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ORIGINAL ARTICLE

Boyun agrili bireylerde aerobik ve yiiksek yogunluklu
interval egitimin solunum fonksiyonlari iizerine etkisi:
Randomize kontrollii calisma

Effect of aerobic and high-intensity interval training on respiratory function in individuals with
neck pain: A randomized controlled trial

Sinem AYYILDIZ CINAR?, Aynur DEMIREL?, Mehmet Levent SAHINER2, Halil Kamil OGE3, Sevil BiLGIN®

0z Amag: Bu calismanin amaci kronik boyun agnsi olan bireylerde aerobik egzersiz (AE) ve yiiksek yogunluklu aralikli antrenmanin
(YYAA) solunum kas kuvveti, solunum fonksiyonlar, agn ve 6ziir diizeyi lizerindeki etkilerini karsilagtirmakti.
Yontem: Randomize kontrollii tek kér bir calisma olarak planlanan bu calisma, 18-55 yas aralifinda (ortalama yas 40,52+10,90)
50 kronik agnili bireyin randomize olarak AE (n=16), YYAA (n=16) ve kontrol grubu olarak (n=18) aynimasi ile gerceklesti. Solunum
kas kuvveti (MiP, MEP), solunum fonksiyon testleri [Zorlu hava hacmi (FEV 1), Zorlu vital kapasite (FVC), (FEV 1/FVC), maksimal
ekspirasyon ortasi akim hizi (FEF%25-75), Zirve ekspiratuar akim hizi (PEF)], agn siddeti (VAS) ve boyun 6ziir indeksi
degerlendirildi.
Bulgular: Her iki uygulama grubu, kontrol grubuna gore MiP degerinde istatistiksel olarak anlamli artig gosterdi (p<0.05). MEP
ise yalmzca YYAA grubunda anlamh olarak artti (p<0.05). Solunum fonksiyon testlerinde (FEV1, FVC, FEV1/FVC,
FEF%25-T75, PEF) gruplar arasinda istatistiksel olarak anlamli fark bulunmadi (p>0.05). Agn diizeyi ve éziir agisindan her iki
egzersiz grubu benzer diizeyde iyilesme gosterdi (p<0.05).
Sonug: AE ve YYAA, kronik boyun agnsi olan bireylerde solunum kas kuvvetini artirmada, agn ve 6ziir diizeyini azaltmada etkili
yaklagimlardir. YYAA, ekspiratuar kas kuvveti iizerindeki iistiin etkisiyle 6ne cikmaktadir. YYAA, katiimcilarin keyifli buldugu ve
uygulanabilir bir egzersiz yaklasimi olarak kronik boyun agrili bireylerin rehabilitasyon protokollerine entegre edilebilir. Bu durum,
egzersize uyumu artirarak hasta odakli olumlu sonuglara katki saglayabilir.
Anahtar kelimeler: Solunum kaslari, Solunum fonksiyon testleri, Boyun agnisi, Aerobik egzersiz, Yilksek siddetli aralikli
antrenman.

Abstract Pumpose: The aim of this study was to compare the effects of aerobic exercise (AE) and high-intensity interval training (HIIT) on
respiratory muscle strength, respiratory function, pain, and disability levels in individuals with chronic neck pain.
Methods: This study, designed as a randomized controlled single-blind trial, involved 50 individuals aged 18-55 years (mean
age 40.52 + 10.90) with chronic pain, who were randomly assigned to the AE group (n = 16), the YYAA group (n = 16), and the
control group (n = 18). Respiratory muscle strength (MIP, MEP), respiratory function tests (Forced expiratory volume (FEVI), forced
vital capacity (FVC), (FEV1/FVC), peak expiratory flow rate (PEF 25-75%), Peak expiratory flow rate (PEF), pain intensity (VAS),
and neck disability index were evaluated.
Results: Both intervention groups showed a statistically significant increase in MIP compared to the control group (p<0.05). MEP
increased significantly only in the YYAA group (p<0.05). There was no statistically significant difference between the groups in
respiratory function tests (F£V1, FVC, FEV1/FVC, FEF%25-75, PEF) (p>0.05). Both exercise groups showed similar levels of
improvement in pain level and disability (0<0.05).
Conclusion: AE and YYAA are effective approaches for increasing respiratory muscle strength, and reducing pain, and disability
levels in individuals with chronic neck pain. YYAA stands out for its superior effect on expiratory muscle strength. YYAA can be
integrated into rehabilitation protocols for individuals with chronic neck pain as an exercise approach that participants find
enjoyable and feasible. This can contribute to patient-centered positive outcomes by increasing exercise compliance.
Keywords: Respiratory muscles ,Respiratory function tests ,Neck pain, Aerobic exercise ,High-intensity interval training
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GIRIS

Boyun agrisi, hayat1 tehdit etmese de
yasam kalitesini etkileyen ve 1g glclnde
dismeye sebep olan ciddi bir ekonomik ve
epidemiyolojik problemdir. Engellilige sebep
olan morbidite nedenleri arasinda 6. sirada yer
almaktadir ve dinya genelinde insidansi
yaklagik %4,6 ile %5,3 arasinda degismektedir.!

Kronik boyun agrisi olan kigilerde derin
servikal fleksor ve ekstansor kaslarda kuvvet ve
enduransta azalma, yuzeyel boyun
fleksorlerinde hiperaktivite, servikal hareket
acikliginda azalma, basta anterior tilt, azalmig
propriosepsiyon ve noromuskuler bozukluklar
gorilmektedir.2 Ayrica servikal ve torasik
bolgelerin  kas-iskelet sistemi ve sinirsel
baglantis1 boyun agrili bireylerde solunum
fonksiyonu bozukluklar: ile
iligkilendirilmektedir.34 Kapreli vd. tarafindan
bu iligki ayrintili bir hipotez ile yayinlamis ve
sonraki yillarda yapilan ¢aligsmalarla bu iligkiye
dair bulgular desteklenmistir.4 Boyun agrisinin
solunum fonksiyonlar1 tzerindeki etkisi,
servikal hareket acikliginin azalmasi ve kas
fonksiyonlarindaki degisiklikler araciligiyla
ortaya c¢ikarak, akciger kapasitesini olumsuz
yonde etkileyebilir.45 Kronik boyun agris1 olan
bireylerde bazi solunum hacimlerinin daha
disik oldugu ve solunum kas kuvvet ve
dayaniklihigimin, servikal hareket acikhigi ve
psikolojik durumlarin solunum
parametreleriyle énemli 6l¢tide iligkili oldugu
tespit edilmistir. Hastalarda daha diisiik Pco2
ve gogls genislemesi ile boyun agris1 arasinda
onemli bir iligki oldugu da gosterilmigtir.
Bununla birlikte bu bireylerde solunum
egzersizlerinin bazi servikal kas-iskelet sistemi
ve solunum bozukluklarini iyilestirmede etkili
oldugu goérilmustiir ve fonksiyonel pulmoner
bozukluklarin kronik boyun agrisina eglik ettigi
bilinmektedir.? Ren vd. tarafindan yapilan bir
c¢alisma, bu hastalardaki disfonksiyonel
solunumun artan boyun sakatligi ve stres ile
iligkili oldugunu gostermis, solunum egitiminin
de dahil oldugu kapsaml bir rehabilitasyonun
potansiyelini vurgulamigtir.6 Dimitriadis vd. de
kronik boyun agrisi olan hastalarda solunum
fonksiyon bozuklugunun hayati solunum
fonksiyonlarini etkileyebilecegini vurgulayarak,
solunum degerlendirmesi ve tedavisinin
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standart fizyoterapi uygulamalarina dahil
edilmesi gerektigini 6nermigtir.5

Literatiirde  boyun agrili  bireylerde
solunum kapasitesini etkileyen uygulamalara
yonelik kargilagtirmali ¢alismalar yetersizdir.
Yeampattanaporn vd. yaptigi c¢alismada
solunum kas egitiminin boyun agrisina etkisi
arastirilmis ve hastalarin dinlenme sirasindaki
agris1 ve fonksiyonel hareketi iyilesmis,
yardime1r solunum kaslarinin EMG aktivitesi
azalmigtir.” McLaughlin vd. ise 2011'de
yaptiklar: ¢alismada solunum egitiminin boyun
agrili hastalarda agr1 ve kan karbondioksit
diizeyini azalttigin1 géstermiglerdir.t Wirth vd.
2016’da yaptig: pilot calismada ise boyun agrili
hastalarda solunum kas endurans egitiminin

hastalarin, maksimal istemli ventilasyon
(MVV), maksimum inspiratuar basin¢ (MIP) ve
maksimum  ekspiratuar  basin¢ = (MEP)

parametrelerini artirdigr ve Ozur dizeyini
azalttigr gorulmustir.?

Aerobik egzersiz (AE), viicutta oksijen
tiketimini arttiran biiytik kas gruplarinin dahil
edildigi ritmik ve stirekli egzersizlerdir. Aerobik
egitim ile aerobik kapasitenin gelistirilmesi
amaclanmaktadir. Aerobik kapasite, pulmoner
ve kardiyovaskiiler sistemin kaslara maksimal
oksijen transport edebilme yetenegi seklinde
tamimlanmaktadir.10 Aerobik egzersizin,
egzersiz toleransini ve yagam kalitesini artirdigi
kalp hastaligi, diyabet gibi kronik hastalik
riskini, psikolojik stresi ve anksiyeteyi azalttigi
bilinmektedir.1112  Aerobik egzersizler tidal
volim, vital kapasite, difizyon kapasitesinde
artis saglar, solunum fonksiyonu ve solunum
kas  kuvvetini iyilegtirir!34 ve = g6gis
ekspansiyonunu artirir.l4 Aerobik egzersizler
solunum fonksiyonunda etkili olduguls.16 gibi,
agrilh  kigilerde de c¢alisma  yetenegini
iyilestirdigi bilinmektedir.!? Literatiirde boyun
agrili grupta olarak aerobik egzersizin solunum
uUzerine etkilerini arastiran c¢alisma bilgimiz
dahilinde bulunmamaktadar.

Son yillarda popilaritesi artan Yiksek
Yogunluklu Aralikli Antrenman (YYAA) ise kisa
stirede yuksek eforla yapilan, endorfin salinimi
ve anti-inflamatuar etkileri nedeniyle dogal bir
agr1 kesici olarak da degerlendirilen ve solunum
dahil birgok fizyolojik sistemi aktive eden bir
egzersiz bicimi olarak 6n plana ¢ikmigtir. Wang
vd. KOAH hastalarinda YYAA'nin VO,peak
artigy, solunum kaslarmi kuvvetlendirdigi ve
yasam  kalitesinde iyilesme sagladigini,

Journal of Exercise Therapy and Rehabilitation



Ayyildiz Cinar et al

katilimcilarin ~ egzersiz sonrasi dispne
diizeylerinin azaldig1 ve yorgunluk toleransinin
arttigini bildirmiglerdir.1® Cuenca-Martinez vd,
kas iskelet sistemi hastaliklarinda YYAAnin
sadece kas gucunu degil, kardiyorespiratuvar
uygunlugu (VO2max) da artirarak genel saghk
durumunu iyilestirdigini raporlamiglardir.1®
Botta vd. ise yayinladiklar1 derlemede kronik
agrida YYAAnin akciger ventilasyonunu
artirdigini  vurgulamistir.2® Ancak YYAA'nin
boyun agris1 gibi spesifik kas-iskelet sistemi
rahatsizliklarindaki etkileri heniiz yeterince
aragtirilmamis olup, daha fazla klinik
¢alismaya ihtiya¢ duyulmaktadir. Bu ¢aligma ile
elde edilecek bulgular, kronik boyun agrisi olan
bireylerde agriyla birlikte solunum
fonksiyonlarini iyilestirmeye yonelik etkili
egzersiz protokollerinin belirlenmesine katka
saglayarak hem semptom yonetimini
kolaylagtirabilir hem de hastalarin yasam

kalitesini  artiracak  yeni  rehabilitasyon
yaklagimlarinin geligtirilmesine zemin
hazirlayabilir.

AE ve YYAA'nin solunum parametreleri
uzerindeki etkilerini karsilagtiran arastirma
olmadig1 gbéz éntne alindiginda, bu ¢alismanin
birincil amac1 AE ve YYAAnin solunum kas
kuvveti ve solunum fonksiyon testleri
uzerindeki etkilerini karsilagtirmakti. Ayrica,
ikincil amag agr1 ve 6zur Uzerindeki etkilerini
karsilagtirmakti.

YONTEM

Bu calisma 2023 mayis ve 2024 aralhk
arasinda kronik boyun agrisi olan bireylerde tist
ekstremite ile yapilan AE ve YYAA'nin solunum
fonksiyonlar1 {lzerine etkisini arastiran 8
haftalik randomize kontrollii bir ¢aligmadir. 50
hasta, Dbilgisayar tabanli randomizasyon
programi (random.org) ile AT, YYAA ve kontrol
grubu olmak lizere 3 gruba ayrildi
Degerlendirmeler 8 haftalik egzersiz
programindan 6nce ve sonra yapildi. Calismada
hastalarin ¢alisma uygulamalarina kér oldugu
tek kor bir tasarim kullanildi. Tedaviyi
uygulayan fizyoterapist kor degildi. Calisma
protokolii Universitenin  Girisimsel Klinik
Aragtirma Etik Kurulu tarafindan onaylandi
(Karar No: 2023/19-09 KA21111). Calisma
ClinicalTrials.gov'a  kaydedilmistir  (Kayit
Numarasi: NCT05485220). Tiim bireyler

Helsinki Bildirgesine gore g¢alisma hakkinda
bilgilendirildi ve c¢alismaya dahil edilmeden

6nce katillm i¢in imzali Dbilgilendirilmig
onamlar1 alindi.

Katilimcilar

Bu calisma, Hacettepe  Hastanesi

Norosirurji Bolimiine bagvuran, kronik boyun
agris1 tanis1 ile fizik tedavi i¢in Hacettepe
Universitesi Fizik Tedavi ve Rehabilitasyon
Fakiiltesine yonlendirilen bireylerle yapildi. 18
— 55 yasg arasi, 3 aydan fazladir boyun agrisi
olan, VAS'da >30 mm olan kronik boyun agrisi
olan hastalar dahil edildi. Hamileler, herhangi
bir kardiyovaskiiler veya pulmoner hastalig
olanlar, herhangi bir medikal durum nedeniyle
egzersiz yapamayanlar, son 6 ayda boyun agrisi
ile ilgili fizik tedavi almis olanlar, malignite
Oyklistii olanlar, spinal kirik varhigi olanlar,
omuz kirig1, omuz subluksasyonu, servikal veya
omuz cerrahisi, migren, romotolojik hastaliklar,
servikal kok kompresyon sendromu olanlar,
norolojik veya inflamatuar spinal patolojisi
olanlar, kronik wiplash ve travmatik boyun
yaralanmasi olanlar dahil edilmedi. Calismanin
akis semasi Sekil 1’de verilmektedir.

Orneklem bityiiklagii

Bu c¢alismanin 6rneklem buyukligd,
literatirde solunum kas giicli lizerine yapilan
randomize kontrolli c¢alismalarda bildirilen
degisim degerlerine dayanarak belirlendi.
Ozellikle maksimum ekspiratuvar basimg (MEP)
uzerinde yapilan meta-analizde, uygulama
sonras1 ortalama 8cmH,0 artig, standart
sapma 1se yaklagtk 10ecmH,0O olarak
bildirilmigtir.2t Ug grup iceren tekrarh 6lgiimler
tasarimina dayali G*Power yazilimi (siiriim 3.1)
kullanildi. Etki Dbuyuklugi, literatiirde
belirtilen ¢aligma verilerine dayanarak Cohen’s
f = 0,56 olarak kabul edildi. Istatistiksel
anlamhlik diizeyi a = 0.05, istatistiksel gii¢c (1—
B) ise %80 olarak belirlendi. Bu parametreler
dogrultusunda yapilan analizde, her grupta en
az 15 katilimc1 olmak Uzere toplam 45
katilmcinin  yeterli istatistiksel giic (%80)
sagladigi belirlendi.

Degerlendirmeler

Calismanin basglangicinda katilimeilarin
yas (y1), cinsiyeti, boy uzunlugu (cm), vicut
agirhig1 (kg), viicut kiitle indeksi (VKI) (kg/m2),
egitim durumu ve ¢alisma durumu kaydedildi.

Solunum Sistemi Degerlendirmeleri

Solunum Kas Kuvveti Olgiimii
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Tagmabilir agiz i¢i basing olgim cihaz
(Micro Medical MicroMPM, Kent, Ingiltere) ile
ekspiratuar kas kuvveti (maksimal ekspiratuar
basing, MEP) ve inspiratuar kas kuvveti
(maksimal inspiratuar basin¢, MIP) 6lciimleri
yapildi.22 MIP o6l¢gimi i¢in  kigsiden oOnce
maksimum ekspirasyon yapmasi istenerek
ekspirasyon sonunda kiginin burnu bir klips
yardimiyla kapatildi ve 1-3 sn surdirecek
sekilde maksimum inspirasyon yapmasi istendi.
MEP o6lgimi yapilan kisiden ise maksimum
inspirasyon sonunda burun bir klips yardimiyla
kapatilarak 1-3 sn strecek sekilde maksimum
ekspirasyon yapmasi istendi. Ol¢iimler %10’ luk
veya 10 cmH20 bir fark olmayacak sekilde ti¢
kez tekrar edildi. Ug 6l¢iim arasindan en yiiksek
olani istatistiksel analiz i¢in kullanildi.

Solunum Fonksiyon Testi

Olgiimler ~ spirometre  (Spirolab  III,
Spirolab, Medical International Research,
Roma, Italya) ile yapildi.2?3 Degerlendirmede
birinci saniyedeki Zorlu hava hacmi (FEV1),
Zorlu vital kapasite (FVC), (FEV1/FVC) ve
maksimal ekspirasyon ortast akim iz
(FEF%25-175), Zirve ekspiratuar akim hiz
(PEF) degerleri kaydedildi. Birbiriyle uyumlu 3
O6lcimden en yiksek deger kaydedildi.
Olgtimlerin sonuglar1 yas, cinsiyet, viicut
agirligt ve boya gore beklenen degerlerin
yuzdesi olarak ifade edilmistir. Sonuglarin
yorumlanmasinda referans ylzde olarak
Avrupa Solunum Cemiyeti (ERS) 93 degerleri
kullanildi.24

Klinik Parametreler

Agr1 Siddeti

Katilimcilardan, aktivite sirasindaki agr
siddetlerini, 0-100 mm uzunlugundaki Visual
Analog Scale (VAS) iizerinde isaretlemeleri
istendi. Skalada 0= agr1 yok, 100= dayanilmaz
agr1 var anlamindadir. Isaretli yerin degeri bir
cetvel ile hesaplanarak mm olarak kaydedildi.?s

Boyun Oziir Indeksi (BOI)

BOI, boyun rahatsizliklarinin neden
oldugu agr1 ve giunlik yasam aktivitelerindeki
limitasyonlarinin  6lgimi  i¢in, anlagilmasi
kolay, giivenilir ve gegerli bir aragtir. Indeks 0
ile 5 arasinda puan alan 10 sorudan
olusmaktadir. Yiksek puan yiksek Ozlr
seviyesini gostermektedir. 0 — 4 aras1 puan 6ziir
olmadigini, 5 — 14 arasi puan hafif 6zri, 15 — 24
arasi puan orta dereceli 6zri, 25 — 34 arasi puan
ciddi 6zri, 35 ve lizeri puan ise tam 6zru ifade
eder.26

Ayyildiz Cinar et al

Tedaviler

Egitim grubuna dahil edilen tiim boyun
agrili  bireyler, Hacettepe  Universitesi
Hastanesi Kardiyoloji Anabilim Dal
poliklinigine ydnlendirilip rutin testlerle
(elektrokardiyogram [EKGI], ekokardiyografi,
rutin biyokimyasal testler) bir kardiyolog (MLS)
tarafindan degerlendirilerek egitim sirasinda
yan etki riskinin azaltilmasi saglandi. Hem AE
hem de YYAA gruplar: 8 hafta boyunca haftada
3 kez olmak tizere fizyoterapist gézetiminde kol
ergometresi cihaziyla (Monark, Rehab Trainer
881 E) 24 seanshk bir rehabilitasyon
programina tabi tutuldu.

Her iki grup igin egitime baglamadan bir
glin once kol ergometresi testi ile ig yuki
belirlendi. Ikinci giin egitim programina
baglandi. Kol ergometresiyle 1is yikina
belirlemek igin, katilimcinin test Oncesi ve
sonrasinda kan basinci, parmaga takilan
portable pulse oksimetre ile kalp hiz1 (KH) ve
oksijen saturasyonu (SpO2) degerleri, dispne,
kol yorgunlugu ve boyun agris1 algilamasi
Modifiye Borg skalasi ile sorgulandi. Baglangic
degerleri alindiktan sonra katilimca 0 Watt (W)
is yukinde ve devir hizi 60-75 devir/dakika
olacak sekilde kol ergometresini c¢evirmeye
bagladi ve 2 dakikada bir 10W ig yiikl artisi ile
ilerlendi. Her ig yuki artigindan énce hastanin
kol yorgunlugu ve dispne algilamasi, KH ve
SpO2 degerleri takip edildi. Hasta test
sonlandirma kriterlerinden birine ulastiginda
test sonlandirildi ve son ulastig is yuki zirve is
yiki olarak belirlendi. Test sonlandirma
kriterleri; katilimcinin yasa gére maksimal kalp
hizina ulagmasi, dispne, kol yorgunlugu, agri
veya herhangi bir nedenle devam
edememesinden birisi veya bir kag¢ tanesinin
bulunmasi seklindeydi.

Aerobik egzersiz

Her seans hafif yogunlukta (zirve is
yiikiiniin %401) 3 dakikalik 1s1nma ile baslada.
AE, toplam 35 dakika boyunca en yiksek ig
yikinin %60-70'inden olusturuldu. Son 5 dk
yine zirve i1g yukinin % 40 da toparlanma
yapilarak seans bitirildi. Bu nedenle AE icin
toplam stre 45 dk idi.l7 Ilerleyen seanslarda
egzersiz siddeti katilime1 i¢in kolaylastik¢a is
yikii kademeli olarak hastanin tolerasyonu
gozlemlenerek yukseltildi. Is yika katilimeinin
agr siddetini artirmayacak diizeyde tutulacak
sekilde ayarlandi.
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Uygunlugu Degerlendirilen Hasta

(n=90)

Dahil edilmeyen hastalar:

e Kardiyovaskiler
hastaliklar (n=9)

e Astim (n=4)

e Omuz subluksasyonu
(n=3)

e Spinal cerrahi (n= 3)

e Malignite (n=5)

ilk Degerlendirme

Randomizasyon
(n=50)

¢ Herhangi bir tibbi
durum nedeniyle
egzersiz
yapamayanlar (n=9)

o Katilmak istemeyenler
(n=:F)

Aerobik Egzersiz Grubu
(n=16)

Yuksek Yogunluklu Aralikl
Egzersiz Grubu
(n=16)

Kontrol Grubu
(n=18)

Takip
8 Hafta

Takipte Kayip
(n=6)
1 kisi sehir disina taginma
5 kisi tedaviye devam
etmek istememe

Takipte Kayip
(n=3)
1 kisi kardiyovaskiler tani
2 kisi tedaviye devam
etmek istememe

Takipte Kayip
(n=5)
ikinci degerlendirmeye
gelmek istememe

Analiz
Intention to Treat
(Tedavi Amaclh Analiz)

A 4

Analiz edilen

(n= 16)

y

Analiz edilen
(n=16)

Sekil 1. Calismanin akis semasi.

y

Analiz edilen
(n=18)
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Yiksek Yogunluklu Aralikli
(YYAA)

45 dakikalik siirenin ti¢ dakikasi 1sinma ve
5 dakikas1 soguma olmak tizere %40-50 zirve is
yikiunde gerceklestirilmistir. Toplamda 45 dk
olacak gekilde 30 sn zirve ig ylkunin %90-
95’inde, aralarda 60 sn, % 40-50 is yikinde
aktif toparlanma olacak sekilde planlandi.

Ilerleyen seanslarda egzersiz siddeti
katilime1 igin kolaylastikea, yikleme
sirasindaki egzersiz siddeti hastanmin agri
diizeyini yiikseltmeyecek gsekilde kademeli
olarak yiikseltildi. Bu is yikine goére aktif
toparlanma sirasinda is yuki de dengelenerek
egzersiz siddeti kademeli olarak artirildi.

Kontrol Grubu

Bu gruptaki katilimcilara her zamanki
aktivitelerine devam etmeleri, ancak semptom
yonetimi i¢in yeni bir terapotik bir yaklagim
baglatmamalar: Onerildi. Katilimcilara,
¢alismanin tamamlanmas1 lizerine nezaketen
AE ve YYAA grubuna katilma segenegi sunuldu.

Istatistiksel analiz

Istatistiksel analizler i¢in IBM SPSS
istatistik 25.0 yazilimi kullanildi. Verilerin
normal dagilima uygunlugu gorsel olarak
(olasilik grafikleri ve histogramlar) ve analitik
yéntemlerle (Kolmogorov-Smirnov/Shapiro-
Wilk's testi) incelendi. Tanimlayici analizler,
normal dagilim g6steren parametreler igin
ortalama ve standart sapmalar kullanilarak
sunuldu ve uygulama ve kontrol gruplar
arasindaki farki karsilagtirmak igcin ANOVA
kullanildi. Cinsiyet, ¢alisma durumu ve egitim
diizeyi frekanslar1 c¢apraz tablolar halinde
sunuldu ve bu gruplar arasinda karsilastirma
yapmak i¢in Ki-Kare testleri kullanildi. Gruplar
arasinda tedavinin etkinligini belirlemek i¢in
tedavi Oncesi degerler kovaryans ve tedavi
sonras1 degerler bagimh degisken olarak
kullanmilarak  bir = ANCOVA  yuratialda.
Calismada istatistiksel analizler, intention-to-
treat (ITT) yaklasimina uygun olarak yapilda.
Randomizasyon sonrasi c¢alismadan ayrilan
katilimcilar dahil olmak tizere, tim bireyler
baglangicta atandiklar: gruplar dogrultusunda
analiz edildi. Varyanslarin homojenligini
degerlendirmek i¢in Levene Testi kullanildi.
Genel bir anlamhilik gézlemlendiginde, Tukey's
Testi kullanilarak ikili post-hoc testleri yapildi.
Istatistiksel anlamlilik seviyesi p<0.05 olarak
belirlendi.

FEgzersiz

Ayyildiz Cinar et al

BULGULAR

90 katilimc: uygunluk acisindan
degerlendirildi ve 50 hasta c¢alismaya dahil
edildi. 50 katilimcidan 16 katilimc1 AE, 16
katilimer YYAA ve 18 katilimer ise kontrol
gruplarina randomize kontrollii olarak ayrildi.
Gruplarin demografik ve klinik bilgileri Tablo
1'de verilmektedir. Gruplar arasinda
demografik ve klinik bilgiler agisindan fark
yoktu (p>0,05).

Solunum kas kuvveti degerleri Tablo 2’de
gosterilmektedir. Degerlendirme sonuglarina
baktigimizda, MIP ve MEP degerleri agisindan
gruplar arasinda fark bulundu (p<0,05).
Solunum  fonksiyon testi  parametreleri
acisindan ise; FEV1, FEV1%, FVC, FVC%,
FEV1/FVC, FEV1/FVC%, FEF25-75, FEF25-
75%, PEF ve PEF% degerlerinde gruplar
arasinda fark yoktu (p>0,05).

Solunum kas kuvveti parametrelerinin
post hoc analiz sonuglar1 Tablo 3’te verildi. AE
grubu (p<0,05) ve YYAA grubu (p<0,05) kontrol
grubuna (p>0,05) gére insipiratuar kas
kuvvetinde daha fazla artis sagladi (Tablo 3).
MEP degerlerinin post hoc analizinde ise sadece
YYAA grubunun (p<0,05) kontrol grubuna
(p>0,05) gore artirdigl bulundu.

Agr1 siddeti ve 6zlir diizeylerinin gruplar
aras1 ve grup i¢i karsilastirilmasi Tablo 4’te
gosterilmektedir. Aktivite sirasindaki agr
siddeti agisindan gruplar arasinda anlamh fark
vardi  (p<0,001). Boyun Ozir Indeksi
sonug¢larina gére de tedavi sonrasi gruplar
arasinda anlamh fark vardi (p<0,001).

Tablo 5'te ise agr1 siddeti ve 6zlr dizeyleri
sonug¢larinin post hoc analizi verilmektedir.
Hem AE grubu (p<0,05) hem de YYAA
grubunun (p<0,05) kontrol grubuna (p>0,05)
gore aktivite sirasindaki agr1 seviyesini anlamlh
bir sekilde azalttign gorildi. Oziir seviyesinde
ise AE (p<0,05) ve YYAA (p<0,05) gruplarinin
oziir diizeyini kontrol grubuna (p>0,05) gére
daha fazla azalttig1 goraldi.

TARTISMA

Bu c¢alismada, kronik boyun agrisi olan
bireylerde AE ve YYAA'nin solunum kas kuvveti
ve solunum fonksiyon testleri tizerine etkisi
kargilagtirildi; ayrica agri ve Ozlr diizeyi de
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Tablo 1. Katiimcilarin demografik ve klinik 6zellikleri.

AE Grubu YYAA Grubu Kontrol Grubu
(n=16) (n=16) (n=18) p
Yas (yil) 38,88+12,43 37,88+9,82 44,33+9,60 0,170
Boy (cm) 164,75+9,35 167,75+8,19 164,28+6,03 0,400
Kilo (kg) 67,50+£10,80 73,75+13,48 69,06+8,65 0,258
Viicut kiitle indeksi (kg/m?) 24,78+3,09 26,08+3,47 25,69+3,90 0,561
n (%) n (%) n (%)

Cinsiyet Erkek 3(19) 6(37,5) 3(17) 0.306

Kadin 13 (81) 10 (62,5) 15(93) ’
Egitim diizeyi Okur-yazar 1(6,25) - -

ilkokul 3(18,75) - 4(22,22)

Lise 5(31,25) 2(12,50) 1(5,56) 0154

On lisans 1(6,25) 4(25,00) 1(5,56) !

Lisans 6(37,50) 9 (56,25) 11(61,11)

Lisans listii - 1(6,25) 1(5,56)
Calisma durumu Calisan 7(43,75) 13 (81,25) 11(61,11)

Calismayan 7(43,75) 1(6,25) 7(38,89) 0,073

Ogrenci 2(12,50) 2(12,50) -

AE: Aerobik Egzersiz; YYAA: Yiiksek Yogunluklu Aralikli Antrenman.

Tablo 2. Solunum kas kuvveti ve solunum fonksiyon test sonuglarinin grup ici ve gruplar arasi karsilastiriimasi.

Gruplar arasi fark

AE Grubu YYAA Grubu Kontrol Grubu F p
Solunum Kas Kuvveti

MIP TO 63,94+25,51 81,69+29,52 79,26+30,32 4.763 0.013*

1S 76,06+£26,47 93,06+£29,58 76,33+35,92 ’ ’
MEP TO 86,44+28,61 107,06+35,75 95,48+28,73 3933 0.026*

1S 94,63+27,68 118,44+38,88 94,67+27,90 ’ ’

Solunum Fonksiyon Testi

FEV1(L) T0 2,90+0,72 3,08+,58 2,73+0,59

1S 2,95+0,67 9,90+25,76 2,67+0,53 1,473 0,241
FEV1 % TO 93,08+17,36 93,88+11,27 94,22+12,68 0.106 0.900

1S 94,69+16,18 92,31+26,58 93,29+15,26 ! ’
FVC (L) TO 92,92+12,26 98,00+£11,45 98,64+12,97 0.563 0574

1S 94,23+10,30 102,02+10,65 95,65+12,03 ’ ’
FVC % TO 92,92+12,26 98,00+£11,45 98,64+12,97 2507 0.094

1S 94,23+10,30 102,02+10,65 95,65+12,03 ’ ’
FEVi/FVC TO 81,34+9,29 81,73+7,21 79,56+11,67

1S 81,67+8,81 83,78+8,97 81,84+7,70 0,297 0,744
FEV1/FVC % TO 99,91+11,63 100,56+8,92 97,71+14,46 0.914 0.409

1S 100,37+11,02 93,93+26,22 100,35+9,92 ’ ’
FEF25.75 (L) T0 2,90+0,90 3,01+,84 7,07+£13,27

1S 2,97+0,80 33,84+105,61 5,94+11,95 1,275 0,290
FEF25.75 % TO 81,15+25,69 74,19+20,28 73,03+31,41 0.036 0.965

1S 83,23+23,29 78,69+28,82 79,71+26,51 ’ ’
PEF (L) T0 5,84+1,70 6,04+£1,90 4,83+1,62

1S 5,91+2,13 11,47+19,60 5,49+1,98 1,692 0,197
PEF % T0 84,38+19,16 81,75+14,62 68,08+16,71 0,573 0,568

1S 84,92+23,35 87,07 £15,62 77,35+22,49

* p<0,05. AE: Aerobik Egzersiz. YYAA: Yiiksek Yogunluklu Aralikl Antrenman. TO: Tedavi dncesi: TS: Tedavi sonrasi. MIP: Maksimum inspiratuar Basing. MEP:
Maksimum Ekspiratuar Basing. FEV1: birinci saniyedeki Zorlu hava hacmi. FVC: Zorlu vital kapasite. FEF25.75: maksimal ekspirasyon ortasi akim hizi. PEF: Zirve
ekspiratuar akim hizi.
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Tablo 3. Solunum kas kuvveti parametrelerinin post hoc analiz sonuglar

%95 Giiven Aralig

Ortalama fark Alt sinir Ust sinir p
Maksimum inspiratuar Basing (MIP)
AE Grubu-Kontrol Grubu 13,52 0,04 26,99 0,049*
YYAA Grubu-Kontrol Grubu 14,54 1,39 27,69 0,260*
AE Grubu-YYAA Grubu -1,02 -14,98 12,93 0,999
Maksimum Ekspiratuar Basing (MEP)
AE Grubu-Kontrol Grubu 8,30 -3,50 20,11 0,262
YYAA Grubu-Kontrol Grubu 13,08 1,22 24,94 0,260*
AE Grubu-YYAA Grubu -4,78 -17,28 7,72 0,999
* p<0,05. AE: Aerobik Egzersiz; YYAA: Yiiksek Yogunluklu Aralikli Antrenman.
Tablo 4. Agn siddeti ve 6ziir diizeylerinin gruplar arasi ve grup ici karsilastinimasi.
Gruplar arasi fark
AE Grubu YYAA Grubu Kontrol Grubu F p
Agn diizeyi TO 56,92+26,68 64,20+21,90 52,00+£29,53
1S 27,50+£32,08 26,20+£25,18 52,06+£25,76 9,720 <0,001
Boyun Oziir indeksi 10 22,81+13,30 16,25+6,05 18,11+11,58
1S 17,15+18,21 9,27+7,42 18,17+12,31 9,345 <0,001
AE: Aerobik Egzersiz. YYAA: Yiiksek Yogunluklu Aralik Antrenman. TO: Tedavi oncesi: TS: Tedavi sonrasl.
Tablo 5. Agn siddeti ve 6ziir diizeyleri sonuglarinin post hoc analizi.
%95 Giiven Aralig
Ortalama fark Alt sinir Ust sinir p
Agn diizeyi
AE Grubu-Kontrol Grubu -27,482 -44,60 -10,37 0,002*
YYAA Grubu-Kontrol Grubu -33,12 -49,45 -16,78 <0,001
AE Grubu-YYAA Grubu 5,64 -12,20 23,47 0,527
Boyun Oziir indeksi
AE Grubu-Kontrol Grubu -5,68 -9,92 -1,43 0,005*
YYAA Grubu-Kontrol Grubu -0,31 -10,35 -2,26 0,001*
AE Grubu-YYAA Grubu -4,78 -17,28 1,72 0,999
* p<0,05. AE: Aerobik Egzersiz. YYAA: Yiiksek Yogunluklu Aralikh Antrenman.
degerlendirildi.  Calismamizin  sonucunda; ve YYAAmin kronik boyun agrisimin

solunumla ilgili parametrelere bakildiginda her
iki uygulama MIP’te esit iyilesme saglarken,
YYAA'nmin MEP1 iyilestirmede daha etkili
oldugu goérildia. Solunum fonksiyon test
sonuglarina ise iki egitim programinin etkisinin
olmadigi bulundu. Agr1 ve ozur diizeyleri
incelendiginde her iki uygulamanin de benzer
fayda sagladigi gorildi. Bu sonuglara gére, AE

rehabilitasyonunda etkili yontemler olmakla
birlikte YYAA, solunum kas kuvvetinde daha
etkili bir secenek olarak 6ne ¢ikmaktadir.
Calismamizda her iki egzersiz grubunda
inspiratuar kas kuvvetinin arttigini bulduk.
Aerobik ve yiksek yogunluklu egzersizler
sirasinda artan oksijen ihtiyaci, ventilasyon
hacmini ve frekansini yiikselterek diyafram ve
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yardimci solunum kaslarina tekrarlhh bir yiik
bindirir. Bu durum, tipki iskelet kaslarinda
oldugu gibi "yiiklenme" (overload) prensibine
bagh olarak kas kuvvetinde artisa neden olur.2?
Uzun sireli yiklenmeler sonucunda diyafram
kasinda minimal hipertrofi ve MIPte artis
bildirilmektedir.2” Calismamizda hem AE hem
de YYAAmnin diyafram tizerinde yaptiklar
uyarimin artmasi diyaframin daha etkili
¢alismasina zemin hazirlayarak MIP de artig
saglamisg olabilir.

Calismamizda her iki uygulamanin
inspiratuar kas kuvvetini artiric1 etkisi,
servikal bélge semptomlarindaki iyilesmeyle de
iligkilendirilebilir. Her iki grupta da boyun
agrisindaki azalma, 6zellikle MIP 6l¢timlerinde
aksesuar inspiratuar kaslarin daha etkin ve
rahat  kullanilmasini  saglayarak  o6lgim
kalitesini artirmis olabilir. Ayrica, servikal
boélgenin stabilitesinden sorumlu derin servikal
fleksor kaslarin (DSF) kuvvet ve enduransi ile
bas anterior tilti gibi kas-iskelet sistemi
parametrelerinin  degerlendirilecegi  baska
c¢alismalarda bu iliski daha net ortaya
koyulabilir. DSF kaslar1 postiiral hizalanmay1
saglayarak torasik kafesin optimum pozisyonda
durmasini mimkin kilar ve boylece diyafram
kasimin  daha etkili ¢alismasina zemin
hazirlar.28 Kalra vd. bas anterior tilte sahip
bireylerde uygulanan DSF egitiminin MIP’te
anlamli  artis sagladigimi = gostermistir.29
Dolayisiyla, DSF kaslarimin postiir ve solunum
uzerindeki biitiincul etkilerini ortaya koyacak
parametrik  degerlendirmeler igeren ileri
aragtirmalarin  yapilmasi1  6nerilmektedir.
Ekspiratuar kas kuvvetine bakildiginda ise
yalnizca YYAA grubunda artisgin oldugu
bulundu. Egzersiz egitiminin ilk haftalarinda
her iki grupta da agr1 nedeniyle egzersiz siddeti
katilimcilar igin planlanan diizeye ulagamada.
Bu nedenle 6zellikle AE grubunda orta siddetli
egzersiz dizeyinde surekli olarak egzersizi
devam ettirmek katilimcilara zor geldi ve
egzersiz siddeti belirlenen diizeyin altinda
seyretti. Ancak YYAA grubunda katilimcilar
egzersiz planinda egzersiz siddetinin aralikla
artmas1 nedeniyle, yiksek siddetli dongileri
agr1 olsa da tamamlamaya egilimlilerdi.
Boylelikle YYAA nin kisa stireli yiksek siddetli
yikleme periyotlarn1 solunum kaslarindaki
iyilesmeyi artirmig olabilecegini diistinliyoruz.

Bununla birlikte, c¢alismamizda her iki
egitim grubunda solunum fonksiyon

testlerindeki degerlerde anlamli bir degisiklik
saptanmadi. Her iki uygulamanmin SFT
parametrelerinde bir degisiklik
yaratmamasinin birkag nedeni olabilir. T1ki, agr1
nedeniyle katilimcilarin egzersiz siddetini
programin ilk haftalarinda hedeflenen diizeye
cikaramamas1 olabilir. Bu nedenle SFT’de
gelisim saglamaya yeterli stire egitimde
tamamlanmamis olabilir. Ayrica katilimer
popilasyonunun boyun agrisi olmasi nedeniyle
solunum kaslar1 etkilenmig olsa da solunum
fonksiyonunda bir paterne sebep olacak
pulmoner hastaliklar: olmamasi nedeniyle SFT
parametreleri egitim Oncesinde zaten iyl
diizeyde olabilir. Bu nedenle de egitim sonrasi
SFT parametrelerinde gruplar arasinda bir fark
goérulmemis olabilir.

Literatiirde her iki egitim protokoliiniin
solunum kas kuvveti ve solunum fonksiyon
testleri lzerine etkileri ile ilgili ¢alisma
sonuglari geligkili olmakla birlikte az sayidadir.
Dunham vd. YYAA ile AE’yi karsilagtirdiklar:
c¢alismada 15 saghklh katilimciy1 randomize
olarak AE ve YYAA gruplarina ayirmistir.30
Katilimcilar 4 hafta boyunca haftada 3 gin, 45
dakika bisiklet antrenmanmi yapmistir. AE
grubu %60-70 VO,max diizeyinde, YYAA grubu
ise %90 VO,max’a duzeyinde 5 setlik 1
dakikalik yiiksek yogunluklu pedal ¢evirme
yapmistir. MIP degerinde YYAA grubunda
AFEye gore daha fazla iyilesme gortilmustiir.
Ancak her iki grupta da MEPte degisiklik
olmamistir. Shadmehri vd. yayinladiklar
randomize kontrollii ¢galismada 30 inaktif kadin
O0grenciyl rastgele iki gruba ayrilarak 4 hafta
boyunca AE veya YYAA uygulamiglar ve
AFEmin, saghklh kadin 6grencilerde spirometrik
solunum parametreleri tizerinde YYAA'ya
kiyasla daha etkili sonuglar elde -ettigini
bulmuslardir. Shadmehri vd. Universite
cagindaki sigara icicilerinde yaptiklar1 bir
randomize calismada ise YYAA ve AFEin
etkilerini arastirmiglardir.3! Haftada 3 kere 4
hafta boyunca kosu bandinda egzersiz seansina
alinan katilimcilar AE ve YYAA grubu olarak
iki gruba ayrilmistir. AE grubuna egzersiz
siddeti maksimum kalp atig hizimin %70-
85'inde olacak sekilde 50-60 dk egzersiz
yaptirilmigtir. YYAA grubunda ise maksimum
kalp atis hizinin %90-95'1 yogunlugunda 4
dakikalik alt1 tekrar olacak sekilde egzersiz
yaptirilmigtir. Calismanin sonucunda YYAAnin
FEF_%75'1 hem kontrol grubu hem de AE
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grubuna gére daha fazla iyilestirdigini
gostermiglerdir. Fitriana vd, sedanter yasam
tarzina sahip geng bireylerde YYAA ile AEnin
akciger fonksiyonu tlzerindeki etkilerini
karsilastirmali olarak incelemigler ve YYAA nin
AFEye gore PEFi daha fazla artirdigini ve
YYAA'nin daha yiksek ventilatuar uyarim
olusturmasi sayesinde, AE’ye kiyasla akciger
fonksiyonlarin1 daha fazla  gelistirdigini
belirtmiglerdir.32 Sonu¢ olarak, YYAAnin
solunum fonksiyonlarin iyilestirmede etkili bir
yontem olabilecegi vurgulanmakla birlikte
farkli parametrelerdeki iyilesme sonuglari,

kullanilan  egzersiz  protokollerinin  stre,
yogunluk ve hedeflenen fizyolojik
adaptasyonlara gore cesitlilik

gosterebilmektedir. Bizim ¢alismamiz, boyun
agrili bireylerde bu iki y6ntemin solunum
fonksiyonlar: tizerindeki etkilerini dogrudan
kargilagtirmas1 agisindan literatire 6zgiin bir
katki sunmaktadir.

Calismamiz, AE ve YYAA’nin boyun agrili
bireylerde agriy1 azalttigim1 ve bu etkinin
literattirle  uyumlu  oldugunu  gosterdi.
Literatirde AEnin agr tzerine etkisi ile ilgili
calisma sayisi fazla iken YYAA ile ilgili ¢alisma
sayisit daha azdir. Zhao vd ve Paraskevopoulos
vd’nin meta-analizlerinde, haftada 2-3 kez,
orta-yliksek yogunlukta 6 hafta stiren AE’nin
agr1, fonksiyon ve 6zurlilikte iyilesme sagladigi
bildirilmigtir.333¢ AE'nin agriy1 azaltic1 etkisi;
beta-endorfin, endokannabinoid salinimi ile
otonomik ve noropsikolojik etkiler3s.36
araciligiyla aciklanabilir. Artan
kardiyorespiratuar kapasiteyle Dbirlikte kas
kapasitesinin gelisimi de agriyr azaltabilir37
Botta vd. YYAA’nin kronik agrili bireylerde agr1
toleransi ve esiklerinde yogunluk bagimh artig
sagladigin1 belirtmigtir.2035 YYAA sonras1 da
inflamatuar belirteclerde (CRP, TNF-a, 1L-6)
azalma ve anti-inflamatuar IL-10 artig1 rapor
edilmistir.38 Shanaki vd., YYAA sonrasi
proinflamatuar M1 makrofajlarin azaldigin,
M2'lerin arttigini gostermistir.3® Ancak tim
kas-iskelet sistemi rahatsizliklarinda
inflamasyon-agr iligkisi net degildir ve daha
fazla ¢alisma gereklidir.40 Calismamizda, AE ile
YYAA'nin agr1 Uzerindeki etkisi benzer
bulundu. YYAA'nin kronik boyun agrisindaki
fizyolojik etkilerinin daha fazla calismayla
netlestirilmesi  gerekmektedir. Katilimcilar
YYAA’y1 AE kadar keyifli bulduklarim
belirttiler. Bu da YYAA'nin, daha eforlu olsa da
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uygulanabilir ve kabul géren bir yontem
oldugunu gostermektedir. Saglik
profesyonelleri, YYAA’y1 giivenli ve etkili bir
secenek olarak egzersiz programlarina dahil
edebilir.

Calismamizda, her iki egzersiz egitimi
boyun agrili  bireylerde ginlik yasam
aktivitelerine bagl 6zri azaltti. de Oliveira-
Souza’nin sistematik derlemesinde, boyun agrili
bireylerde kuvvetlendirme ile kombine edilen
AEmin 6zri azalttigr bildirilmigtir.4! Ancak,
AEmnin tek basina 6zlr tzerindeki etkilerini
aciklayan galismalar sinirhidir. YYAA ile ilgili
literatlr ise celigkilidir. Cuenca-Martinez vd.
YYAA'nin kas-iskelet sistemi hastaliklarinda
O0zri azaltmadigini bildirirken!®, Botta vd.
kronik hastaligi olan bireylerde YYAAmnin
ozurlilugu azalttigini belirtmiglerdir.2° Bu fark,
YYAA’nin kronik agr1 tizerindeki etkilerine dair
simirlh  sayida c¢alismanin  bulunmasindan
kaynaklanabilir.  Calismamizin  sonuglari,
mevcut literatirle genel olarak uyumludur.20
YYAA, kronik agrili bireylerde 6zrii azaltmada
Umit verici bir yéntem olsa da bu alanda daha
fazla yliksek kaliteli arastirmaya ihtiyag¢ vardir.

Limitasyonlar

Her iki egzersiz programi da 8 haftalik bir
stireyle uygulanmig olsa da katilimcilarin agri
nedeniyle programin ilk haftalarinda
hedeflenen egzersiz siddetine ulagamamasi SFT
parametrelerinde  etkilerin tam  olarak
gbozlemlenmesini kisitlamig olabilir. Bu sebeple
ilerleyen ¢alismalarda, egzersiz protokoliine bir
adaptasyon donemi eklenmesi ve egzersiz
siddetinin her hafta kalp atim hizi, Borg skoru,
kan basinci gibi objektif fizyolojik géstergelerle
izlenerek kademeli olarak artirilmasi ve
egzersiz siddetinin  hedeflenen diizeye
ulastiktan sonra egzersiz egitiminin 8 hafta ve
daha uzun strecek sekilde planlanmasi bu
sorunun Oniine gecilmesine yardimci olabilir.
Boylece egzersizin fizyolojik etkileri daha dogru

degerlendirilebilir.  Ayrica ¢alismada uzun
dénem takip yapilmamasi, elde edilen
kazanimlarin  kalhiciligt  hakkinda  yorum
yapmayi siirlamaktadir.

Sonug

Sonug¢ olarak, kronik boyun agrili

bireylerde, YYAA’'nin solunum kas kuvveti
acisindan AE’ye daha  dstin  oldugu
gorulmektedir. Ancak agr1 ve oOzur uzerine
benzer diizeyde iyilesme sagladig1 séylenebilir.
Katilimcilarin  YYAA'nin daha ylksek efor
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gerektirmesine ragmen egzersizi keyifli ve
stirdurilebilir  olarak  tanimlamalari, bu
yaklagimin hasta uyumu agisindan da avantajl

olabilecegini gostermektedir. Bu bulgular,
YYAA nin multidisipliner rehabilitasyon
protokollerine entegre edilebilecek, hasta

katilimin1 artiran etkili bir egzersiz modeli
oldugunu gostermektedir.
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ORIGINAL ARTICLE
Enhancing quality of life: the role of pilates in alleviating

depression and anxiety among women:
A randomized controlled trial

Yasam kalitesinin artinlmasi: Pilatesin depresyon ve anksiyeteyi hafifletmede kadinlar
lizerindeki rolii: Randomize kontrollii bir calisma

Mohsen Akbarpour Benil, Mahdi Fahimil, Bahare Mirzarezaeit!

Abstract Purpose: Depression and anxiety are among the most prevalent mental health disorders, significantly impairing individuals'

0z

quality of life. This study investigates the effects of Pilates exercises on depression, anxiety, and overall well-being in women over
50 years of age experiencing depression.

Methods: A randomized controlled trial (RCT) was conducted, involving 60 women diagnosed with depression by a psychiatrist.
Participants were randomly assigned to either an experimental group (n=30), which engaged in 60-minute Pilates sessions three
times weekly for eight weeks, or a control group (n=30), which maintained their usual routines. Depression, anxiety, and quality
of life were assessed using the Beck Depression Inventory (BDI), Beck Anxiety Questionnaire (BAQ), and Short Form Health Survey
(SF-36), respectively. ANOVA analysis was employed for data analysis.

Results: Results indicated that Pilates training significantly reduced depression (p=0.001) and improved both physical and
mental aspects of quality of life (p=0.002). However, no significant effect was observed on anxiety levels (p=0.051).
Conclusion: A significant inverse relationship was found between anxiety and quality of life, as well as a direct correlation
between depression and anxiety. These findings suggest that Pilates exercises may serve as an effective intervention for reducing
depression and enhancing the quality of life in women suffering from depression.

Keywords: Anxiety, Depression, Quality of Life, Pilates, Randomized controlled trial.

Amag: Depresyon ve anksiyete, bireylerin yasam kalitesini onemli ol¢iide disiren, en yaygin gorilen ruh sagligi bozuklukian
arasindadir. Bu calismanin amaci, depresyon yasayan 50 yas lstii kadinlarda Pilates egzersizlerinin depresyon, anksiyete ve
genel refah diizeyi lizerindeki etkilerini arastirmaktad.

Yontem: Bir psikiyatr tarafindan depresyon tanisi konmus 60 kadinin katihmiyla randomize kontrolli bir calisma (RKT)
yiritilmdstir. Katiimeilar, sekiz hafta boyunca haftada ii¢ kez 60 dakikalik Pilates seanslanna katilan bir deney grubu (n=30)
veya normal rutinlerini siirdiiren bir kontrol grubu (n=30) olarak rastgele atandi. Depresyon, anksiyete ve yasam kalitesi sirasiyla
Beck Depresyon Envanteri (BDE), Beck Anksiyete Olcegi (BAG) ve Kisa Form-36 (SF-36) Sagiik Anketi kullanilarak degerlendirildi,
Veri analizi icin ANOVA analizi kullanilal.

Bulgular: Sonuglar, Pilates egitiminin depresyonu énemli 6l¢ctide azalttigini (p=0,001) ve yasam kalitesinin hem fiziksel hem de
zihinsel boyutlanni iyilestirdigini (p=0,002) gostermistir. Ancak, anksiyete diizeyleri iizerinde anlamli bir etki gozlemlenmedi
(p=0,051).

Sonug: Anksiyete ile yasam kalitesi arasinda anlamiy bir ters iliski ve ayrica depresyon ile anksiyete arasinda dogrudan bir iliski
bulundu. Bu bulgular, Pilates egzersizlerinin, depresyonu azaltmak ve yasam Kalitesini artirmak icin ethili bir miidahale yontemi
olabilecegini diisiindirmektedir.

Anahtar Kelimeler: Anksiyete, Depresyon, Yasam kalitesi, Pilates, Randomize kontrolli calisma.

1: Department of Sport Sciences, Faculty of Letters and Humanities, University of Qom. Qom, Iran.

Corresponding Author: Mahdi Fahimi: m.fahimi@qom.ac.ir

ORCID IDs (order of authors): 0000-0002-3565-4851; 0000-0002-6581-1125; 0009-0001-0032-473X.

Received: July 3,2025. Accepted:October 7,2025 E - E

www.jetr.org.tr



INTRODUCTION

Depression, a prevalent mental health
condition, 1s characterized by symptoms
including melancholy, despair, reduced vitality,
and impaired daily functioning.! This ailment is
not only viewed as an individual illness but also
as a societal and health concern with far-
reaching consequences, such as disability and
heightened mortality rates. The World Health
Organization reports that over 350 million
individuals globally are affected by depression,
with projections indicating it will become the
second most common mental illness after
cardiovascular disease by 2030.2 Research
indicates that women experience depression at
nearly twice the rate of men3, underscoring the
necessity for particular focus on this
demographic. Presently, antidepressant
medications are a primary treatment approach
for depression. However, their efficacy is limited
by adverse effects, high costs, potential for
dependence, and patient non-compliance.
Furthermore, depression significantly impacts
individuals' quality of life, potentially severely
affecting their social, professional, and personal
functioning.5 Consequently, identifying
alternative or supplementary treatments to
alleviate depressive symptoms and enhance
quality of life is crucial. In this context, physical
activity and exercise have emerged as effective
non-pharmacological approaches to improving
mental health.6 Studies demonstrate that
exercise can help mitigate symptoms of
depression and anxiety by boosting the release
of neurotransmitters such as serotonin 7,
dopamine, and glutamate.8 Among various
exercise modalities, Pilates has gained attention
as an effective method for enhancing mental and
physical well-being due to its emphasis on mind-
body connection, balance improvement,
flexibility, and core muscle strengthening.?
However, research findings on Pilates' effects on
depression are inconsistent, necessitating
further investigation in this area.
Contemporary Pilates practices can be
categorized into two main schools: the repertory
approach and modern Pilates.l0 The repertory
approach closely adheres to the early training
methods outlined by Pilates himself and later by
Friedman and Eisen. This traditional method
employs exercise sequences and fixed
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repetitions that can be adapted for different
body types or issues. These sequences are
consistently performed while maintaining
abdominal and postural control. Particular
emphasis is placed on the transitions between
exercises and the fluidity of movements.
Notably, Pilates drew inspiration from feline
movements in developing the exercise sequence.
Conversely, modern Pilates incorporates
elements from other fitness or spiritual
practices, such as yoga, to maximize physical
and mental benefits and integrate learned
concepts into daily life.!! Although modern
Pilates encompasses various styles, they all fall
under one of two categories: mat Pilates or
reformer Pilates. The initial approach
necessitates only a mat, utilizing body weight as
the sole form of resistance. The latter employs a
movable platform with adjustable resistance
springs.12

Considering that most research has
employed a repertory technique, this study
opted for a contemporary method to enhance
effectiveness. Legnani, Francesca, et al. 13
conducted a thorough analysis of research in
their review titled Is Pilates effective in
improving depressive disorders? The study
samples examined in this review exhibit
significant diversity in various clinical aspects
that potentially impact the presence and
severity of depressive symptoms, including sex
14 chronological agels, the existence of medical
comorbidities?s, and perinatal and
premenopausal stages.17 Researchers
investigated Pilates' efficacy on depressive
symptoms in various groups: healthy young
adults!8, individuals susceptible to depressive
conditions, such as caregivers of frail persons!®
adolescents with Internet addiction20,
menopausal women?!, and elderly individuals.22
The study found that variations in the target
population also affected the implementation of
Pilates sequences.23 While some sessions
utilized facilitators or adhered to a strict
exercise sequence, others implemented the
standard Mat-Pilates sequence.2¢ Additionally,
certain studies employed certified Pilates
instructors?’, while others relied on health
professionals and physiotherapists.l® For
instance, Alizadeh et al.26 demonstrated that
Pilates exercises could aid in treating
depression and improving body composition in
women with type 2 diabetes using the classical

Journal of Exercise Therapy and Rehabilitation



Akbarpour Beni et al

method. When interpreting study results,
additional factors to consider include: (1) limited
sample sizes in some studies; (2) varied
instruments used to evaluate the presence and
severity of depressive disorders (sometimes
specific to particular populations like pregnant
women or the elderly); (3) trials conducted in
different countries, where cultural context or
mental health service organization may have
influenced depressive disorder progression; (4)
some studies were conducted during the COVID
pandemic, which significantly impacted the
mental health of both the general population
and health professionals.

The researchers proposed that subsequent
studies should explore developing a series of
exercises aimed at alleviating depressive
symptoms, potentially incorporating assistive
tools like bands for specific groups, as suggested
by Pilates instructors. Future research should
address whether (1) this method is suitable for
patients with varying degrees of depression, (2)
what benefits it provides compared to other
exercise forms, and (3) if it can be tailored into a
set of targeted exercises for individuals with
major depressive disorders. Building on
previous research recommendations, including
those mentioned in the meta-analysis by
Legnani, Francesca et al.l3 this study was
conducted to evaluate the impact of an eight-
week Pilates program on depression, anxiety,
and quality of life in women with severe
depression. The study's novelty lies in several
aspects: Firstly, it focuses on severely depressed
housewives, a demographic requiring particular
attention due to high depression rates.
Secondly, it concurrently examines Pilates'
effects on depression, anxiety, and quality of life,
offering a more comprehensive understanding of
the exercise's benefits. Thirdly, it employs a
structured, long-term exercise regimen (eight
weeks), allowing for a more precise assessment
of Pilates' effects. Lastly, given the rising
prevalence of depression and the need for
effective, low-risk treatments, this research may
contribute to identifying new strategies for
enhancing the mental health and life quality of
depressed women. The study's outcomes could
inform the development of treatment programs
based on physical activity and mind-body
exercises like Pilates, potentially advancing
current depression treatment methods.

METHODS

Participants and study design

A randomized controlled trial (RCT)
examined the impact of a Pilates-based exercise
program on quality of life, anxiety, and
depression among women in Iran. The study
was registered at the Clinical Trials University
of Qom. Participant recruitment began in June
2024 through email and phone communication
with the association of depressed women in
Qom, Iran. This study was approved by the
Research Ethics Committee of the University of
Qom (approval code: IR.QOM.REC.1401.029;
approval date: April 10, 2023). The study was
conducted in accordance with the Declaration of
Helsinki, good clinical practices, and relevant
laws and regulations. All participants provided
written informed consent before inclusion in the
study.

Initially, 120 women were contacted, with
60 meeting the eligibility requirements and
agreeing to participate. Inclusion criteria
required participants to be at least 50 years old,
not regular Pilates practitioners (defined as
three sessions per week for a minimum of six
weeks in the previous year), and capable of
comprehending the study's instructions,
programs, and protocols. Exclusion criteria
encompassed conditions that precluded exercise
participation, such as  psychiatric or
neurological disorders, systemic diseases
(including diabetes mellitus, cancer, or heart
disease), skeletal conditions, or current
enrollment in another training program.

Sample size calculation

G*Power software (latest ver. 3.1.9.7;
Heinrich-Heine-Universitat Dusseldorf,
Diisseldorf, Germany) was utilized to determine
the sample size. The calculation was based on
data reported by Chen et al., using the BDI total
score as the dependent variable. To achieve a
statistically significant difference with 0.80
power and a 95% significance level, while
accounting for a 1.92% dropout rate, 30
participants were required for each group.

Procedures

The study participants were divided
equally into a Pilates group (PG) and a control
group (CG) wusing a computer-generated
randomization process. Group assignments
were securely stored in sealed, opaque envelopes
at a locked location, to be opened by an
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independent party not involved in participant
selection, result evaluation, or treatment. Thirty
women were allocated to each group. A flow
chart of participants, following the CONSORT
Statement Extension for non-pharmacological
randomized controlled trials, is shown in Figure
1. An independent assessor, unaware of group
allocation and intervention, recorded
measurements before randomization (pre-
intervention) and immediately after the
intervention period (post-intervention). PG
participants attended three-hour-long Pilates
sessions weekly for eight weeks. Each session
consisted of a 10-minute warm-up, 35 minutes
of primary Pilates exercises, and a 15-minute
cool-down. The intervention was conducted at
the same local sports center under the guidance
of a qualified instructor. The initial week
focused on familiarizing participants with
proper movement execution, the powerhouse
(abdominal, paravertebral, and pelvic floor
muscles), and Pilates principles. The first six
sessions involved seated exercises, followed by
progressive intensity standing exercises for
strengthening and stretching (10 repetitions per
session) from weeks 3-6. In the final two weeks,
participants performed mat exercises using
accessories (elastic bands, magic circles, and
fitballs) to enhance muscle strength, endurance,
and flexibility. Participants missing more than
five sessions during the eight-week intervention
were excluded. CG participants maintained
their regular routines, received guidelines
promoting physical activity, and were advised
against joining other exercise programs. They
were contacted periodically by phone during the
intervention period. Exclusion criteria for CG
participants included missing more than five
sessions or more than three consecutive sessions
throughout the twelve-week intervention.
Regarding the procedures for the control
group, the participants were explicitly
instructed to maintain their usual daily routines
and to refrain from joining any other structured
exercise programs for the duration of the study.
To ensure adherence to this protocol and to
monitor their status, they were contacted
periodically via telephone follow-ups throughout
the eight-week intervention period. This
standard approach in randomized controlled
trials, which deliberately avoids providing
structured sessions to the control group, allows
for a valid assessment of the specific effect of the
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Pilates intervention compared to a baseline
state of no additional treatment. The rationale
for not holding in-person sessions was to create
a clear contrast with the experimental group,
and the periodic phone monitoring provided a
controlled and acceptable framework to verify
compliance and maintain contact without
introducing the specific intervention being
tested.

The flow diagram of participants shows
that out of 120 women screened, 60 were eligible
and randomly assigned to either the control or
experimental group. Each group consisted of 30
participants. Throughout the study period,
participant retention was high. In the Pilates
group, no participants dropped out, and all
attendees participated in at least 91.6% of the
scheduled sessions. Similarly, the control group
also maintained full retention with no dropouts,
and all participants adhered to the study
protocol by maintaining their usual routines and
avoiding other structured exercise programs. No
injuries or adverse effects were reported during
the study.

Outcomes Measures

Beck Anxiety Questionnaire (BAQ)

In order to assess Anxiety, the Beck
Anxiety Questionnaire (BAQ) was used. The
Anxiety Questionnaire, created by Beck,
Epstein, Brown, and Steer in 1988, is a self-
report instrument consisting of 21 questions. It
evaluates the intensity of anxiety experienced in
the previous week using a 4-point Likert scale,
ranging from zero (never) to three (very severe).
The questionnaire's total score spans from 0 to
63, with scores exceeding 30 indicating anxiety
presence. Beck et al. reported the scale's
internal consistency as 0.94, its 11-day test-
retest reliability as 0.67, and item correlations
between 0.30 and 0.76.27 Kaviani et al.28 applied
this scale to the Iranian population, reporting a
Cronbach's alpha coefficient of 0.92 and a test-
retest reliability coefficient of 0.83.

Beck Depression Inventory (BDI)

The Beck Depression Inventory, initially
developed by Aaron T. Beck in the 1960s,
assesses depression levels in adolescents and
adults. Revised in 1971 and published in 1978,
this 21-item questionnaire offers four response
options for each statement, ranging from zero
(never) to three (very severe). Respondents
select the option that best describes their
feelings over the past week. The inventory
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Figure 1. Flow diagram of study design.

comprises 15 items addressing psychological
symptoms and 6 items focusing on physical
symptoms. The total depression score,
calculated by summing all item scores, ranges
from O to 63. Scores of 0-9 indicate no
depression, 10-16 suggest mild depression, 17-
29 point to moderate depression, and scores
above 30 signify severe depression. Mark,
Mendelsohn, and Warbaugh examined the
questionnaire's validity and reliability in 1979
and 1986, respectively. A recent study at Tehran
University of Medical Sciences, Roozbeh
Hospital, yielded a wvalidity of 0.70 and a
reliability of 0.77 for this test.29

Short Form Quality of Life Questionnaire
(SF-36)

Health-related quality of life was evaluated
using the Short Form-36 (SF-36) Health Survey,
a robust and widely utilized self-report
instrument that provides a multidimensional
assessment of an individual's health status.
This comprehensive tool comprises thirty-six
items that are systematically aggregated into
eight distinct subscales, each measuring a
specific aspect of health. These subscales
include Physical Functioning, which examines
limitations in physical activities; Role-Physical,
addressing problems with work or daily
activities due to physical health; Bodily Pain,
assessing the intensity of pain and its
interference with normal work; and General
Health, capturing personal evaluations of
overall health and susceptibility to illness. The
instrument further measures Vitality, reflecting
levels of energy and fatigue; Social Functioning,

determining the extent to which physical or
emotional problems interfere with social
activities; Role-Emotional, focusing on problems
with work or daily activities due to emotional
problems; and Mental Health, which
encompasses general psychological distress and
well-being. For this study, these eight subscales
were computationally summarized into two
primary, higher-order components: the Physical
Component Summary (PCS) and the Mental
Component Summary (MCS), which provide a
holistic view of physical and mental health-
related quality of life, respectively. We employed
the officially validated Persian version of the
SF-36, which has previously demonstrated
excellent reliability with Cronbach's alpha
coefficients ranging from 0.88 to 0.95 across its
various subscales. Montazeri et al. standardized
this tool in Iran, reporting Cronbach's alpha
values between 0.88 and 0.95.3° Numerous
studies, such as Kataoka et al.3! have employed
the SF-36 questionnaire to measure quality of
life and depression. All scores were calculated
and transformed according to the standard
scoring  protocol, where higher wvalues
consistently indicate a more favorable health
state. This instrument was administered to all
participants both at the Dbaseline and
immediately following the conclusion of the
intervention period to accurately capture any
changes.

Statistical analysis

The SPSS statistical software, version 27.0
(SPSS, Inc., Chicago, IL, USA), was utilized for
conducting statistical analyses. Calculations
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were made for the mean values, standard
deviations, number of cases, and percentage of
total for each variable of interest. To examine
differences between the two study groups at
baseline, Student's t-test for independent
samples and the statistical chi-squared test
were employed. The potential associations of
education, marital status, occupation, age, BMI,
anxiety, and depression with quality of life were
investigated using univariate analysis of
variance (ANOVA) and Pearson's correlation
coefficient. Variables showing significant
associations were subsequently included in the
analysis of covariance (ANOVA). The
independent variables consisted of group (PG vs
CG) and measurement time, while quality of
life, depression, and anxiety served as
dependent variables. Each dependent variable
underwent separate analysis. When a
statistically  significant Group x Time
intervention was observed, Student's t-test for
unpaired or paired data was applied. Statistical
significance was set at a p-value below 0.05.
Cohen's d (d) was used to calculate intergroup
effect sizes. Effect sizes were categorized as
small (£ 0.2), medium (0.2-0.5), or large > 0.8).

RESULTS
Table 1 displays the baseline
characteristics of participants and the
dependent outcome measures. Statistical

analysis showed no significant differences
between the two study groups. Participants
demonstrated high adherence, with all women
attending at least 91.6% of the sessions.
Throughout the intervention period, no injuries
or negative effects were reported or observed
among the participants.

Quality of life

Significant improvements were observed in
the PG for both physical and mental health
domains of the SF-36 (p<0.001). The CG showed
no significant changes (Figure 2).

Prior to conducting the primary parametric
analyses, the assumption of normality for all
continuous outcome variables was assessed
using the Shapiro-Wilk test. This test was
performed on the data from both the Pilates
group (PG) and the control group (CG) at
baseline. The results indicated that the data for
all key variables did not significantly deviate
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from a normal distribution. Specifically, the
Shapiro-Wilk test statistics and corresponding
p-values were as follows: for the Beck
Depression Inventory (BDI) scores, W = 0.97, p
= 0.42 in the PG and W = 0.96, p = 0.38 in the
CG:; for the Beck Anxiety Inventory (BAI) scores,
W =10.98, p=0.61 in the PG and W =0.95, p =
0.21 in the CG; for the SF-36 Physical
Component Summary (PCS), W = 0.96, p = 0.35
in the PG and W =0.97, p = 0.48 in the CG; and
for the SF-36

Mental Component Summary (MCS), W =
0.97, p = 0.45 in the PG and W = 0.96, p = 0.33
in the CG. With all p-values exceeding the 0.05
significance threshold, the null hypothesis of
normal distribution was not rejected for any
variable in either group. This confirmation of
normality, coupled with the adequate sample
size, justified the subsequent use of parametric
tests, including Analysis of Variance (ANOVA)
to robustly evaluate the intervention's effects.

Analysis of the quality-of-life data, as
measured by the SF-36, revealed a significant
interaction effect between group and time for
both physical and mental health components. In
the Pilates group, a substantial and statistically
significant improvement was observed in the
physical health score, which increased from
175.25 at pre-intervention to 222.00 at post-
intervention (p < 0.001). Conversely, in the
control group, the physical health score
remained virtually unchanged, from 178.51 to
177.56, a difference that was not statistically
significant. This clear disparity in response
underscores the specific effect of the Pilates
intervention. A similar pattern was found for
the mental health component. The Pilates group
demonstrated a significant increase from 160.97
to 204.67 (p = 0.002), whereas the control group
showed a slight, non-significant decrease from
166.93 to 161.60. These results confirm that the
eight-week Pilates program was effective in
significantly enhancing both the physical and
mental dimensions of quality of life in the
experimental group, while the control group, as
expected, exhibited no meaningful change.

Anxiety

While the PG demonstrated a reduction in
anxiety scores, the difference was not
statistically significant (p=0.051). However, a
significant inverse relationship was found
between anxiety and quality of life.

Depression
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The PG showed a significant reduction in
depression scores compared to the CG (p=0.001).
A direct correlation was observed between
depression and anxiety (Figure 3).

The results of the between-group and
within-group comparison of anxiety (BAQ) and
depression (BDI) scores showed that in the
experimental group, anxiety scores decreased
from 17.80 at pre-intervention to 9.90 at post-
intervention (p < 0.001). In the control group,
anxiety scores decreased from 20.70 at pre-
intervention to 19.00 at post-intervention (p <
0.001). A significant difference was observed
between the two groups at post-intervention (p
< 0.001). For depression, scores in the
experimental group decreased from 20.30 at pre-
intervention to 10.60 at post-intervention (p <
0.001). In the control group, depression scores
decreased from 21.20 at pre-intervention to
19.80 at post-intervention (p < 0.001). A
significant difference was observed between the
two groups at post-intervention (p = 0.005).

At the beginning of the study, the
demographic and clinical characteristics of
participants in both the control and
experimental groups were examined (Table 1).
The mean age of participants in the control
group was 50.12 years (SD = 5.8), while in the
experimental group, it was 50.38 years (SD =
6.93). No significant difference was observed
between the two groups in terms of age (P =
0.656). The mean height in the control group
was 165.10 cm (SD = 6.77), and in the
experimental group, it was 163.28 cm (SD =
8.32), with no significant difference between the
groups (p = 0.723). The mean weight in the
control group was 66.10 kg (SD = 5.21), and in
the experimental group, it was 64.01 kg (SD =
8.15), with no significant difference between the
groups (p = 0.722). The Body Mass Index (BMI)
in the control group was 24.58 (SD = 6.61), and
in the experimental group, it was 24.15 (SD =
3.10), with no significant difference between the
groups (p = 0.520).

Regarding quality-of-life scores (SF-36), the
mean score in the control group was 172.72 (SD
= 32.55), and in the experimental group, it was
168.11 (SD = 18.36), with no significant
difference between the groups (p = 0.682).
Depression scores (BDI) in the control group
were 21.20 (SD = 9.55), and in the experimental

group, they were 20.30 (SD = 3.46), with no
significant difference between the groups (p =
0.836). Anxiety scores (BAQ) in the control
group were 20.70 (SD = 12.65), and in the
experimental group, they were 17.80 (SD =
6.06), with no significant difference between the
groups (p = 0.724).

The results regarding the effects of Pilates
training on participants' quality of life in both
the control and experimental groups were
analyzed (Table 2). In the experimental group,
depression scores (BDI) decreased from 20.30 at
pre-intervention to 10.60 at post-intervention,
which was statistically significant (p =0.001). In
the control group, depression scores decreased
from 21.20 at pre-intervention to 19.80 at post-
intervention, but this reduction was not
statistically significant. The group X time
interaction effect on depression was significant
(F =54.97, p=0.001).

For anxiety (BAQ), scores in the
experimental group decreased from 17.80 at pre-
intervention to 9.90 at post-intervention, but
this reduction was not statistically significant (p
= 0.050). In the control group, anxiety scores
decreased from 20.70 at pre-intervention to
19.00 at post-intervention, but this reduction
was also not statistically significant. The group
X time interaction effect on anxiety was not
significant (F = 4.39, p = 0.050).

Regarding quality of life (SF-36), physical
health scores in the experimental group
increased from 175.25 at pre-intervention to
222.00 at post-intervention, which was
statistically significant (p = 0.001). In the
control group, physical health scores changed
from 178.51 at pre-intervention to 177.56 at
post-intervention, but this change was not
statistically significant. The group X time
interaction effect on physical health was
significant (F = 91.24, p = 0.001).

Mental health scores in the experimental
group increased from 160.97 at pre-intervention
to 204.67 at post-intervention, which was
statistically significant (p = 0.002). In the
control group, mental health scores decreased
from 166.93 at pre-intervention to 161.60 at
post-intervention, but this reduction was not
statistically significant. The group X time
interaction effect on mental health was
significant (F = 13.32, p = 0.002).
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Figure 2. Between-group and within-group comparison of Quality of Life Scale Short Form 36 Items.
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Figure 3. Between-group and within-group comparison of the Beck Anxiety Questionnaire scale and the Beck Depression Inventory
Scale.

Table 1. Baseline characteristics of study participants.

Control group (n=20) Experimental group (n=20)
Mean+SD Mean+SD p
Age (years) 50.12+5.8 50.38+6.93 0.656
Height (cm) 165.10+6.77 163.28+8.32 0.723
Weight (Kg) 66.10+5.21 64.01+8.15 0.722
Body Mass Index 24.58+6.61 24.15+3.10 0.520
SF-36 (Quality of Life Scale) 172.72+32.55 168.11+18.36 0.682
Beck Depression Inventory (BDI) 21.20+9.55 20.30+3.46 0.836
Beck Anxiety Questionnaire (BAQ_) 20.70+12.65 17.80+6.06 0.724
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Table 2. Effects of Pilates training on quality of life assessed by SF-36.

Preintervention

Postintervention

CG PG CG PG Group Group x time

Mean+SD  MeantSD Mean+SD Mean+SD F p n? F p n?
Depression 21.2+9.6 20.3:+3.5 19.8¢8.9 10.6:4.32 54.97 0.001 0.746 29.03 0.001 0.631
Anxiety 20.7¢12.7  17.8#6.1 19.0£12.0 9.9¢7.0 1329 0.002 0.439 4.39 0.050 0.405
QoL-Physical 178.5:46.8 175.3:35.5 177.6:47.3 222.0:+29.7 91.24 0.001 0.843 43.08 0.001 0.717
QoL-Psychological 166.9:18.3 161.0:19.3 161.6+16.4 204.7+42.7 530 0.034 0238 13.32 0.002 0.439
CG: Control Group. PG: Pilates Group. QoL: Quality of Life.

DISCUSSION the helplessness often associated with

The present study aimed to assess the
effects of an eight-week Pilates intervention on
quality of life, anxiety, and depression in women
aged over 50 years and older. The key findings
showed an improvement in quality of life, as
well as a decrease in depression, anxiety, after
Pilates exercises. These results have important
clinical implications for this population, not only
concerning the improvements yielded by our
intervention, but also due to the well-known
benefits of physical exercise on several aspects
of mental and physical health. These were
reinforced by the high attendance rate of
participants.

Studies have demonstrated that Pilates can
alleviate depression symptoms in women
through various physiological mechanisms. One
key benefit is the enhancement of
neuroplasticity, which bolsters the brain's
adaptability and reorganization capabilities.
These neurological changes can contribute to
improved brain function in individuals suffering
from depression.! Such alterations not only
enhance mood but also increase the brain's
adaptability and structural modifications.32 By
promoting neuroplasticity, Pilates exercises
may aid in restoring normal brain function in
depressed individuals. Moreover, aerobic
activities like Pilates boost the production of
mood-regulating neurotransmitters such as
serotonin and endorphins.33 The structured
nature of Pilates also provides women with a
sense of achievement and competence, which is
particularly advantageous for those facing social
and economic challenges.3¢ This feeling of
control and empowerment can help counteract

depression. Consequently, the findings indicate
that Pilates could serve as an effective
intervention for reducing depression in women.

The high adherence and retention rates
observed in this study strengthen the validity of
our findings. The fact that all participants in the
Pilates group attended the vast majority of
sessions (exceeding 91.6%) indicates strong
compliance with the intervention, suggesting
that the prescribed Pilates program was feasible
and well-tolerated. Furthermore, the complete
retention of all participants in the control group,
coupled with their successful adherence to
maintaining their usual routines without
initiating other exercises, minimizes the risk of
attrition bias and provides a robust comparative
baseline. This high level of protocol adherence in
both groups allows for greater confidence in
attributing the significant improvements in
depression and quality of life specifically to the
Pilates intervention.

While Pilates exercises did not directly
impact anxiety levels in depressed women,
research suggests that they can enhance quality
of life by promoting relaxation and stress
reduction.3> The emphasis on breathing and
mindfulness techniques in Pilates can assist
women in managing their emotions, thereby
alleviating stress and anxiety. Additionally, the
social aspect of participating in group classes
can help mitigate feelings of isolation and
strengthen social support networks.

The inverse relationship between anxiety
and quality of life implies that reducing anxiety
may lead to improved overall well-being.36 These
social interactions can be particularly beneficial
for women under social and economic pressure,
potentially enhancing emotional well-being and
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reducing anxiety. Therefore, incorporating
anxiety management strategies alongside
physical exercise may contribute to improving
both mental and physical health in depressed
women. Research has shown that individuals
with depression and anxiety often experience a
diminished quality of life.37 Pilates, as a
structured form of exercise, has the potential to
improve both the physical and mental health of
depressed women, thereby enhancing their
overall quality of life.3®8 Improvements in
physical health indicators, such as body
composition, fitness, and cardiovascular health,
can lead to increased self-esteem and a more
positive body image.?® These physical health
enhancements can, in turn, positively impact
mental health and contribute to an improved
quality of life.

The findings of this randomized controlled
trial demonstrate that an eight-week Pilates
program is an effective non-pharmacological
intervention for improving health-related
quality of life (HRQoL) and alleviating
depressive symptoms in women over 50 with
depression. While the significant improvement
in the overall Physical (PCS) and Mental (MCS)
Component Summaries of the SF-36 is a key
finding, a deeper discussion of the specific
subparameters that constitute these scores
provides a more nuanced understanding of how
Pilates conferred its benefits.

The significant enhancement in the PCS
can be largely attributed to improvements in its
core subscales: Physical Functioning (PF), Role-
Physical (RP), and Bodily Pain (BP). The Pilates
method, with its emphasis on core strength,
stability, flexibility, and controlled whole-body
movements, directly targets the domains
measured by these subscales. Participants likely
experienced improved muscular strength and
joint mobility, which would reduce limitations in
performing daily physical activities (PF).
Furthermore, the reduction in physical
limitations would naturally lead to fewer
problems with work or other regular daily roles
(RP). The focus on proper alignment and
balanced muscle development in Pilates is also
a well-known therapeutic approach for
managing musculoskeletal pain, which aligns
with the observed improvement in the BP
subscale, where participants likely reported less
pain and less pain-related interference in their
lives.

Akbarpour Beni et al

Regarding the significant improvement in
the MCS, the subscales of Vitality (VT) and
Mental Health (MH) are of particular interest.
The VT subscale, which measures energy and
fatigue, showed marked improvement. This can
be explained by the energizing effect of regular
physical activity and the emphasis on mindful
breathing in Pilates, which is known to combat
feelings of tiredness and exhaustion common in
depression. The improvement in the MH
subscale, encompassing general psychological
well-being and symptoms of depression and
anxiety, directly correlates with the significant
reduction in BDI scores. This suggests that the
mind-body connection central to Pilates—
promoting mindfulness, body awareness, and a
sense of accomplishment—fostered improved
mental health. While the Social Functioning
(SF) and Role-Emotional (RE) subscales were
not individually reported, their contribution to
the MCS is critical. The group-based nature of
the intervention likely provided a source of
social support, reducing feelings of isolation and
improving social interactions (SF).
Concurrently, the reduction in depressive
symptoms would logically lead to fewer
limitations in daily activities due to emotional
problems (RE).

The lack of significant change in the control
group across all SF-36 subparameters
underscores that the observed benefits were a
direct result of the Pilates intervention and not
due to the passage of time or other external
factors. This stark contrast reinforces the
efficacy of the program.

In conclusion, the therapeutic benefits of
Pilates extend beyond a general sense of well-
being. Our findings suggest that it produces a
multifaceted improvement in HRQoL by
specifically enhancing physical capabilities,
reducing bodily pain, increasing vitality, and
improving mental and emotional states. This
detailed profile of improvement supports the use
of Pilates as a holistic, complementary therapy
in managing depression and its profound impact
on daily life. Future research should aim to
report on all eight SF-36 subscales individually
to build an even more precise picture of the
intervention's impact.

Limitations

This research had certain constraints. The
study population was restricted to women aged
over 50 years, potentially overlooking the effects
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of age, physiological status, psychological
factors, and other variables. Additionally, the
inability to fully control participants' living
conditions, nutrition, and habits outside the
study period may have influenced the results.
Consequently, future studies should examine
larger and more diverse samples, evaluating the
physical and psychological effects of exercise on
various age groups and genders. This approach
can contribute to a better understanding of how
Pilates and other physical activities impact
mental health.

Conclusion

The study's outcomes demonstrate that
engaging in Pilates exercises has a substantial
and beneficial impact on depression and life
quality among women experiencing depression.
These discoveries underscore the crucial role of
physical activity in addressing depression and
enhancing the well-being of depressed women,
potentially serving as an effective treatment
approach. Moreover, the social and supportive
aspects of Pilates may contribute to
strengthening relationships and alleviating
feelings of isolation in women suffering from
depression and anxiety.

Based on these findings, Pilates exercises
can be recommended as a complementary
treatment alongside pharmacological and
psychotherapy interventions for women with
depression. Health and medical facilities should
consider offering Pilates as a treatment option
to support the mental health and quality of life
of depressed patients. This study helps mental
health professionals and fitness instructors
design effective exercise programs for specific
patient groups.

Future research should aim to elucidate the
specific mechanisms involved in Pilates and
explore the long-term effects of regular practice
on mental well-being. Furthermore, comparing
the effects of Pilates to other forms of exercise
may help identify optimal treatments for
improving quality of life and mental health in
women with depression. Subsequent research
should also investigate the long-term effects and
specific mechanisms of Pilates in enhancing
mental health to gain a more comprehensive
understanding of this exercise modality as a
therapeutic intervention.
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Physical activity, psychosocial status, and sleep quality in
COVID-19 survivors following telerehabilitation: A
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COVID-19 gegirenlerde telerehabilitasyon sonrasi fiziksel aktivite, psikososyal durum ve uyku
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Abstract

0z

Purpose: Coronavirus disease (COVID-19) has a negative impact on physical activity, anxiety, depression, sleep, and overall quality of life (QoL).
Tele-rehabilitation offers an alternative when rehabilitation is not possible. The study was aimed to explore the impact of telerehabilitation on the
physical activity, psychosocial status, sleep quality, QoL, and daily activities of living (ADLs) of COVID-19 survivors.

Methods: During the pandemic, twenty individuals who were hospitalized due to COVID-19 and subsequently discharged participated in a 12-
week telerehabilitation program that included an exercise brochure and telephone calls. The data were collected using Google Forms at discharge
and at the 1st, 2nd, 3rd, and 6th months after discharge. The International PA Questionnaire (IPAQ) was used to assess physical activity, while
the Hospital Anxiety and Depression Scale (HADS) was used to determine psychosocial status. For sleep quality assessment, the Pittsburgh Sleep
Quality Index (PSQI) was used. The Nottingham Health Profile (NHP) was used to assess QoL and the Barthel Index (BI) for ADLs.

Results: There was a significant increase in IPAQ total score after telerehabilitation [discharge vs. 3rd month (p=0.006)], with the similarity in
IPAQ total score at 3rd vs. 6th months (p>0.007). The HADS anxiety score decreased significantly over its time course compared with the
discharge (p<0.007). The PSQI global score significantly decreased after telerehabilitation (p<0.05). NHP and Bl scores were not different among
assessment periods (p>0.007).

Conclusion: In individuals hospitalized due to COVID-19, a 12-week telerehabilitation program after discharge may have contributed to an
increase in physical activity levels and helped maintain these levels during the following three months. Our findings suggest that telerehabilitation
may be potentially beneficial in supporting physical activity, reducing symptoms of anxiety and depression, and improving sleep quality in COVID-
19 survivors. However, further studies including a control group are needed to validate these results.

Keywords: COVID-19, Quality of life, Physical activity, Sleep quality, Telerehabilitation

Amag: Koronaviris hastalig (COVID-19), fiziksel aktivite, anksiyete, depresyon, uyku ve genel yasam kalitesi iizerinde olumsuz etkilere neden
olur. Telerehabilitasyon, yiiz yiize rehabilitasyonun bir alternatifi olabilir. Bu calismada, COVID-19 nedeni ile hastaneye yatinlan bireylerde,
taburculuk sonrasi uygulanan telerehabilitasyonun fiziksel aktivite, psikososyal durum, uyku kalitesi, yasam kalitesi ve giinliik yasam aktiviteleri
(GYA) lizerindeki ethisini arastirmayi amaclandl.

Yontem: Pandemi sirasinda, COVID-19 nedeni ile hastaneye yatan ve taburcu olan yirmi kisi, egzersiz brogsiri ve telefon gorismeleri kullanilarak
gergeklestirilen 12 haftalik telerehabilitasyon programina dahil edildi. Veriler, taburculukta ve taburculuk sonrasi 1., 2., 3. ve 6. aylarda Google
Formlar kullanilarak topland.. Fiziksel aktivite Uluslararasi Fiziksel Aktivite Anketi (IPAQ); psikososyal durum Hastane Anksiyete ve Depresyon
Olgegi (HADS) ile degerlendirildi. Uyku kalitesinin degerlendirilmesinde Pittsburgh Uyku Kalitesi Endeksi (PSQI) kullamild. Yasam kalitesi
Nottingham Sagiik Profili (VHP); GYA Barthel Indeksi (Bl) ile degerlendirilli.

Bulgular: Telerehabilitasyon sonrasi IPAQ toplam puam 3. ayda taburculuga gore anlamli olarak artarken (p=0,006), 3. ve 6. ay IPAQ toplam
puanlan benzerdi (p>0,007). HADS anksiyete puani, taburculuga gore zaman iginde anlamli olarak azaldi (p<0,007). PSQI global puan,
telerehabilitasyon sonrasi anlamli olarak azaldr (p<0,05). NHP ve Bl skorlan agisindan degerlendirme dénemleri arasinda farklilik saptanmadi
(p>0,007).

Sonug: COVID-19 nedeni ile hastaneye yatinlan bireylerde, taburculuk sonrasi uygulanan 12 haftalik telerehabilitasyon programi, fiziksel aktivite
diizeyinde artis saglayarak, bunu takip eden ¢ ay boyunca fiziksel aktivite diizeyinin korunmasina katkida bulunmus olabilir. Bulgulanmiz,
telerehabilitasyonun COVID-19 gegiren bireylerde fiziksel aktiviteyi destekleme, anksiyete ve depresyon semptomlanni azaltma ve uyku kalitesini
artirma agisindan faydali olabilecegini gostermektedir. Elde edilen bu sonuglann dogrulanabilmesi icin kontrol grubu dahil edilerek yapilacak
ileri calismalara ihtiyag vardir.

Anahtar kelimeler: COVID-19, Yasam kalitesi, Fiziksel aktivite, Uyku kalitesi, Telerehabilitasyon
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INTRODUCTION

The new type of coronavirus has caused a
global health emergency, requiring the
implementation of restrictive measures.!
Pneumonia and severe acute respiratory tract
infection may occur in severe coronavirus
disease (COVID-19) cases.? In the context of
physiotherapy and rehabilitation, the
implementation of a COVID-19 awake
repositioning  prone protocol and the
implementation of an early passive or active
assisted mobilization program during the acute
phase of the disease are recommended.3
Following hospital discharge in the post-COVID
period, rehabilitation programs should focus on
respiratory and physical therapy to improve
lung function and overall physical strength,
thereby supporting full recovery from the effects
of the wvirus. Furthermore, mental health
support should be incorporated to address the
psychological consequences associated with the
disease.4?

Telemedicine is a clinical practice that
connects patients to healthcare professionals via
electronic platforms, improving patients' self-
management and allowing the care of patients
with  limited access to  healthcare.4
Telerehabilitation and information technologies
to provide remote rehabilitation services to
individuals at home are considered an
advantage in minimizing the risk of exposure
and transmission of the infectious agent from
person to person. Telerehabilitation improves
health outcomes and quality of life (QoL) by
reducing hospitalization rates and
readmissions, providing early discharge,
facilitating access to rehabilitation services, and
reducing costs.5

Regular physical activity (PA) and exercise
benefit health in many ways, such as increasing
cardiorespiratory  fitness and  reducing
symptoms of anxiety and depression.t Increased
cardiorespiratory fitness may play a preventive
and therapeutic role against respiratory tract
infections. It may prevent or help treat
pneumonia and acute respiratory distress
syndrome, which develops with COVID-19 and
leads to respiratory failure.2

A significant decrease in PA has occurred
due to social isolation during the COVID-19
pandemic, including among patients and

healthy individuals.” Decreased PA and
increased sedentary behavior may cause a rapid
deterioration in cardiovascular health and
premature death in the population with high
cardiovascular risk.” Considering that short-
term (1-4 weeks) inactivity is associated with
adverse effects on cardiovascular function and
structure, home-based PA programs appear to
be a clinically relevant intervention to promote
health benefits.?

The need for isolation due to the COVID-19
pandemic creates an unprecedented, stressful
situation for an unknown period. Mood
disorders, including depression, post-traumatic
stress disorder, and anxiety, are common in
COVID-19 survivors.8 These disorders persist
even after two years in COVID-19 survivors.
The increased anxiety and depression may
negatively affect sleep quality.8 Sleep
disturbance may directly affect emotional
function as sleep plays a fundamental role in
emotion regulation.® These concerns may
accompany a severe decrease in QoL and
function after COVID-19.9 Therefore, the study
aimed to investigate the effects of
physiotherapist-directed, unsupervised home-
based telerehabilitation on PA, sleep,
depression, and QoL at discharge and the first,
second, third, and sixth months after discharge
in previously hospitalized COVID-19 survivors.
We hypothesized that 12-week physiotherapist-
directed home-based telerehabilitation would
positively influence physical and psychosocial
outcomes, including PA, anxiety and depression
symptoms, and sleep quality in survivors of
COVID-19.

METHODS

This study was conducted between October
2020 and March 2022, following approval by the
Clinical Research Ethics Board of Hacettepe
University (approval number KA-20085 and
approval date: October 20, 2020).

Study design and participants

The study was designed as a prospective,
single-arm interventional study with follow-up.
The inclusion criteria consisted of being >18
years, being admitted to Hacettepe University
Adult Hospital COVID-19 wards with a SARS-
CoV-2 infection diagnosed by positive PCR assay
findings, and having been discharged with mild
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to moderate disease according to World Health
Organization =~ (WHO)  disease  severity
classification,© being referred to Hacettepe
University, Faculty of Physical Therapy and
Rehabilitation, Cardiopulmonary
Rehabilitation  Unit  for  the  routine
physiotherapy program, and being clinically
stable. Participants had to be volunteers who
consented to the study, could read and write,
had a smartphone, and were proficient in using
it. Being admitted to the intensive care unit
(ICU) (severe and critically ill patients),10
having unstable clinical conditions, severe
neuromuscular and musculoskeletal problems,
an inability to cooperate in completing
questionnaires, and a lack of willingness to
volunteer were determined as the exclusion
criteria.

Assessments

Informed consent was obtained
electronically from all individuals before
participating in the study. All assessments were
filled in electronically during that week at
discharge, at the end of each month for a 12-
week home-based telerehabilitation period (the
1st, 2nd, 3rd months after discharge), and the
6th month after discharge via Google Forms.
Demographics, physical characteristics, length
of hospital stay due to COVID-19, and
comorbidity status of participants were
recorded.

The modified Medical Research Council
(mMRC) dyspnea scale is used to assess how
breathlessness interferes with an individual’s
routine activities over the past week. It is a five-
point scale, ranging from 0 to 4: O indicates
breathlessness only during intense physical
exertion; 1 reflects shortness of breath when
walking briskly on flat ground or ascending a
mild incline; 2 refers to having to walk slower
than peers on flat ground due to breathlessness
or needing to pause while walking at a personal
pace; 3 corresponds to needing to stop for air
after walking approximately 100 meters or a few
minutes on flat ground; 4 denotes being too
breathless to leave home or experiencing
difficulty while getting dressed.!!

Physical activity

The Turkish version of the International
PA Questionnaire (IPAQ)-short form was used
to evaluate PA level. The IPAQ-short form is a
seven-question questionnaire used to assess PA
levels in people aged 18-69 years. Walking
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(MET-min/week), moderate and vigorous
activity duration, and total score are
obtained.!213 The IPAQ scores were classified as
inactive (<700 MET-week), moderately active
(700-2500 MET-week), and active (>2500 MET-
week).14

Psychosocial status

The psychosocial status was evaluated
using the Turkish version of the Hospital
Anxiety and Depression Scale (HADS). The
HADS is a 14-item self-report scale consisting of
anxiety and depression subscales.15 The scores
were classified as 0-7, non-cases; 8-10, doubtful
cases; and 11-21, cases. Higher scores indicate
worse psychosocial status.15.16

Sleep quality

Sleep quality was assessed using the
Turkish version of the Pittsburgh Sleep Quality
Index (PSQI). The PSQI has seven components:
perceived sleep quality, latency, duration,
habitual sleep efficiency, sleep disturbances,
medications, and daytime dysfunction.!” The
total score ranges from O to 21, and a total score
>5 1s considered a significant sleep
disturbance.l7

Health profile

The Turkish version of the Nottingham
Health Profile (NHP) was used to assess the
QoL. The NHP 1is developed to measure
perceived health problems and the extent to
which these problems affect normal daily
activities.!8 The NHP evaluates perceived
restriction or discomfort in sub-sections: energy,
pain, emotional reactions, sleep, social isolation,
and PA. Each subsection has a score limit
ranging from 0 (no restriction) to 100 (presence
of all listed restrictions).18

Activities of daily living

The Barthel Index (BI) mainly assesses
mobility and self-care activities. It consists of 10
subheadings: eating, bathing, self-care,
dressing, bladder control, bowel control, toilet
use, chair/bed transfer, mobility, and use of
stairs.1920 A gscore of O shows complete
dependence, while 100 indicates complete
independence.!920 BI scores of 0-20 indicate
'total' dependency, 20-35 indicate 'severe'
dependency, 40-55  indicate  'moderate'
dependency, 60-95 indicate 'slight' dependency,
and 100 indicate 'independent.19.20

Figure 1 shows the study flowchart. The
telerehabilitation  period lasted 12-week
following discharge. All assessments were
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Figure 1. Study flowchart.

collected five times (at discharge and at the end
of the 1st, 2nd, 3rd, and 6th months after
discharge).

Intervention

The intervention consisted of exercise
recommendations delivered by physiotherapists
through telerehabilitation as part of a 12-week
home-based rehabilitation  program  for
individuals discharged after COVID-19.

An exercise brochure for COVID-19
survivors was prepared and sent electronically
to participants after discharge.2! The brochure
included the active cycle of breathing techniques

and range of motion exercises for upper and
lower extremities to be performed in bed, sitting,
and standing. Exercises included shoulder
flexion and abduction, scapular adduction, hip
flexion and abduction, knee extension, and sit-
to-stand exercises. The exercises were planned
to facilitate activities and functions in daily life,
and the participants were informed to perform
them daily. Participants were instructed to
begin with five repetitions and progressively
increase depending on tolerance. They were
asked to perform exercises three times per day,
and the repetitions and frequency of the given
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exercises were adapted with follow-ups. In
addition to exercises, participants were advised
to engage in regular walks whenever possible.
Weekly phone calls were conducted to provide
appropriate adaptations for the difficulties
experienced during the exercises.

Statistical analyses were performed using
the Statistical Package for the Social Sciences
(SPSS) version 25.0 IBM Corp., Armonk, NY,
USA) software program. Normality was tested
using the Shapiro-Wilk test. The data were
presented as the median and interquartile range
(IQR) and frequency. A comparison of variables
across all assessment months was conducted
using the Friedman test. Statistical significance
was set at p<0.05 for the comparison of all
assessment periods. The Wilcoxon signed rank
test was used to assess the differences in
variables between discharge vs. all assessment
months (1st, 2nd, 3rd, and 6th), discharge vs. 1st
month, 1st vs. 6th month, 2nd vs. 6th month,
and 3rd vs. 6th month. Considering pairwise
comparisons, statistical significance was
determined at p<0.007 wusing Bonferroni
correction.

RESULTS

Thirty-two patients were accepted to
participate at discharge. However, during the
program's 1st month, 12 participants decided to
discontinue their involvement and refused to
perform exercises. As a result, 12 patients were
excluded from the study. Twenty individuals
completed 12-week of home-based
telerehabilitation (Figure 1). The participants’
characteristics are described in Table 1.

Table 2 presents the scores of mMRC,
IPAQ, HADS, PSQI, NHP, and BI. There were
no significant differences in mMRC among the
assessments (p>0.05, Table 2).

Physical activity

There were significant improvements in the
IPAQ moderate PA (p=0.022), walking score
(p=0.001), and total score (p<0.001) among all
assessment periods, while vigorous PA was not
different among monthly assessments (p>0.05,
Table 2, Figure 2). There were no statistically
significant differences in ITPAQ moderate PA
scores among the two assessment period
comparisons (p>0.007). For the IPAQ walking
score, there was a statistically significant
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increase in IPAQ walking score between
discharge vs. 6th month (p=0.006). However, the
IPAQ walking score was not statistically
different between discharge vs. 1st month, 2nd
month, 3rd month, 1st vs. 6th month, 2nd vs. 6th
month, and 3rd vs. 6th month (p>0.007).

Table 1. The characteristics of the COVID-19 survivors (N=20).

Mean+SD
Age (years) 54.35+14.46
Body weight (kg) 77.38+15.72
Height (cm) 165.95+10.26
Body Mass Index (kg/m?2) 28.13+5.27
Smoking (pack-years) 17.10+£28.11
Length of hospital stay (days) 8.30+5.02
n (%)
Sex (female/male) 9/11 (45/55)
Comorbidity types
Ischemic heart disease 2(10)
Diabetes 5(25)
Lung disease 1(5)
Kidney disease 3(15)
Liver disease 3(15)
Other (dyslipidemia, obesity) 5(25)
Smoking history
Smoker -(0)
Ex-smoker 11 (55)
Non-smoker 9 (45)
Education level
Literate 1(5)
Primary school 5(25)
Middle school 1(5)
High school 4 (20)
University 7(35)
Higher degree 2(10)
Marital Status
Married 12 (60)
Single 2(10)
Divorced 6(30)
Working Status
Full-time work 10 (50)
Part-time work 1(5)
Unemployed 3(15)
Retired 6 (30)

A statistically significant improvement was
observed in the IPAQ total score between
discharge and the 3rd month post-discharge
(p=0.006). No significant changes were detected
in comparisons between discharge and the 1st,
2nd, or 6th months, nor between the 1st and 6th,
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2nd and 6th, or 3rd and 6th months (p>0.007).
In terms of PA classification based on IPAQ total
scores, 70% of participants were categorized as
physically inactive at discharge. This proportion
declined progressively to 40% at the 1st month,
35% at the 2nd month, and reached its lowest at
the 3rd month with 20%, before slightly
increasing to 25% by the 6th month (see Table
3).

Psychosocial status

The statistically significant improvements
were observed in HADS anxiety (p<0.001) and
HADS depression scores (p=0.002) among
assessments (Table 2, Figure 2). There were
significant decreases in HADS anxiety scores
between discharge vs. 1st month (p=0.002);
discharge vs. 2nd month (p<0.001); discharge vs.
3rd month (p=0.002); discharge vs. 6th month
(p<0.001). There were no differences in HADS
anxiety scores regarding the 1st vs. 3rd month,
2nd vs. 6th month, and 3rd vs. 6th month
(p>0.007). There were significant decreases in
HADS depression scores between discharge vs.
2nd month (p=0.003) and discharge vs. 3rd
month (p=0.002). There were no differences in
HADS depression scores regarding discharge vs.
1st and 6th month, 1st vs. 3rd month, 2nd vs.
6th month, and 3rd vs. 6th month (p>0.007).

Sleep quality

The global score of the PSQI decreased
during the telerehabilitation period (p<0.001).
Regarding the PSQI global score, there were
significant differences in pairwise comparisons:
discharge vs. 2nd month (p=0.002); discharge vs.
3rd month (p<0.001); discharge vs. 6th month
(p=0.001). However, PSQI global scores were not
different between discharge vs. 1st month, 1st
vs. 6th month, 2nd vs. 6th month, and 3rd vs.
6th month (p>0.007). PSQI subjective sleep
quality (p<0.001) (subjective sleep quality
pairwise comparisons: discharge vs. 2nd month,
p=0.005; discharge vs. 3rd month, p=0.005;
discharge vs. 6th month, p=0.001), PSQI sleep
latency (p=0.018 with no significance in
pairwise comparisons [p>0.007]); PSQI sleep
duration (p<0.001) (sleep duration pairwise
comparisons: discharge vs. 6th month, p=0.003;
1st vs. 6th month, p<0.001; 2nd vs. 6th month
(p=0.003); 3rd vs. 6th month (p=0.013), PSQI
sleep disturbance (p<0.001) (sleep disturbance
pairwise comparisons: discharge vs. 3rd month,
p=0.006; discharge vs. 6th month, p=0.005), and
daytime dysfunction (p<0.001) (discharge vs.

2nd month, p=0.005; discharge vs. 3rd month,
p=0.005) were found to be improved after
telerehabilitation. There were no significant
differences in PSQI sleep efficiency and PSQI
use of sleep medication scores among all
assessment periods (p>0.05, Table 2).

Health profile

NHP domains, except for the energy sub-
dimension (p=0.020), were not different among
all assessment periods (p>0.05, Table 2).
However, the NHP energy scores were not
different in pairwise comparisons (p>0.007).

Activities of Daily Living

Regarding BI scores, there were significant
differences among all assessment periods
(p=0.009). Considering the BI score, however,
statistically significant improvements were not
observed in pairwise comparisons (p>0.007).

The post hoc power analyses were
performed using G*Power version 3.1.9.6
(Heinrich Heine University, Diisseldorf,
Germany). Analyses based on the comparisons
of HADS anxiety score at discharge vs. 3rd
month, HADS anxiety score at discharge vs. 6th
month, HADS depression score at discharge vs.
3rd month, and PSQI global score at discharge
vs. 3rd and 6th months revealed statistical
powers of 88.8%, 96.5%, 89.2%, 98.9%, and
98.7%, respectively.

DISCUSSION

The present study investigated the effects
of a 12-week physiotherapist-directed home-
based telerehabilitation program using phone
calls on discharged COVID-19 survivors. The
main findings were significant improvements in
PA level, anxiety and depression, and sleep
quality following telerehabilitation, which were
maintained after three months.

The persistent dyspnea and respiratory
failure in COVID-19 survivors appear to be
multicausal and play a significant role in lung
function impairment.2 Li et al. investigated the
effects of a 6-week unsupervised home-based
exercise program consisting of breathing
control, thoracic expansion, and aerobic and
strength exercises in discharged COVID-19
survivors.22 A treatment effect for mMRC-
dyspnea was stated immediately after the
intervention, with 90.4% being dyspnea-free in
the telerehabilitation group as opposed to 61.7%
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Figure 2. Changes in the median and interquartile range of the IPAQ, HADS, and PSQI scores. Wilcoxon rank sum test * defined as
significant differences in median scores between at discharge and 1st, 2nd, 314, and 6t month (p<0.007).
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Table 2. The comparison of dyspnea, physical activity, anxiety and depression, sleep quality, health profile of the COVID-19
Survivors (n=20).

at Discharge 1st Month 2nd Month 3rd Month 6th month
Median (IQR) Median (IQR) Median (IQR) Median (IQR)  Median (IQR) p
mMRC score (0-4) 1(0-1) 0(0-1) 0.50 (0-1) 0(0-1) 0(0-1) 0.203
IPAQ (MET-min)
Vigorous PA 0(0-0) 0(0-0) 0(0-240) 0(0.0-780) 0(0-600) 0.231
Moderate PA 0(0-0) 0(0-120) 120 (0-360) 0(0-630) 0(0-3900) 0.022*
Walking 132 (0-944) 717.75 (309-1180) 891(186-1386)  742.5(421-1337) 1015 (458-1386)  0.001*
Total 154 (0-1299) 797 (309-1898) 1517 (474-2084) 1390 (792-2115) 1287 (594-2206)  <0.001
HADS
Anxiety (0-21) 6(2.25-8.5) 3(0.25-6.75) 1.50 (1-4) 1.50 (0.25-4) 1(0-4.50) <0.001*
Depression (0-21) 5(1.25-12.75) 3(0-6) 1.50 (0-5) 1.50 (0-2.75) 3(1-4) 0.002*
PSQI
Subjective sleep quality 1(1-2) 1(1-1) 1(0-1) 1(0.25-1) 0.50 (0-1) <0.001
Sleep latency 1(1-2) 1(0-1.75) 1(0.25-2) 1(0-1) 1(0-1.75) 0.018*
Sleep duration 1(0.25-1) 1(1-1.75) 1(0-1) 1(0-1) 0(0-0) <0.001
Sleep efficiency 0(0-1) 0(0-1) 0(0-0.75) 0(0-1) 1(0-1) 0.077
Sleep disturbance 1(1-2) 1(1-2) 1(1-1) 1(1-1) 1(1-1) <0.001
Use of sleep medicat. 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0.406
Daytime dysfunction 0.50 (0-1) 0(0-0) 0(0-0) 0(0-0) 0(0-0) <0.001
Global score (0-21) 6(3.50-8) 4.50 (3.25-6) 4(2-5) 4(2-4) 3.50 (2-5) <0.001
NHP (0-100)
Energy 39.20 (0-63.2) 0(0-39.20) 0(0-51.60) 0 (0-35.40) 0(0-33.60) 0.020*
Pain 7.91(0-28.5) 8.53 (0-17.75) 0(0-22.11) 0(0-21.44) 0(0-31.07) 0.233
Emotional reactions 0(0-24.9) 0(0-7.85) 0(0.0-20.41) 3.61(0-22.55) 0(0.0-19.33) 0.142
Social isolation 0(0-0) 0(0-16.51) 0(0-22.01) 0(0-16.9) 0(0-16.51) 0.955
Sleep 12.57 (0-26.9) 0(0-12.57) 6.29 (0.0-12.57) 0(0-12.57) 0(0-12.57) 0.072
Physical mobility 11(0-34.5) 10.79 (0-17.87) 10.79 (0-21.83) 10.79 (0-21.62)  10.68(0-26.62)  0.589
Bl total score (0-100) 100 (95-100) 100 (100-100) 100 (100-100) 100 (100-100) 100.0 (100-100)  0.009*

*p<0.05. mMRC, Modified Medical Research Council Dyspnea Scale. IPAQ: International Questionnaire of Physical Activity-Short Form. HADS: Hospital
Anxiety Depression Scale. PSQI: Pittsburgh Sleep Quality Index. NHP: Nottingham Health Profile. Bl: Barthel Index.

Table 3. The frequencies of physical activity, anxiety and depression, and sleep quality classifications of the COVID-19 Survivors.

at Discharge 1st Month 2nd Month 3rd Month 6th month
n (%) n (%) n (%) n (%) n (%)
IPAQ classification
Inactive (<700 MET-min) 14 (70) 8(40) 7(35) 4(20) 5(25)
Moderate (700-2500 MET-min) 5(25) 9 (45) 9 (45) 13 (65) 11(55)
Active (>2500 MET-min) 1(5) 3(15) 4(20) 3(15) 4(20)
HADS Anxiety classification n (%) n (%) n (%) n (%) n (%)
0-7 15 (75) 17 (85) 19 (95) 20(100) 20(100)
8.-10 3(15) 1(5) 1(5) 0(0) 0(0)
11-21 2(10) 2(10) 0(0) 0(0) 0(0)
HADS Depression classification n (%) n (%) n (%) n (%) n (%)
0-7 13 (65) 16 (80) 18 (90) 19 (95) 20(100)
8.-10 2(10) 0(0) 1(5) 1(5) 0(0)
11-21 5(25) 4(20) 1(5) 0(0) 0(0)
BI Functional classification n (%) n (%) n (%) n (%) n (%)
Independent (100) 12 (60) 16 (80) 19 (95) 16 (80) 16 (80)
Slight dependency (60-95) 6(30) 4(20) 1(5) 4(20) 4(20)
Moderate dependency (40-55) 0(0) 0(0) 0(0) 0(0) 0(0)
Severe dependency (20-35) 0(0) 0(0) 0(0) 0(0) 0(0)
Total dependency (<20) 2(10) 0(0) 0(0) 0(0) 0(0)

IPAQ: International Questionnaire of Physical Activity-Short Form. HADS: Hospital Anxiety Depression Scale. Bl: Barthel Index.
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in the control group, but not at the follow-up
time points.22 Pehlivan et al. investigated the
effectiveness of  telerehabilitation  using
breathing and range of motion exercises, active
cycle of Dbreathing technique, and aerobic
training, and an exercise brochure with the
same content for the control group, for three
days a week for six weeks.2! They reported a
significant improvement in the mMRC dyspnea
level in the telerehabilitation group.2! The
significant effect of telehealth care (combined
with education and/or exercise training) in
chronic lung disease on PA was reported, with
no significant difference in physical capacity and
dyspnea.23 We did not observe a significant
improvement in mMRC  scores  after
telerehabilitation. This finding could be
associated with not including severe COVID-19
cases, which were previously hospitalized in the
ICU.

McDonough et al. demonstrated that video-
assisted exercise training during the COVID-19
pandemic increased moderate and vigorous PA
and decreased perceived PA barriers, with no
significant differences in sedentary and light PA
in young adults.24 Lai et al. showed that a 12-
week telerehabilitation program increased
exercise motivation and PA in individuals with
long COVID-19 compared with controls.2?
Similarly, our findings are consistent with
previous studies.2526 suggesting that
telerehabilitation without regular clinical visits
can positively affect PA levels. We found that
the TPAQ total score increased compared to
discharge throughout the telerehabilitation
period and was preserved for three months after
the telerehabilitation period ended. The
improvement after telerehabilitation could be
related to the improved psychosocial status of
participants. Insignificance in vigorous PA may
result from the fact that the participants did not
undergo supervised exercise training, and the
preference of the COVID-19 survivors to engage
in low-intensity activities.

Post-COVID-19 syndrome often presents
overlapping clusters of symptoms that can
change over time and affect any system in the
body, and commonly reported symptoms include
fatigue, breathlessness, sleep problems, anxiety,
and depression in the COVID-19 pandemic.27
Exercise has positive effects on mental
disorders.28 Recent research has reported that
combined exercise with digital games is a
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potential method for coping with anxiety and
depression, considering limited access to
exercise facilities during the COVID-19
pandemic.2® It has been shown that a 20-min
single-session moderate-intensity exercise game
reduces anxiety in healthy individuals in a
home-based environment during the COVID-19
quarantine period.2® de Araujo Furtado et al.
reported improvements in depression and
anxiety among post-discharge COVID-19
patients assigned to either an asynchronous
telerehabilitation group or a booklet-based
rehabilitation group, with benefits observed in
both groups.3° Our findings are consistent with
these  results,29:30 and the  observed
improvements in anxiety and depression may
have been positively influenced by the
improvement in PA; however, further research
is needed to evaluate long-term effects.

Breathing and physical exercises were
reported to reduce stress and positively affect
sleep problems.28 Lower PSQI score after
telerehabilitation compared with the PSQI score
at discharge indicates that physiotherapist-
directed telerehabilitation may positively affect
sleep quality in COVID-19 survivors. The
benefits of telerehabilitation for improving sleep
quality have also been reported in individuals
with COVID-19 during the pandemic.25

In terms of QoL, it is widely acknowledged
that exercise can enhance health-related QoL.3!
A 24-session telerehabilitation program for
COVID-19 patients after discharge was shown
to improve QoL.32 An unsupervised home-based
6-week  telerehabilitation  program  via
smartphone in discharged COVID-19 survivors
was shown to improve the physical component of
QoL with no difference in the mental component
of QoL compared to the control group.22 Nambi
et al. stated that resistance training combined
with low-intensity aerobic exercise caused a
more remarkable QoL improvement than high-
intensity aerobic exercise in community-
dwelling older patients with post-COVID-19
sarcopenia.33 We did not detect any significant
differences in QoL after telerehabilitation.
Similar to our finding regarding Qol, no
improvement in QoL was reported in a study
investigating the effects of 12-week of
telerehabilitation in individuals with long
COVID.25 One possible explanation is that the
NHP provides a generic QoL. assessment and
may not adequately capture disease-specific
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physical or psychosocial limitations related to
post-COVID-19 recovery. COVID-19-specific
questionnaires may better reflect longitudinal
changes in patients’ health status and
treatment-related effects.34

A study showed that nearly 70% of the
COVID-19 survivors had poor BI scores.35
Inpatient rehabilitation in individuals with
COVID-19 was shown to improve ADLs.3¢ Even
though the participants' BI scores differed
among all assessment periods in our study, no
significant difference was observed in pairwise
comparisons. The high baseline independence of
participants (60% were functionally
independent at discharge) who had mild to
moderate COVID-19 and did not require ICU
admission may explain this finding. The Bl may
perform better in detecting functional
limitations when more severe cases are
included. Furthermore, COVID-19-specific
scales such as the Post-COVID-19 Functional
Status Scale may more accurately capture
functional limitations at discharge and during
long-term follow-up.37:38

Limitations

This study has several limitations. Firstly,
the absence of a control group limits the ability
to attribute improvements solely to the
telerehabilitation. While our findings suggest
that participation in telerehabilitation may be
associated with improvements in PA levels,
these results should be interpreted with caution,
as improvements could also reflect natural
recovery after COVID-19. Future studies
including control groups are needed to confirm
these effects and to clarify whether they are
specific to telerehabilitation. Secondly, the
study relied on patient-reported outcome
measures; incorporating objective functional
measures could strengthen future research.
Moreover, including only individuals with mild
to moderate COVID-19 may have limited the
generalizability of the findings to those with
severe disease. Thirdly, twelve individuals
dropped out for personal reasons. This dropout
rate may have influenced the overall
effectiveness of the program and could introduce
bias when interpreting the results. Fourthly, the
HADS was used to assess anxiety and
depression after discharge and return to the
community. Since HADS was originally
developed to identify emotional disorders in
patients undergoing medical and surgical

treatment in hospital settings.!® Therefore,
additional research may be helpful to validate
and verify the efficacy of its Turkish version
among community-dwelling adults. Despite
these limitations, the study provides
preliminary insights regarding the potential of
physiotherapist-directed home-based
telerehabilitation for discharged COVID-19
survivors who did not require ICU admission,
including observations over a 6-month follow-up
period.

Conclusion

To conclude, participating in a 12-week
home-based telerehabilitation program was
associated with improvements in PA, anxiety
symptoms, and sleep quality among discharged
COVID-19 survivors. Over a three-month
follow-up period, PA levels also seemed to be
sustained by the intervention. Although these
findings are preliminary and limited by the
absence of a control group, they suggest that
home-based telerehabilitation could be a
practical and potentially beneficial approach for
supporting both physical and psychosocial
recovery when  access to  supervised
rehabilitation is restricted. These findings are
preliminary and highlight the need for
randomized controlled trials to confirm their
effectiveness and to compare outcomes with
more comprehensive telerehabilitation
programs.
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Ogretim elemanlarinda egzersizin boyun agrisi ve uyku

kalitesine etkisi

Effects of exercise on neck pain and sleep quality in academic staff
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Abstract

Amag: Bu calismada, iiniversite 68retim elemanlannda diizenli yapilan egzersizlerin boyun agrsi ve uyku kalitesi iizerindeki
etkisini degerlendirmek amaclandi.

Yontem: Mart-Agustos 2023 tarihleri arasinda yiiriitiillen calismaya, 64 goniillii akademisyen dahil edildi. Katilimcilar Egitim
Grubu (EG, n=32) ve Kontrol Grubu (KG, n=32) olarak aynldi. EG'ye haftada en az ii¢ giin ve 12 hafta boyunca diizenli egzersiz
yapmasi icin egzersiz brosiirii verildi. KG'ye miidahale edilmedi; calisma sonunda egzersiz rehberligi sunuldu. Veriler Demografik
Bilgi Formu, Boyun Agn ve Disabilite Skoru (BADS) ve Pittshurgh Uyku Kalite indeksi (PUKI) kullanilarak toplandi. Olgekler calisma
oncesi ve 12 haftalik siire sonunda on-test ve son-test olarak uygulandi.

Bulgular: GCalisma dncesinde EG ve KG'nin BADS ve PUKI 6n-test puanlan ile demografik dzellikleri benzerdi (p>0,05). Galisma
sonunda EG'de BADS puanlannda istatistiksel olarak anlamli iyilesme saptandi (6n-test: 30,00+15,25; son-test: 19,65+13,51;
p=0,006). EG'de PUKI puanlannda iyilesme egilimi gézlemlendi ancak bu degisim istatistiksel olarak anlamh degildi (6n-test:
5,37+2,68; son-test: 4,65+2,07; p=0,235). KG'de BADS (p=0,262) ve PUKi (p=0,598) puanlarinda anlamli degisim
gozlenmedi. Gruplar arasi son-test karsilastirmalarinda hem BADS (p<0,001) hem de PUKi (p=0,041) puanlan acisindan EG
lehine anlamli fark saptandi.

Sonug: Universite 6gretim elemanlannda hafif siddette ve diizenli yapilan egzersizlerin boyun agnsini azaltmada etkili oldugu ve
uyku kalitesini destekleyici etki gosterebilecegi sonucuna varildi.

Anahtar Kelimeler: Egzersiz, Boyun Agnsi, Uyku, Ogretim Elemanlar.

Purpose: This study aimed to evaluate the effect of regular exercise on neck pain and sleep quality among university teaching
staff.

Methods: The study was conducted between March and August 2023 and included 64 volunteer academics. Participants were
divided into an intervention group (1G, n=32) and a control group (CG, n=32). The IG received an exercise brochure and was
instructed to perform regular exercises at least three days per week for 12 weeks. No intervention was applied to the CG; exercise
guidance was provided at the end of the study. Data were collected using the Demographic Information Form, the Neck Pain and
Disability Scale (NPDS), and the Pittsburgh Sleep Quality Index (PSQI). Scales were administered as pre-test and post-test before
and after the 12-week intervention period.

Results: Before the intervention, the IG and CG were similar in demographic characteristics and baseline NPDS and PSQ/ scores
(p>0.05). At the end of the study, a statistically significant improvement was observed in NPDS scores in the IG (pre-test:
30.00+15.25; post-test: 19.65+13.51; p=0.006). A trend toward improvement was observed in PSQI scores in the IG; however,
this change was not statistically significant (pre-test: 5.37+2.68; post-test: 4.65+2.07; p=0.235). No significant changes were
observed in NPDS (p=0.262) or PSQI (p=0.598) scores in the CG. Between-group comparisons of post-test scores revealed
significant differences in favor of the IG for both NPDS (p<0.001) and PSQ/ (p=0.041).

Conclusion: It was concluded that regular, mild-intensity exercise is effective in reducing neck pain and may have a supportive
effect on sleep quality among university teaching staff.

Keywords: Exercise, Neck Pain, Sleep, Faculty.
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GIRIS

Masa bagi calisma siirelerinin artmasi,
uzun siireli oturma ve bilgisayar kullanimi,
boyun agrisini en yaygin kas-iskelet sistemi
sorunlarindan  biri  haline  getirmigtir.!
Gunumuzde oOzellikle akademisyenler, ofis
caliganlar1 ve diger masa bas1 meslek
gruplarinda boyun, sirt ve omuz bélgelerinde
agrilarin olduk¢a yaygin oldugu goriilmektedir.
Bu durumun baglica nedenleri ergonomik
yetersizlikler ve fiziksel aktivite eksikligidir.23
Hareketsizlik ve wuygun olmayan c¢alisma
pozisyonlari, kas-iskelet sisteminde ciddi
sorunlara yol acarak 6zellikle boyun agrilarinin
artmasina neden olmaktadir.

Boyun agris1 yalmizca fiziksel bir
rahatsizlik  olmayip, aym1 zamanda is
performansini  dislren, ginlik yasam

kalitesini olumsuz etkileyen ve uyku diizenini
bozan énemli bir saglik sorunudur.4 Digtk uyku
kalitesi, agr1 esigini azaltarak kaslarda
gerginligi artirabilir ve boyun agrisin1 daha da
siddetlendirebilir.5 Bu durum, bireylerin hem
fiziksel hem de psikolojik iyilik halini tehdit
ederek yagsam kalitesini belirgin bigimde
distirmektedir.6 Literatuirde, uzun streli boyun
agris1 yasayan bireylerde uyku bozukluklarinin
stk goruldigi ve bu iki durumun birbirini
olumsuz etkiledigi vurgulanmaktadar.57

Uyku, saghk ve yasam kalitesi acisindan
kritik bir strectir. Yetersiz veya kalitesiz uyku,
kas-iskelet sistemi rahatsizliklariyla dogrudan
iligkili olup agr1 algisim1 artirmakta, kaslarin
gevsemesini ve iyilesme slirecini
engelleyebilmektedir.”8 Bu nedenle boyun
agrisinin  yonetiminde ve uyku kalitesinin
iyilestirilmesinde etkili miudahaleler
gerekmektedir.

Aragtirmalar, boyun ve omuz kaslarim
gliclendiren egzersizlerin kas dayanikliligim
artirarak agriy1 azalttigimm  ve postiral
stabiliteyi gelistirdigini ortaya koymustur.?
Uyku ve egzersiz ise karsilikli olarak birbirini
etkileyen karmagik fizyolojik ve psikolojik
stire¢lerdir. Diuzenli hafif ve orta dizeyde
fiziksel aktivitelerin uyku kalitesini artirdigi;
buna kargin yiuksek yogunluklu ve performans
odakli egzersizlerin fizyolojik stres yanitlarini
yikselterek uyku kalitesini olumsuz
etkileyebilecegi bildirilmigtir.10

Egzersiz, kas kuvvetini artirmasi, postir

bozukluklarini diizeltmesi, kas gerginligini
azaltmasi ve genel fiziksel saghg iyilestirmesi

bakimindan 6nemli bir strateji olarak
degerlendirilmektedir.11 Ozellikle boyun
bélgesine yonelik egzersiz programlarinin

kaslar glclendirdigi, agriy1 azalttiglr ve yasam
kalitesini artirdigi pek ¢ok c¢alismada rapor
edilmistir.1213 Ayrica diizenli egzersiz yalnizca
fiziksel rahatsizliklarin giderilmesine degil,
psikolojik 1iyilik halinin desteklenmesine de
katki saglamaktadir.

Literatiir; diizenli egzersizin kas
gerginligini azalttigini, postiir bozukluklarin
diizelttigini, agriy1 hafiflettigini ve ayni
zamanda stres duzeylerini azaltarak uyku
stiresi ile kalitesini artirdigini
gostermektedir.1314 Bu nedenle egzersiz, boyun
agrisinin  yonetiminde ve uyku kalitesinin
artirilmasinda etkili bir yéntem olarak one
gitkmaktadir.

Literatiirde egzersizin boyun agrisi ve uyku
kalitesi  tlizerindeki  etkilerini  inceleyen
calismalar bulunmasina ragmen, akademik
personel  tlizerinde  yiuritilen miudahale
calismalarmin  sayist  smrhdir.  Ozellikle
O0gretim elemanlarinda diizenli ofis
egzersizlerinin boyun agrisi ve uyku kalitesi
uzerindeki etkisini birlikte degerlendiren
calismalar  yetersizdir. Bu nedenle bu
calismada; 6gretim elemanlarinda 12 haftalik
diizenli egzersiz programinin boyun agrisi ve
uyku kalitesi uzerine etkilerinin
degerlendirilmesi amaclanmigtir. Calismanin
hipotezi; diizenli egzersiz uygulamalarinin
boyun agrisim1 azaltacagr ve uyku kalitesini
iyilestirecegi yonindedir.

YONTEM

Calisma tasarimi

Calismada oOn-test son-test, egzersiz
uygulamasi igeren ve gonulli katilimcilardan
olusan yar1 deneysel arastirma tasarimi
kullanildi.  Mart-Agustos 2023  tarihleri
arasinda yurutilen ¢alismada tiim katilimcilara
aragtirma hakkinda bilgi verildi ve yazili
bilgilendirilmig génulli onamlar: alinda.

Katilimcilar

Calisma orneklemi 64 6gretim
elemanindan olusturuldu. Egitim Grubu (EG),
Istanbul Okan Universitesi Meslek
Yiiksekokulunda; Kontrol Grubu (KG), Sisli
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Meslek  Yuksekokulunda g¢alisan 6gretim
elemanlarindan olugsturuldu. EG'ye Dbrosir
tabanli egzersiz programi verildi. KG'ye
mudahale edilmedi; ¢alisma sonunda egzersiz
rehberligi sunuldu (Sekil 1).

Dahil edilme kriterleri

Aragtirmaya, aktif olarak gérev yapan,
calismaya gonilli olarak katilmay: kabul eden
ve veri toplama siirecini tamamlayan 6gretim
elemanlarn1  dahil  edildi. Katilimcilarin
¢alismaya alinmasinda boyun agris1 varlhigi bir
dahil edilme kriteri olarak aranmadi.

Dislanma kriterleri

Veri toplama formlarimi eksik dolduran
veya calisma slirecini tamamlamayan
katilimcilar degerlendirme dig1 birakildi.

Degerlendirme
Demografik Bilgi Formu- Katilimcilarin yas,
¢alisma yili, cinsiyet, masa basi gecirdikleri stire
ve egzersiz yapma aliskanliklar1 demografik
bilgi formu ile alinda.
Agni Degerlendirmesi: Boyun agrisi, Tirkce
gecerlik ve giivenirlik ¢aligsmasi yapilmig, Boyun
Agr1  Disabilite Skoru (BADS)  élgegi
kullanilarak degerlendirildi. BADS, bireylerin
boyun agris1 siddetini degerlendirmek amaciyla
geligtirilmig, toplam 20 maddeden olusan bir
6l¢im aracidir.’® Bu olgek; agrinin giinlik
yasam aktiviteleri lzerindeki sosyal ve
fonksiyonel etkilerini, ayn1 zamanda duygusal
faktorlerle olan iligkisini kapsamli bigimde
analiz etmektedir. Her madde 0 (hic agr1 yok) ile
5 (en siddetli agr1) arasinda derecelendirilmekte
olup toplam puan 0 ile 100 arasinda
degismektedir. Daha yiksek skorlar daha
yogun boyun agrisina isaret etmektedir.
Uyku Kalitesinin Degerlendirilmesi’ Uyku
kalitesi, Pittsburgh Uyku Kalite Indeksi (PUKI)
kullanmlarak degerlendirildi. PUKI, bireylerin
son bir aylik doénemdeki uyku durumlarini
degerlendiren, toplam 24 sorudan olusan bir
Olcektir.l6  Puanlamada 18 madde esas
alinmakta ve bu maddeler yedi alt bilesen
altinda toplanmaktadir: 6znel uyku kalitesi,
uykuya dalma stiiresi, toplam uyku siresi,
alisilmis uyku etkinligi, uyku bozukluklari,
uyku ilaci kullanimi ve gindiiz iglevselliginde
bozulma. Her  Dbilesen 0-3  arasinda
puanlanmakta olup toplam puan 0-21 arasinda
degismektedir. Toplam puanin 5'in tzerinde
olmasi dusiik uyku kalitesine igaret etmektedir.
Egzersiz Uygulamasi

EG'ye egzersizlerin gorselleri ve uygulama

Canpolat et al

aciklamalarimi igeren alt1 sayfalik bir egzersiz
brogiirit verildi. Sekil 2'de brosiirde yer alan
egzersizlerden bir 6rnek sunuldu (Sekil 2).
Brogiirde boyun, sirt, st ekstremite ve alt
ekstremite kas gruplarina yonelik germe ve
kuvvetlendirme egzersizlerinden olusan toplam
24 egzersiz yer aldi. Egzersiz programi, ofis
ortaminda ekipman gerektirmeden
uygulanabilecek gekilde planlandi. Egzersiz
brogiirii ek materyal olarak sunuldu.
Katilimcilarin haftada en az ¢ giin egzersiz
yapmalar: istendi. Her seansta brostirden bes
egzersiz uygulandi; egzersizler genel olarak 10
tekrar  geklinde  gerceklestirildi.  Germe
egzersizlerinde pozisyonun yaklagik 5 saniye
korunmasi o6nerildi. Yiksek yogunluklu veya
ilerleyici yiiklenme (progresyon) yaklasimi
kullanilmadi. Her iki haftada bir aym kas
gruplarini  hedefleyen esdeger egzersizlerle
program gilincellenerek toplam 12 haftahk
uygulama sureci tamamlandi. Egzersizlerin
siddeti, katilimcilarin ginlik yasam
aktivitelerini aksatmadan surdirebilecekleri
hafif dizeyde olacak bigimde belirlendi.
Her egzersiz seansinin sonunda diyafragmatik
solunum egzersizi uygulanmasi Onerildi.
Katilimcilardan burundan derin nefes alip
agizdan yavasca vermeleri ve bu uygulamayi 10
tekrar seklinde gergeklestirmeleri istendi.
Katilimcilarin  egzersiz programina uyumu
belirli araliklarla yapilan sézli geri bildirimler
ve katilimer beyanlar: dogrultusunda
degerlendirildi. Egzersiz uyumu, egzersiz
gunligl veya dijital takip sistemi gibi objektif
bir yéntemle izlenmedi; bu durum g¢alismanin
simirhiliklarindan biri olarak kabul
edilmektedir.

Istatistiksel analiz

Veriler IBM SPSS Statistics 23.0
programinda analiz edildi. Verilerin normal
dagilima uygunlugu Shapiro-Wilk testi ile
degerlendirildi. Tanimlayici veriler
ortalamatstandart sapma (X+SS) ve say1 (%)
olarak sunuldu. Grup i¢i karsilastirmalarda
Eslestirilmis Orneklem t testi, gruplar aras
kargilagtirmalarda Bagimsiz Orneklem t testi
kullanildi. Orneklem biyiikligii; 0,05 hata payn,
0,80 gi¢ ve orta dizeyde etki buyukligi
(Cohen's d=0,50) baz alinarak G-Power analizi
ile hesaplandi ve grup basina en az 30 katilimci
oldugu belirlendi.l” Istatistiksel anlamlhlik
diizeyi p<0,05 olarak kabul edildi.!8
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Calismaya Katilan Bireyler

Egitim Grubu (n=32)

12 hafta, giinde 3 kere egzersiz
(Brosiir egzersizleri)

Calismayi tamamlayan
n=32

Sekil 1. Calismanin akis diyagrami.

Kontrol Grubu (n=32)

Miidahale yok

Caligmay tamamlayan
n=32

Boyun yan grup kaslarini germe.

Basiniz saga ve sola dogru eginiz. Egdiginiz tarafta,
elinizle basinizi hafifce cekerek germe uygulayiniz. 5’e
kadar sayip gevseyerek basinizi tekrar orta hatta aliniz.
Hareketi her biryone 10 tekrarl yapiniz.

Sekil 2. Egzersiz brosiiriinden 6rnek bir egzersiz.

BULGULAR

EG ve KG'nin yas ortalamalar1 sirasiyla
37,41+7,81 yil ve 37,72+7,60 yil olup gruplar
arasinda istatistiksel olarak anlamli fark
bulunmadi (p=0,494). Cinsiyet, calisma yili,
egzersiz aligkanligi ve masa bag1 ¢alisma
siireleri acisindan da gruplar benzerdi (p>0,05)
(Tablo 1).

EG'de BADS puani on-testten
(30,00+15,25) son-teste (19,65+13,51)
istatistiksel olarak anlaml diizeyde geriledi
(p=0,006). PUKI puam ise 5,37+2,68'den

4,65+2,07'ye distizc ancak bu degisim
istatistiksel olarak anlamh degildi (p=0,235).

KG'de BADS puam 31,34+24,18'den
38,15+23,94'e yikselme egilimi gosterdi; PUKI
puani ise 5,90+3,65'ten 6,43+4,32've c¢ikma
egilimi gosterdi. Her iki degisim de istatistiksel
olarak anlaml degildi (sirasiyla p=0,262 ve
p=0,598).

Gruplar arasi son-test
karsilagtirmalarinda BADS (t=-3,806; p<0,001)
ve PUKI (t=-2,101; p=0,041) puanlar1 acisindan
EG lehine istatistiksel olarak anlamli fark
bulundu (Tablo 2).
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Tablo 1. Katiimcilarin demografik 6zellikleri.
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Egitim Grubu Kontrol Grubu
X+SD X+SD p
Yas (yil) 37,41+7,81 37,72+7,60 0,494
n (%) n (%)
Cinsiyet
Kadin 18 (56) 18 (56)
Erkek 14 (44) 14 (44) 1,000
Calisma yil
3-5yil 8(25) 6(19)
6-8yil 8(25) 7(22)
9-11yil 7(22) 5(16) 0,819
>1lyl 9(28) 14 (44)
Egzersiz aliskanhig
Evet 9(28) 8(25)
Hayir 23(72) 24 (75) 0,579
Masa basi calisma siiresi (saat)
<5 saat 9 (28) 14 (44)
>5 saat 23(72) 18 (56) 0,549
Tablo 2. Egitim ve Kontrol gruplarinin egzersiz 6ncesi ve sonrasi degerlendirme parametrelerinin grup ici ve gruplar arasi
karsilastinimasi.
Egitim Grubu Kontrol Grubu
X+SD X+SD p
Boyun Agri ve Disabilite Skoru (BADS)
On-test 30,00+15,25 31,34+24,18 <0001
Son-test 19,65+13,51 38,15+23,94 ’
Grup ici p degeri 0,006* 0,262
Pittsburgh Uyku Kalite indeksi (PUKI)
On-test 5,37+2,68 5,90+3,65 0.041%
Son-test 4,65+2,07 6,43+4,32 !
Grup ici p degeri 0,235 0,598

*p<0,01.

TARTISMA

Bu c¢alismada &gretim elemanlarinda
uygulanan 12 haftallk egzersiz programinin
BADS puanlarinda anlamli bir iyilesme
sagladigi (p=0,006), PUKI puanlarinda ise
istatistiksel olarak anlamli olmasa da olumlu
bir egilim olusturdugu goérildi. Gruplar arasi
son-test kargilagtirmasinda hem BADS hem de
PUKI agisindan EG lehine anlamh fark
saptanda.

Bilgisayar kullanima, masa bag1
¢alisanlarimin  verimliligini artirrken kas-

iskelet sistemi sorunlari bagta olmak tizere

cesitli saghk sorunlarina zemin
hazirlamaktadir.l® Meaza vd.'nin ¢alismasinda
akademisyenlerde kas-iskelet sistemi

rahatsizliklar1  incelendiginde, en yiiksek
yayginhigin %41,5 ile boyun boélgesindeki agr1 ve
hareket kisitlilig1 oldugu tespit edilmigtir.20

Bu c¢alismada elde edilen bulgular, masa
bag1 ¢caligan bireylerde diizenli egzersizin boyun
agrisi uzerindeki etkilerini inceleyen literatiirle
uyum gosterdi. EG'de BADS degerlerinde
saptanan anlamh iyilesme (p<0,05), egzersizin
boyun agrisini1 azaltmada etkili bir mtdahale
yontemi oldugunu ortaya koyan o6nceki
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arastirmalarla paralellik tagimaktadir.2!
Brezilya'da gergeklestirilen bir c¢alismada
universite akademisyenlerinin %54'inde bel,
%45,2'sinde boyun ve %23,8'inde omuz ile el
bilegi bélgesinde kas-iskelet sistemi
rahatsizliklar1 rapor edilmistir.22 Bu veriler,
boyun agrisinin akademik personel arasindaki
yayginligim dogrulamakta ve calismamizin
hedef kitlesini desteklemektedir.

Yurdalan ve  Unlioglu tarafindan
yuritilen ¢alismada, ev ofisinde ve masa basi
caligan bireylere dort hafta boyunca giinde dort
kez, haftada bes gin uygulanan postiir ve
solunum egzersizleriyle agrida azalma ve yasam
kalitesinde anlamli artig saptanmigtir.23 Benzer
sekilde, diizenli fiziksel aktivitesi olan
akademik personelde agr1 diizeylerinde azalma
ve yasam kalitesinde artig bildirilmistir.2¢ Bu
calismada da EG'de BADS skorlarinda anlaml
diizeyde azalma gozlenirken, KG'de artig egilimi
oldugu ancak bu egilimin istatistiksel
anlamliliga ulagmadig gérilda.

Egzersizin  uyku slresi ve kalitesi
uzerindeki etkileri konusunda literatiirde farkl
bulgular mevcuttur. Xie vd., sabah saatlerinde
yapilan hafif ve orta diizey egzersizlerin uyku
kalitesine olumlu katki sagladigini; buna karsin
yatmaya yakin saatlerde yapilan yogun
egzersizlerin  bu etkiyi gostermedigini
bildirmistir.2> Aktasg vd. ile Koétiiz ve Aksoy'un
calismalarinda ise egzersiz dizeyl ile uyku
kalitesi  arasinda anlamhi  bir  iligki
bulunmamigtir.2627 Ote yandan Mahfouz vd. ile
Kredlow ve vd.'nin c¢alismalari, diizenli
egzersizin uykuya dalma siiresi ve genel uyku
kalitesi tizerinde olumlu etkiler yarattigini
ortaya koymustur.28:29

Bu calismada EG'de PUKI puanlarinda
iyilesme egilimi gbzlemlendi; ancak grup i¢i
degisim istatistiksel anlamliliga ulagsmadi
(p=0,235). KG'de ise PUKI puanlarinda artig
egilimi gézlemlendi; bu degisim de istatistiksel
olarak anlamli degildi (p=0,598). Bununla
birlikte gruplar arasi son-test
kargilagtirmasinda EG lehine istatistiksel
olarak anlamli fark saptandi (p=0,041). Bu
bulgular dizenli ve hafif giddette egzersizin
O0gretim  elemanlarinda  uyku  kalitesini
destekleyebilecegini dusindirmektedir. Ancak
bu iligkinin daha biiyiik 6rneklemli ¢aligsmalarla
dogrulanmasina ihtiyag¢ vardir.

Limitasyonlar

Bu ¢alismanin bazi sinirhiliklar:
bulunmaktadir. EG ve KG farkli kurumlardan
olusturuldu. Her iki kurumda goérev yapan
o6gretim elemanlarinin ¢alisma kogullar ve ig
ozellikleri buiyiik 6l¢iide benzerlik gosterse de
gruplarin farkli kurumlardan segilmesi segim
yanlihigi riskini artirmaktadir. Kurumsal is
yiki, ergonomik altyapr ve fiziksel aktivite
kaltirt gibi  faktorlerin  gruplar arasinda
farklilik  gostermis olabilecegi g6z ardi
edilmemelidir. Katilimcilarin egzersiz
programina uyumu dogrudan gézlem, egzersiz
gunlugl veya dijital takip sistemi gibi objektif
yontemlerle izlenmedi; yalnizeca soézli geri
bildirimler ve beyanlar esas alindi. Stres dizeyi,
anksiyete, depresyon, kafein tiketimi ve
bireysel yasam aligkanliklari gibi boyun agrisi
ve uyku kalitesini etkileyebilecek degiskenler
degerlendirilmedi. Boy, kilo ve beden kitle
indeksi gibi agr dlzeyini etkileyebilecek
antropometrik veriler toplanmadi. Son olarak
¢alisma 12 haftalik uygulama siireci ile sinirli

olup egzersizin uzun donemli etkileri
incelenmedi.

Sonug

Bu calismanin temel bulgular, diizenli
egzersiz uygulamalarinin  6zellikle boyun

agrilarimin azaltilmasinda etkili oldugunu ve
uyku kalitesini destekleme potansiyeline sahip
oldugunu gosterdi. Bu durum literatiirdeki pek
¢ok calismayla tutarlilik gosterdi. Calismanin
glcli yonleri arasinda, 6gretim elemanlarinda
uygulanan  yapilandirilmigs  bir  egzersiz
programinin boyun agrist ve uyku kalitesi
uzerindeki etkilerini birlikte degerlendirmesi ve
kontrol grubu igermesi sayilabilir.

Gelecekte yapilacak c¢alismalarda farklh

egzersiz  tiirleri  (yoga, pilates, direng
egzersizleri) ve stirelerinin etkileri
degerlendirilmeli; psikolojik degiskenler,

antropometrik veriler ve objektif egzersiz takip
yontemleri arastirmalara dahil edilmelidir.
Uzun doénem takip c¢alismalarn da egzersizin
kalic1 etkilerini ortaya koymak agisindan 6nem
tagimaktadar.

Tesekkiir: Arastirmacilar, galismanin ytritiilmesine
desteklerinden dolay1, Istanbul Okan Universitesi ile
Sigli Meslek Yiksekokulu yonetimine ve ¢aligmaya
gontlli katihm saglayan &gretim elemanlarina
tesekkiir ederler.
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Alt triner sistem disfonksiyonu olan ve olmayan

cocuklarda torakal ekspansiyon, govde enduransi ve

lumbopelvik esnekligin karsilastirnimasi

Comparison of thoracic expansion, trunk endurance, and lumbopelvic flexibility in children

with and without lower urinary tract dysfunction
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Abstract

Amag: Bu calismanin amaci alt iiriner sistem disfonksiyonu (AUSD) olan cocuklarda saglikli gruba kiyasla torakal ekspansiyonun,
govde enduransinin ve lumbopelvik esnekligin incelenmesiydi.

Yontem: Calismaya 7-15 yas araliginda, AUSD tanisi almig ve iseme Bozuklugu Semptom Skoru (iBSS) >8,5 olan 18 cocuk ile
cinsiyet, yas, viicut Kitle indeksi ve persentil acisindan uyumlu 18 saglkl ¢cocuk olmak iizere toplam 36 cocuk dahil edildi.
Cocuklarin torakal ekspansiyon kapasitesi cevre 6lciimii ile; gévde enduransi “Dinamik Mekik Testi” ve “Statik Lateral Plank
Testi” ile ve lumbopelvik esnekligi “Otur-Uzan Testi”, “Pasif Diiz Bacak Kaldirma Testi”, “Modifiye Schober Testi” ve “Yiiziistii
Quadriceps Femoris Esneklik Testi” ile degerlendirildi.

Bulgular: AUSD grubunun torakal ekspansiyon kapasitesi degeri daha diisiiktii (p=0,003). Govde enduransi agisindan lateral
plank siiresi AUSD grubunda daha az olmakla birlikte (p=0,031), dinamik mekik testi acisindan gruplar arasinda fark olmadig
saptandi (p>0,05). AUSD grubunun “Otur-Uzan Testi” (p=0,033), “Pasif Diiz Bacak Kaldirma Testi” (dominant p=0,016;
dominant olmayan p=0,008), “Modifiye Schober Testi” (p=0,023) ve “Yiiziistii Quadriceps Femoris Esneklik Testi’ne (p=0,006)
aitlumbopelvik esneklik degerleri saglikh gruba gore daha diisiik bulundu.

Sonug: AUSD olan cocuklarda saglikh akranlarina kiyasla anterior dinamik enduransta bir farkilik olmadig, torakal
ekspansiyonun ve lumbopelvik esnekligin kisith oldugu ve lateral gévde endurans kapasitesinin daha diisiik oldugu séylenebilir.
AUSD olan cocuklarda rehabilitasyon programlan pelviktabanin dtesinde biitiinciil bir yaklagim ile torakal ve lumbopelvik yapilan
da ele almalidir. Konuya iligkin ileri degerlendirme ve miidahale calismalan planlanmalidir.

Anahtar Kelimeler: Alt iiriner sistem semptomlan, Cocuk, karin kaslari, Esneklik, Vaka kontrol calismalar.

Pumpose: The aim of this study was to examine thoracic expansion, trunk endurance, and lumbopelvic flexibility in children with
Lower Urinary Tract Dysfunction (LUTD) compared to healthy group.

Methods: The study included a total of 36 children: 18 children aged 7-15 years diagnosed with LUTD with Dysfunctional Voiding
Incontinence Scoring System (DVISS) >8.5, and 18 healthy children matched for gender, age, body mass index, and percentile.
Thoracic expansion was assessed using circumference measurement; core endurance using the “Dynamic Sit-up Test and Static
Lateral Plank Test"; and lumbopelvic flexibility using the “Sit-and-Reach Test”, “Passive Straight Leg Raise Test”, “Modified
Schober Test”, and “Prone Quadriceps Femoris Flexibility Test”.

Results: Thoracic expansion was lower in the LUTD group (p=0.003). While lateral plank time was shorter in the LUTD group
(p=0.031), no difference was found between the groups in terms of the dynamic sit-up test (p>0.05). Lumbopelvic flexibility
values for the "Sit-and-Reach Test” (p=0.033), “Passive Straight Leg Raise Test” (dominant p=0.016; non-dominant p=0.008),
“Modified Schober Test” (p=0.023), and “Prone Quadriceps Femoris Flexibility Test” (p=0.006) were found to be lower in the
LUTD group.

Conclusion: While there is no difference in anterior dynamic endurance in children with LUTD compared to their healthy peers, it
can be said that thoracic expansion and lumbopelvic flexibility are limited, and lateral trunk endurance capacity are weaker.
Rehabilitation programs should address not only the pelvic floor but also the thoracic and lumbopelvic structures through a
holistic approach. Further assessment and intervention studies should be planned.

Keywords: Lower urinary tract symptoms, Child, Abdominal muscles, Flexibility, Case-control studies.
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GIRIS

Alt triner sistem disfonksiyonu (AUSD);
alt Uriner sistemin depolama ve/veya bosaltim
fazindaki bozukluklarla karakterize, cocukluk
caginda sik karsilasilan ve pediatrik troloji
polikliniklerine bagvurularin 6nemli bir kismini
olusturan  multifaktériyel bir tablodur.l2
Cocuklarda AUSD ve iligkili semptomlar tedavi
edilmediginde tekrarlayan idrar yolu
enfeksiyonlarina, boébrek hasarina ve ciddi
psikososyal sorunlara yol agabilmektedir.3:4

AUSD etiyolojisinde anatomik ve nérolojik
faktorlerin yam sira fonksiyonel ve davranigsal
bilegenler de o6n plandadir. Pelvik taban
kaslarinin kontraksiyon ve relaksasyon aktivite
dengesindeki bozulmalar, AUSD
semptomlarinin temel mekanizmalarindan biri
olarak kabul edilmektedir.5¢ Pelvik taban
yapilari izole ¢aligan yapilar olmayip; diyafram,
abdominal duvar ve lumbopelvik spinal
stabilizatorler ile “stabilite silindiri” adi verilen
biyomekanik bir butinlik icinde
caligmaktadir.”® Intra-abdominal basmcin
regllasyonunda ve kontinansin saglanmasinda,
bu yapilarin sinerjistik uyumu oOnem arz
etmektedir.%10 Dolayisiyla gévde butiini i¢inde
solunum islevindeki yetersizlikler ve
lumbopelvik  boélgedeki  muskiiler  iglev
bozukluklari, pelvik taban fonksiyonlarini
dogrudan etkileyebilmektedir.l! Bu agidan
bakildiginda optimal pelvik taban kas iglevi i¢in
koordinasyon i¢inde ¢alistigi diger yapilar da ele
alinarak degerlendirilmelidir.

Literatiirde AUSD’de standart tiroterapiye
eklenen solunum ve goévde stabilizasyon
egzersizlerinin Uroterapinin etkinligini
artirdigini  gosteren c¢aligmalar vardir.1214
Ayrica, AUSD olan cocuklarda eklem
hipermobilitesinin daha yaygin  oldugu
bildirilmigtir. ~ Ancak  AUSD-hipermobilite
arasinda neden-sonug iligkisi ve altta yatan
mekanizmalar net degildir ve konuya iligkin
daha fazla arastirmaya ihtiya¢ oldugu
belirtilmigtir.1517 Sistemik bir durum olan
hipermobilitenin yani1 sira, bu c¢ocuklarda
lumbopelvik  postiiriic  ve pelvik taban
mekanigini dogrudan etkileyen bolgesel kas
esnekligi diizeyleri tam olarak
aydinlatilmamistir. Esneklik dogrudan bir
hipermobilite géstergesi olmamakla birlikte,
bag dokusu farkliliklarina yatkin olan bu grupta

lokal lumbopelvik esnekligin incelenmesi
biyomekanik biitunligi anlamak agisindan
kritiktir. AUSD olan ¢ocuklarda gévde kas (kor)
enduranst ve solunum  fonksiyonlarina
odaklanan c¢alismalar simirli sayidadir ve
sonuglar  c¢eligkilidir.  Literatiirde  derin
stabilizatér kaslarin enduransinin azaldigini
bildiren g¢aligmalar bulunsa da; bunun aksine
yuzeyel kaslarin dinamik enduransinda ve
yapisal kalinhiginda saghkl akranlara gére fark
bulunmadigini goésteren giincel kanitlar da
mevcuttur.181®  Benzer sekilde, solunum
parametrelerinin (spirometrik degerler ve akim
hizlar1) azaldigin veya tamamen korundugunu
gosteren farkli bulgular mevcuttur.202l Ancak
solunum fonksiyonunu torakal ekspansiyon
kapasitesi ile degerlendiren ve lumbopelvik
esnekligin detayl olarak ele alindig1 ve saglikli
yasitlariyla karsilagtirildigi bilgimiz dahilinde
bir ¢aligsma yoktur.

Bu dogrultuda mevcut ¢alismanin amac,
AUSD tamis1  almis cocuklarda torakal
ekspansiyon kapasitesini, govde enduransini ve
lumbopelvik esnekligi birlikte ele alarak elde
edilen verileri fiziksel ozellikler acisindan
eslenmis saghikh yasitlariyla karsilagtirmakti.

YONTEM

Bu c¢alisma, kesitsel bir vaka-kontrol
arastirmasi  olarak tasarlandi. Calisma
Hacettepe Universitesi Fizik Tedavi ve
Rehabilitasyon Fakiiltesi, Pelvik Saghkta ve

Kadin Sagliginda FTR Unitesi'nde
gerceklestirildi.  Arastirma  protokoli i¢in
Hacettepe Universitesi Fizik Tedavi ve

Rehabilitasyon Fakiiltesi Birim Arastirma Etik
Kurulu'ndan onay (Karar No: FTREK26/03,
Tarih: 22.01.2026) alindi. Calismaya dahil
edilen tim cocuklarin yasal vasilerinden yazili
onam, ¢ocuklardan ise s6zlii/yazili riza alinda.
Calismaya; 7-15 yas araliginda,
degerlendirme komutlarina uyum
saglayabilecek biligsel diizeye sahip ve génilli
¢ocuklar dahil edildi. Calismadaki parametreler
acisindan yas alt simir1 ilkokul baglangi¢ yas1 7
yas olarak belirlenirken, tist sinir fiziksel ve
psikolojik agidan biiyiik degisimlerin yasandigi
dénemin Dbaglangici olan 15 yas olarak
belirlendi. AUSD Grubu: Alt triner sistem
semptomlar1 (artmis/azalmis iseme siklig,
inkontinans, urgency, noktiiri, hezitansi,
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ikinma, zayif akim, kesik kesik iseme, diziiri,
tutma manevralary, tam bogalamama hissi,
retansiyon veya damlatma) bulunan ve Iseme
Bozuklugu Semptom Skoru (IBSS) >8,5 puan
(6lgegin tam say1 puanlamasi geregi pratikte >9)
olan c¢ocuklar dahil edildi. Saghkhi Grup:
Herhangi bir tiriner sistem hastaligi/semptomu
olmayan ve IBSS skoru 0 puan olan ¢ocuklar
dahil edildi.

Calismadan diglanma kriterleri i) Uriner
Nedenler: Semptomatik aktif idrar yolu
enfeksiyonu, monosemptomatik entirezis veya
fekal inkontinans; ii) Noérolojik Nedenler:
Serebral palsi, spina bifida veya epilepsi tanisi;
iii) Ortopedik/Fiziksel Nedenler: Govde ve alt
ekstremiteyi etkileyen herhangi bir ortopedik
problem, son 6 ay ic¢inde gegirilmis
abdominal/spinal cerrahi veya akut yaralanmas;
iv) Diger Nedenler: Solunum sistemi hastaligi,

mental  retardasyon, Otizm Spektrum
Bozuklugu veya  Dikkat  Eksikligi ve
Hiperaktivite = Bozuklugu  tamis1  olarak
belirlendi.

Calismanin 6rneklem buytklugi G*Power
yazilimi1 (v3.1.9.4) kullamilarak a priori olarak
hesaplandi. Analiz igin literatiirde Tuncer vd.
tarafindan AUSD olan ¢ocuklarda govde kas
enduransini inceleyen benzer bir c¢aligmanin
“Side Plank” testi verileri (AUSD: 9,88 + 7,68 sn;
Kontrol: 51,33 + 29,82 sn) referans alindi.20
Elde edilen etki biiyiikliigii (d=1.90), cift yonlii
hipotez, a=0.05 Tip I hata payr ve %80
istatistiksel gii¢ (1-B) temel alinarak yapilan giic
analizi sonucunda, her grupta en az 6 olmak
uzere toplam 12 katilimciya ulagilmasi gerektigi
belirlenmigtir.

Gruplar aras1 homojeniteyi saglamak
amaciyla, yas ve AUSD etiyolojisinde bagimsiz
bir risk faktérii olan Viicut Kiitle Indeksi (VKI)
temel  eglestirme  parametreleri  olarak
kullanildi.122 Olgularin boy ve kilo 6l¢imleri
alinarak hesaplanan VKI (kg/m?) degerleri,
Turk c¢ocuklarina ait referans verilere gore
persentil kategorilerine (Zayif: <%5, Normal:
%5-85, Fazla Kilolu: %85-95, Obez:>%95)
ayrildi.22 Epidemiyolojik eglestirme yontemleri
rehberliginde; her bir AUSD olgusu i¢in cinsiyet
uyumlu, yas (2 y11) ve benzer VKI persentil
kategorisine sahip saglikli egler belirlendi.24

Olgularin demografik 6zellikleri, detayl
tibbi hikayeleri ve fiziksel o6zellikleri “Veri
Toplama Formu”’na kaydedildi. AUSD semptom
siddeti, pediatrik popililasyonda kullanimi
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glvenilir ve gecerli olan “1seme Bozuklugu
Semptom Skoru (IBSS)” ile degerlendirildi.?
Tum olgimler, standardizasyonu saglamak
amaciyla ayni fizyoterapist tarafindan sessiz ve
¢ocuk dostu bir ortamda gerceklestirildi.

Gogus kafesi hareketliliginin géstergesi
olan torakal ekspansiyon kapasitesi i¢in mezura
ile cevre 6lciimii yapildi. Ol¢iimden 6nce ¢ocukla
derin nefes alip-verme provas: yapildi. Olgiim
cocuk oturur pozisyonda, kollar gévde yaninda
serbestge  sarkarken subkostal seviyeden
yapildi. Mezura, ksifoid cikintinin (processus
xifoideus) hemen altindan, kostal arkus
seviyesinden govdeyi saracak sekilde
yerlestirildi. Cocuktan derin bir nefes almasi
(maksimal inspirasyon) ve ardindan tiim
nefesini  vermesi (maksimal ekspirasyon)
istendi. Inspirasyon ve ekspirasyon sonundaki
cevre olciimleri arasindaki fark (cm) torakal
ekspansiyon kapasitesi olarak kaydedildi.

Govde enduransinin degerlendirilmesinde
dinamik ve statik endurans testleri kullanildi.

Dinamik Endurans Testi (Mekik Testi):
Cocuk sirtistit yatar pozisyonda, dizler 90
derece fleksiyonda ve ayak tabanlar1 yerle
temas halindeyken (ayaklar terapistin elleri ile
sabitlenerek), elleri gogiis iizerinde capraz
birlestirildi. Cocuktan 30 saniye iginde tam
dogrulup sonra tekrar baslangi¢ pozisyonuna
dénmesi  istendi. 30 saniye sonunda
tamamlanan tekrar sayis1 kaydedildi.26

Statik Lateral Plank Testi: Lateral govde
kaslarinin enduransi igin ¢ocuktan dominant
tarafinda yan yatar pozisyonda, alt kol ve ayak
kenar1 lzerinde goévdesini yukar: kaldirmasi
istendi. Viicudun duz bir ¢izgi halinde
bozulmadan korundugu slire (saniye)
kaydedildi.27

Pelvik taban ile iligkili lumbopelvik kas
gruplarinin esnekliginin degerlendirilmesinde
“Otur-Uzan Testi”, “Pasif Diuz Bacak Kaldirma
Test1”, “Modifiye Schober Testi”, ve “Yiizusti
Quadriceps Femoris Esneklik Testi” kullanildi.

Otur-Uzan Testi: Bu test lumbal fleksiyon
ve hamstring esnekligini degerlendirmek i¢in
kullanildi.26 Cocuk, dizler ekstansiyonda ve
ayak tabanlar1 test kutusuna dayali sekilde
uzun oturma pozisyonuna alindi. Dizlerini
bikmeden, ellerini kutu tizerinde kaydirarak
O6ne dogru maksimum uzanmasi ve bu noktada
5 saniye beklemesi istendi. Uzanilan mesafe
(cm) kaydedildi.2s.29
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Pasif Duz Bacak Kaldirma Testi: Bu test
dominant ve dominant olmayan ekstremite i¢in
ayr1 ayr1 tekrarlanarak hamstring esnekligini
degerlendirmek i¢in kullanildi. Gonyometre;
pivot noktasi trokanter major, sabit kol aksiller
¢izgiye paralel ve hareketli kol femur lateraline
takip edecek sekilde konumlandirildi. Pelvis ve
kars1 ekstremite stabilize edilirken; siyatik sinir
gerilimini ekarte etmek i¢in ayak bilegi plantar
fleksiyonda tutularak, ¢ocugun bacagi diz bir
sekilde fizyoterapist tarafindan kaldirilda.
Uyluk arkasinda gerginlik hissedilen veya
pelvik tiltin palpe edildigi/izlendigi son noktada
maksimum ac1 (°) kaydedildi.2s.2

Modifiye Schober Testi: Lumbar omurganin
fleksiyon yetenegini ve lumbar ekstansor
kaslarin esnekligini objektif olarak
degerlendirmek i¢in kullanmildi. Cocuk ayakta
durus pozisyonunda, ayaklari omuz genigliginde
acik, dizler ekstansiyonda ve goévdesi dik
pozisyonda iken, her iki spina iliaca posterior
superior (SIPS) seviyesinin orta noktas1 (L5-S1
seviyesi) isaretlendi. Bu noktanin 10 cm
yukarisina ve 5 cm asagisina ek igaretlemeler
yapild1 (Baslangic mesafesi 15 cm). Cocuktan
dizlerini biikmeden 6ne dogru egilebildigi kadar
egilmesi  (maksimum govde fleksiyonu)
istenerek son noktada isaretlenen iki nokta
arasindaki mesafe mezura ile tekrar él¢uldi ve
fark (cm) kaydedildi.30

Yiziusti Quadriceps Femoris Esneklik
Testi (Ely’s Test): Cocuk yiiziistii pozisyonda
yatarken, fizyoterapist bir eliyle pelvisi SIPS
seviyesinden stabilize ederek anterior pelvik
tilti engelledi ve diger eliyle cocugun ayni taraf
tibiasinin distalinden kavrayarak dizi pasif
olarak fleksiyona getirdi ve topugu gluteal
bélgeye yaklastirdi. Direncin hissedildigi veya
pelvisin hareket etmeye basgladig1 son noktada,
topuk merkezi ile gluteal bolge arasindaki
mesafe mezura ile 6lciilerek santimetre (cm)
cinsinden kaydedildi.?!

Istatistiksel Analiz

Verilerin istatistiksel analizi IBM SPSS 25
(IBM Corp. Released 2017. IBM SPSS Statistics
for Windows, Version 25.0. Armonk, NY: IBM
Corp.) paket programi kullanilarak
gerceklestirildi. Verilerin normal dagilima
uygunlugu Kolmogorov-Smirnov ve Shapiro-
Wilk testleri ile incelendi, ayrica Histogram ve
Q-Q plot grafikleri gérsel olarak degerlendirildi.
Degerlendirmeler  sonunda  elde  edilen
tanmimlayica verilerin istatistiksel sunumunda

nitel veriler icin say1 (n) ve yiizde (%), ve nicel
veriler i¢in aritmetik ortalama+ Standart
Sapma (X+SS) kullanildi. Gruplar aras:
analizler igin parametrik kogullar
saglandiginda “Bagimsiz  Gruplar T-Testi”,
saglanmadiginda “Mann-Whitney U Testi”
kullanildi. Kategorik verilerin gruplar arasi
karsilagstirmasinda  Fisher's Exact Testi
kullanildi. Calismanin tim analizleri %95
gliiven araliginda ve 0,05 anlamhilik dizeyinde
gerceklestirildi.

BULGULAR

Calismaya dahil edilme kriterlerini
kargilayan, 7-15 yas araliginda, AUSD tams:
almis 18 cocuk ve AUSD tanis1 olmayan 18
saglikli ¢ocuk olmak tizere toplam 36 cocuk
dahil edildi. Katilimcilarin demografik ve
fiziksel 6zellikleri Tablo 1’de sunuldu. Gruplar
arasinda yas, boy uzunlugu, vicut agirhg ve
VKI) ve persentil kategorisi degerleri acisindan
istatistiksel olarak anlamli bir fark olmadigi ve
gruplarin homojen dagilim gosterdigi belirlendi
(p>0,05).

Cocuklarin torakal ekspansiyon kapasitesi,
govde enduranst ve lumbopelvik esneklik
testlerine iligkin verilerinin karsilagtirmali
analiz sonuclar1 Tablo 2’de sunuldu. Torakal
ekspansiyon kapasitesinin
degerlendirilmesinde kullanilan inspirasyon ve
ekspirasyon  sonundaki ¢evre  Ol¢uimleri
arasindaki fark AUSD grubunda saghkli gruba
kiyasla istatistiksel olarak anlamli diizeyde
daha diisiik bulundu (p=0,003).

Govde enduransinin degerlendirilmesinde
govde fleksorleri dinamik endurans skorlar
acisindan gruplar arasinda fark olmadig
saptand1 (p>0,05). Lateral govde stabilizator
statik endurans siireleri ise AUSD grubunda
saglikl gruba gore daha diisiikti (p=0,031).

Lumbopelvik  esneklik  degerlendirmesi
kapsaminda AUSD grubunda saghkl gruba
kiyasla; otur-uzan (p=0,033), pasif diiz bacak
kaldirma (dominant: p=0,016; dominant
olmayan: p=0,008), lumbal fleksiyon (p=0,023)
degerlerinin daha disik oldugu belirlendi.
Quadriceps femoris esneklik
degerlendirmesinde ise AUSD grubunda topuk-
kalca mesafesinin daha fazla oldugu (p=0,006),
dolayisiyla esnekligin daha dastik oldugu
belirlendi.
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Tablo 1. Bireylerin tanimlayici verileri.
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AUSD Grubu (N=18)

Saglikh Grup (N=18)

X+SD X+SD p

Yas (yil) 9,77+2,92 9,83+2,74 0,95
Boy (m) 1,40+0,19 1,41+0,14 0,90
Viicut agirhigi (kg) 37,66+13,26 37,50+10,18 0,96
iseme Bozuklugu Semptom Skoru 21,6145,95 0+0,00 0,001*
Viicut kiitle indeksi (kg/m?2) 18,41+2,39 18,37+2,31 0,96

Persentil kategorileri n (%) n (%)

Zayif (<5p) 1(5,6) 1(5,6)

Normal (%5-85p) 11(61,1) 14 (717,8) 0.339

Fazla Kilolu (%85-95p) 4(22,2) 2(11,1) '

Obez (>95p) 2(11,1) 1(5,6)
* p<0,05. AUSD: Alt iiriner sistem disfonksiyonu.

Tablo 2. Degerlendirme parametrelerinin gruplar arasi karsilastinimasi.
AUSD Grubu (N=18) Saglikli Grup (N=18)
X+SD X+SD p

Torakal ekspansiyon (cm) 2,13+0,74 3,05+0,96 0,003*
Dinamik mekik testi (tekrar) 9,44+2,38 10,11+2,84 0,451
Lateral plank testi (sn) 14,55+4,00 19,11+7,59 0,031*
Otur-uzan testi (cm) -6,33+7,21 -1,94+4,20 0,033*
Pasif diiz bacak kaldirma (dominant) (°) 75,50+10,60 82,80+5,70 0,016*
Pasif diiz bacak kaldirma (dominant olmayan) (°) 70,20+£12,55 80,60+9,40 0,008*
Maodifiye schober (cm) 2,50+2,25 5,27+4,41 0,023*
Quadriceps femoris esneklik (cm) 6,00+4,40 2,66+2,02 0,006*

* p<0,05. AUSD: Alt iiriner sistem disfonksiyonu.

TARTISMA

Bu ¢alisma, AUSD olan ¢ocuklarda torakal
ekspansiyon kapasitesini, govde enduransini ve
lumbopelvik esneklik parametrelerini birlikte
ele alarak bu parametreleri saglikli yasitlardaki
degerleri ile kiyaslayan bir vaka-kontrol
arastirmasidir.

Torakal ekspansiyon kapasitesi ve gogus
mobilitesi, lumbopelvik stabilite ile yakindan
iligkili olmasina ragmen, AUSD olan ¢ocuklarda
solunum fonksiyonlarina odaklanan
¢alismalarin sonuglar1 celigkilidir. Karaaslan

vd. nokturnal eniirezisi olan gocuklarda temel
solunum parametrelerinin saghkli ¢ocuklarla
benzer oldugunu bildirirken; Tuncer vd. AUSD
olan gocuklarda solunum kas kuvvetinin ve tepe
akim hizlarinin anlamli diizeyde azaldigini
gostermigtir.202t  Literatirde, pelvik taban
kaslarinin  aktivasyonu ile diyafragmatik
hareket ve solunum parametreleri (Zorlu
Ekspiratuar Volim 1. Saniye; FEVI,
Maksimum Istemli Ventilasyon; MVV) arasinda
dogrudan bir biyomekanik iligki oldugu
radyografik c¢aligmalarla da kanitlanmigtir.32
Mevcut ¢alismada da bu galisma sonuglarina
paralel olarak AUSD grubunda torakal
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ekspansiyon kapasitesinin kontrol grubuna goére

disik oldugu bulunmustur. Bu bulguya
dayanarak, AUSD olan ¢ocuklarda
diyafragmatik hareketliligin kisitlanmig
olabilecegi diigtiintilebilir. Torakal

ekspansiyondaki azalma, AUSD olan ¢ocuklarin
diyafragmatik solunum yerine apikal/iist gégis
solunum paternini benimseme egiliminde
olabileceklerine igaret etmektedir. Biyomekanik
acidan diyaframin asagi yonli piston hareketi,
pelvik tabanin eksantrik gevsemesi ve intra-
abdominal basincin regllasyonu i¢in
gereklidir.® Bu durum, pelvik taban tzerinde
stirekli ve diizensiz bir basing yiki olusturarak
sfinkter iglevini etkileyebilmektedir. Yapilan
derlemelerde diyafragmatik solunum
egzersizlerinin gevseme Uzerindeki etkisi
nedeniyle tedavi protokollerinde yer almasi
gerektigi de bildirilmektedir.1!

Pelvik taban kaslari, transversus
abdominis, multifidus ve diyafram ile birlikte
stabilite silindirinin ayrilmaz bir parcgasi olarak
fasyal aglar uzerinden ko-kontraksiyon ile
calismaktadir.® Bu noéromuskiiler sinerji
nedeniyle, bir disfonksiyon izole olarak ortaya
gkmamakta ve tum stabilizasyon sistemini
etkileyebilmektedir. Dolayisiyla govde
kaslarinin kuvvet ve enduransi bu kaslarla
iligkili pelvik tabanin ve dolayisiyla alt tiriner
sistem semptomlar: ile iligkili olabilmektedir.
Bu calismada AUSD grubunda, lumbopelvik
stabilizasyonda rol alan m. transversus
abdominis, m. obliquus 1nternus ve m.
quadratus lumborum kaslarinin enduransini
yansitan “Lateral Plank Testi” stireleri saghikl
kontrollere kiyasla daha diisiik bulundu. Bu
durum eglik eden pelvik taban disfonksiyonu ve
alt Uriner sistem semptomlarimi agiklayabilir.?
Bunun yam sira karin i¢i basing artiginda rol
alan ve daha yuzeyel bir kas olan m. rectus
abdominis kasinin enduransimi degerlendiren
“Dinamik Mekik Testi” sonuclarinda gruplar
arasinda anlamli bir fark olmadig: saptandi. Bu
bulgumuz, Saat¢imin AUSD olan cocuklarda
govde biyomekanigini inceledigi c¢alismasi ile
dogrudan 6rtiismektedir.18 Literatiirdeki benzer
calismalara kiyasla farklilik gosteren ve ilk
bakista celigkili gibi gériinen bu bulgu AUSD
olan c¢ocuklarin geligtirdigi disfonksiyonel
stratejiler ile aciklanabilir. Sinanoglu vd.
tarafindan yapilan caligmada AUSD olan
¢ocuklarda rektus abdominis kas kalinliginda
(kiitlesinde) saghkli akranlarina gore bir fark

olmadigi, asil sorunun kasin dinamik
kitlesinden ziyade istirahat tonusunu yansitan
sertliginde (stiffness) oldugu gosterilmistir.19
Bunun yami sira kaslardaki mekanik
gerilimlerin hipertrofik adaptasyonlara
doniigtiraldagi bilinmektedir.33 AUSD olan
¢ocuklar inkontinansi o6nlemek i¢in tutma
manevralarina veya zorlu iseme sirasinda
mesaneyil bosaltmak i¢in siklikla Valsalva
manevrasina veya tim vicudu kasmaya
yonelmektedir.! Tekrarlh ikinma ve kasilma
paternlerinin yarattigi bu mekanik gerilim
rectus abdominis kasinin kuvvetini ve
enduransini etkileyebilir. Teoride kas
kitlesinin korunmasi motor fonksiyonlar igin
faydali goriinse de bu durumun zararh etkileri
de s6z konusu olabilir.34¢ Bu baglamda artan kas
aktivitesi postiiral instabiliteyi siddetlendiren
govde stratejisine dontigebilir. Bu sonuglar,
AUSD olan cocuklarda govde endurans
kapasitesinin daha diisiik, yiizeyel kaslarin ise
dominant oldugu bir kas imbalansina igaret
etmektedir.

Calismada kas imbalansina iligkin tabloyu
destekleyen bir diger o6nemli bulgu ise
lumbopelvik esneklik degerlerindeki gruplar
arasi1  farkhliklardir. AUSD  grubundaki
¢ocuklarin lumbar ekstansér, hamstring ve
quadriseps kaslarinin esnekliginin saglikh
yasitlarina kiyasla disik oldugu saptandi.
Literatiirde derin abdominal kaslarin endurans
yetersizligine sekonder olarak lumbal fleksor ve
kalga fleksor kas gruplarinda gerginlik gelistigi
belirtilmektedir.3> Derin govde
stabilizatorlerinin  endurans  kapasitesinin
diisiik olmasi, viicudun lumbopelvik bélgeyi
stabilize etmek ve korumak i¢in biuyuk kas
gruplarinin (hamstring, erector spinae) refleks
aktivitesini ve gerilimini artirmis olabilir.36

Ozellikle hamstring kas kisahigi, pelvisi
posterior tilte zorlayarak pelvik taban
yapilarinin  optimal  boy-gerilim iligkisini

bozabilir ve igseme disfonksiyonunu mekanik
olarak artirabilir.3?” Bu durum pelvisin
mobilitesini  kisitlayarak  pelvik  taban
kaslarinin gevseme yetenegini de olumsuz
etkileyebilir.38 Bu bulgular 1s181nda, literatirde
AUSD olan cocuklarda sistemik eklem
hipermobilitesinin sik gortldiginia bildiren
calismalart®2l  ile bizim calismamizda
saptadigimiz bolgesel lumbopelvik esneklik
yetersizligi birbiriyle ¢elismemektedir. Aksine
bu durum, “hipermobilite ve kas sertligi
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paradoksu” ile uyumlu olarak, sistemik eklem
laksitesine sahip olabilen bu ¢ocuklarin durumu
bolgesel kas gerilimini artirarak telafi etme
egiliminde olabileceklerine igaret etmektedir.39

Calisma sonuclarina dayanarak, AUSD
olan ¢ocuklarda solunum ve gévde stabilizasyon
parametrelerinde  yetersizllk  oldugu ve
yetersizlige kompansatuar olarak global
kaslarda asir1 aktivite ve lumbopelvik kas
esnekliginde azalma gelistigi diigintilmektedir.

Bu tablo, AUSD yo6netiminde biitiinciil
yaklagimlarin  terapétik  etkinligi  neden
artirdigini  agiklamakta  ve  fonksiyonel

lyilesmenin 6nemini vurgulamaktadir.
Limitasyonlar
Calismanin kesitsel bir yapida olmasi kas-
iskelet sistemi degigiklikleri ve AUSD
semptomlar1 arasinda neden-sonug iligkisine
yonelik ¢ikarim yapmay1 engellemektedir. Ileri
postiral analizlerin ve daha objektif ve

kapsaml solunum degerlendirme
yontemlerinin dahil edildigi ve daha genis
orneklemleri igeren ileri c¢alismalar
planlanmalidar.

Sonug

AUSD olan cocuklarda saghkl yagitlarina
kiyasla torakal ekspansiyon kapasitesi, derin
govde kas enduransi ve lumbopelvik esneklik
limitli gérilnmektedir. Bu bulgular, AUSD olan
¢ocuklarda lumbopelvik bélgenin ve gogis
mobilitesinin bir biitiin olarak etkilenmisg
olabilecegini dusiindirmektedir. Dolayisiyla
rehabilitasyon programlar: planlanirken
programda pelvik tabana yonelik
midahalelerin yan sira solunum egzersizleri,
stabilizasyon egitimleri ve lumbopelvik esneklik
egzersizleri de dahil edilmelidir.
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ORIGINAL ARTICLE
Impact of reduced frame rate on kinematic analyses in

videofluoroscopic swallowing studies

Videofloroskopik yutma calismalaninda azaltilmis kare hizinin kinematik analizlere ethisi
Omer Faruk YASAROGLUY, Harun GiG2, Numan DEMIR3, Selen SEREL ARSLAN3

Abstract Purpose: Videofluoroscopic Swallowing Study (VFSS) is considered the gold standard for evaluating swallowing physiology.

0z

However, as VFSS involves ionizing radiation, minimizing exposure is crucial. This study aimed to compare the accuracy of
kinematic analyses performed at 25, 20, and 15 frames per second (fps) with those obtained at 30 fps.

Methods: Twenty-four healthy adults (13 women, 11 men; mean age 23.96 + 3.59 years) without dysphagia and with T-EAT-10
scores <3 were included. VFSS recordings of dry swallow at 30 fps were retrospectively analyzed and downsampled to 25, 20,
and 15 fps using MATLAB/Python. Superior and anterior hyoid displacements were measured with STAMPS software and
compared across frame rates.

Results: Total hyoid displacement and superior hyoid displacement significantly differed by frame rate (p<0.001). Post-hoc tests
showed significant differences between 30 fps and both 20 fps (p<0.001) and 15 fps (p<0.001), but no difference between 25
fps and 30 fps (p=0.075). Anterior hyoid displacement did not differ among frame rates (p=0.434).

Conclusion: Reducing the frame rate to 25 fps maintained the accuracy of total and superior hyoid displacement measurements,
while lower frame rates (20 and 15 fps) reduced measurement accuracy. These findings suggest that 25 fps may be sufficient to
assess hyoid kinematics while reducing radiation exposure. Since this study is limited to healthy adults and dry swallowing task,
further studies including patients with dysphagia and bolus swallows are needed.

Keywords: Deglutition Disorders, Larynx, Radiation Protection

Amag: Videofloroskopik Yutma Calismasi (VFSS), yutma fizyolojisinin degerlendirilmesinde altin standart kabul edilmektedir.
Ancak VFSS iyonizan radyasyon icerdiginden, maruziyetin en aza indirilmesi énemlidir. Bu ¢alismanin amaci, 25, 20 ve 15
kare/saniye (fps) hizinda yapilan kinematik analizlerin dogrulugunu 30 1ps ile karsilastirmaktir.

Yontem: Yutma bozuklugu olmayan ve T-EAT-10 puani <3 olan 24 saglikl birey (13 kadin, 11 erkek; ort. yas 23,96 + 3,59 yil)
calismaya dahil edildi. Katilimcilardan elde edilen 30 fps kuru yutma VFSS kayitlan retrospektif olarak incelendi ve
MATLAB/Python kullanilarak 25, 20 ve 15 fpsye indirildi. Hyoid'in siiperior ve anterior hareketleri STAMPS yazilimi ile ol¢iilerek
karsilastinldl.

Bulgular: Toplam hyoid hareketi ve siperior hyoid hareketi kare hizina gore anlamli farkililik gosterdi (p<0,001). Post-hoc
analizlerinde 30 fps ile 20 fps (p<0,001) ve 15 fps (p<0,001) arasinda anlamii fark bulundu; ancak 25 fps ile 30 fps arasinda
fark yoktu (p=0,075). Anterior hyoid hareketi kare hizlan arasinda farklilik gostermedi (p=0,434).

Sonug: Kare hizinin 25 fps ye diistiriilmesi total ve siiperior hyoid kinematik analizlerinin dogrulugunu korurken, daha diisiik kare
hizlan (20 ve 15 fps) dogrulugu azaltmaktadir. Bu bulgular, 25 fos 'nin hyoid kinematik degerfendirmesi icin yeterli olabilecegini
ve ayni zamanda radyasyon maruziyetinin azaltilmasini saglayabilecegini gostermektedir. Bu calisma saglikl bireyler ve kuru
yutma gorevleriyle sinirl oldugu icin yutma bozuklugu olan hastalarda ve bolus yutmayi iceren daha ileri calismalar gereklidir.
Anahtar Kelimeler: Yutma bozukluklan, Larenks, Radyasyondan korunma

1:Harran University, Faculty of Health Sciences, Department of Physiotherapy and Rehabilitation, Sanliurfa, Tiirkiye

2:Harran University, Faculty of Engineering, Department of Software Engineering, Sanliurfa, Tiirkiye

3:Hacettepe University, Faculty of Physical Therapy and Rehabilitation, Ankara, Tiirkiye

Corresponding Author:0mer Faruk Yasaroglu : farukyasar13@gmail.com

ORCID IDs (order of authors): 0000-0002-1867-9950; 0000-0003-0419-9531; 0000-0001-6308-0237; 0000-0002-2463-7503
Received September 30, 2025. Accepted: February 23, 2026.

www.jetr.org.tr



INTRODUCTION

Swallowing i1s a complex sensorimotor
activity consisting of oral, pharyngeal, and
esophageal phases. Any problems occurring in
one or more of these phases are referred to as
dysphagia. Dysphagia is a clinical condition that
may cause serious complications, including
malnutrition, dehydration, and aspiration
pneumonia as well as decreased quality of life.!
One of the most widely used instrumental
evaluation methods 1s  Videofluoroscopic
Swallowing Study (VFSS), which is considered
as the gold standard assessment in dysphagia.
This method enables the dynamical
visualization of the passage of the bolus from the
oral cavity to the esophagus for detailed analysis
of the physiological components of swallowing
function.? VFSS is used to assess swallowing
safety and efficacy, and to measure temporal
and spatial parameters of swallowing. In terms
of temporal measures, oropharyngeal bolus
transit time, laryngeal vestibule closure time
and upper esophageal sphincter opening time
can be measured. In addition, the extent of
anterior and superior movement of the hyoid
and larynx as spatial measures can also be
evaluated. These analyses provide a detailed
understanding of the physiology of swallowing
function, the effectiveness of swallowing
rehabilitation, and the impact of specific
exercises or maneuvers on swallowing
physiology.34

As VFSS involves ionizing radiation,
minimizing radiation exposure is crucial for
clinician and patient safety.5 The ionizing
radiation level of VFSS does not cause
deterministic effects (e.g., skin burns); however,
it may cause stochastic effects (e.g., cancer)
since there is no definitive threshold for such
effects.6 Therefore, all radiographic studies,
including VFSS, are conducted in accordance
with the radiation safety principle of As Low As
Reasonably Achievable (ALARA).” In the
literature, radiation exposure can be reduced by
shortening fluoroscopy duration, narrowing the
imaging field, and using filters. Additionally,
reducing the frame rate and pulse rate are also
frequently used strategies to lower exposure.5.6

Modern digital fluoroscopy systems allow
adjustment of two key parameters that
determine image quality including pulse rate
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(number of X-ray pulses per second) and frame
rate (number of images recorded per second). 30
pulses per second (pps) and 30 frames per
second (fps) are generally recommended and are
therefore used as the reference standard for
optimum image quality. This ensures that each
X-ray pulse corresponds to a single recorded
frame, and thereby providing the highest
temporal resolution for capturing rapid
swallowing kinematics.28 To minimize patient
radiation exposure, pps or fps values are usually
reduced. Modern devices often adjust to equalize
for the other value when pps or fps is reduced.?
Pulse rate (pps) is directly related to the X-ray
output of the fluoroscopy system and determines
the number of unique images produced per
second which is essentially adjusted by the
equipment.l® In retrospective downsampling
studies, the effects of pps reduction are often
simulated by downsampling fps.%!! Therefore,
although pps and fps are different technical
parameters, they are often used
interchangeably for methodological purposes to
model reductions in temporal resolution.
However, findings regarding the effect of
reducing pps or fps are inconsistent. Lavly et al.
reported that reducing the frame rate to 15 fps
during pediatric VFSS effectively reduced
radiation exposure without affecting diagnostic
performance compared to 30 fps.!2 In contrast,
another study showed that recordings at 15 pps
and 5 pps significantly reduced the diagnostic
accuracy and reliability of kinematic analyses
compared to 30 pps.11

In accordance with the principle of
minimizing radiation exposure in radiological
studies, lowering fps or pps proportionally
reduces radiation dose. However, there are
concerns that a reduced frame rate may affect
the accuracy of diagnostic and kinematic
evaluations. One study reported that kinematic
analysis of swallowing function was adversely
affected at 15 and 5 fps.!! To date, no studies
have systematically examined the accuracy of
kinematic analyses performed at mid-range
frame rates between 15 and 30 fps. It is crucial
to determine the optimal mid-range frame rate
to balance accurate kinematic assessment and
radiation safety during routine VFSS for clinical
practice. The aim of this study is to compare the
accuracy of swallowing kinematic analyses
performed at 25 fps, 20 fps, and 15 fps with
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swallowing kinematic analyses obtained at 30
fps.

METHODS

Study Design

This study is a retrospective observational
study which was conducted in collaboration
between Hacettepe University and Harran
University. VFSS records from the Swallowing
Disorders Unit of the Faculty of Physical
Therapy and Rehabilitation, Hacettepe
University, between December 2022 and
December 2024 were retrospectively reviewed.
Ethical approval for the study protocol was
obtained from the Ethics Committee of the same
university (Approval no: FTREK25/115).

Participants

The study includes individuals who
underwent VFSS due to subjective swallowing
complaints at the Swallowing Disorders Unit
between December 2022 and December 2024 but
were not diagnosed with detectable dysphagia
following a comprehensive evaluation.

The Turkish version of the Eating
Assessment Tool-10 (T-EAT-10) was routinely
administered to all patients admitted to the unit
and documented in their medical records. All
VFSS recordings were archived on secure hard
drives and stored in locked cabinets. For this
study, the T-EAT-10 scores and VFSS
recordings were retrospectively reviewed.

Inclusion criteria were as follows;

Being between 18-35 years of age,

Having wundergone VFSS between
December 2022 and December 2024,

Having VFSS recordings in the lateral
position with high image quality (30 fps),

Having VFSS recordings containing at
least one complete swallowing cycle (oral phase
— pharyngeal phase — esophageal entry),

Not having any problem in swallowing
function reported in the VFSS,

Having a T-EAT-10 score below 3.

Exclusion Criteria

Having disc herniation, mechanical neck
pain, or any pathology in the cervical region,

Having a temporomandibular joint
problem that may affect joint biomechanics and
muscle function,

Having any neurological or systemic
disease,

Having undergone surgery or
radiotherapy in the head and neck region,

Having insufficient image quality or
significant motion artifacts in VFSS recording,

Having unclear anatomical landmarks
that prevent reliable frame-by-frame tracking in
VFSS recording.

Assessments

For participants who met the inclusion
criteria, demographic data (age, gender)
obtained from patient files, T-EAT-10 scores,
and lateral view VFSS recordings at 30 fps
containing at least one complete swallowing
cycle were examined.

Turkish FEating Assessment Tool-10 (T-
EAT-10)

The T-EAT-10 1is a  Likert-type
questionnaire consisting of 10 questions that
assesses the severity of dysphagia symptoms in
adults. Each question is scored from 0 to 4. “0”
means no problem, while “4” means severe
problem. A score of 3 or higher suggests the
presence of dysphagia, while a score of 15 or
higher suggests aspiration.13 Its validity and
reliability in Turkish were established by Demir
N. et al.24

Videofluoroscopic
(VFSS)

VFSS is the gold standard method for
examining swallowing physiology. Using a
fluoroscopy device, lateral plane images were
obtained while the participants were in a sitting
position. A frame rate of 30 fps was used to
ensure that no moment of hyoid movement was
missed.?2 For kinematic analysis, a 17 mm coin
was attached to the participants’ mastoid
process, which allowed the pixel-based
displacement measured in VF'SS to be converted
into millimeters.4 To observe hyolaryngeal
movement, participants were asked to perform
dry swallows without food. Subsequently,
swallowing safety and efficiency were evaluated
using water mixed with a radio-opaque
material, yogurt, and biscuits, respectively. In
this study, only dry swallowing data from
individuals without dysphagia were analyzed.

Reducing the Frames Per Second (fps)

The initial VFSS were recorded at 30 fps.
The fps value was reduced by downsampling the
original 30 fps videos. This was achieved using
custom MATLAB/Python code. To obtain the
specified fps values (25, 20, 15 fps), new video
series were created by systematically deleting

Swallowing  Study
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frames at predetermined intervals. For
example, to reduce to 15 fps, every other frame
was deleted, and for 20 fps, every third frame
was deleted. This approach reduced the number
of unique frames available for analysis while
maintaining the total video duration.®!! Thus,
although the temporal resolution of the images
was reduced, comparability in the analysis was
maintained without any additional radiation
exposure for patients. However, this
downsampling method does not fully reflect the
true conditions of low-frame-rate fluoroscopy, as
physical acquisition effects (e.g., motion blur)
cannot  be retrospectively  reproduced.
Accordingly, the findings primarily reflect the
effect of reduced temporal sampling on
kinematic measurements.

Kinematic analyses

Kinematic analyses were performed on
videos recorded at 30, 25, 20, and 15 fps to
evaluate the superior (y coordinate) and anterior
(x coordinate) hyoid movements. The analyses
utilized STAMPS (Spatio-Temporal Analyzer
for Motion and Physiologic Study), an open-
access software developed based on MATLAB.
This software was developed to acquire, process,
and analyze swallowing-related motion data. Its
user-friendly interface allows researchers with
no programming background to easily conduct
analyses and generate various graphical
outputs. All analyses were performed by a single
trained rater. The rater was not blinded to the
frame rate conditions during analysis. Study-
specific intra- or inter-rater reliability was not
assessed; however, the inter-rater and intra-
rater reliability of the STAMPS software in
measuring hyolaryngeal movement has been
reported to be quite high.1516 For each image,
reference points were marked to create a
coordinate system. The anterior-inferior point of
the C4 vertebra was defined as the origin. A
vertical line from C4 to the anterior-inferior
point of C2 represented the y coordinate, while
a horizontal line drawn perpendicular to it on
the left side of C4 represented the x coordinate.
In addition, the anterior-inferior point of the
hyoid bone was marked. This coordinate system
was based on methods recommended in the
literature for kinematic analyses.417 (Figure 1).
To measure superior and anterior hyoid
movement, the maximum coordinate during
hyoid elevation was subtracted from the starting
coordinate. The movement was calculated as
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(maximum coordinate — starting coordinate) for
superior and anterior positions separately.
Thus, in each frame, the position of the hyoid
relative to C4 was determined and the amount
of movement was calculated in pixels. The total
hyoid movement was determined by calculating
the hypotenuse of the superior and anterior
hyoid movements. To convert the pixel values
into millimeters, a 17 mm coin attached to the
mastoid process during VFSS was used as a
reference. The diameter of the coin in the image
was measured in pixels using the software and
compared with its actual diameter, thereby
calculating the millimeter value corresponding
to each pixel. This method ensured that the
participant's head movement back and forth or
changes in distance from the device did not
affect the measurement accuracy.181® Finally,
superior and anterior hyoid movements during
dry swallowing were recorded in millimeters.
For each participant, kinematic measurements
were obtained from a single dry swallow. Values
obtained at 15, 20, and 25 fps were then
compared with values obtained at 30 fps.

Statistical analysis

Sample size calculation was performed
using G*Power 3.1 software. Based on a
previous similar study, the effect size was
determined as f = 0.25 (medium), significance
level as a = 0.05, test power (1-B) as 80%,
number of measurements as 4, and the
correlation between repeated measures as 0.5. 11
According to these parameters, data from 24
participants were included in the study.

Statistical analyses were performed using
SPSS version 25 (SPSS Inc., Chicago, IL, USA).
The normality of the distribution for
quantitative variables was assessed through
skewness and kurtosis statistics. Values with an
absolute skewness less than +£2.0 and a kurtosis
below 7.0 were considered to indicate a normal
distribution.20 All data were found to be
normally distributed. Data were presented as
mean + standard deviation. To analyze whether
there was a significant difference in hyoid
movement across different fps values, a
repeated-measures analysis of variance
(ANOVA) was performed. A p-value of less than
0.05 was considered statistically significant. For
post-hoc analyses, Bonferroni correction was
applied for multiple comparisons (adjusted
significance level: 0.05/6 = 0.0083).
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Figure 1: Kinematic analysis of hyoid movement during normal swallowing using STAMPS. Anatomical Scalar: 1: anterior-inferior
portion of hyoid; 2: anterior-inferior portion of C2; 3: anterior-inferior portion of C4.

RESULTS

A total of 24 participants were included in
the study: 13 females (22.85 + 2.79 years) and 11
males (25.27 + 4.10 years). The overall mean age
was 23.96 + 3.59 years.

Mean superior and anterior hyoid
movement for each frame rate is presented in
Table 1.

A significant difference was found in the
superior hyoid movement across frame rates
(p<0.001, n2=0.318). Post-hoc analyses revealed
that hyoid movement at 30 fps was significantly
greater compared to 15 fps (p<0.001) and 20 fps
(p=0.003), whereas no significant difference was
observed between 30 fps and 25 fps (p>0.05)
(Table 2). The linear trend test was also
significant (p<0.001, n2=0.507), indicating that
superior hyoid movement increased linearly
with higher frame rates.

No significant difference was found in
anterior hyoid movement across frame rates
(p=0.434, 1n2=0.039). Both linear and quadratic
trend tests were also non-significant (p>0.05).
Total hyoid movement was found significantly
different across frame rates (p < 0.001, n? =
0.340). Post-hoc pairwise comparisons with
Bonferroni adjustment revealed that hyoid
movement at 30 fps was significantly greater
than at 20 fps (p < 0.001) and 15 fps (p < 0.001).

No statistically significant difference was
observed between 30 fps and 25 fps (p > 0.05)
(Table 3). The linear trend analysis was also
significant (p<0.001, n?=0.524), suggesting a
linear increase in total hyoid movement as the
frame rate increased.

DISCUSSION

The aim of this study was to investigate the
effect of reducing the frame rate to 25, 20, and
15 fps on the accuracy of kinematic analysis of
swallowing in VFSS. The findings revealed that
the superior hyoid movement decreased as the
frame rate decreased. This decrease was
significant at 20 fps and 15 fps compared to 30
fps while no difference was observed in the
anterior hyoid movement at different frame
rates.

In this study, it was found that total hyoid
movement decreased linearly as the frame rate
was reduced. However, these decreases reached
statistical significance only between 30 fps and
20 fps and between 30 fps and 15 fps. The effect
of reducing the frame rate in VFSS is still
controversial in the literature. Lavly et al.
reported that reducing the frame rate from 30
fps to 15 fps in pediatric VFSS provided
comparable  diagnostic  performance for
penetration and aspiration, with  high
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Table 1. Comparison of hyoid movement at different frame rates.

Yasaroglu et al

Hyoid movement (mm)

Frame Rate (fps) Superior (X£SD) Anterior (X£SD) Total (X£SD)
15 (n=24) 10.99+4.20 6.85+2.34 13.28+3.72
20 (n=24) 11.40+4.04 7.00+2.40 13.67+3.71
25 (n=24) 11.74+3.94 6.96+2.38 13.92+3.63
30 (n=24) 12.13+4.18 7.10+2.21 14.32+3.77
fps: frame per second.
Table 2. Pairwise comparisons of superior hyoid movement across frame rates.
Mean diff. 95%Cl 95%Cl
Frame Rate (mm) Std. Error Lower Upper p Cohen’sd
30 fps-25 fps 0.382 0.152 -0.058 0.822 0.118 0.51
30 fps-20 fps 0.723 0.178 0.21 1.235 0.003* 0.83
30 fps-15 fps 1.141 0.23 0.477 1.805 <0.001* 1.01
25 fps-20 fps 0.341 0.159 -0.119 0.800 0.261 0.44
25 fps-15 fps 0.758 0.278 -0.044 1.561 0.072 0.56
20 fps-15 fps 0.418 0.232 -0.252 1.088 0.508 0.37
fps: frame per second; CI: Confidence Interval *Repeated-measures ANOVA with Bonferroni-adjusted p-values; p<0.05.
Table 3. Pairwise comparisons of total hyoid movement across frame rates.
Mean diff. 95%Cl 95%Cl
Frame Rate (mm) Std. Error Lower Upper p Cohen’sd
30 fps-25 fps 0.401 0.148 -0.026 0.828 0.075 0.55
30 fps-20 fps 0.654 0.137 0.258 1.049 <0.001* 0.97
30 fps-15 fps 1.045 0.206 0.450 1.639 <0.001* 1.04
25 fps-20 fps 0.253 0.141 -0.153 0.685 0.513 0.37
25 fps-15 fps 0.643 0.237 -0.040 1.327 0.073 0.55
20 fps-15 fps 0.391 0.189 -0.155 0.937 0.302 0.42

fps: frame per second; CI: Confidence Interval *Repeated-measures ANOVA with Bonferroni-adjusted p-values; p<0.05

sensitivity (93%) and specificity (98%).12 In
contrast, studies conducted in adults have
shown that reducing the pulse rate below 30 pps
significantly compromises diagnostic accuracy
and affects Modified Barium Swallow Study
Impairment Profile (MBSImP) and Penetration-
Aspiration Scale (PAS) scores.?2! One study in
the literature specifically examined the effect of
reducing the frame or pulse rate on kinematic

analyses. Palmer et al. investigated the effect on
kinematic analyses by reducing 30 pps
recordings to 15 and 5 pps and reported
significant reduced precision at the peak hyoid
position at 15 and 5 pps. It was also stated that
these changes were unpredictable and could
alter clinical observations and treatment
recommendations.!! The results of our study are
fully consistent with these findings. Unlike the
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previous study, this study also analyzed
intermediate values of 20 and 25 fps. According
to our findings, reducing the frame rate to 25 fps
did not affect the accuracy of the kinematic
analysis of swallowing function. In a clinical
perspective, these findings indicate that 25 fps
can be used without the risk of misinterpreting
hyoid movements. In contrast, reducing the
frame rate to 20 fps or 15 fps increased the
likelihood of underestimating superior hyoid
movement, which may result in misdiagnosis or
inappropriate treatment recommendations.
Thus, while accuracy appears to be preserved at
25 fps, it should be remembered to be careful
when using lower frame rates.

The radiation dose received by the patients
during standard VFSS is relatively low (0.2—
0.85 mSv).22 However, the two most
radiosensitive organs in the body including the
lens and thyroid are typically in the radiation
field. Therefore, it is recommended that
radiation exposure should be minimized in
accordance with the ALARA principle.28 An
important implication of our findings is that
using 25 fps not only maintains the accuracy of
kinematic analyses but may also contribute to
reducing radiation exposure. These features
highlight 25 fps as a potentially safer and
clinically feasible option. Nevertheless, further
research is warranted to examine the impact of
reducing the frame rate to 25 fps on diagnostic
accuracy.

Using a lower fps reduces the number of
frames that capture peak hyoid movement,
potentially leading to measurement
underestimation. The current study shows that
there was a decline in superior hyoid movement
with reduced frame rates. However, this
decrease was not found to be significant at 25
fps. The anterior hyoid movement did not show
a significant difference at different frame rates.
This may be related to the movement
characteristics of the hyoid. The superior hyoid
movement requires a greater distance than the
anterior =~ movement.424 Superior  hyoid
movement occurs very rapidly and reaches its
peak within a narrow timeframe. In contrast,
anterior movement having a longer duration
increases the likelihood of reaching the peak
even at lower fps.25 This may explain why no
significant difference was observed in the x-axis
in our study. Furthermore, Zhang et al. reported
that only the anterior movement of the hyoid

bone was a significant and strong predictor of
penetration/aspiration risk.26 In our study, no
significant measurement loss was observed on
the x-axis. This is clinically important, as
reliable assessment of anterior hyoid movement
even at lower fps can support accurate
prediction of penetration/aspiration risk.
However, superior hyoid movement is primarily
related to oral phase dynamics such as food
consistency and swallowing sequence.2?
Underestimating superior hyoid movement at
low frame rates should be avoided, as this may
directly compromise the accuracy of clinical
assessments.

In our study, compared to 30 fps, superior
hyoid movement decreased by 6% at 20 fps and
9.4% at 15 fps, while total hyoid displacement
decreased by 4.5% at 20 fps and 7.3% at 15 fps.
These differences were significant, and the
corresponding effect sizes ranged from moderate
to large, indicating that frame rate has a
measurable effect on kinematic outcomes.
During clinical observation, minimal
hyolaryngeal movement may indicate
insufficient deviation of airway entry from bolus
flow, which may raise clinical concerns
regarding swallowing safety.!! However, one
study in the patients with dysphagia reported
that a 15.1% decrease in hyoid movement was a
critical threshold for compromised swallowing
safety.28 The decreases observed in our study
may reduce measurement accuracy but may not
pose a clinically significant risk to swallowing
safety. Further studies in patients with
dysphagia are needed to more comprehensively
evaluate the clinical significance of these
findings.

Everton et al. reported that digital VFSS
recordings collected from 17 hospitals in five
different countries were obtained at different
frame rates, but only recordings with > 25 fps
were included for temporal and clearance
measurements.2® The study stated that the
selection of > 25 fps was made to provide
sufficient resolution for timing and kinematic
measurements. However, this selection does not
appear to be based on any analysis and may
reflect the authors’ subjective preference. The
findings of our study partially support this > 25
fps preference, as no significant change was
observed in total hyoid movement at 25 fps
compared to 30 fps. Nevertheless, the pulse and
frame rate settings of fluoroscopy devices used
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in VFSS are generally 30 fps, 15 fps, 7.5 fps, and
3 fps.23 Our results suggest that fluoroscopy
devices with more precise fps or pps settings
may be more useful.

Limitations

This study on normal swallowing provides
a physiological baseline that serves as a
normative reference for future clinical research.
Nevertheless, the study has some limitations.
First, the reduced frame rates were simulated
through retrospective downsampling of videos
originally acquired at 30 fps. This approach does
not fully vreplicate true low—frame rate
fluoroscopy conditions. Second, the inclusion of
only healthy individuals performing dry
swallows limits the generalizability of the
findings. Dysphagia, aging, and the presence of
a bolus are known to alter swallowing
kinematics and may respond differently to
reductions in temporal resolution.30.31 Finally,
although the reliability of the STAMPS software
has been previously established, rater reliability
was not specifically assessed for the current
dataset. Therefore, further studies including
dysphagic populations, geriatric individuals,
bolus swallows, and study-specific reliability
analyses are warranted.

Conclusion

This study is one of the first study to
examine the effect of reducing the frame rate in
VFSS from 30 fps to 25, 20, and 15 fps on the
accuracy of kinematic analysis. Our findings
indicate that reducing the frame rate to 25 fps
does not significantly affect accuracy of
kinematic analysis. In contrast, a significant
decrease in superior hyoid movement was
observed at 20 and 15 fps. No difference was
found between frames in anterior hyoid
movement. These results suggest that reducing
the frame rate to 25 fps during VFSS may be a
clinically feasible option for lowering radiation
exposure in accordance with the ALARA
principle while preserving the accuracy of
kinematic analyses. Future studies should
investigate the diagnostic accuracy of 25 fps in
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