posture (6).

Office work is one of the types of occupations
where aberrations in optimal posture are observed
(4). During the office workday sedentary time in-
creases, characterized by prolonged static posture
such as sitting (7,8). Workers spend nearly two-
thirds of their average daily working time in sitting
(9). During sitting, office workers may adopt a fixed
malposture characterized by twisting or bending
their back (4,6). Malposture among office workers
triggers pathological changes in the musculoskel-
etal system and causes musculoskeletal disorders
(4). More than three-quarters of office workers ex-
perience musculoskeletal disorders (4), in various
body region (10-12). Challenges that office workers
face become a socioeconomic burden as well (13).

The socioeconomic burden of the malposture and
its effect on office workers yields the importance
and necessity of developing prevention or assess-
ment strategies for malposture. Enhancing postur-
al awareness is one of the approaches pointed out
in this scope (14). Postural awareness is defined as
the subjective conscious awareness of body pos-
ture that is mainly based on proprioceptive feed-
back from the body periphery to the central ner-
vous system (15). Owing to postural awareness,
individuals avoid malposture that is risky for them
and prevent the development of more harm (15).

Considering the socioeconomic burden of muscu-
loskeletal disorders in office workers and its high
prevalence, the relationship between postural
awareness and malposture shows the importance
and requirement of the assessment of postural
awareness, especially for office workers. Due to
this requirement, the adaptation of several pos-

Dursun 0., Onen C.

tural awareness questionnaires to Turkish was
performed related to neck (16) and back (17) ana-
tomic regions considering the asymmetric distribu-
tion of prevalence and anatomic localization of the
musculoskeletal disorders and their symptoms (i.e.,
pain) (10-12,15). These adapted questionnaires
allow clinicians and researchers an opportunity to
assess postural awareness in specific body regions.
However, since these questionnaires are specific
body region-centered, they do not include compre-
hensive items on global postural awareness and
its subcategories (i.e., effortless postural aware-
ness). These factors reveal the necessity of a scale
adapted to Turkish that provides a comprehensive
assessment of postural awareness. The Postural
Awareness Scale (PAS) developed by Cramer et al.
(15) is the scale that is exactly developed in that
scope. PAS assesses the individuals’ familarity with
postural awareness and the efforts of individuals
to regulate their postural awareness (15). Although
the scale was translated into several languages
(18-20), the Turkish cross-cultural adaptation of
the scale has yet to be performed. From this point
of view, the aim of this study was to perform the
cross-cultural adaptation of the PAS and test its
reliability and validity among office workers.

METHODS

This study was conducted at Bitlis Eren Universi-
ty between November 2022 and April 2023 and
approved by the Ethics Committee of Bitlis Eren
University (2022/12-5). Prior to enrollment, par-
ticipants were verbally informed about the study,
and their written consent were obtained. Approval
of the author, the original developer of the scale,
was also obtained. The sample size was calculated
based on the number of items in the PAS. It was re-
ported that 5 to 10 participants should be included
for each item, and the total number of participants
should be greater than 100 (21). A total of 180 of-
fice workers (average age = 39.05 years, standard
deviation = 8.44 years) were included in the study.
The sociodemographic data of the participants
was also recorded.

PAS is a scale that assesses an individual’s self-re-
ported body posture awareness (15). PAS consists
of two factors: ease/familiarity with posture and
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need for attention regulation with postural aware-
ness. Each factor consists of six items. Items
scored reversely in need for attention regulation
with postural awareness factor are the first, sec-
ond, third, fourth, fifth, and twelfth items. Items are
scored from 1 point to 7 points. One point refers to
“not at all true for me”, and 7 points refer to “very
true for me”. The total score of the scale ranges
from 12 points to 84 points. Higher scores indi-
cate high postural awareness in the individual. The
internal consistency of the PAS is reported to be
good (total score a = .80, factor 1 = .81, and factor
2=.77)(15).

As a first stage of cross-cultural adaptation and
validation of the original scale, the original scale
was translated from German to Turkish by two
independent translators. Forward and backward
translations were performed to assure adapta-
tion equivalence. The first draft of the scale was
acquired after the translations. The first draft was
evaluated by a Turkish language expert. The se-
mantic, idiomatic, experiential, conceptual equiva-
lency, and reading level of the first draft were eval-
uated by the experts committee, consisting of five
physiotherapists with PhD degrees. Revisions were

Table 1. Sociodemographic Characteristics of the Participants

performed until all of the experts agreed on the re-
vised scale. In line with the experts’ suggestions,
the 1st, 4th, 7th, 11th, and 12th items were revised
regarding inverted sentence structure, fluency, and
comprehensibility. The final version of the scale
was developed after a consensus was reached be-
tween the experts.

After the final version of the scale was developed,
its reliability was evaluated using the internal
consistency analysis test-retest method. In the
test-retest method scale was performed on 52 of-
fice workers with a two-week interval. Internal con-
sistency is determined as poor, moderate, good, or
excellent based on the following internal consisten-
cy coefficient values; .5, .5-.75, .75-.90, and higher
than .90 (22).

Construct validity of the scale was performed
with explanatory and confirmatory factor analy-
ses. Explanatory and confirmatory analyses were
performed on 180 office workers. Prior to factor
analysis, the Kaiser-Mayer-Olkin (KMO) test was
performed, and sample relevance was found to be
good (.84) (23). Chi square value of the Bartlett
Sphericity test was 970.349 (degrees of freedom
= 66; p<.001).

n % Test p
Age (years) 21-30 26 14.4
31-40 84 46.7
57 31.7 2.3742 .072
41-50
13 7.2
>51
Average age (years) =39.05, Standard deviation = 8.44
Male 134 74.4
Gender 1.235° 218
Female 46 256
Single 41 22.8
Marital status 1620 .872
Married 139 772
Educational <Bachelor’s degree 53 294
1.464° .145
background Postgraduate degree 127 70.6
Bad 12 6.7
Income status Average 49 27.2 .6362 .530
Good 119 66.1
i Academic staff 123 68.3
Working T 1.347° 180
status Administrative staff 57 31.7

p<.05 statistical significance, * one-way ANOVA test, ® independent samples t test, Age ranges were determined according to the study of Topino et al. (18).

- 116 TURKISH JOURNAL OF PHYSIOTHERAPY AND REHABILITATION 2024; 35(1)



Eigenvalue

enjeauaB|3 wouy pealaq

Component Number
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Statistical analysis

SPSS Amos (IBM, New York, USA) software was
used for the confirmatory factor analysis. Explan-
atory factor analysis was performed by the princi-
pal component analysis method to determine PAS’s
factor structure. In explanatory factor analysis,
direct oblimin rotation method was used. Inter-
nal consistency and correlation of the scale were
assessed with Cronbach’s alpha coefficient and
Pearson correlation analysis. Kolmogorov-Smirnov
test, Skewness, Kurtosis values, and a histogram
graphic were used for the assessment of the nor-
mal distribution of the scale. Independent sample
t test and one-way ANOVA test were used for dual
and multiple comparisons. The level of statistical
significance was set at p<.05.

RESULTS

Nearly three-quarters of the participants were
male, and more than three-quarters of the partic-
ipants were married. Most of the participants had
an associate degree or less. Most of the partici-
pants’ income was average or good, according to
the subjective income classification (24) adapted
to the study population and consisting of low, aver-
age, good, and very good. The number of academic
staff included in the study was two times higher
than the number of administrative staff included in
the study. There was no statistically significant dif-
ference between gender (t = -1.235, p =.218), age
(f=2.374,p =.072), working status (t = -1.347,p =
.180) and postural awareness (Table 1). Age range
was determined according to the study of Topino
et al. (18).

The reliability of the PAS was calculated with in-
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Figure 2. Confirmatory Factor Analysis

ternal consistency and test-retest methods. The
internal consistency coefficient of the 12 items of
the PAS and its factors among the academic and
administrative staff working in the university sub-
jected to the research was .834 for the PAS, .886
for factor 1, and .752 for factor 2. Test-retest was
performed on 52 office workers with a two-week
interval. The reliability coefficient of the test-retest
was found to be satisfactory (r = .831). The correla-
tion between each item and the total score was an-
alyzed. In the analysis, the highest correlation was
.786 and the lowest correlation was .163. The 12th
item had the lowest correlation value (.163).

Prior to explanatory factor analysis, Kaiser-May-
er-Olkin and Bartlett sphericity tests were per-
formed. The Kaiser-Mayer-Olkin test value was
.848, referring to good sample relevance. The chi
square value of the Bartlett sphericity test was
970.349+66 (p<.001). Kaiser-Mayer-Olkin and
Bartlett Sphericity test results were enough to per-
form explanatory factor analysis. In explanatory
factor analysis, it was observed that the 12th item
was loaded on both factors (Table 2). The Scree
Plot graphic shows that scale has two factor di-
mensions (Figure 1). Both factors explain 57.077%
of the total variance. The validity of the two-fac-
tor dimension and 12 items of the PAS obtained
from explanatory factor analysis was analyzed with
confirmatory factor analysis. A confirmatory factor
analysis was performed for PAS after the explana-
tory factor analysis. Modifications were performed
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Table 2. Explanatory Factor Analysis

Factor 1 Factor 2
1 Needs to concentrate for being aware of posture .689
2 Awareness of body posture only by pain .762
3 Slumps down when sitting 729
4 Unaware of posture when focused .657
5 Difficulties to consciously adopt to a posture .557
6 Often checks posture when working .739
7 Influences her/his own appeal by posture .702
8 Always aware of sitting or standing posture .798
9 Often makes her/himself aware of her/his posture .864
10 Aware of posture even when focused .826
11 Regulates how she/he feels through posture .744
12 Needs to concentrate to feel whether a posture benefits her/him or not -.375 .553
Factor 1; ease/familiarity with postural awareness, Factor 2; need for attention regulation with postural awareness.
Table 3. Goodness of Fit Indexes of the Confirmatory Factor Analysis
AGFI GFI CFI NFI TLI RMSEA
Recommended range >.85 >.80 >.90 >.90 >.90 <.08
.897 .934 970 928 961 .060

AGF!: adjustment goodness of fit index, GFI: goodness of fit statistics, CFl: comparative fit index, RMSEA: root mean square error of approximation, NFl: normal

fit index, NNFI, TLI: non-normed fit index

as suggested by the confirmatory factor analysis,
and the final model was obtained as illustrated in
Figure 2. In the model factor load (regression coef-
ficient) of the 12th item, which falls into the need
for attention regulation with postural awareness,
it was found to be low (.21). The goodness-of-fit

Table 4. Eleven Item Structure and Factor Load of PAS

index of the confirmatory analysis was satisfactory
(Table 3).

Improvement was observed in the total variance
and reliability of PAS after explanatory and confir-
matory analyses. The total variance explained rose
to 60.13% when the 12th item was removed. Fac-

Factor 1 Factor 2
1 Needs to concentrate for being aware of posture 714
2 Awareness of body posture only by pain .797
3 Slumps down when sitting .785
4 Unaware of posture when focused .675
5 Difficulties to consciously adopt to a posture 617
6 Often checks posture when working .730
7 Influences her/his own appeal by posture .709
8 Always aware of sitting or standing posture .792
9 Often makes her/himself aware of her/his posture .870
10 Aware of posture even when focused .840
11 Regulates how she/he feels through posture 773

Factor 1; ease/familiarity with postural awareness, Factor 2; need for attention regulation with postural awareness.
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tor 1 explains the 42.48%, and factor 2 explains
the 17.65% of the variance. In eleven item PAS
total score ranges between 11 to 77 points. Aver-
age PAS factor scores of the office workers were
calculated in this order: 41.54+13.27, 24.76+8.98
(ranging from 6 to 42), and 16.78+6.95 (ranging
from 5 to 35) (Table 4).

The reliability and validity of the PAS, consisting of
eleven items, were reevaluated after explanatory
and confirmatory analyses. Cronbach’s alpha coef-
ficient was .854 for all items, .886 for factor 1, and
.777 for factor 2. Also, the test-retest score was
slightly increased (r = .836).

DISCUSSION

The results of the study revealed that the Turkish
version of PAS consists of an 11-item had two-fac-
tor structure similar to the original scale developed
by Cramer et al. (15) and is a reliable and valid tool
to assess postural awareness in office workers. In
addition, the results of the study emphasized that
sociodemographic parameters (i.e., age and gen-
der) did not affect PAS score.

It is well known that musculoskeletal disorders
characterized by chronic pain are seen in office
workers, and malposture is regarded as one of the
predisposing factors for the development of mus-
culoskeletal disorders in these individuals. Postural
awareness of the individual has a definitive role in
preventing malposture (15). These facts yield the
vital importance of cultural adaptation of a scale
to assess postural awareness cumulatively in office
workers to develop preventive health measures.
PAS is a scale developed in this scope (15).

In the original scale, including 512 participants
(92% female, average age = 50.3+11.4) with chron-
ic pain, it was reported that the scale consists of
two factors: ease/familiarity with postural aware-
ness and need for attention regulation with postur-
al awareness, and these factors explain 50.80% of
the total variance.

An Italian cross-cultural adaptation of the orig-
inal scale was developed by Topino et al. (20) in
a large sample (n = 928, 55% female, mean age
= 29.96+11.44) of participants with ages ranging
from 18 to 77 years. Like the original scale, Topi-
no et al. (20) found that the scale has two factors:
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factor 1 explains 27.82% and factor 2 explains
23.18% of the total variance. In total, they report
that two factors explain 51% of the total variance.
They also report that the scale has good reliabili-
ty (total PAS = .76, factor 1 = .80, and factor 2 =
.79). In the study of Topino et al. (20), 71.55% of
the participants were single, almost half of the par-
ticipants were students; and 44.61% of them had
a secondary school degree. The factor load of the
12th item has a low factor load. Similarly, in our
study, the factor load of the 12th item was lower.

Another cross-cultural adaptation of the original
scale was performed by Colgan et al. (19) in En-
glish. They included 301 participants with chron-
ic pain and ages of 18 to 70 years (48% female,
mean age = 45+15.5). Similar to the original study
(15) and the study of Topino et al. (18) they have
found that the scale has good reliability (total PAS
= .74, factor 1 = .80, and factor 2 = .81). Similar
to the original scale and the study of Topino et al.
(20), they found that the scale has two factors,
and factor 1 explains 28.82% and factor 2 explains
27% of the total variance. In total, they report that
two factors explain 55% of the total variance. Ex-
planatory factor analysis was performed on 150
participants (mean age = 46.59+15.86 years), con-
firmatory analysis was performed on 151 partici-
pants (mean age = 43.70+15.03 years). In the study
of Colgan et al. (17) 49% of the participants were
married, and 41% of the participants had a high
school or lower education degree. In addition, the
authors state that the recruitment and data collec-
tion processes of the study were performed online
due to the COVID-19 pandemic.

The last cross-cultural adaptation of the original
scale was performed by Da Costa Silva et al. (18)
in French. They included 308 non-clinical adult par-
ticipants (61.4% female, mean age = 35.22+11.75
years). Similar to the original study (15) and the
other cross-cultural adaptation studies (19,20),
they have found that the scale has good reliability
(total PAS = .70, factor 1 = .82, factor 2 = .77).
they discovered, as with the original scale and oth-
er studies, that the scale has two factors: factor 1
which explains 26% of the total variance, and fac-
tor 2 which explains 12% of the total variance. In
total, they report that two factors explain 42% of
the total variance. Explanatory factor analysis was
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performed on 154 participants (62% female, mean
age = 36+12 years), confirmatory analysis was
performed on 154 participants (60% female, mean
age = 35412 years). In addition, the authors state
that the recruitment and data collection processes
for the study were performed online.

In line with the previously reported Turkish version
of the PAS, had two factors. The factor load ranged
from .553 to .864. However, it was observed that
the 12th item of the PAS loading on both factors
had a low factor load (.21) in the confirmatory fac-
tor analysis. The goodness of fit index values of the
confirmatory factor analysis were in an acceptable
range (x2 / df = 1.636, AGFI = .897, GFI = .934,
CFl = .970, NFI=.928, TLI = .961, RMSEA = .60). It
is expected to have a higher correlation between
the item scores on the scale and the total score
of the scale. It is suggested that the scores of the
items should be correlated with the total score of
the scale, and correlation values should be higher
than .30 (25). Except for the 12th item (r = .163)
of the scale, all items had a correlation higher than
the minimum acceptable value. The 12th item was
removed from the Turkish version of the scale due
to breaking the construct validity, which was con-
firmed by the explanatory and confirmatory factor
analyses. The factor load of the final version of the
scale ranged from .617 to .870. Thus, the construct
validity of the Turkish version of the 11-item PAS
was provided.

Although our study differs from the previous stud-
ies according to demographic characteristics (i.e.,
age and gender) and study population, we have
achieved similar reliability and validity results. This
leads to speculation that these factors may not af-
fect postural awareness. This speculation is con-
firmed in the study by Topino et al. (20) pointing
out that gender and age are not correlated with
postural awareness. According to the results of the
independent sample t test and one-way ANOVA
test, we have concluded the same result for gen-
der (t = 1.235, p = .486) and age (f = 2.374,p =
.072) as well. Postural awareness is fundamental
for postural control (26), and it is reported to be
stable between the ages of 30 and 60 years (27).
Because the average age of our participants was in
the reference range, age may not affected the PAS
score of the participants, as in the study by Topino
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et al .(20). Although our study was performed in a
different population, we reached the same results
as the original study, which was performed in in-
dividuals with chronic pain. This might be caused
by the fact that office workers have a high preva-
lence of musculoskeletal disorders characterized by
chronic pain (28). Calik et al. (29) and Ardahan et
al. (30) report that office workers in Turkey have a
high incidence of upper back, neck, and lower back
pain. Apart from these differences, there was no
significant difference between working status and
postural awareness. The same working hours and
occupational environment might result in this non-
significant correlation between working status and
postural awareness. Another matter that should be
pointed out is the data collection method. Da Costa
Silva et al. (18) and Colgan et al. (19) report con-
ducting the study online. In our study, we conducted
face-to-face interviews with the participants. How-
ever, we have reached the same conclusion as Da
Costa Silva et al. (18) and Colgan et al. (19). From
this point of view, each method can be used in fur-
ther studies.

Apart from our study, different Turkish cultural ad-
aptations were performed (16,17) due to the high
prevalence of neck and back pain in the society
(31,32). In these studies, cultural adaptations of
the Fremantle Neck Awareness Questionnaire and
the Fremantle Back Awareness Questionnaire are
performed by Onan et al. (16) and Erol et al. (17) on
patients with chronic neck and back pain. In both
studies the reliability and validity of the question-
naire are reported to be good, as Cronbach alpha
scores for neck and back awareness are in order
by 0.70 (16) and 0.87 (17). In these studies, pos-
tural awareness assessment is focused on specific
body regions (16,17) because neck and back pain
are commonly observed in the population (31,32).
In addition, because of the mentioned culturally
adapted questionnaires’ aim, these questionnaires
have only one factor. For this reason, they do not
primarily focus on giving clinicians or researchers
information about the individual's effortless pos-
tural awareness or need for attention regulation
with postural awareness, which are the factors of
PAS (15). Turkish version of PAS developed in this
study by having two factors, and its global postural
awareness assessment capability makes it easy to



be implanted in clinical and research settings for
the postural awareness assessment in office work-
ers. By the cultural adaptation of PAS, clinicians
and researchers are going to have another option
to assess postural awareness in office workers in
addition to other culturally adapted questionnaires.
Clinicians will have an opportunity to assess global
postural awareness and compare it with region-
al postural awareness by the previously culturally
adapted questionnaires, and this will aid in devel-
oping much more efficient treatment strategies in
clinical settings.

In conclusion, the Turkish version of the PAS is a re-
liable and valid tool for assessing postural aware-
ness in office workers. Turkish version of the PAS
can be used for the global postural assessment of
office workers and postural awareness subcatego-
ries without requiring any equipment.

The study has several limitations. Firstly, additional
instrumental methods for the postural assessment
were not used in the study. Secondly, chronic pain
and its severity was not assessed in participants.

Despite the limitations, this study showed that the
Turkish version of the PAS is a reliable and val-
id non-instrumental assessment method for the
postural awareness assessment of office workers.
The use of the Turkish version of the PAS on office
workers and other individuals in a high-risk group
might be beneficial for public health. Determination
of adults’ postural awareness might contribute to
health education planning.
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THE EFFECTS OF TRANSCUTANEOUS AURICULAR
VAGUS NERVE STIMULATION ON NERVE CONDUCTION
VELOCITY, GRIP STRENGTH, PAIN, AND UPPER EXTREMITY
FUNCTIONALITY IN INDIVIDUALS WITH CARPAL TUNNEL
SYNDROME

ORIGINAL ARTICLE

ABSTRACT

Purpose: This study aims to investigate the effects of transcutaneous auricular vagus nerve stimulation (taVNS)
on key parameters, including nerve conduction velocity, grip strength, pain, and upper extremity functionality in
individuals with carpal tunnel syndrome (CTS).

Methods: The study involved 51 patients (90 hands) diagnosed with carpal tunnel syndrome, comprising
12 males and 39 females, ranging in age from 18 to 58 years. Participants were divided into groups by
random randomization method. Sensory branch conduction velocity of the median nerve was assessed via
electromyography (EMG), hand grip strength was measured using a digital dynamometer, and pain intensity
was quantified with a visual analog scale (VAS); additionally, upper extremity functionality was evaluated using
the Upper Extremity Functional Index (UEFI) scale before and after the treatment. In the experimental group,
in addition to the conventional physiotherapy program, 10 sessions of auricular vagus nerve stimulation were
administered; for the sham and control groups, the conventional physiotherapy program alone was conducted
over the course of 10 sessions.

Results: The analysis revealed no statistically significant differences between the groups concerning variables
such as body mass index (BMI), age, gender, educational background, and smoking status (p>0.05). However,
within-group evaluations exhibited significant differences compared to baseline values in terms of nerve
conduction velocity, pain perception, and upper extremity functionality, with no such difference observed in grip
strength (p<0.05). The intergroup comparisons indicated a significant difference in favor of the experimental
group across all parameters, except for grip strength (p<0.05); conversely, no substantial differences were
observed between the sham and control groups (p>0.05).

Conclusion: The findings suggest that the adjunctive use of taVNS alongside conventional rehabilitation
programs in individuals diagnosed with CTS results in increased sensory nerve conduction velocity and enhanced
upper extremity functional capacity, accompanied by a reduction in pain; nevertheless, grip strength remains
unaffected.

Keywords: Cranial Nerve X, Carpal Tunnel, Nerve Conduction Studies

KARPAL TUNEL SENDROMU TANILI BiREYLERDE
TRANSKUTANOZ AURIKULER VAGUS SiNiR UYARIMININ
SiNIR IiLETi HIZI, KAVRAMA KUVVETI, AGRI VE UST
EKSTREMITE FONKSIYONELLIGINE ETKISi

ARASTIRMA MAKALESI

0z
Amag: Transkiitanoz aurikiiler vagus uyariminin(taVNS) KTS’de sinir ileti hizi, kavrama kuvveti, agri ve st
ekstremite fonksiyonelligi gibi parametrelerdeki etkisinin arastirilmasi amaglanmaktadir.

Yontem: Calismaya karpal tiinel sendromu tanisi almis, yaslar 18-58 araliginda degisen 51 hasta (90 el) 12
erkek 39 kadin dahil edilmistir. Katiimcilar, rastgele randomizasyon yontemi ile gruplara ayrilmislardir. Tedavi
oncesi ve sonrasinda olacak sekilde median sinirin duyusal dalinin ileti hizini 6lgmek amaci ile elektromyografi
(EMG) degerlendirmesi, bir dijital dinamometre yardimi ile el kavrama kuvveti, viziiel analog skalasi (VAS) dlcegi
ile agri sorgulamasi ve (st ekstremitenin fonksiyonelligini 6lcmek amaci ile iist ekstremite fonksiyonel indeksi
(UEFI) 6lcegi uygulanmistir. Calismada yer alan deney, sham ve kontrol gruplarina konvansiyonel fizyoterapi
programi 10 seans olacak sekilde uygulanirken, deney grubuna konvansiyonel fizyoterapi programiyla birlikte ek
olarak 10 seans aurikiiler vagus sinir uyarimi da gerceklestirilmistir.

Sonuclar: Calismada gruplar arasinda VKi, yas, cinsiyeti egitim durumu, sigara kullanma durumu gibi parametreler
acisindan anlamli farkhiliklar bulunmamistir (p>0,05). Grup ici yapilan degerlendirmelerde kavrama kuvveti disinda
kalan sinir ileti hizi, agri ve ist ekstremite fonksiyonelligi acisindan baslangi¢ durumuna gére anlamli farkhlik
bulunmustur (p<0,05). Gruplarin karsilastiriimasi icin yapilan analizde ise kavrama kuvveti parametresi disinda
kalan tim parametrelerde deney grubu lehine anlamli farklilik bulunurken (p<0,05), sham ve kontrol gruplari
arasinda anlamli bir farklilik bulunmamistir (p>0,05).

Tartigma: Calisma sonucunda KTS tanisi almis bireylerde konvansiyonel rehabilitasyon programina ek olarak
uygulanan taVNS’nin duyusal sinir ileti hizini ve Gst ekstremite fonksiyonellik seviyesini yiikselttigi, agriyr azalttigi
ancak kavrama kuvveti tizerinde herhangi bir etki olusturmadigi bulunmustur.

Anahtar Kelimeler: X. Kranial Sinir, Karpal Ttnel, Sinir ileti Calismalari

12 G




The Effects of Transcutaneous Auricular Vagus Nerve Stimulation on Nerve Conduction Velocity, Grip Strength, Pain, and Upper Extremity Functionality in Individuals with

Carpal Tunnel Syndrome

INTRODUCTION

Peripheral nerves travel alongside various anatom-
ical structures. The interaction between nerves and
surrounding structures can lead to nerve compres-
sion. This is referred to as ‘entrapment neuropathy.’
Entrapment neuropathies give rise to symptoms
such as pain, numbness, and tingling due to the
nerves being impacted. The degree of compression
on peripheral nerves can vary. The most prevalent
type of entrapment neuropathy is median nerve
neuropathy (1).

The median nerve follows a route through a passage
formed by the carpal bones and carpal ligament at
the wrist level. Changes in this tunnel can result in
compression of the median nerve. This condition is
known as carpal tunnel syndrome (CTS). Much like
other entrapment neuropathies, CTS manifests as
symptoms including pain and numbness along the
nerve’s course (2, 3).

Although the primary cause of CTS remains un-
clear, several factors are considered to contribute
to its manifestation. Generally, three pathoana-
tomical factors are involved in the emergence of
CTS. These factors include elevated pressure with-
in the carpal tunnel, ischemic nerve changes, and
compression from adjacent structures (4).

The diagnostic assessment should be comprehen-
sive for CTS diagnosis. This assessment begins
with a patient history. It should be followed by an
extensive physical examination conducted by spe-
cialized physicians. In addition, electrophysiologic
tests, imaging modalities, and provocative tests
should also be included in the diagnostic assess-
ment (5). Despite these assessments, sensitivity
is not 100%. In addition, there is no consensus on
which diagnostic criteria are most suitable (2, 6).

Numerous treatment modalities are available for
CTS. The choice of treatment differs among indi-
viduals. Individual characteristics, the extent of me-
dian nerve damage, the accessibility of the treat-
ments to be used, and the efficacy of the selected
treatment method are important in developing the
treatment plan (7, 8).

The primary objective of treatment methods appli-
cable to CTS is the alleviation of pressure on the
median nerve. In this regard, both surgical and con-
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servative treatment approaches are considered.
Electrophysiologic parameters play a pivotal role
in the classification of treatment methods, with
conservative approaches typically recommended
for mild and moderately affected individuals, while
surgical interventions are usually indicated for ad-
vanced and severe CTS cases (9).

Conservative treatment methodologies include
splinting, prescribed exercises, medications, elec-
trotherapy, and other physical therapy modalities
(10). Notably, non-invasive vagus nerve stimula-
tion, which has gained prominence in recent years,
has demonstrated its efficacy in musculoskeletal
conditions (11).

Our study postulates that transcutaneous auricu-
lar vagus nerve stimulation (taVNS) will result in
increased nerve conduction velocity, enhanced grip
strength, reduced pain levels, and improved upper
extremity functionality among individuals diag-
nosed with mild to moderate carpal tunnel syn-
drome.

METHODS

This study employed a randomized controlled clin-
ical research design, utilizing pre- and post-test
assessment methodologies. A total of 51 patients,
representing 90 hands, all diagnosed with CTS,
were included as participants in this study. Be-
fore starting the research, ethical approval was
obtained from the Ethics Committee for Scientific
Research and Publication at Artvin Coruh Univer-
sity, with approval granted on March 2, 2022, un-
der reference no: E-18457941-050.99-41587. All
participating individuals were informed about the
research, and their informed consent was obtained
through the signing of a “Voluntary Consent Form.”

Inclusion Criteria: Aged 18 years or older, voluntari-
ly agreeing to participate in the study., providing
informed consent by signing the voluntary consent
form., diagnosis of CTS within the mild to moder-
ate classification.

Exclusion criteria: Participants who are unwilling
to continue in the study, pregnancy or suspect-
ed pregnancy, injuries that could occur during the
treatment of the upper or lower extremities, acute
wounds or ear infections, exposure to severe trau-



ma affecting the upper extremities and cervical
spine during the study, patients who missed treat-
ment sessions.

Study Plan

Power and sample size calculations were conduct-
ed using G*Power version 3.1 software (Heinrich
Heine University Disseldorf, Disseldorf, Germa-
ny). To achieve a power of 0.80 with an effect size
of 0.80, a total of 75 hands were required for re-
cruitment. Eligible participants were provided with
comprehensive explanations regarding the study
methods and procedures. Following these expla-
nations, individuals who voluntarily consented to
participate and signed the informed consent form
were included in the study. Participants were asked
to complete a personal information form, which
included details about age, gender, body mass in-
dex, educational background, smoking status, and
dominant hand; subsequently, the participants
were randomly assigned to one of three groups.
To implement this methodology, three envelopes
were provided to participants. Each envelope has
a number enclosed. Participants were assigned to
one of the three groups based on the number they
randomly drew: 1-experiment group, 2-sham group,
or 3-control group. The envelope belonging to the
group with the completed number of participants
was removed and randomization was carried out
in this way until the groups were completed. All
groups received a 10-session conventional phys-
iotherapy program consisting of transcutaneous
electrical nerve stimulation (TENS), ultrasound ap-
plications, stretching exercises, and mobilizations.
However, the experiment group received an addi-
tional ten sessions of taVNS in conjunction with
the conventional physiotherapy program, while the
sham group underwent sham taVNS application
involving the use of headphones for auricular va-
gus stimulation without the application of current.
Adherence to the principles outlined in the Decla-
ration of Helsinki was maintained throughout the
study.

Assessment parameters

Demographic information. A questionnaire was
administered to gather demographic data from
participants, including details such as age, gen-
der, body mass index, educational background, and
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smoking habits.

Nerve Conduction Velocity Assessment: In accor-
dance with the recommendations of the Ameri-
can Electrodiagnostic Medical Association, EMG is
used to diagnose CTS. Standardised electrophysi-
ological parameters for CTS are nerve conduction
studies and needle electromyography methods (12,
13). The sensitivity of electrophysiological tests
has a range of 56-85% and specificity is over 94%.
This has made EMG evaluation a gold standard for
the diagnosis of CTS (14). Electromyography was
conducted by the same technician in a hospital
setting to assess nerve conduction velocity in all
participants. During this examination, participants
were seated, and electrodes were positioned as
required for median nerve measurements. Electro-
neurophysiological tests were carried out utilizing a
2-channel Alpin-Biomed device. Subsequently, the
results were forwarded to a specialist for diagno-
sis.

Grip Strength Measurement: To measure grip
strength, a Cambry dynamometer was used. Par-
ticipants sat in chairs with their shoulders slightly
abducted and in a neutral position, elbows flexed
at 90°, and forearms and wrists in a neutral posi-
tion. Three consecutive tests were performed while
participants remained seated. One-minute inter-
vals were allocated between each test. The mean
scores of the three measurements were used in
statistical analysis (15).

Pain Assessment: Pain levels were evaluated using
the Visual Analog Scale (VAS). This scale consists
of a 10 cm line, with “0” at one end representing
the absence of pain and “10” at the opposite end
signifying unbearable pain. Patients were provided
with explanations regarding these endpoints and
asked to mark the point on the scale that best de-
scribed their current pain level (16).

Upper Extremity Functional Status Assessment:
The Upper Extremity Functional Index (UEFI) was
employed to assess the functional status of the up-
per extremities. The Turkish version of this scale,
adapted by Aytar et al., comprises a total of 15
items aimed at measuring functional status. Each
item offers five options to gauge the level of dif-
ficulty. Participants indicated their most suitable
choice and the resulting scores were assessed (17).
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Table 1. Comparison of Socio-Demographical Characteristics of Experimental, Sham and Control Groups

The Effects of Transcutaneous Auricular Vagus Nerve Stimulation on Nerve Conduction Velocity, Grip Strength, Pain, and Upper Extremity Functionality in Individuals with
Carpal Tunnel Syndrome

Experimental Group
(n:16 patients (30

Sham Group (n:18
patients (30 hands))

Control Group (n:17
patients (30 hands))

Test Value and
Significance

Y

hands))
Age MeantSD 47.37+5.82 47.23+4.95 46.70+5.21 F:1.12
g Median (Min-Max) 46.50 (38-58) 47 (38-56) 47.50 (36-55) p: 0.32
BMI Mean+SD 32.19+2.35 31.22+3.29 31.75+£2.79 x%1.56
Median (Min-Max) 32.45 (27.30-36.80) 31.1 (26.50-36.60) 31.10 (26.50-36.80) p: 0.45
Number Percentage Percentage Percentage
) (%) Number (n) (%) Number (n) (%)
Male 3 18.75 5 27.77 4 23.52 2.
x% .38
Gender .0.82
Female 13 81.25 13 72.23 13 76.48 p: 0.
Primary 9 56.25 10 55.55 10 58,82
Education Secondary 4 25 5 27.77 4 23.52 X2 97
Level High school 2 12.50 1 555 2 11.76 p:0.98
University 1 6.25 2 11.13 1 5.90
Smoking Yes 3 18.75 4 2222 4 23.52 2 11
status No 13 8125 14 77.78 13 76.48 p:0 94

BMI:Body Mass index F: One-Way ANOVA Test. x% Chi-Square Test

Statistical analysis

Analysis of the data collected was conducted using
SPSS version 25.0 (IBM Corp., Armonk, NY, USA). in
this study. The normality distribution of the data
was assessed with the Shapiro-Wilk test; for the
data conforming to a normal distribution, paramet-
ric analyses were employed, while non-parametric
analyses were used for non-normally distributed
data. Within-group comparisons of pre- and post-
test results were made using the Wilcoxon Signed
Rank Test and Paired Samples t-test; to compare

pre- and post-test data between groups, as well as
age and BMI values among groups, Kruskal Wallis H
and One Way ANOVA analyses were applied. Gen-
der, educational status, and smoking status were
compared between groups using Chi-squared anal-
ysis (18).

RESULTS

There were no statistically significant differences
observed among the groups in terms of mean age,

BMI, gender distribution, educational levels, and
smoking status (p>0.05) (Table 1).

Table 2. Comparison of Pre-Test and Post-Test EMG, Grip Strength, VAS and UEFI Measurement Results of the Experimental

Group
Mean+SD
Median (Min-Max) z p
Pre Test (n:16 patients (30 Post Test (n:16 patients (30 value value
hands) hands)
Sensory Nerve
. . 41.05+2.75 45.64+2.55 .
Conduction Velocity 41.30 (35.4-45.3) 4575 (40.8-49.2) -4.78 0.00
(m/s) . . . . . .
6.33+0.84 3.03+0.72 e
VAS 6 (5-8) 3 (1-4) -4.83 0.00
Function (UEFI) 23%13123'63? 3367'9%%98; -4.79 0.00***
Mean+SD
Median (Min-Max) t p
Pre Test (n:16 patients (30 Post Test (n:16 patients (30 value value
hands) hands)
Grip strength (k) 28.76+1.64 29.30+1.87 1601 010

28.5(26.10-31.60)

29.25 (24.6-31.7)

VAS:Visuel Analog Scale UEFI: Upper Extremity Fonctional index z: Wilcoxon Signed Ranks Test. ***p<0.001, z: Paired Samples T Test.
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Table 3. Comparison of Pre-Test and Post-Test EMG, Grip Strength, VAS and UEFI Measurement Results of the Sham Group

Mean+SD
Median (Min-Max) t p
value value
Pre Test (n:16 patients (30 hands) Post Test (n:16 patients (30 hands)
Sensory Nerve
. . 40.40+2.93 40.96+3.02 .
Conduction Velocity 4035 (35.3-45.7) 41.40 (34.2-46.9) -2.575 0.01
(m/s) : ’ ’ ’ : ’
Mean+SD
Median (Min-Max) z P
value value
Pre Test (n:16 patients (30 hands) Post Test (n:16 patients (30 hands)
. 29.03+1.58 29.57+1.90
Grip strength (kg) 28.75 (26.90-31.60) 29.25 (26.20-33.20) -1.34 018
6.10+0.76 3.47+0.57 .
VAS 6 (5-6) 3 (3-5) -4.89 0.00
Function (UEFI) 2 aas e -4.79 0.00***

VAS: Visuel Analog Scale z: Paired Samples T Test. *p<0.05, z: Wilcoxon Signed Ranks Test.

Within the experimental group, pre-test and post-
test values were analyzed. The results of the analy-
sis indicated a statistically significant difference in
EMG findings, which assessed the nerve conduction
velocity of the sensory branch of the median nerve,
VAS pain scores, and UEFI values, reflecting the
functional status of the upper extremity (p<0.05)
(Table 2).

Within the sham group, pre-test and post-test val-
ues were compared. The results of the analysis in-
dicated a statistically significant difference in EMG
findings, which assessed the nerve conduction ve-
locity of the sensory branch of the median nerve,

VAS pain scores, and UEFI values, reflecting the
functional status of the upper extremity (p<0.05)
(Table 3).

Within the control group, pre-test and post-test
values were compared. The results of the analysis
indicated a statistically significant difference in
EMG findings, which assessed the nerve conduction
velocity of the sensory branch of the median nerve,
VAS pain scores, and UEFI values, reflecting the
functional status of the upper extremity (p<0.05)
(Table 4).

Upon analyzing the intergroup differences, statisti-
cally significant differences were identified among

Table 4. Comparison of Pre-Test and Post-Test EMG, Grip Strength, VAS and UEFI Measurement Results of the Control

Group
MeantSD
Median (Min-Max) t P
value value
Pre Test (n:17 patients (30 hands) Post Test (n:17 patients (30 hands)
Sensory Nerve
. . 41.40+2.06 42.11+2.28 "
c°“d“‘§:“:;‘s;' elocity 41.20 (37.30-45.30) 42.55 (35.90-45.70) 2326 0.02
Mean+SD
Median (Min-Max) z P
value value
Pre Test (n:17 patients (30 hands) Post Test (n:17 patients (30 hands)
. 28.68+2.10 28.76+2.31
Grip strength (kg) 28.65 (23.80-31.90) 28.70 (21.10-33.10) 335 0.59
VAS 6'3?_:%‘)36 3';‘ 3&2’57 -4.941 0.00%**
Function (UEFI) e o453 P 4795 0.00***

VAS:Visuel Analog Scale UEFI: Upper Extremity Fonctional index z: Paired Samples T Test. *p<0.05, z: Wilcoxon Signed Ranks Test.
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The Effects of Transcutaneous Auricular Vagus Nerve Stimulation on Nerve Conduction Velocity, Grip Strength, Pain, and Upper Extremity Functionality in Individuals with
Carpal Tunnel Syndrome

Table 5. Comparison of Pre-Test and Post-Test EMG Measurement Results of Experimental, Sham and Control Groups

Y

Mean+SD
Median (Min-Max)
- F/x? p
E&R?glr::;?:tg:ggp Sham Group (n:18 Control Group (n:17 value value
hands)) patients (30 hands)) patients (30 hands))
41.05+2.75 40.40+2.93 41.40+2.06
Sensory Nerve ~ Pre-Test ;5 (35.40-45.30) 40.35 (35.30-45.70) 41.20 (37.30-45.30) 1.12F 032
Conduction

Velocity (m/s) Post Test 45.64+2.55 40.96+3.02 42.11+2.28 32708x2  0.00%**

45.75 (40.80-49.20)

41.40 (34.20-46.90)

42.55 (35.90-45.70)

F: One-Way ANOVA Test. x*: Kruskal-Wallis H Testi. ***p<0.005

the groups concerning nerve conduction velocity,
pain, and upper extremity functionality, whereas
no significant differences were observed regard-
ing muscle strength. The difference between the
groups is in favour of the experimental group. While
the experimental group showed a significant differ-
ence compared to the sham and control groups, no
significant difference was found between the sham
and control groups (Table 5).

DISCUSSION

This study was carried out to investigate the effect
of auricular vagus nerve stimulation on nerve con-
duction velocity, pain, grip strength and upper ex-
tremity functionality in individuals diagnosed with
carpal tunnel syndrome. The study is one of the
first studies in the literature and aims to develop a
new treatment method in the clinic.

CTS is characterized by a constellation of symp-
toms resulting from the compression of the median
nerve at the carpal tunnel level. The predominant
clinical manifestations include pain, numbness, and
tingling (2, 19, 20).

Common symptoms in CTS, such as hand pares-
thesia and morning pain are primarily attributed to
local inflammation and tenosynovitis of the finger
flexors, leading to damage of the median nerve. This
damage is caused by carpal tunnel stenosis, the an-
atomical structures surrounding the median nerve,
and the considerable mobility of the wrist. These
factors lead to prolonged venous stasis, ischemia,
and edema, collectively affecting the structure and
function of the median nerve and subsequently ele-
vating the pressure within the carpal tunnel (5, 21).

In CTS, edema tends to predominantly affect senso-
ry nerve fibers, while ischemia exerts a greater im-
pact on nociceptive fine fibers. Alterations in wrist
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positioning can further aggravate inflammation
and ischemia within the carpal tunnel. Techniques
aimed at alleviating venous stasis and edema, and
effectively reducing pressure within the carpal tun-
nel, are regarded as beneficial maneuvers for ad-
dressing this condition (22).

In recent years, the use of taVNS has gained mo-
mentum as a therapeutic approach with such ef-
fects. The vagus nerve is recognized as a key reg-
ulator of the parasympathetic nervous system, an
autonomic nervous system division However, it is
known as a modulator of inflammation (23, 24).
This role is achieved through the release of acetyl-
choline and its binding to acetylcholine receptors.
However, nicotinic receptors have also been identi-
fied as influential in controlling systemic inflamma-
tion (25). Beyond this, the vagus nerve is also effec-
tive in pain modulation. Given these two attributes,
vagus nerve stimulation has started to be explored
as a novel therapeutic approach with potential ap-
plications in conditions such as inflammatory bow-
el diseases and musculoskeletal disorders (26, 27).

Early studies into the anti-inflammatory potential
of vagus nerve stimulation focused on patients
with epilepsy. As a result, research demonstrated
that VNS contributes to the reduction of serum in-
terleukin-6 (IL-6) levels while elevating the inter-
leukin-10 (IL-10) levels (28, 29). Furthermore, VNS
has also been proven to decrease the production
of interleukin-8 (IL-8), tumor necrosis factor (TNF),
interleukin-1B (IL-1B), and interleukin-6 (IL-6) (24,
30). In addition, vagus nerve stimulation can atten-
uate neuronal damage through shared cholinergic
anti-inflammatory pathways (31, 32).

An investigation was carried out to assess the im-
pact of vagus nerve stimulation on peripheral neu-
ropathies. The study involved the classification of



rats into four distinct groups, namely: control, VNS,
sham surgery, and chemotherapy-induced periph-
eral neuropathy (CIPN). In the CIPN, sham surgery,
and VNS groups, rats received intraperitoneal in-
jections of 2 mg/kg paclitaxel on separate days,
while the control group was administered saline.
On the first day, the sham surgery group under-
went a sham surgical procedure. The VNS group,
on the other hand, received vagus nerve stimula-
tion, while no interventions were performed on the
control and CIPN groups. Various behavioral tests,
western blotting assays, and immunohistochemis-
try assessments were performed throughout the
study. The results indicated a significant reduction
in withdrawal latency due to paclitaxel treatment.
This reduction was more pronounced in the VNS
group when compared to the sham surgery group.
However, the VNS group displayed no alterations in
the expression of nuclear factor-kappa B (NF-kB)
or tumor necrosis factor-alpha (TNF-a) compared
to untreated rats, while interleukin-10 (IL-10) lev-
els were notably upregulated (33).

In a separate study involving rats, the effects of
VNS on neurodegenerative conditions and motor
symptoms were examined. The rats were catego-
rized into five groups: control, lesion, lesion+low
frequency VNS, lesion+high frequency VNS, and
lesion+microburst biomimetic VNS. In the study,
daily locomotor activities, forelimb akinesia, the
number of TH-positive neurons in the LC-NE sys-
tem, impacts on the substantia nigra dopaminer-
gic (SN-DA) system, and neuroinflammation were
assessed. The findings of the study demonstrated
that locomotor activity levels, forelimb akinesia,
the number of TH-positive neurons in the LC-NE
system, effects on the SN-DA system, and neuroin-
flammation were restored to baseline values in all
groups. However, the groups receiving VNS had
more significant improvements compared to the
other groups. These results suggest that VNS could
effectively impede disease progression by target-
ing degeneration mechanisms rather than solely
addressing symptom management (34).

Conclusion

In our study, we conducted a comparative analysis
among the experimental, sham, and control groups
to evaluate the efficacy of the intervention under
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investigation. This analysis revealed a significant
difference favoring the experimental group in pa-
rameters related to sensory branch nerve conduc-
tion velocity, pain levels, and upper extremity func-
tionality; whereas, no significant difference was
observed between the sham and control groups. In
addition, our comparisons did not reveal any signif-
icant difference among the groups concerning grip
strength. Upon careful examination of the findings,
it becomes evident that individuals diagnosed with
CTS experience a notable impact on their upper ex-
tremity functionality. This impact can also affect
their professional, social, and physical well-being.
We propose that the use of taVNS may hold prom-
ise in the treatment of these symptoms.
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TELIF HAKKI DEVIR FORMU

isimli makalenin tim yayin haklarini Tiirk Fizyoterapi ve Rehabilitasyon Dergisi’ne devrediyoruz.

Asagida imzasi olan yazarlar makaleyi dikkatlice okumuslardir ve icerigi, dili ve bicimi konusunda fikir
birligi icindedirler. Makalenin 6zgiin oldugunu, baska bir dergide yayimlanmadigini ve baska bir dergiye

yayimlanmak lzere génderilmedigini beyan ederler.

(LOTFEN BUTUN YAZARLARIN iSIMLERiINi MAKALEDEKI iSiM SIRALAMASINA GORE YAZINIZ. YAZARLARIN TAMAMININ iMZASI

GEREKMEKTEDIR.)
isim: imza: Tarih:
isim: imza: Tarih:
isim: imza: Tarih:
isim: imza: Tarih:
isim: imza: Tarih:
isim: imza: Tarih:
isim: imza: Tarih:
isim: imza: Tarih:

CIKAR CATISMASI FORMU:

Yazarlar bu calismada, herhangi bir kisi, kurum veya kurulusla, sonuclarinda ve ifade edilen gérislerde &n-
yargili davranmaya neden olabilecek bir mali yarar veya cikar iliskisinin olmadigini bildirirler. (Not: Béyle bir
yarar veya iliski var ise, ayrica mutlaka beyan edilmelidir.)

(LOTFEN BUTUN YAZARLARIN iSIMLERiINi MAKALEDEKI iSiM SIRALAMASINA GORE YAZINIZ. YAZARLARIN TAMAMININ iMZASI

GEREKMEKTEDIR.)
isim: imza: Tarih:
isim: imza: Tarih:
isim: imza: Tarih:
isim: imza: Tarih:
isim: imza: Tarih:
isim: imza: Tarih:
isim: imza: Tarih:
isim: imza: Tarih:
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YAZAR KATKI FORMU

969

“Yazar”, yayimlanmis bir calismaya bagimsiz entelektiiel katki saglayan kisi olarak kabul edilir. Telif Hakki
Devir Formu'nda isimleri belirtilen yazarlarin dergiye gonderilen makaleye dogrudan katki vermis olmasi
gerekir. Yazar olarak belirlenen isim asagidaki 6zelliklerin timune sahip olmalidir:

+ Cahismanin planlanmasina ve verilerin toplanmasina veya verilerin analizine ve yorumlanmasina katkisi
olmaldir.

+ Makale taslaginin hazirlanmasi veya revize edilmesine katkida bulunmalidir.
+ Makalenin dergiye génderilecek ve yayinlanacak son halini okuyup kabul etmelidir.

Yazarlarin siralamasi yardimci yazarlarin ortak karari olmalidir. Yazarlar, ihtiyag halinde yazar siralamasini
aciklamaya hazirlikli olmahdir. Sorumlu yazar, calismanin yayimlanmasindan sonra, ihtiyac halinde veri ve
ek bilgi saglamalidir.

Yazarlik kriterlerini saglamayan her katkidan makalenin “Aciklamalar” bélimiinde bahsedilmelidir. Fon
saglamak, veri toplamak, arastirma grubunun genel danismanligini yapmak, yazinsal ve teknik diizenleme,
dil redaksiyonu ve diizeltmeler tek basina yazarlik hakki saglamadigindan, “Aciklamalar” bélimiinde
bahsedilecek basliklardir.

Bu formda belirtilen kosullar, Bilim Editérleri Konseyi (Council of Science Editors [CSE]) ve Uluslararasi Tip
Dergi Editorleri Komitesi (International Committee of Medical Journal Editors [ICMJE]) kilavuzlarina goére
diizenlenmistir (www.cse.org, www.icmje.org).

BASHIK: ettt RS R R R R
KATKI TURU ACIKLAMA KATKIDA BULUNANLAR
FIKiR/KAVRAM Arastirma hipotezini veya fikrini olusturmak
TASARIM Sonuclara ulasiimasini saglayacak yontemi

tasarlamak

DENETLEME/DANISMANLIK Arastirmanin yiritiilmesini organize etmek,
ilerlemesini gozetmek ve sorumlulugunu

almak

KAYNAKLAR VE FON SAGLAMA Calisma icin gerekli personel, mekan,

finansal kaynak ve arag-gerecleri saglamak

MATERYALLER

Materyaller ile ilgili sorumluluk almak

VERI TOPLAMA VE/VEYA VERI ISLEME

Verilerin toplanmasi, diizenlenmesi ve
raporlanmasi icin sorumluluk almak

ANALIZ VE/VEYA YORUMLAMA

Bulgularin degerlendirilerek
sonuglandiriimasinda sorumluluk almak

LITERATUR TARAMASI

Calisma icin gerekli literatiir taramasinda
sorumluluk almak

MAKALE YAZIMI

Calismanin tamaminin veya 6nemli
boliimlerinin yazilmasinda sorumluluk
almak

ELESTIREL INCELEME

Calismanin raporlanmasindan sonra,

dil ve yazinsal diizeltmelerden bagimsiz
olarak bilimsel anlamda calismayi yeniden
degerlendirmek
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to explain the author’s rank, if needed. The corresponding author should provide data and additional
information if necessary after the publication of the work.
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DESCRIPTION
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responsibility
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Taking responsibility for the materials
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Taking responsibility for collecting,
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