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OZET

DOWN SENDROMLU COCUKLARDA DUYU BUTUNLEME
EGITIMININ DIKKAT VE MOTOR BECERILER UZERINE ETKIiSi

Metehan YANA
Doktora Tezi, Fizik Tedavi ve Rehabilitasyon AD
Tez Yoneticisi: Dog. Dr. Erdogan KAVLAK

Mart 2021, 77 sayfa

Bu galismada Down Sendromlu ¢ocuklarda (DS) duyu butiinleme (DB) egitiminin
dikkat ve motor becerilere etkisi arastirldi.

Kirk iki Down Sendromlu ¢ocuk (7-18 yag) ¢alisma grubu (n=21) ve kontrol grubu
(n=21) olmak Uzere randomize olarak iki gruba ayrildi. Her iki gruba da giinde 45 dakika,
haftada iki seans olmak Uzere alti hafta boyunca toplam 12 seans ndérogelisimsel tedavi
(NGT) uygulandi. Galisma grubuna toplam alti hafta boyunca haftada iki kez her seans
45 dakika olmak Uzere NGT'ye ek olarak duyu butinleme egitimi uygulandi.
Katihmcilarin motor fonksiyonlarini degerlendirmek icin Bruininks-Oseretsky Motor
Yeterlik Testi 2 Kisa Formu (BOT2-KF), dikkat becerilerini dederlendirmek icin Stroop
Testi TBAG Formu kullanildi.

Tedavi sonrasi motor fonksiyonlarin degerlendiriimesinde kullanilan BOT2-KF
sonuglari agisindan her iki grupta da anlamh iyilesmeler oldugu gorildi. Ozellikle
calisma grubunda uygulanan NGT+DB ydnteminin motor fonksiyonlari geligtirme
acisindan NGT yaklagsimina gére daha basarilh oldugu saptandi (p<0,001). Dikkat
gelisiminin degerlendiriimesinde kullanilan Stroop test sonuglarina gére tedavi sonrasi
her iki grupta da anlamli iyilesmeler oldugu gorildi. Bununla birlikte; ¢alisma grubunda
uygulanan NGT+DB yonteminin dikkati gelistirme acisindan NGT yaklagsimina gore daha
basarili oldugdu tespit edildi (p<0,05).

Bu ¢alismanin sonuglarina gére NGT ile kombine uygulanan DB egitiminin Down
Sendromlu ¢ocuklarda motor fonksiyonlari ve dikkat becerisini gelistirmede tek basina
NGT egitimine gore daha etkilidir.

Anahtar Kelimeler: Down Sendromu, Duyu Bitlinleme Egitimi, Dikkat, Motor Fonksiyon



ABSTRACT

THE EFFECT OF SENSORY INTEGRATION THERAPY ON
ATTENTION AND MOTOR SKILLS IN CHILDREN WITH DOWN
SYNDROME

YANA, Metehan
PhD Thesis in Physical Therapy and Rehabilitation
Supervisor: Assoc. Prof. Erdogan KAVLAK

March 2021, 77 pages

In this study was investigated the effect of sensory integration (Sl) training on attention
and motor skills in children with Down Syndrome (DS).

Fourty-two children (7-18 years old) with DS were randomly allocated into two
groups as experimental group (n=21) and control group (n=21). Neurodevelopmental
therapy (NDT) was applied to both groups for 45 minutes a day, two sessions a week,
for a total of 12 sessions for six weeks. In addition to NDT, Sl was applied in experimental
group twice in a week for six weeks 45 minutes per session. The Bruininks-Oseretsky
Motor Proficiency Test 2 Short Form (BOT2-SF) was used to evaluate the motor
functions of the participants, and the Stroop Test TBAG Form was used to assess
attention skills.

After the treatment, significant improvements were observed in the both groups
in terms of BOT2-SF results used in the evaluation of motor functions. Especially NDT
S| method applied in the experimental group was found to be more successful than NDT
approach in terms of developing motor functions (p<0.001). According to the Stroop test
results used in the evaluation of attention development, significant improvements were
observed in both groups after treatment. However; NDT+SI method applied in the
experimental group was found to be more successful than the NDT approach in terms of
improving attention (p<0.05).

According to the results of the present study, Sl training applied in addition to
NDT is more effective than NDT training alone in improving attention and motor skills in
children with Down Syndrome.

Keywords: Down Syndrome, Sensory Integration Training, Attention, Motor Skills
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1. GIRIS

Down Sendromu (DS) 21. kromozomun trizomisinden kaynaklanan bir genomik
bozukluktur. Dinya genelinde prevelansi her 800-1000 canli dogumda bir olarak
bildirilmistir (Parker vd 2010). Down Sendromuna siklikla orta-agir siddette mental
retardasyon eslik etmektedir. Orta-agdir siddette mental retardasyona ek olarak Down
Sendromlu bireylerde hipotoni ve hipermobiliteden kaynaklanan fiziksel yetersizlikler,
dil gelisiminde gecikmeler ve akademik problemler de yaygin gérilmektedir (Wester
vd 2018). Mental retardasyon, dikkat ve motor becerileri olumsuz yonde etkileyen bir
durumdur (Giagazoglou vd 2012, Ekstein vd 2011). Down Sendromlu ¢ocuklarin
dikkat, motor aktiviteler ve duyusal entegrasyonda sik¢a sorunlar yasadiklari,
literatirde ebeveyn ve profesyoneller tarafindan bildiriimistir (Malak vd 2015,
Breckenridge vd 2013, Uyanik vd 2003).

Motor beceri gelisimi, kaba-ince motor becerileri ve bilateral koordinasyonu
icermektedir (Miller vd 2007). Orta ve agir mental retarde ¢ocuklarda motor gelisimde
gecikmeler gorulmektedir. Down Sendromlu c¢ocuklarda kaba ve ince motor
becerilerin normal gelisim gosteren yasitlarina gére daha geri oldugu bildirilmistir
(Malak vd 2015, Aslan vd 2016, Spano vd 1999). Bu ¢ocuklarin motor becerilerinde
ortaya c¢ikan gecikmeler; denge, el becerisi ve oyun oynama gibi aktiviteleri olumsuz
yonde etkileyerek ginlik yasam aktivitelerine katilimlarini kisitlamaktadir (Gawali vd
2017, Uyanik vd 2003).

Down Sendromlu c¢ocuklarin akademik olarak ve gunlik hayatta problem
yasadigi bir diger alan ise dikkat parametresidir. Dikkat, bilgi islemenin ilk asamasidir
ve 6grenme Uzerinde 6nemli rol oynamaktadir (Ekstein vd 2011, Hung vd 2016).
Duyusal entegrasyon, anlamli adaptif bir tepki olusturulabilmesi icin vicut ve
¢evreden alinan duyusal bilgilerin yorumlanmasi ve organize edilmesi seklinde
tanimlanmaktadir (Kayihan vd 2001, Uyanik vd 2003). Down Sendromlu ¢ocuklarin
duyusal modulasyon ve duyusal entegrasyon bozukluklari sonucunda daha kisa
dikkat slresine sahip olduklari ve sirekli dikkat parametresinde sorun yasadiklari
bilinmektedir (Rowe vd 2006, Porter vd 2007, Kogan vd 2009, Lanfranchi vd 2010,
Lee vd 2011, Costanzo vd 2103).



Literatirde Down Sendromunda bireysel ihtiyaclara gére uyarlanan
norogelisimsel tedavi, sanal gerceklik uygulamalari, oyun terapisi gibi cesitli
rehabilitasyon yaklagimlar kullaniimaktadir (Ruiz-Gonzalez vd 2019). Duyu
butiinleme egitimi de Down Sendromlu ¢ocuklarda duyusal entegrasyon sorunlarini
rehabilite etmek amaciyla kullanilan yontemlerden birisidir. Bu tedavi yaklagiminda
proprioseptif, vestibller, taktil duyusal uyarilar kullanilarak ve ¢ocuklarin aktif motor
katilimi saglanarak merkezi sinir sisteminde néral plastisite olusumu fasilite edilmekte
ve motor becerilerde iyilesmeler saglanmaktadir (Zimmer ve Desch 2012, Ashori vd
2018). Literatirde, duyu bdtlnlemenin; otizm, serebral palsi, dikkat eksikligi ve
hiperaktivite bozuklugu gibi birgok zihinsel veya noérogelisimsel bozukluk Gzerinde
olumlu etkileri oldugu bildirilmistir (Lang vd 2012, Shamsoddini ve Hollisaz 2009).
Bununla birlikte, literattrde, duyu bitinleme egitiminin Down Sendromlu ¢ocuklarda
motor beceri ve dikkat (izerine etkisini inceleyen sinirli sayida ¢alisma bulunmaktadir
(Ashori vd 2018).

1.1.  Amag

Literatirde gorulen bu eksiklikten dolayi, ¢galismanin amaci; Down Sendromlu
cocuklarda duyu butinleme egitiminin dikkat ve motor beceriler Uzerine etkisini

arastirmaktir.



2. KURAMSAL BILGILER VE LITERATUR TARAMASI

2.1. Down Sendromu

Down Sendromu (DS), 21. kromozomun trizomisinden kaynaklanan mental
retardasyon ve fiziksel yetersizligin en yaygin genomik bozuklugudur (Kazemi vd 2016).
Gecmiste oblik géz ¢izgisi, kalin ense, kisa boyun, basik burun kéku gibi karakteristik
ylz ifadesi bulunan, ayrica mental retardasyon gdzlenen ve boy uzunlugu ortalamadan
kisa olan kisiler belirli bir tan1 konulmaksizin gruplandiriimigtir. Daha sonra bu gruplari
tanimlamak icin ‘Mongolizm’ terimi kullaniimistir. Down, ilk kez 1866 yilinda Langdon
Down tarafindan sendromun klinik yénlerini tanimlamak icin kullanilan bir terimdir (Down
1866). 1959 yilinda Jérébme Jean Louis Marie Lejeune tarafindan bu hastaligin
kromozom 221’in trizomisinden kaynaklandigi ve kromozom 21 ile Down Sendromu
fenotipi arasinda bir iligki oldugu tespit edilmistir (LeJeune vd 1959). Down Sendromu
temel olarak yasam Kkalitesini azaltan ve yasam beklentisini kisaltan bir dizi tibbi
problemle iligkili mental retardasyona neden olmaktadir. Konjenital kalp hastaligi en sik
gorulen sistemik malformasyondur ve olgularin %16-62'sinde mevcuttur (Mihci vd 2010).
Bunlara ek olarak DS’li bireylerde motor gelisimde gecikme, duyusal ve motor
problemler, algisal bozukluklar, uyumsal davranis bozukluklari gibi ¢esitli problemler
gOrilmektedir (Leonard vd 2002).

2.1.1. Epidemiyoloji

Down Sendromunun prevalansi, kuresel nifusla paralel olarak artis
gostermektedir. ABD'de, DS populasyonunun yayginligi 1950'de 50.000'den (10.000 kisi
basina 3,3) sagkalimin artmasi nedeniyle 2013'te 212.000'e (10.000 kisi basina 6,7)
yukselmistir (de Graaf vd 2019). Avrupa’da 2015 itibariyle DS populasyon yayginhgi
10.000 kiside 4,9 olarak rapor edilmistir (de Graaf 2018). Turkiye’de 2019 yili canh
dogum sayisi 1 milyon 183 bin 652 olarak bildirilmistir. DS agisindan insidansin her 800
dogumda bir oldugu tahmin edilmekte ve tim dinyada 6 milyon DS tanili birey oldugu

dusunulmektedir. Net bir veri olmamasina ragmen Turkiye Down Sendromu Derneginin



bildirdigi raporlara gére Turkiye'’de bu oran yaklasik 70.000 kadardir (Erdol 2018).
Bununla birlikte, kiiresel ve gulvenilir bir prevelans tahmini yapilabilmesi icin dinyanin
farkl yerlerinden DS'li bireylerin gegmis ve glincel sagkalim oranlarina iliskin daha fazla
veriye ihtiya¢ bulunmaktadir.
Down Sendromunun tim etnik kdkenlerde gortlme orani esittir ancak etnik kékenler
arasinda gorulen anne yasindaki farkliliklar canli dogum sayisini etkilemektedir (Hecht
ve Hook 1996, Bray vd 1998, Hassold ve Hunt 2001, Morris vd 2003).
ABD’de 2003 yilinda her 779 bebekten birinin (10.000 canli dogumda 12,8) DS’li oldugu
bildirilmistir (de Graaf vd 2019).
DS prevelansi annenin hamilelik yasindan etkilenmektedir. Annenin 30'lu yaslarina
kadar Down Sendromu riski her yil %0.005 oraninda artmaktadir. Gebelik yasi 15-29
iken 1500 dogumda 1 risk gorulirken, 40-49 yaslarinda gebe kalindiginda risk 1/100
oraninda gorulmektedir (Parker vd 2010, Morris vd 2009, de Graaf vd 2015). 35 yasUsti
hamileliklerde riskin arttigi belirtiimektedir. Ancak genel olarak geng kadinlar daha fazla
bebek sahibi oldugundan Down Sendromlu c¢ocuklarin %75-80'i gen¢ annelerin
bebekleridir. Gelismis Ulkelerde, artmis saglik hizmetleri ve yiksek dodurganlik oranina
sahip yasli nifusun fazla olmasi nedeniyle, 35 yasin Uizerindeki kadinlarda prevalansta
artis gézlenmektedir (Adams vd 1981, Jou vd 2005).

istege bagll olarak sonlandirilan gebeliklerin sayisi, her (ilkedeki tarama
testlerinin mevcudiyeti ve dogrulugundan, prenatal taramadan sonra prenatal testi segen
kisi sayisindan ve prenatal DS tanisi konulduktan sonra ebeveyn kararlarindan
etkilenmektedir. 2013 yilinda, ABD'de DS ile ilgili tahmini 3.400 istege bagh gebelik
sonlandiriimis ve bu durum o yil dogan olan DS'li bebek sayisinda %33 azalmasiyla
sonuglanmistir. Buna kargsilik, 2004 yilinda Avustralya'da tahmini ylzde dusus %55,
Avrupa’da 2010-2015 yillari arasinda %54 (Bittles vd 2007), eski Dogu Bloku Ulkelerinde
%32 (de Graaf vd 2018) ve Cin'de, 2003-2011 arasi, DS'li fetusler igin gebelik
sonlandirma durumu prevelansta %55'lik bir azalmaya yol agmistir (Deng vd 2015, de
Graaf 2017).

2.1.2. Risk faktorleri

Down Sendromu; hiicre bélinmesi sirasinda embriyoda iki tane olmasi gereken
21 numarali kromozomun hatali hicre bdlinmesiyle (¢ adet olmasindan
kaynaklanmaktadir. ileri hamilelik yagi, tim otozomal trizomiler gibi trizomi 21 igin de
onemli bir risk faktorudir (Nagaoka vd 2012). Bu risk, oosit olusumunda meydana gelen

mayotik bolunmeler sirasinda homolog kromozomlarin veya kromatidlerin ayrilmamasi



ile iliskilidir (Gruhn vd 2019). ileri hamilelik yasi hem maternal mayoz | hem de mayoz
II'de 21. kromozomun ayrim hatalari ile iligkilendirilmistir (Allen vd 2009).

Trizomi 21 riskini arttirdi§i dusunudlen bir bagka risk faktdérli de c¢evresel
faktorlerdir, ancak bu faktorlerin maruziyet, dozaj ve zamanlamasinin tanimlanmasina
iliskin zorluklar nedeniyle tespit edilmesi zordur. Trizomi 21 riskini etkileyen cevresel
faktorler arasinda tutin kullanimi, hamilelik strecinde folik asit desteginin
saglanamamasi, oral kontraseptif kullanimi sayilabilir (Coppede 2016). Annenin
sosyoekonomik durumu ile yalnizca maternal mayoz |l hatalari arasinda iligki tespit
edilmistir (Hunter vd 2013, Torfs ve Christianson 2003, Christianson vd 2004, Ghosh vd
2014).

Keen ve ark. 2020 yilinda yaptiklari bir takip ¢alismasinda maternal meslegi bir
risk faktdru olarak incelemis ve bazi meslek gruplarina sahip annelerde daha yaygin DS
goérildiguni ve maternal meslegin mayoz boélinme sirasinda ortaya ¢ikan ayrilmama
hatalari ile iligkili oldugunu bildirmiglerdir (Keen vd 2020). Yapilan én analizde bu
mesleklerin ¢alisma ortaminda ¢éziiciilere maruz kaldiklari tespit edilmistir. is ve ev
ortamlarinda toksik ajanlara spesifik maruziyetleri ve bunlarin anne ve babaya ait 21.
kromozomun ayrilmama ile iligkilerini incelemek igin bu tirden daha fazla ¢alismaya
ihtiya¢ bulunmaktadir.

Endokrin bozucu kimyasallara maruz kalmanin mayozu etkiledigi ve andploidi
prevalansini artirdigi bilinmektedir (Sartain ve Hunt 2016). Her yerde bulunan bir
cevresel kirletici olan bisfenol A ve diger endokrin bozucu kimyasallara maruz kalmak,
her iki cinsiyette yumurtaliklar ve testisler olmak tzere Ureme sistemini etkilemektedir
(Horan vd 2018). Deneysel hayvan modellerinde bisfenol A maruziyetinin sperm ve
oositler Uzerindeki transgeneral etkilerine dair kanitlar bulunmaktadir. Andploidiye yol
acan farkli mayotik ve mitotik hatalarin yalnizca belirli ¢cevresel maruziyetlere karsi
olusmadigini, ayni zamanda blyUkanne ve anne gibi daha Ust neslin bu cevresel
faktorlere maruz kalmasinin da dikkate alinmasi gerektigi belirtiimistir (Coppede 2016,
Grandjean vd 2019).

DS ic¢in en bluyuk risk faktoru hamilelik yasi iken diger risk faktorleri arasinda

akraba evliligi ve maternal obezite bulunmaktadir (Hildebrand vd 2014).

2.1.3. Alt tipleri

Down Sendromu sitogenetik olarak; regiiler tip, translokasyon tip ve mozaik tip
olmak Uzere U¢ ana grupta incelenmektedir. Tekrarlama riskleri agisindan bu alt tipler

arasinda 6nemli farklar oldugundan genetik danismada yonlendirici olmaktadirlar.



2.1.3.1. Regdler tip DS

Tdm olgularin %90-95'ini olusturan regdler tip DS; 21. kromozom c¢iftinin mayoz
bélinme sirasinda ayrilmamasindan kaynaklanmaktadir. Bu Down Sendromu vakalari
kalitsal degildir kromozomlarin ayrilmamasi sonucu olusur. Regller tip DS’nin
tekrarlama riski, aile bdyle bir cocuga sahip olduktan sonra, genel olarak yaklasik %1
olarak bildirilmigtir. Otuz yagindan geng anneler icin tekrarlama riski %1,4 iken daha ileri
yastaki anneler agisindan risk artmaktadir (Nussbaum vd 2001, Young 2005, Morris vd
2018).

2.1.3.2. Translokasyon tip DS

Robertsonyan translokasyon tip DS, kromozom ciftinden birisinin diger bir
kromozom ciftinden birisiyle birlesmesi (transloke olmasi) seklinde tanimlanmaktadir.
Tudm olgularin %1-2’sini olusturan bu bireylerin 46 kromozomlari bulunmaktadir (Jyothy
2002). Down Sendromunun diger tipleri kalitimsal degildir. Yalniz translokasyon tipte
ebeveynlerden bir tanesinin tasiyici olmasi durumunda Down Sendromu kalitimsal
olmaktadir. 21 numaral kromozoma iligkin Robertson tipi translokasyon tasiyicisi olan
annelerin dengesiz translokasyonlu ¢ocuk dogurma riski ¢ok yuksektir. Translokasyon
alt tipleri arasinda en sik goértlen 14/21 translokasyonu bakimindan annenin tasiyici
olmasi durumunda fetusun DS olma riski %10-15 oranlarinda iken, baba tasiyici
oldugunda bu risk %1-2 oraninda seyretmektedir (Morris vd 2018, Antonarakis 2020).
21/21 translokasyon taslyicisi olan ebeveynde anne veya baba orijinli olmasi
farketmeksizin dengesiz translokasyon tekrarlama riski %2100 olarak bildirilmistir (Morris
vd 2018, Antonarakis 2020). Translokasyon tipte ileriki dogumlardaki risklerin bilinmesi

acisindan genetik danismanlik daha énemli olmaktadir.

2.1.3.3. Mozaik tip DS

DS’li olgularin %2-5’ini olusturan mozaik tip DS, zigot olusumundan sonraki
donemde mitoz bdlinme esnasinda yanhg bolinmeler sonucunda olusur ve bu tipte
hicrelerin bir kismi 46 kromozom tasirken bir kismi trizomik ve 47 kromozom
tasimaktadir. Anne ve baba normal, ¢cocuk mozaik ise ailenin diger ¢ocuklarindaki
tekrarlama riski %1’dir (Morris vd 2018).



2.1.4. Klinik 6zellikler

21. kromozom trizomisi nedeniyle DS’li bireylerde dismorfik bulgular ve mental
retardasyona ek olarak konjenital kalp hastaliklari, gastrointestinal hastaliklar, epilepsi,
serebellar hipoplazi ve diger nérolojik anormallikler, immuin yetmezlikler, baslica [6semi
olmak tzere hematolojik hastaliklar, gérme ve isitme bozukluklari, otoimmin ve endokrin
hastaliklar, Alzheimer hastaligi gibi pek c¢ok saglik sorunu ortaya cikmaktadir
(Antonarakis vd 2020). Bu saglik sorunlarina ek olarak calismalarda motor beceri
gelistirme ve fiziksel uygunlukta azalma, anormal sensorimotor entegrasyon, obezite, dil
becerisi gelistirme ve konusmada gecikmeler, kognitif ve sosyal fonksiyonlarda etkilenim
gibi bulgular tespit edilmistir (Scott ve Holfelder 2015). Bulgularin sikh@r ve agirhgi
hastadan hastaya ve toplumdan topluma farkllik gésterebilir (Ahmed vd 2005, Pavarino
vd 2009). DS’li bireylerin bir kisminda ciddi etkilenim goriliurken bir kismi saglikli ve
bagimsiz yetigkinler olarak hayatlarini surdirebilmektedir. Ginimizde Down
Sendromlu bireyler daha iyi egitim programlarina, tibbi ilerlemelere, aile ve
arkadaslarinin destegine sekonder olarak tam potansiyellerine ulasabilmektedirler.
Down Sendromlu bireylerde yaygin goérilen belirti ve bulgular Sekil 1'de 6zetlenmistir
(Antonarakis vd 2020).

Nirogeligimsel
+ Mental retardasyon

+ Gelisimsel geriligi

+ Dil bozukluklan

+ Serebellar hipoplazi
Psikiyatrik

+ Anksiyete ve depresyon
» Davranigsal bozukluk
Norolojik

= Alzheimer hastalig

« Epilepsi

Kardiyovaskiiler sistem
*Konjenital kalp defekileri
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Muskuloskeletal

« Atlantoaksiyel instabilite
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» Hematolojik bozukluklar
+ Bagisiklik disfonksiyonu
+ Obezite
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Otoimmiin

« Tiroid hastalig

+ Colyak hastahg

« Alopesi (sackiran)
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Sekil 1. Down Sendromunda yaygin gorulen belirti ve bulgular (Antonarakis vd 2020).

2.1.4.1. Dismorfik ozellikler

Yukari yo6nde palpebral fissurler, epikantik kivrimlar ve brakisefali down

Sendromunda goérilen yaygin 06zelliklerdir. DS'nin diger karakteristik dismorfik



Ozelliklerinin her biri, vakalarin %47-82'sinde mevcuttur. Bu 6zellikler agirlikh olarak bas,
boyun ve ekstremiteleri etkilemektedir. Down Sendromunda gérilen dismorfik 6zellikler
Tablo 1'de 6zetlenmistir (Acar vd 2014).

Tablo 1. Down Sendromunda gorilen dismorfik bulgular (Acar vd 2014)

Bas ve boyun Ekstremiteler Yenidogan
Ozellikleri

e Palpebral fissurlerin e Kisa genis eller e Duz yuz profili
yukari dogru olmasi ¢ Hipoplastik orta o Egik palpebral
Epikantik kivrimlar falanks ile egik fissurler

e Basik burun koku besinci parmak e Anormal kulaklar

o Katlanmis veya e Transvers palmar e Zayif moro refleksi
displastik kulaklar kivrim e Besinci parmagin

e Brakisefali e Birinci ve ikinci orta falanks

o Kiguk agiz ayak parmaklari displazisi

e Digan sarkmis dil arasinda bosluk e Simian cizgisi

e Kisa boyun e Eklemlerde e Hiperfleksibilite

e Ense bolgesinde hiperfleksibilite e Ensede katlanti
katlanma e Pelvis displazisi

e Dar damak

e Anormal digler

2.1.4.2. Mental gerilik

Down Sendromu, mental retardasyonun en yaygin genetik nedenidir. Down
Sendromlu bireylerin tamamina yakininda biligssel bozukluklar gorilmektedir. Bireylerin
¢ogunda Zeka katsayisi (IQ) 50-70 veya 35-50 araligindadir ve hafif-orta derecede
mental retarde olarak siniflandiriimaktadirlar. Ancak 20-35 IQ seviyesine sahip ciddi
biligsel etkilenimi olan down sendromlu bireyler de bulunmaktadir (Bull 2011, Liogier vd
2015).

Biligsel etkilenim 6zellikle s6zclk diziminde, s6zel kisa sureli ve acik uzun surel
bellekte ortaya cikmaktadir (Vicari 2004, Lott ve Dierssen 2010). Down Sendromlu
bireylerde dil gelisimi akranlarina gore daha yavas olmaktadir. Bireylerin kendilerini
sOzcuklerle ifade edebilme yetilerindeki sorularin ve s6z dizim bozukluklarinin mental
retardasyonla iligkili oldugu dusunulmektedir. Bu grupta ilk kelime ortalama 18. ayda
ortaya cikmaktadir (Kumin 1996). Down Sendromuna %6 siklikla otizm spektrum
bozuklugu (%10-15) ve dikkat eksikligi hiperaktivite bozuklugu da eslik etmektedir bu
nedenle uygun tarama testleri yapiimaldir (Dykens 2007).

Mental retardasyon, dikkat becerilerini olumsuz yonde etkilemektedir
(Giagazoglou vd 2012, Top 2015). Dikkat, dusunceyi belli bir sey ustiinde

yogunlastirabilme yetenedi olarak tanimlanmaktadir. Bilgi islemenin ilk asamasini



olusturmakta ve 6grenmede 6nemli rol oynamaktadir. Beyin sapinda yer alan bir nikleus
olan locus seruleus, parietal korteks ve santral sinir sisteminin bircok bdlgesi ile
baglantilidir ve ayni zamanda segcici dikkat ile iligkilidir. Bu bdlgelerdeki ndronlardan
salinan norepinefrin, bazi duyusal girdilerden iletilen sinyalleri gliclendiren ve zayif
sinyaller arasindaki farki artiran bir néromodulatér olarak gérev alir. Boylece locus
seruleustaki noéronlar, secici dikkat surecindeki islemi gelistirir. Serebral korteksin
assosiasyon alanlarinda da multisensér néronlar bulunmaktadir. Beyin sapi néronlari
Ozel bir uyarana dikkat etme ile iligkili ydonelme hareketlerinden sorumluyken, kortikal
multisensor noéronlar, uyaranin algilanmasi surecinde daha ¢ok yer almaktadir.

Down Sendromlu cocuklarda dikkat sdresinin azalmasi, konsantrasyon
bozuklugu, hiperaktivite ve dirtlisel davraniglar gibi problemlerle sik karsilasiimaktadir
(Capone vd 2006, Myers ve Pueschel 1991, Cooper vd 2009). Bunlara ek olarak
¢ocuklarda gorulen ge¢ motor kazanimlar da mental retardasyonla iliskilendiriimektedir
(Maatta vd 2006). Yapilan ¢alismalarda fiziksel aktivitenin gocuklarin dikkat gerektiren
islerdeki performanslarinda artisa neden oldugu gosterilmistir (Ludyga vd 2016 ve
Medina vd 2010).

2.1.4.3. Motor geligim

Down Sendromlu c¢ocuklarda mental retardasyona genellikle gecikmis motor
gelisim ve azalan motor beceriler eslik etmektedir. Beyindeki patofizyolojik suregler,
beynin volim degisiklikleri ve merkezi sinir sisteminin maturasyon bozukluklari, DS’li
cocuklarda ozellikle yagsamin 6. ayindan itibaren goézlemlenmekte ve motor gelisim
bozukluklarina neden olmaktadir (Malak vd 2015). Down Sendromlu ¢ocuklarda bilissel
etkilenim diginda konjenital kalp defekti, gorme bozukluklari, sosyal kisitliliklar ve
postural tonus motor gelisimde dnemli rol oynamaktadir. Hipotonus ve hipermobil
eklemler; kas ve eklemdeki duyusal yapilardan gelen proprioseptif geribildirim, ko-
kontraksiyon ve postural kontrol tizerinde olumsuz etkiye sahiptir (Dyer vd 1990). Ko-
kontraksiyon yetersizligi ve hipermobilite sonucu eklem stabilitesi azalmaktadir (Davis &
Scott Kelso, 1982, Parker ve James 1985, Livingstone ve Hirst 1986). DS’li bireylerde
denge reaksiyonlari normal gelisim gdsteren ¢ocuklara benzer sirada ancak daha yavas
bir hizda gelismektedir (Shumway-Cook ve Woollacott, 1985). Bu nedenle fonksiyonel
problemler yasamaktadirlar. Yeterli miktarda gelismeyen denge reaksiyonlari yerine
¢ocuklarda kompansatuar reaksiyonlar gelismektedir. Bu da statik ve simetrik bir motor
sisteminin olusumuna neden olmakta ve bdylece motor sistemin rotasyon ve denge
parametreleri hatali bir sekilde gelismektedir. Postural kontroliin dizenlenmesinde

g6rilen bozukluklar Tablo 2’'de goésterilmistir (Lauteslager ve Vermeer 1998).
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Tablo 2. Postural kontrolin duzenlenmesinde goérilen bozukluklar (Lauteslager ve
Vermeer 1998)

Primer Azalmis postural tonus
Sekonder Yetersiz ko-kontraksiyon
Yetersiz denge reaksiyonlari
Azalmig propriosepsiyon
Artmis eklem mobilitesi
Sonug Durus ve hareket pozisyonlarini baglatma ve sirdirmedeki sorunlar

Motor becerilerin niteliksel yonlerinin yetersiz geligimi

Yetersiz sekilde uygun motor beceriler

Postural kontrol bozukluklari sonucunda, down sendromlu bireyler ayni motor aktiviteyi

gerceklestirebilmek icin normal gelisim gdsteren akranlarina gére daha fazla ener;i

harcamaktadirlar. Normal gelisim gosteren ve Down Sendromlu ¢ocuklarin motor gelisim

basamaklarina iliskin sureler Tablo 3’te verilmistir (Cunningham 1982, Davis ve Scott

1982, Winders 1997).

Tablo 3. Down Sendromlu c¢ocuklarda motor gelisim basamaklari ve sureleri
(Cunningham 1982, Davis ve Scott 1982, Winders 1997)

Motor aktivite Down Sendromlu Normal geligim gosteren
¢cocuklar gocuklar
Ortalama Aylara gore Ortalama | Aylara goére
yas (ay) dagihm yas (ay) dagihm
Bas dengesi 3-9 3 14
Donme 4-12 5 2-10
Desteksiz oturma (>1dKk) 6-16 7 5-9
Tirmanarak ayaga kalma 15 8-26 8 7-12
Destekli ylriime 16 6-30 10 7-12
Desteksiz ayakta durma 18 12-38 11 9-16
Desteksiz yuriime 19 13-48 12 9-17
Destekli merdiven ¢ikma 30 20-48 17 12-24
Destekli merdiven inme 36 24-60+ 17 13-24
Kosma 48
Ziplama 48-60
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Gecikmis motor fonksiyonlar, zihinsel, duygusal ve sosyal gibi gelisim alanlarinda
yetenek kazanmada gecikmeye neden olabilir (Wang vd 1995). Cocuklar dinyayi
nesnelere uzanarak, nesneleri agizlarina goétirerek ve onlara dogru emekleyerek
kesfederler (Jurkowska 2001). Ayakta durma ve yurime yetenedi ¢ocuklarin ellerini
serbest birakabilmesini ve nesneleri tutabilmelerini saglamaktadir. Ayni zamanda
¢ocuklarin nesneleri daha iyi gérmelerine katki saglar, ¢iinkil bas motor gelisimin énceki
asamalarindan daha yuksek konumda tutulabilmektedir. Ayakta durma yetenedi,
¢ocuklarin dunyayr bagimsiz olarak kesfetmesini saglamaktadir (Wang vd 1995,
Jurkowska 2001). Ayakta durma pozisyonu, bas, gévde ve kalga arasinda postural
hizalama elde edildikten sonra elde edilmektedir (Piper ve Darrah 2010, Pereira vd 2013)

Ayakta durma yetenegi gévdenin hem fleksiyon hem ekstansiyonunu gerektirdigi
icin DS’li cocuklarda ayakta durmada zorluk gortlmektedir. Bu nedenle DS'li gocuklarin
postural hizalamay:i gelistirmek, kas tonusu ve simetrinin dogru dagilimini yapabilmek ve
bdylece psikomotor gelisim gecikmeyi en aza indirebilmek igin fizyoterapi almalari
gerekmektedir. Buna ek olarak, ayakta durma pozisyonunu korumak icin ¢ocuklarin
vucutlarini dengeli tutabilmeleri gerekir. DS’li cocuklarda serebellar hipoplazi nedeniyle
denge reaksiyonlari dogru zamanda ve dogru miktarda olusturulamayabilir (Malak vd
2013).

Cocuklarin tipik olarak gelismekte olan bebeklerden daha sonra gelistirdigi diger
bir motor yetenek ise yurimedir. Normal motor gelisim gdsteren ¢ocuklar yagsamin 1.
yilinda ve bazen yasamin 2. yilinda yurimeyi 6grenmektedirler (Brazelton ve Sparrow
2006). Yurime yetenegi, cocuklara bagimsizlik veren ve bilissel, sosyal ve sonraki motor
gelisimini etkileyen bir motor fonksiyonun bir 6rnegidir. Cocuk bakimi ylUrimeye
basladiklarinda daha kolay olmaya baslamaktadir, ¢linki pozisyonlarini degistirmek igin
bebekleri strekli kaldirmaya ve tutmaya gerek yoktur. YUurime aktivitesi ¢ok iyi bir denge
gerektirdiginden DS’li gocuklar i¢in zor olabilmektedir. Ayrica hipotoni ve hipermobilite
yurimeyi etkileyen diger faktorlerdendir (Skallerup 2008, Agiovlasitis vd 2009). Down
Sendromlu ¢ocuklarda gorilen disik kas tonusu ve postural anormallikler vicut
dengesinin gelismesini geciktirir ve dik pozisyonda denge reaksiyonlarini bozar. Bu
durum yurime yetenegini geciktirmektedir. DS'li cocuklar normal gelisim goésteren
bebeklerden ortalama 1 yil sonra ylrimeye baslamaktadirlar (Ulrich vd 2001). DS’li
cocuklarin 6zellikle mediolateral yonde yirime esnasinda instabiliteye sahip olduklar
ve bu nedenle enerji harcamalarinin arttigi bilinmektedir (Ulrich vd 2001). DS'li bireyler
engelli olmayan akranlarina gore daha yavas motor gelisim gostermelerine ragmen
bircok egzersize veya sportif aktiviteye katilabilmektedirler (Aksay 2014, Fidler vd 2008).
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DS’li cocuklarin ince ve kaba motor becerilerinin gelistiriimesiyle gunlik yasam

aktivitelerine katihimlarinda artis saglanabilir.

2.2. Duyusal iglemleme

2.2.1. Geligsim evreleri

Cocukluk doneminde duyusal sistemler tarafindan algilanan ¢evresel bilgi
merkezi sinir sisteminin gelismesinde énemli rol oynamaktadir. Gelisim suresince yeterli
miktarda uygun duyusal girdinin mevcut olmamasi beyin islevlerinde anormalliklere ve
davranissal problemlere yol agmaktadir. Beyin gelisimi i¢in yeterli duyusal deneyim
saglayabilecek zengin ortamlar ve aktiviteler gereklidir. Cocuklarda bilingli ve dikkatli bir
sekilde duzenlenen fiziksel cevre hareketin baslatilmasi, dikkatin artmasi, cevreyle
etkilesime gecilmesi ve motor becerilerde artisa katki saglamaktadir. istemli hareketler
duysal, algisal ve motor fonksiyonlarin bir arada c¢alismasiyla olusmaktadir. Duyu
noronlari gevreden aldiklari bilgiyi merkezi sinir sistemine iletmekte, ana gorevlerinden
biri duysal entegrasyonu saglamak olan merkezi sinir sistemi ise bu bilgileri islemekte,
yorumlamakta ve organize etmektedir. Duysal bilgi yeterli olarak alindiginda duruma
uygun otomatik yanitlar olusturulabilmektedir. ilk kez Ayres tarafindan ortaya atilan
duyusal bUtlnlik terimi cevreyle etkilesimimizi surdirirken vicudumuzu etkin
kullanabilmemizi saglayan, viicudumuzdan ve ¢evreden gelen duyusal bilgileri organize
etme yetenegi olarak tanimlanmaktadir. Ayres duyu butinligu gelisimini dort dizeyde
incelemektedir. Taktil, vestibller ve proprioseptif duyusal sistemler duyusal bitlinligin
olusturulmasinda temel yapitaslarndir (Ayres 1979, Smith vd 2007).

Seviye 1'deki duyu butinliganin saglanmasiyla birlikte 1 yas itibariyle
¢ocuklarda vicut farkindaligi ve vicut pargalarinin nerede oldugunun bilinmesi olarak
tanimlanan vicut algisi gelismeye baslamaktadir. Bdylece bilateral bitlinlik saglanmig
olur. Seviye 3'te vestibller sistemde problem olmasi durumunda cocuklarin dil
gelisiminde sorunlar meydana gelmektedir. Ayrica bu ddonemdeki ¢ocuklarin gorsel
bilgileri yorumlama yetenegi, insanlar ve objelerin uzaydaki yerlerini anlama yetenegi ve
el-gbz koordinasyonu gelismektedir. Duyusal butinlugin gelisim sureci Tablo 4’te

Ozetlenmistir (Ayres ve Robbins 2005).



Tablo 4. Duyusal bitinlGgin gelisim slreci (Ayres ve Robbins 2005)
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Seviye 1
(2 ay-1 yas)

Seviye 2
(1-3 yas)

Seviye 3
(3-6 yas)

Seviye 4
(>6 yas)

Bes duyu araciligiyla
vicudun degismesi

Algisal motor temeller
(Referans noktanin
cevresinden saglanan
inputlar filizlenir)

Algisal motor
beceriler (Bir hareket
planinin olugsmasi)

Motor planlama ve

inputlarin
batinlesmesi

o Taktil sistem

e Vestibiler sistem
Propriosepsiyon

o Gorsel ve isitsel
sistem geligir.

e Vucut farkindahgi

o Bilateral
koordinasyon

e Eltercihi

e Motor planlama
(praksis)

e Dikkat suresi
¢ Emosyonel stabilite

o Isitsel alg!

e Isitme-dil becerisi

o Gorsel algi (ayirt
etme)

e El-goz
koordinasyonu
(yazma becerisi)

e Okdular motor
kontrol
Merkez ise dikkat

e Postiral
diizenleme

e Akademik
beceri

e Karmasik
motor beceri

e Dikkat
diizenlemesi

e Vicut-beyin
Ozellesmesi

e Benlik
saygisi ve
6zdenetim

¢ Organize
davranis

2.2.2. Duyusal entegrasyon teorisi

Duyu butinluglu bireylerin anlamh ve hedefe ydnelik davraniglar olusturabilmesi igin
cevreden ve vicuttan alinan duyusal bilgileri igsleme, yorumlama ve organize etme
yetenedidir. Bu norobiyolojik sureg, organize motor davranigi planlamak ve olusturmak
icin bireyin bedeninden ve c¢evresinden gelen duyusal bilginin algilanmasini,
yorumlanmasini, entegre edilmesini ve mekansal-zamansal kullanimini saglamaktadir
(Smith vd 2007). Ayres, duyusal sistemleri proksimal ve distal sistemler olmak tzere iki
ana alt baslikta incelemektedir (Ayres 1979). Proksimal duyusal sistem vestibiler,
proprioseptif ve taktil duyulardan, distal duyusal sistem gdérme, isitme, tat ve koku
duyularindan olusmaktadir. Duyusal iglemleme sireci normal ilerleyen bir ¢ocugun
gelisim evresinde taktil, vestibller ve proprioseptif olmak tzere ¢ temel duyu sistemi
(Ayres 1979).

etkilesimlerinde ve gelisim slirecinde proksimal duyusal sistemlerin énemli roli oldugu

onemli yer tutmaktadir Cocuklarin erken dbénemde cevreyle
dusunulmektedir. Distal duyular ise proksimal duyulara daha ge¢ dénemde 6nem
kazanmaktadir. Proksimal duyularin entegrasyonu; adaptif yanitlarin olusturulmasinda,
postiral kontroliin saglanmasinda ve hareketler sirasinda koordinasyon becerisinin

gelismesinde énemlidir. Duyu bitlnligad tam olmayan ¢ocuklarda gévde ve ekstremite
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hareketlerinin kontrollinde, oturma, ylrime, kosma gibi motor becerilerde sorunlar

ortaya ¢ikmaktadir (Subramaniam 2009).

2.2.1.1. Taktil sistem

Derideki reseptdrler aracihdiyla algilanan taktil duyu ile ¢evre hakkinda bilgi
saglanmaktadir. Diger duyularin gelisiminde dnemli roll olan taktil sistemin uyaranin
zararli oldugunu bildiren koruyucu sistem, yararli ve zararl taktil uyaran arasindaki farki
ayirt etmemizi saglayan ayirt edici sistem olmak tizere iki farkli bileseni bulunmaktadir.
Bu duyu uyarilara kargl hangi tur fiziksel, mental ve emosyonel tepki verecegimizle ilgili

duyusal bilgi saglamaktadir (Williamson ve Anzalone 2001).

2.2.1.2.Propriyoseptif sistem

Proprioseptif sistem vicudumuzun uzaydaki konumu ve hareketi hakkinda bilgi
saglamaktadir. Kas, eklem ve tendonlarda bulunan proprioseptérler araciligiyla duyusal
bilgi algilanmaktadir. Proprioseptif sistem ayrica ince ve kaba motor kaslarin gelisimi icin
onemlidir. Yetersiz proprioseptif sistem, motor planlama yetenegini ve digme iliklemek,
kasik-catal kullanmak gibi ince motor becerileri olumsuz yonde etkilemektedir

(Williamson ve Anzalone 2001).

2.2.1.3. Vestibuler sistem

Bas ve gdvdemizin uzaydaki konumu hakkinda bilgi saglayan vestibliler sisteme
ait reseptorler i¢c kulakta yer almaktadir. Vestibiler sistem, i¢ kulaga yerlesmis birbirine
dik yarim daire seklinde U¢ semisirkiler kanal ve utrikul-sakkil adi verilen otolit
organlardan olugsmaktadir. Bu sistemdeki resepttrler hem harekete hem de yer ¢cekimine
duyarlidirlar ve olusan reseptdr potansiyeller sekizinci kraniyel sinire iletilmektedir.
Semisirkuler kanaller acisal hareketlere duyarliyken, otolitler lineer hareketlerle birlikte
uyarilirlar (Clarke 1985, Gilman ve Newman 1987). Daha sonra bu reseptdr potansiyeller
subkortikal beyin sapi vestibller ¢ekirdekleriyle monosinaptik baglantilar olusturularak
aktariimaktadir. Sekonder olarak polisinaptik baglantilar motor néron fasilitasyonunu
saglayan ve antigravite kaslarinin tonusunu etkileyen vestibilo-spinal traktus ile
yapilmaktadir. Bunlara ek olarak merkezi sinir sisteminin daha Ust merkezlerini olusturan
serebellum, retikiler informasyon ve okulomotor yollar ile de baglantilar mevcuttur
(Kimm vd 1979, Uinas ve Precht 1972).
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Vestibller sistem; denge, goz hareketleri, postir, kas tonusu ve dikkati etkileyen
bir sistemdir. Gilman ve ark. vestibller sistemin dinamik ve statik olmak Uzere iki ayri
islevi oldugunu bildirmistir. Semisirkller kanallarin aracilik ettigi dinamik iglevler, basin
uzaydaki hareketini algilamakta, utriklllerin aracilik ettigi statik islevler ise basin ve
vicudun uzaydaki konumunun algilanmasini saglamakta ve postir kontrolinde énemli
rolleri bulunmaktadir. Literatirde vestibller proprioseptif islemleme teriminin
kullaniimasinin sebebi hem gorsel bilgilerin hem de kas ve eklemlerden gelen
proprioseptif bilgilerin vestibuler sistemle entegre galismasidir (Fisher vd 1991).

Vestibuler sistemden alinan bilginin yorumlanmasindaki problemler, motor
planlama yetenegdi (praksis) bozukluklari, gravitasyonel (yer g¢ekimi) gtvensizlik gibi
modulasyon bozukluklariyla sonuglanmaktadir (Bundy vd 2002). Vestibuler girdileri
iceren subkortikal beyin sapi seviyesi fonksiyonlarinin, daha yiksek seviyeli kortikal
islemler icin dnemli bir temel olusturdugu dustintlmektedir. Bu nedenle, beceri edinimi,

sirall, agsamaya 6zgu 6grenmede 6nemlidir (Nommensen ve Maas 1993).

2.2.3. Duyusal islemleme bozukluklarinin siniflandiriimasi

Duyu batanlGga kisinin kendi vicut algisi ve kontroll, motor becerileri, akademik
beceri ve dikkat gibi Ust seviye bilissel beceriler icin temeldir (Myles 2007). Duyu
butiinleme sorunlari; bireylerin duyusal uyaranlari fark etme, yorumlama, organize etme
ve duyusal uyarana uygun yanit olusturma islemlerinden herhangi birinde bozukluga
bagli olarak ortaya ¢ikmaktadir (Miller vd 2007). Duyusal butlinleme ve islemleme sureci
bozuldugunda kiginin gunlik yasama uyum saglamasi, insanlara ve nesnelere olan
dikkati, emosyonel stabilitesi ve sosyal etkilesimi etkilenmekte, 6grenme guglukleri
gorulmektedir (Myles 2007). Bu kigilerde akranlarina gore beklenilmeyen davranis ve
adaptif yanitlar ortaya ¢ikmaktadir. Erken bebeklik déneminde ortaya cikarsa motor
gelisimde de gecikmeler meydana gelebilir. Duyusal bozukluklarin bir sonucu olarak
motor planlamada, hareket siralamasinda, akista bozulmalar gortlir (Jorquera Cabrera
vd 2017). Amerikan Pediatri Akademisi evrensel kriterler mevcut olmadigi i¢in duyusal
islemleme bozuklugunun tani olarak kullaniimamasini 6nermektedir. Amerikan
Psikiyatristler Birliginin siniflama ve tani araci olan Mental Bozukluklarin Tanisal ve
istatistiksel Kilavuzu'nda (DSM-5) ayri bir tani olarak degil, otizmin tani kriterlerinden biri
olarak kabul edilmektedir. Duyusal bilgileri tolere etmede veya islemede zorluk, otizm
spektrum bozukluklari, dikkat eksikligi/hiperaktivite bozuklugu, gelisimsel koordinasyon
bozukluklari ve ¢ocukluk cagi anksiyete bozukluklari gibi bircok gelisimsel davranis
bozuklugunda gorulebilen bir durumdur (Zimmer ve Desch 2012). Cocuklarin duyusal

eksikliklerini siniflandirmak amaciyla Duyu Profili olarak adlandirilan standart kriterler
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belirlenmistir. Duyusal Profil, saglik profesyonellerinin ¢ocuklarin duyusal isleme
becerilerini dlgmeleri ve duyusal islemenin ¢ocugun glnlik yasamindaki fonksiyonel
performanslari Uzerindeki etkisinin belirlenmesi icin standart bir ydontem saglamaktadir
(Ermer ve Dunn 1998, Dunn 1999). Miller ve ark. duyusal islemleme bozukluklarini t¢
alt grupta incelemektedirler (Sekil 2) (Miller vd 2007).

Duyusal iglemleme bozuklugu

( |

Duyusal
modilasyon
bozuklugu

Duyusal kaynaklh Duyusal ayirt etme
motor bozukluklar bozuklugu

[

Postir
bozukluklari

Duyusal agiri Duyusal

yu arayis
cevap yelersiz cevap Duyu arayis

Dispraksi

Sekil 2. Duyusal igslemleme bozukluklarinin siniflandiriimasi (Miller vd 2007).

Motor planlama (praksi) yeni 6grenilen hareketleri organize etme yetenegi olarak
tanimlanmaktadir. Dispraksi, bilateral bltlinlesme ve siralama ve somatodispraksi olmak
Uzere iki farkh seviyede incelenmektedir. Duyusal islemlemedeki bozukluklar sonucu
dispraksi meydana gelebilmektedir. Somatodispraksi; taktil, vestibuler, proprioseptif
islemleme ile ilgiliyken Bilateral butinlesme ve siralamanin; vestibuler, proprioseptif
islemleme ile iligkili oldugu dustnilmektedir (Huri vd 2014, Bundy vd 2002). Bilateral
biatinlesme ve siralama bozukluguna sahip kisiler vicutlarini bilateral bir sekilde
koordineli kullanmada ve ardisik motor hareketleri yapmada sorun yasamaktadirlar
(Bundy vd 2002).

2.3. Down Sendromunda Fizyoterapi Yaklagimlari

Down Sendromlu cocuklar, motor kontrol eksikliginden kaynaklanan sinirli
duyusal deneyimin sonucunda duyusal entegrasyon problemleri yasamaktadirlar.
Fiziksel, biligssel ve duyusal entegrasyon sorunlari, g¢ocuklarin ginlik yasam
aktivitelerindeki fonksiyonel yeteneklerini etkilemektedir (Courage vd 1997, Kokubun
1999, Dolva vd 2004). Down Sendromlu gocuklarda fonksiyonelligi artirmak icin en sik
kullanilan fizyoterapi yontemleri nérogelisimsel tedavi yaklasimlandir (Humphries vd
1992, Harris 1981). Mental retarde ¢ocuklarda yapilan galismalarda arastirmacilar, farkli

uyarim tekniklerini birlikte kullanarak zihinsel ve motor geligsimin uyarildigini tespit
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etmistir. Gelisimsel problemleri olan c¢ocuklarda duyusal bitinleme terapisi,
norogelisimsel terapi, vestibller stimilasyon, oyun terapisi, dil-bilissel yaklasimlar gibi
yaklasimlar kombine olarak uygulanabilmektedir (Uyanik vd 2003, Jobling ve Cuskelly
2006).

2.3.1. Norogelisimsel tedavi yaklagimi

Gelisimsel disfonksiyonu olan c¢ocuklarda en sik kullanilan fizyoterapi
yéntemlerinden biri olan Nérogelisimsel Tedavi (NGT) yaklasimi ilk olarak serebral palsili
¢ocuklarin tedavisinde kullaniimistir (Mayo 1991). Daha sonra gelisimsel problemin eslik
ettigi bircok hastalikta tedavi programina eklenmistir. NGT yaklasimi, hipertonik veya
hipotonik kaslarin normal tonus kazanmasina, denge reaksiyonlarinin dogru zamanda
ve yeterli miktarda acgida ¢ikmasina, ¢ocuklarin istemli hareketlerinin fasilitasyon ve
inhibisyon tekniklerinden yararlanilarak dizenlenmesine odaklanmaktadir (Bobath 1980,
Harris 1981).

NGT, néromotor kontrolln gelismesi icin U¢ temel bilesen Gzerinde ¢alismaktadir.
1- Postiral tonus

2- Refleks ve reaksiyonlar

3- Hareket paternleri

NGT, pediatrik rehabilitasyonda aktivite ve katilim seviyelerini optimize ederek
yasam kalitesini artirmayi amaclayan terapatik bir yaklagimdir. Bu yaklasimda primer
hedef normal kas tonusunun fasilitasyonu, anormal refleks aktivite paternlerini baskilama
normal hareket paternlerini agiga ¢ikarma ve postiral reaksiyonlari gelistirmektir. Bunu
saglayabilmek igin inhibisyon ve fasilitasyon tekniklerinden yararlaniimaktadir
(Velickovic ve Perat 2005, Zanon vd 2018). Literatiirde NGT'nin postural kontrol, giinliik
yasam aktivitelerine katihm ve denge reaksiyonlari Uzerine olumlu etkileri oldugunu
gOsteren birgok ¢alisma bulunmaktadir (Bobath and Bobath 1967, Bobath 1980, Bobath
1990, DeGangi et al. 1983, Ottenbacher et al.1986, Lilly and Powell 1990, Mayston
1992).

Bobath yaklagiminda cocuklarin fonksiyonel becerileri gozlemlenir ve analiz
edilir. Tedavi programi, bu analize gore bireysel olarak hazirlanir. Fonksiyonel aktivite
egitimi ile tedavinin etkileri artmaktadir. Bu yaklagimda, 6énce normal postiral
reaksiyonlar ile koordinasyon arasindaki problemlerin tanimlanmasi gerekmektedir.
Otomatik ve istemli aktiviteler i¢cin normal postural tonus ve kaslarin resiprokal etkilesimi
O6nemli rol oynamaktadir (Mayston 1992).

Fonksiyonel ve istemli hareketin temeli oldugu dusinulen otomatik duzeltme,

denge ve koruyucu reaksiyonlarin fasilitasyonu fonksiyonel aktivitelere odaklanilarak
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yapilmalidir. Bu sekilde elle uygulanan yontemler terapist ile engelli gocuk arasinda daha

fazla etkilesim olmasina olanak saglar (Mayo 1991).

2.3.2. Duyu butinleme terapisi

Duyu butinleme, degisen sartlara uygun adaptif ve fonksiyonel cevaplari ortaya
cikarmak amaciyla, kisiye ©zel programlar halinde uygulanan, duyusal acgidan
zenginlestiriimis ortamlarda eglenceli interaktif oyun ve aktivitelerden yararlanilan bir
rehabilitasyon yaklasimidir. Ayres’e goére vestibller ve diger duyularin yetersiz
yetersiz tonusla sonuglandidini ve postural refleksler, planli eylemler dahil olmak tzere
tim motor ¢iktinin uygulanmasinda sorunlar olustugu belirtiimistir. Bu nedenle, kaba
motor, ince motor, dil ve akademik performans igin bir 6n kosul olarak duyusal girdinin
ndral organizasyonunu ve kas tonusunun normallesmesini tegvik etmek igin uyarlanabilir
bir yanit gerektiren uyarim énerilmistir. Sinaptik esneklik, yaklagimin altinda yatan temel
bir varsayimdir. Duyusal entegrasyon cercevesinde disuk kas tonusunun hipotezli

nedenleri Sekil 3’'te gdsterilmistir (Nommensen ve Maas 1993).

Daha yiksek merkezlerden

A5t duyarls vestibiler sistem) artan inhibisyon (6rmegin,
@ serebellum Purkinje lifleri)

Vestibuler sistemden retikuler aktive edici sisteme ve antigravite kaslarina inen
fasilitor yollara yetersiz afferent uyan

Azalmis kas tonusu

Zayif postural yanitlar
Zayif gross motor fonksiyon

Zayf ince motor kontrol

Sekil 3. Duyusal entegrasyon gergevesinde disuk kas tonusunun nedenleri
(Nommensen ve Maas 1993).

2.3.2.1. Duyu butinleme ve noral plastisite

insan beynindeki noéronlarin yapisi sabit degildir; her an degisebilmektedirler. Néronlar
disaridan aldigi uyarilara gbére her an ya yeni baglantilar olustururlar ya da gereksiz

baglantilar koparirlar. Baglantilarin kaliciligi alinan bilginin ne kadar tekrarlandigina ya
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da ne kadar kullanildigina baghdir (Lane vd 2019). Ayres duyu butliinleme terapisi,
noroplastisite ilkesine, yani sinir sisteminin deneyime yanit olarak degismesine
dayanmaktadir. Cocuklarin glnlik yasamda bireysel ihtiyaclarini kargilayabilmesini
amagclayan bu yaklasim fonksiyon, beceri ve davranissal gelisime etki etmektedir.
Bireysel olarak uyarlanmis sensorimotor aktivitelere aktif katilim, oyun sirasinda dogru
meydan okumalar gibi deneyimler sonucu meydana gelen noéroplastik degisiklikler
yoluyla adaptif davraniglari tesvik ettigi bilinmektedir (Lane vd 2019).

Plastisite kavramini agiklayabilmek igin hicresel dizeyde meydana gelen pek
cok farkl mekanizmadan s6z edilmektedir. Ogrenme, 6zellikle de motor hareketlerin
ogrenilmesi sirasinda yeni sinapslarin olusumu (sinaptogenezis) ya da mevcut
sinapslarin yapisinda degisikliklerin olmasi (sinaptik reorganizasyon) ile beyin plastisitesi
gelisir. Digaridan alinan uyaranlar nitelik ya da niceliksel 6zelliklerine gdre ndronal
aktivitede bazi degisimlere neden olarak sinaptik iletimde uzun sire etkisini gosterecek
degigliklere yol agabilir. Presinaptik néronlarin sik ve giddetli uyariimasi postsinaptik
néronda aksiyon potansiyellerini olusturur. Zamanla bu sinapslar giderek daha duyarli
hale gelir ve uyari postsinaptik bélgeye artarak iletilir. Sinaptik iletimde meydana gelen
bu uzun sireli artis Uzun Sireli Potansiyasyon (LTP) olarak isimlendirilir. Noéronlarin
yavas ve zayif uyarilmasi ise yine sinapslarda degisimlere yol acgarak iletilen uyarinin
postsinaptik alana azalarak ge¢cmesine neden olur. Uzun Sireli Potansiyasyon olayinin
tersi olan bu degisim Uzun Siireli Depresyon (LTD) olarak isimlendirilir. Ogrenilecek
bilgiye ait uyariy! tasiyan presinaptik ugtan salinan glutamat, postsinaptik néronda a-
amino-3-hidroksi-5-metil-4-isoksazolpro-pionik asit (AMPA) ve N-metil-D-aspartik asit
(NMDA) reseptorlerine baglanir. Postsinaptik ucta 6nce AMPA reseptorlerinde
depolarizasyon olusur. Bu depolarizasyon, NMDA reseptorini bloke eden Mg+2
iyonunu reseptérden uzaklastirir. Ca+2 ve Na+ iyonlari NMDA reseptorleri araciligi ile
post-sinaptik hicreye girer. Hiicre icinde artan Ca, Ca+2 kalmudilin bagimli protein kinaz
2 (CaMK Il)yi aktive eder. Bu protein kinaz ise AMPA reseptérlerini fosforile ederek;
bunlarin sitoplazmik depolardan postsinaptik uca dogru hareketini (translokasyon)
saglar. Bu sekilde AMPA aktivasyonu, postsinaptik zarin depolarizasyonunu artirir ve
NMDA reseptorlerinin isini kolaylastirarak; hicre icine daha c¢ok Ca+2 girisini ve
dolayisiyla hiicrede olusacak yeni protein sentezleri icin gereken protein kinazlarin
artigini saglar. Ozetle, hiicrede artan kalsiyum; AMPA fosforilasyonu ve post-sinaptik
hicrede, dentritik dallanmalar ve reseptorlerin artisi igin yeni protein sentezleri
sonucunda néral plastisite meydana gelmektedir (Sekil 4). Rehabilitasyon yontemleri
kullanilarak beyinde LTP’ye bagli olarak yeni sinaptik baglantilar olusturulabilir (Hallett
2005).
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Sekil 4. Noral plastisitenin ndrofizyolojik mekanizmasi (Malenka 1999).

Yeni deneyimler ve 6grenme firsatlari saglayarak girdiyi degistirmek, gri madde
yogunlugunun artmasi, anjiyogenez, glial hacim ve nérojenezi iceren beyin
degisikliklerine yol acar (Thomas vd 2012). Reynolds ve ark. (2010) hayvanlarla yapilan
cevresel zenginlestirme calismalarini gézden gegirerek yeni duyusal, motor ve biligsel
zorluklarla zenginlestirilmis ortamlara katilimin “beyinde kalici fonksiyonel degisiklikleri
baslatabilecegini” raporlamiglardir. Bu arastirmacilar, zenginlestiriimis ¢evre ilkelerinin
birka¢ temel ilkesini de igceren Ayres duyu bitlinleme terapisinin néralplastisiteyi tesvik
ettigini bildirmiglerdir. Ayrica ¢ocuklarla yapilan ¢alismalarda duyu biittinleme terapisinin,
gunlik yagamda 6nemli bir yeri olan fonksiyon ve katihmi gelistirdigi ortaya konmustur
(Pfeiffer vd 2011, Schoen vd 2019, Schaaf vd 2018).

Duyu batunleme terapisinde, ¢ocuklarin biyime ve gelismesinde énemli rold
olan ve taktil, vestibller ve proprioseptif sistem olmak Uzere tanimlanan ¢ ana duyu
sisteminin cgesitli yontemlerle planh ve kontrollu bir gekilde uyarilarak duyusal deneyime,
amaca ve hedefe yonelik ve duruma uygun adaptif motor yanitin agiga ¢ikmasi
saglanmaktadir (Williamson ve Anzalone 2001). Duyusal temelli terapiler; vestibuler,
proprioseptif, igitsel ve dokunsal girdiler saglayarak duyusal sistemi duzenledigine
inanilan aktiviteleri icermekte ve bu girdileri saglamak icin fircalar, salincaklar, toplar ve
diger Ozel olarak tasarlanmis tedavi veya eglence ekipmanlari kullanmaktadirlar.
Duyusal sistemlerde gelisim saglandiginda daha Ust gelisim basamaklarinda da iyilesme
meydana gelmektedir.

Beceri kazanmak, duyusal bilginin entegrasyonunu gerektirmektedir. Terapist,

gocugun beceri kazanmasini saglarken sozli uyaranlar, destekleyici gorsel uyaranlar,
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gocugun pozisyonlanmasi ve uygun ortami kullanmaktadir. Becerilerin 6grenilmesinde
ilk olarak ¢ocugu istenen hedefe yonlendiriimesi saglanmalidir (Gentile 1992). Ayrica
duyu bitinleme programlarinda terapistin roll, bireylerin uygun motor davranisi
gOstermelerini saglamak ve 6z bakim, oyun ve okul becerilerini gelistirmelerini saglamak
icin cevreden gelen uyarilari dizenlemektir (Troyer 1961).

Duyu bitlinleme terapisi baslamadan o6nce yapilan duyusal entegrasyon
degerlendirmesi, bireyin duyusal-algisal motor davraniglarinin analiz edilmesini ve
yorumlanmasini saglamaktadir. Degerlendirme, duyusal motor sire¢ entegrasyonunun,
bireyin adaptasyon surecinin, gelisimsel profilin tanimlanmasindan olugmaktadir
(Dengen 1988, Ayres 1989, Ayres 2005). Duyusal-motor durum ve cevresel
adaptasyonlarin degerlendiriimesi, midahale yéntemlerinin ve erken donem terapdtik
hedeflerin belirlenmesinde onemlidir. Mudahale planlanirken c¢ocugun fonksiyonel
dizeyi, duyusal bitlinleme slrecinin gelisimsel durumu géz 6nlne alinmall ve tedavi
yaklagsiminin temel amaglari, midahale yontemleri, tedavi programinin sikligi ve ev
programlari belirlenmelidir. Tedavi programi hastanin seviyesine gore ayarlanmali
aktiviteler basitten zora dogru ilerletiimelidir. Tedavi programi cesitli uyaranlarin
tanitilmasini ve bol tekrari igermelidir. Rehabilitasyon programi normal gelisim gosteren
cocuklarda gorulen motor gelisim sirasi takip edilerek planlanmalidir. Birey kosma,
ziplama, yazma ve okuma gibi kontrol gerektiren davraniglara ulastiginda, gorsel,
dokunsal, proprioseptif ve vestibuler uyaranlarin entegrasyon ve sirecinde iyilesme
meydana gelmektedir. Tedavi programlarini gocuklarin oyun aktivitelerine entegre etmek
faydali bir stratejidir. Cocugun ebeveynleri tarafindan saglanan evde bakim ile duygusal
ve sosyal gelisim de rehabilitasyon programinda onemli bir rol oynamaktadir. Duyu
butiinleme terapisinde uygulanan aktivitelerden bazilari Tablo 5’te 6rnek olarak
verilmistir (Ashori vd 2018, Uyanik vd 2003).
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Tablo 5. Duyu bitlinlemede kullanilan érnek aktiviteler (Ashori vd 2018, Uyanik vd
2003)

Taktil duyu i¢in;

Vestibiler duyu i¢in;

Proprioseptif duyu icin;

Kucaklama
Basingla sikistirma
Bacaklari, elleri ve
sirtt ovma

Kum, fastlye,
pirince dokunma
Desen gizme
Farkli ylzeylere

sahip zeminlerde

Salincakta lineer
ve rotasyonel

salinimlar

Salincakta
sallanirken yapilan

direncli aktiviteler

Farkh sertlikteki
fircalarla uyari
saglamak
Aproksimasyonlar
Piring-fasulye dolu
kaplarla ¢calismak
Top havuzunda
oyun

Agirlik aktarma ve

yuvarlanma itme-cekme gibi
e Farkli dokuda proksimal
kumaslarla stabiliteyi artirici
oynama aktiviteler
o Tiras kdpugu ile o Agirlagtirniimig

yapilan ¢alismalar yelek gibi giysilerin
kullanimi

e Kompresyon
aktiviteleri

e Trambolin

e Tirmanma

e Kaydiraktan kayma

e Hamburger oyunu

Duyu butiinleme terapisi ile cocuk dis diinyaya uyum saglamakta ve gevresiyle
kurdugu fiziksel, sosyal ve emosyonel etkilesim olumlu yonde etkilenmektedir. Yapilan
c¢alismalarda, ¢cocuklarda dikkat, davranigsal ve duygusal diizenleme, bilissel beceriler,
regulasyon, okuma bazli beceriler, sosyallesme becerileri, benlik saygisi, oyun
becerileri, sensorimotor, ince-kaba motor ve motor planlama alanlarinda ve igitsel-goérsel
algi gibi spesifik duyu farkindaliklarinda gelisimler raporlanmistir. Bu terapi yontemi
motor koordinasyonun yani sira isitme ve dil becerilerinin gelisimi icin de olduk¢a dnemli
bir yaklagimdir (Schoen vd 2019).



2.4. Arastirmanin Hipotezleri

H1: Down Sendromlu ¢ocuklarda nérogelisimsel tedaviye ek olarak uygulanan duyu
batinleme terapisi dikkat ve motor fonksiyonlari gelistirir.

H2: Down Sendromlu gocuklarda uygulanan norogelisimsel tedavi dikkat ve motor
fonksiyonlari geligtirir.

23
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3. GEREC VE YONTEM

3.1. Amag

Bu g¢alisma, duyu butlnleme egitiminin Down Sendromlu ¢ocuklarda motor

beceri ve dikkat Uzerine etkisini incelemek amaciyla planlandi.

3.2, Gahsmanin Yapildig: Yer

Calisma Ozel Denizli Yagmur Cocuklari Ozel Egitim ve Rehabilitasyon
Merkezi'nde gerceklestirildi. Calismaya baslamadan 6nce Pamukkale
Universitesi Girisimsel Olmayan Klinik Arastirmalar Etik Kurulundan 31.12.2018
tarih ve 60116787-020/90551 sayih etik kurul onayi alindi (EK-5).

3.3. Cahsmanin Siresi

Bu ¢alisma Aralik 2018-Aralik 2020 tarihleri arasinda gergeklestirildi.

3.4, Katilimcilar

Calismaya Ozel Denizli Yagmur Cocuklari Ozel Egitim ve
Rehabilitasyon Merkezi’'nde Down Sendromu tanisi ile tedavi gbéren ve
calismaya katilmayi gonulli olarak kabul eden olgular alindi. Yapilan gig
analizi sonrasi ¢aligmaya 42 olgu (her grup icin en az 21 olgu) alindiginda
%95 guven dizeyinde %80 guc elde edilebilecegi hesaplandi (Ashori vd
2018). Calismada toplam 50 olgu deg@erlendirme i¢in davet edildi. Olgulardan
8'i dahil edilme kriterlerine uygun olmadigi i¢in galismaya dahil edilmedi. Her
iki grupta 21 olgu olacak sekilde olgular SPSS paket programi kullanilarak

tabakalama yontemiyle randomize edilerek calisma ve kontrol olmak Uzere
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iki gruba ayrildi. Calismamiz, ¢calisma grubunda 21 olgu ve kontrol grubunda
21 olgu olmak Uzere toplam 42 olgu ile tamamlandi. Calisma grubunda yer
alan katilimcilara; her seans 45 dakika haftada iki seans olmak Uzere, alti
hafta boyunca ve toplam 12 seans nérogelisimsel tedaviye ek olarak alti hafta
boyunca haftada iki seans olmak Uzere toplamda 12 seans duyu bitiinleme
tedavisi uygulandi. Kontrol grubuna ise ginde 45 dakika, haftada iki seans
olmak Uzere alti hafta boyunca toplam 12 seans yalnizca nérogeligsimsel

tedavi uygulandi. Calisma akis semasi Sekil 5te 6zetlendi.

—
Degerlendirilen olgu
(n=50)
I
Dahil edilme
= kriterlerine uygun
olmayan olgular (n=8)

Calismaya dahil edilen
olgular (n=42)

R

Randomizasyon

1 1
Galisma grubu Kontrol grubu
NGT+DB (n=21) NGT (n=21)
Calismayi ‘ Galismayi ‘
tamamlayamama (n=0) tamamlayamama (n=0)
J J
Calismayi Calismayi
tamamlayanlar (n=21) tamamlayanlar (n=21)

Sekil 5. Calismaya ait akis semasi

3.4.1. Goniilluler icin aragtirmaya dahil olma kriterleri

1. Down Sendromundan kaynakli Rehberlik Arastirma Merkezi raporu almig
olmak
7-18 yas arasi olmak
Okuma yetenegine sahip olmak

Renkleri tanimak
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3.4.2. Goniilluler i¢in diglanma kriterleri

1. Herhangi baska nérogelisimsel bozukluk belirtileri gostermek (serabral
palsi vb.)
Fiziksel aktivitesini engelleyecek ciddi saglik problemine sahip olmak,
Fiziksel aktivitesini engelleyecek alt ve Ust ekstremitede herhangi bir
cerrahi operasyon gecirmis olmak
isitme-gérme kaybi olmak
Calisma slresince herhangi spor aktivitesine dahil olmak

Verilen s6zel emirleri yerine getirememek

3.5.  Veri Toplama Ydntemleri

Tdm olgular tedavi o©ncesi ve tedavi sonrasi arastirmaci tarafindan
degerlendirildi. Olclimlerden &6nce uygulanacak testler hakkinda katilimcilar
bilgilendirildi. Katilimcilara ait klinik ve demografik bilgiler veri kayit formuna
kaydedildi (Ek-6). Olgularda motor yeterliliginin degerlendirilmesi icin Bruininks-
Oseretsky Motor Yeterlilik Testi Kisa Formu (BOT2-KF) kullanildi (Ek-7). Dikkat

parametresinin degerlendiriimesi igin Stroop Testi TBAG Formu kullanildi (Ek-8).

3.5.1. Demografik ve hastaliga iligkin bilgilerin alinmasi

Olgularin yas, cinsiyet, boy, kilo, dominant el, egitim durumu gibi demografik
Ozellikleri, Stroop Testi TBAG Formu, Bruininks-Oseretsky motor yeterlik testi kisa

formunu iceren bir degerlendirme formu ile degerlendirildi.

3.5.2. Bruininks-Oseretsky motor yeterlik testi kisa formu

Bruininks-Oseretsky Motor Yeterlilik Test bataryasi 4-21 yas araligindaki
cocuklarin motor fonksiyonlarini degerlendirmek amaciyla kullanilan Turkge
gecerlilik guvenilirligi yapilmis bir testtir (Deitz vd 2007, Kdse 2018). Testin Cronbach
a katsayisi 0,78 olarak raporlanmigtir. ince Motor Dogruluk alt testi (ICC=0,57) ve
Manuel Beceri alt testinin (ICC=0,74) orta duzeyde, diger alt testlerin ise son derece
guvenilir oldugu belirtiimistir (ICC>0,8) (Kése 2018). Testin tamami 45-60 dakika
araliginda tamamlanirken, kisa formu 15-20 dakikada tamamlanabilmektedir
(Bruininks 2005). Kisa form; ince motor dogruluk, ince motor integrasyon, manuel

beceriklilik, bilateral koordinasyon, denge, kosma hizi ve geviklik, Ust ekstremite
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koordinasyonu, kuvvet olmak Uzere sekiz alt testten ve 14 maddeden olusmaktadir.
Calismamizda motor vyeterliliginin degerlendiriimesi igin olgularda Bruininks-
Oseretsky Motor Yeterlilik Testi Kisa Formu (BOT2-KF) kullanildi.

1-ince motor dogruluk

ince motor dogruluk degerlendirmesi lciincii ve altinc testlerin kullaniimasiyla
olctimektedir.

Test 3: Katilimcidan kirmizi kalemi kullanarak dominant eliyle ¢izim formunda yer
alan kivrimli yol boyunca ¢izgi ¢izmesi istenir. Cizim formunu 45 dereceden fazla
doéndirmeye izin verilmez. Test tamamlandiktan sonra yapilan toplam hata sayisi
belirlenerek doénustirme tablosundan puan hesaplanir. Yol boyunca ¢izgi ¢gizme alt

testi Resim 1’de gosterilmigtir.

Resim 1. Yol boyunca ¢izgi ¢izme testi

Test 6: Oncelikle arastirmaci kendisine ayrilan kismi katlayarak gocuga kagidi nasil
katlamasi gerektigini 6gretir. Daha sonra katilimcidan geri kalan Gg kdseyi ve kagidin
orta bolumuna her iki eli ile kagit katlamasi istenir. Kagit katlama alt testi Resim 2’de

gosterilmistir.

Resim 2. Kagit katlama testi
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2-ince motor integrasyon

ince motor integrasyon degerlendirmesi iki ve yedinci testlerin kullaniimasiyla
olctimektedir.

Test 2: Katilimcidan kirmizi kalem ile dominant elini kullanarak cizim kagidinda yer
alan kare seklini buylklik ve sekil olarak olabildigince benzer sekilde kopyalamasi
istenir. Test tamamlandiginda kopyalanan seklin orijinale benzerligi, ¢izgi uglarinin
kapanip kapanmadigi veya normalden uzun gizilmis olmasi, seklin konum ve boyuna
iliskin 6zellikler incelenerek puanlama yapilir. Kare kopyalama alt testi Resim 3’te

gOsterilmistir.

=)

s
B D

s b N\
e \

"/
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Resim 3. Kare kopyalama testi

Test 7: Katihmcidan kirmizi kalem ile dominant elini kullanarak yildiz seklini boyut
ve sekil olarak olabildigince benzerini kopyalamasi istenir. Kare kopyalama testinde
oldugu gibi kopyalanan yildiz seklinin orijinale benzerligine iliskin 6zellikler

incelenerek puanlama yaplilir. Yildiz kopyalama alt testi Resim 4’te gosterilmigtir.

Ny

Resim 4. Yildiz kopyalama testi
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3-Manuel beceriklilik

Manuel becerikliligin degerlendirmesi ikinci testin kullaniimasiyla él¢tiimektedir.
Test 2: Katihmcidan 15 saniye slresince istedigi siradaki bozuk paradan baslayarak
dominant eli ile bozuk parayi almasi, dominant olmayan ele transfer etmesi ve kirmizi
para kutusunun igerisine atmasi istenir. Kutunun icerisine verilen kurallara uygun
olarak koydugu para adedi belirlenerek puanlama yapilir. Bozuk para aktarimi alt

testi Resim 5’te gosterilmigtir.

Resim 5. Bozuk para aktarimi testi

4-Bilateral koordinasyon

Bilateral koordinasyon degerlendirmesi U¢ ve altinci testlerin kullaniimasiyla
olctimektedir.

Test 3: Baslangicta katilimcidan dominant bacak ve ayni taraftaki elini 6ne dogru
uzatmasi istenir. Dominant olmayan bacak ve ayni taraftaki el ise geriye yerlestirilir.
Her sicramada dominant olmayan bacak ve ayni taraftaki kolunu 6ne getirmesi
istenirken, dominant bacak ve ayni taraftaki kolu geriye almasi istenir. Art arda begs
sigrama hareketi yaptirilarak tam ve dogru sekilde yapilan sigrama sayisi
belirlenerek puanlama yapilir. Ayni taraftaki kol ve bacak ile senkronize ziplama
Resim 6’da verilmigtir.

Resim 6. Ayni taraftaki kol ve bacak ile senkronize ziplama testi
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Test 6: Katilimci bir masa basina oturtularak ilk dnce elinin isaret parmagi ve ayni
taraftaki ayagiyla yere vurmasi, daha sonra diger elinin isaret parmagi ve ayni
taraftaki ayagi ile yere vurmasi istenir. Bu hareketleri 10 kez akici bir sekilde yapmasi
gerektigi belirtilir. Test tamamlandiginda 10 tekrarli vurus suresince yaptigi dogru

vuruslar belirlenerek puanlama yapilir. Ayni taraf senkronize bir sekilde ayak ve

parmak vurusu alt testi Resim 7’de verilmistir.

Resim 7. Ayni taraf senkronize bir sekilde ayak ve parmak vurusu testi

5-Denge

Denge parametresi iki ve yedinci testlerin kullaniimasiyla élgiimektedir.

Test 2: Baslangigta katiimcinin dominant ayadi diz yurime cizgisine paralel ve
¢izginin Uzerinde olacak sekilde iki ayagini yan yana koymasi saglanir. Daha sonra
ellerini beline yerlestirmesi ve duz bir yirime hatti boyunca karsiya bakarak normal
yurlyus hizinda yurimesi istenir. Alti adim tamamlandiginda test bitirilir ve gizgiden
tagsmayan adimlamalar degerlendirmeye alinarak puanlanir. Duz gizgi Uzerinde ileri

yurime alt testi Resim 8'de gdsterilmistir.

Resim 8. DUz ¢izgi Uzerinde ileri yriime testi
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Test 7: Baslangicta katimcinin dominant ayagini denge tahtasi lzerine koymasi,
dominant olmayan ayagi ise yere paralel olacak sekilde 90 derece fleksiyona
getirmesi saglanir. Daha sonra katiimcidan goézleri acik bir sekilde, karsiya bakarak
dominant ayagi ile denge tahtasinda 10 saniye durmasi istenir. Denge tahtasi
Uzerinde durabildigi slire kronometre yardimiyla saniye cinsinden Oolgulerek
puanlama yapilir. Denge tahtasi Uzerinde goézler agik dominant bacak Uzerinde

durma testi Resim 9'da gdsterilmistir.

Resim 9. Denge tahtasi Uzerinde gdzler agik dominant bacak Uzerinde durma testi

6-Kosma hizi ve geviklik

Kosma hizi ve geviklik parametresi tg¢lncu testin kullanimiyla dl¢timektedir.

Test 3: Baslangi¢ta katiimcinin dominant bacagi Uzerinde durmasi, dominant
olmayan bacagini 90 derece fleksiyona alarak yukarida tutmasi saglanir. Daha sonra
katiimcidan ellerini beline yerlestirmesi ve dominant ayagi Uzerinde 15 saniye
boyunca ziplamasi istenir. Test tamamlandiginda 15 saniye siresince dogru sekilde
yapilan hoplama sayisi belirlenerek puanlama yapilir. Dominant bacak Uzerinde

ziplama alt testi Resim 10’da verilmistir.
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Resim 10. Dominant bacak Uzerinde ziplama testi

7-Ust ekstremite koordinasyonu

Ust ektremite koordinasyonu bir ve altinci testlerin uygulanmasiyla 6lgtilmektedir.
Test 1: Baslangigta katimci iki eliyle topu viicudunun éninde tutar. Daha sonra topu
yere birakir ve top yerde bir kez sektikten sonra iki eliyle topu yakalamasi ve bunu
bes kez tekrarlamasi istenir. Dogru yaptigi tutuslarin sayisi belirlenerek puanlama

yapllir. Topu iki eller yakalama alt testi Resim 11’de gosterilmigtir.

" Uy

Resim 11. Topu iki elle yakalama testi
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Test 6: Baslangic¢ta katilimci dominant eli ile topu viicudunun 6niine dogru uzatir.
Daha sonra topu yere birakir ve dominant olmayan eliyle topu sektirmesiistenir. Topu
art arda iki elini sirayla kullanarak 10 kez ziplatmasi gerekmektedir. Dogru bir sekilde
yaptigi top sektirme hareketlerinin sayisi belirlenerek puanlama yapilir. Topu art arda

sirasiyla iki elle sektirme alt testi Resim 12’'de verilmistir.

Resim 12. Topu art arda sirasiyla iki elle sektirme testi

8-Kuvvet

Kuvvet parametresi iki ve U¢lincl testlerin uygulanmasiyla élgtilmektedir.

Test 2: Katihmcidan eller omuz genisliginde acgik, boyun-sirt-kalga diz bir hat
olusturacak sekilde, dizler tercihe bagli olarak fleksiyonda ¢aprazlanmis veya diz
olacak pozisyonda olacak sekilde 30 saniye sliresince sinav cekmesi istenmektedir.
Kurallara uygun cekilen sinav sayisi belirlenerek puanlama yapilir. Sinav gekme alt
testi Resim 13’te gosterilmistir.
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Resim 13. Sinav cekme testi

Test 3: Katilimcinin baglangigta sirtustu yatmasi, ellerini avug igleri yukari bakacak
sekilde vicudunun yaninda, dizler 90 derece fleksiyona alinarak gengel pozisyonunu
almasi saglanir. Daha sonra katiimcidan 30 saniye boyunca mekik ¢ekmesi
istenmektedir. Test sonunda kurallara uygun sekilde cekilen toplam mekik sayisi
hesaplanir ve puanlama buna goére yapilir. Mekik cekme alt testi Resim 14’te

gOsterilmistir.

Resim 14. Mekik ¢cekme testi

3.5.3. STROORP testi

Stroop testi ilk olarak Stroop tarafindan gelistiriimis, daha sonra testin cesitli
formlari  diizenlenmistir (Stroop 1935). Stroop Testinin BILNOT Bataryasi
kapsaminda yer alan Turk Formu, orijinal Stroop Testi ile Victoria Formunun
birlesiminden olusturulmustur. Tiirk Formunun adina, TUBITAK'In BILNOT Bataryasi
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projesini destekleyen Temel Bilimler Arastirma Grubuna (TBAG) ithafen, Stroop Testi
TBAG Formu adi verilmistir (Karakas vd 1999). Stroop Testi algisal yetenegi, degisen
talepler dogrultusunda ve bir “bozucu etki” altinda degistirebilme becerisini; alisiimis
bir davranis orintisini bastirabilme ve olagan olmayan bir davranigi yapabilme
yetenegdini ayrica dikkati 6lcmektedir. Test daha c¢ok sol frontal lob ve 6zellikle
orbitofrontal korteks hasarina duyarlidir (Karakas vd 1999). Stroop Testi TBAG
Formu literattrde degisik hasta gruplarinda ve saglikli bireylerde gecerlilik glvenilirlik
calismalari yapiimis yaygin kullanilan bir testtir (Kili¢ vd 2002).

Test icin dort adet uyarici kart, kayit formu, test uygulayicisi tarafindan kullanilan
kursun kalem, silgi ve kronometre gerekmektedir. Stroop Testi TBAG Formu
14,0x21,5 cm boyutlarinda dort adet beyaz karttan olusmaktadir. Her kartin Uzerinde
siralanmis dorder maddeden olusan alti satir bulunmaktadir. Bu kartlar testin
“uyaricl” maddelerini icermektedir. Birinci kartin Gzerinde siyah olarak basilimis renk
isimleri (mavi, yesil, kirmizi ve sari kelimeleri) bulunmaktadir. ikinci kartta mavi, yesil,
kirmizi ve sari renklerde basiimis renk isimleri (mavi, yesil, kirmizi ve sari kelimeleri)
bulunmaktadir. Bu kartta, her kelimenin basiminda kullanilan renk, kelimenin ifade
ettigi renkten farkhdir. Uglincti kartta mavi, yesil, kirmizi ve sari renklerde basiimig
0,4 cm c¢apinda daireler bulunmaktadir. Dérdincu kartta ise mavi, yesil, kirmizi ve
sari olarak basiimig renk ismi olmayan nétr kelimeler (kadar, zayif, ise ve orta)
bulunmaktadir (Karakas vd 1999).

Uygulama bes bdlimden olugmaktadir. Bu bdlumler ve ilgili kartlar, uygulama
siralarina gore asagidaki gibidir (Resim 15):

1. Renk isimlerine iligkin, siyah olarak basiimis kelimeleri okuma (1. Kart)
Renk isimlerine iliskin, renkli olarak basiimis kelimeleri okuma (2. Kart)
Sekillerin rengini sdyleme (3. Kart)

Renkli olarak basilmig renk ismi olmayan kelimelerin rengini séyleme (4. Kart)

o > 0N

Renkli olarak basilmig, renk isimlerine iligkin kelimelerin rengini sdyleme (2. Kart)

Stroop Testi TBAG Formunun her bélima “Baslayin” komutunun verilmesinden
bélumun son maddesinin okunmasina/sdylenmesine kadar gegen slre, hata sayisi

ve duzeltilen tepki sayisi olmak Uzere U¢ sekilde puanlanmaktadir (Jensen 1965).
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Resim 15. Stroop testi uygulamasi

3.6. Caismada Uygulanan Tedavi Yontemleri

Calisma grubuna; giinde 45 dk noérogelisimsel tedavi ve buna ek olarak 45 dk
duyu butinleme uygulamasi haftada 2 seans olmak Uzere, 6 hafta boyunca toplamda 12
seans uygulandi.

NGT her iki grup igin; olgularin fizyoterapi degerlendirmesi yapilmasinin ardindan
belirlenen bireysel ihtiyaclara gére planlandi.

Duyu batinleme egitim programi; duyu butinleme teorisinde temel duyular
olarak nitelendirilen taktil, proprioseptif ve vestibller egditimi igceren aktiviteler olarak
dizayn edildi.

Kontrol grubuna ise; yalnizca NGT glnde 45 dk olacak sekilde haftada 2 seans

olmak Uzere, 6 hafta boyunca ve toplam 12 seans tedavi uygulandi.
3.6.1. Norogelisimsel tedavi
NGT programi; yapilan degerlendirme sonuglarina gére belirlenen kisithliklar géz

ondnde bulundurularak bireye 6zgu olacak sekilde planlandi ve uygulandi. NGT program

icerigi Tablo 6’da 6zetlenmistir.
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Tablo 6. Calismada kullanilan nérogelisimsel tedavi programi

1. Postural kontrol ¢calismalari

2. Govde ekstansiyon ve rotasyonunu fasilite eden egzersizler

3. Farkli pozisyonlarda (oturma, emekleme, dizistl ve ayakta durma) agirlik aktarma

egzersizleri

4. Ayna kargisinda statik ve dinamik denge egzersizleri

5. Denge tahtasi ve bosu ball ve trambolin Uzerinde denge egitimi

6. Swissball izerinde koruyucu reaksiyon ¢alisma egzersizleri

7. Tek ayak Uzerinde durus egitimi

8. Farkl ylizeylere sahip zeminlerde ve destek ylzeyi daraltilarak (cift ayak-yari

tandem-tandem) ylirime egitimi

9. Merdiven inip-gikma egzersizleri

10. Dugme ilikleme, giyinme, kasik-catal kullanimi gibi Ust ekstremitelerin kullanimini

gerektiren gunlik yasam aktivitelerine iligkin egitim

Ornek vaka:

Silindir yastik Gizerinde gdvde rotasyonu ¢alismasi;

Olgulardan goévdeleri dik, silindir yastik Gzerinde oturma pozisyonundayken her
iki el ile sag veya sol taraftan aldigi topu zit tarafta bulunan basket potasina atmalari
istendi. Bu egzersiz ile gévde rotasyonu, pelvisten agirlik aktarimi, kavrama, uzanma ve
firlatma calisiimasi hedeflendi. Toplarin blyukltkleri ve agirliklari artirilarak, basket

potasinin uzakhgi ve yuksekligi degistirilerek progresyon saglandi.

3.6.2. Duyu butinleme egitimi

Duyu butinleme egitimi bireysel farkhliklar g6z ©Ondnde bulundurularak;
proprioseptif, vestibiler, taktil duyular araciliiyla duyu girdisi saglamak ve merkezi sinir
sisteminde noéral plastisite olusturabilmek icin amaca yonelik, ¢cok tekrarli gocugun aktif
katihmini gerektiren oyun iceren aktivitelerden olusturuldu ve uygulandi. Duyu

batinleme egitimi Tablo 7’de 6zetlenmisgtir.
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Tablo 7. Calismada kullanilan duyu butlinleme egitimi programi

1. Tum eklemlere aproksimasyon

. Salincak ile lineer sallanma

. Trambolinde ziplama

. Nesneleri itme-gekme

. Yokus yukari tirmanma ve asagdi dogru geri yuvarlanma

. Engelli parkurlarda oyun oynama

. Yastiklardan yapilmis yumusak bir yolda dengede kalarak emekleme veya ylrime

0l N| O O A WO DN

. Farkli boyut ve yuzeylere sahip cisimlerle dolu kutulardan nesne bulma

Ornek vaka:

Karsilikli top atma ¢alismasi;

Calisma grubundaki olgulardan her iki el ile atilan topu tutmasi ve belirlenen
hedefe dogru atmasi istendi. Olgularin ayaklarinin altindaki zemin yumusaklidi sertten
yumusaga dogru degistirilerek ve topun buyudkligu, yuzeyi (duz-tirtikli), agirhigi
degistirilerek egzersizde progresyon saglandi. Bu egzersiz ile taban alti basing
duyusunun uyariimasi, farkli duyusal girdilerin el ve ayak tabanindan iletiimesi

amagclandi.

3.7. Istatistiksel Analiz

istatistiksel analizler igin SPSS 22.0 yazilim programi kullanildi. Degiskenlerin
normal dagilima uygunlugu Shapiro-Wilk testleri ile incelendi. Sirekli dediskenler hem
ortalama * standart sapma hem de median ve geyrekler arasi 25/75 (IQR 25/75) olarak
verildi. Kategorik degigkenler sayr ve yuzde olarak gosterildi. Parametrik test
varsayimlari saglanmadigindan badimsiz grup farkhhklarin karsilastirimasinda Mann
Whitney U testi, bagimh grup farkliliklarin karsilastirimasinda ise Wilcoxon
eslestiriimis iki 6rnek testi kullanildi. Ayrica sirekli degiskenlerin arasindaki iligkiler
Spearman korelasyon analizleriyle ve kategorik degiskenler arasindaki farkhliklar ise Ki

Kare Analizi ile incelendi. istatistik anlamlilik diizeyi olarak p<0,05 alindi.
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4. BULGULAR

4.1. Katihmcilarin Demografik Karakteristiklerinin Karsilastiriimasi

Arastirma 21 tedavi ve 21 kontrol olmak Uzere toplam 42 katilimci ile tamamlandi.
Calisma grubu (Grup 1); 10 (%47,6) kadin, 11 (%52,4) erkekten olusurken; kontrol grubu
(Grup 2) 12 (%57,1) kadin, 9 (%42,9) erkek olgudan olugsmaktaydi. Calisma grubundaki
bireylerin yas ortalamasi 12,38+3,51 yil; kontrol grubundaki bireylerin yas ortalamasi
12,57+2,89 yil olarak belirlendi. Beden kitle indeksleri (BKi) incelendiginde calisma
grubundaki bireylerin BKIi ortalamalari 26,05+3,29 kg/m?, kontrol grubundaki bireylerin
BKi ortalamalari 27,48+2,34 kg/m? olarak hesaplandi. Her iki grup arasinda cinsiyet, yas,
boy uzunlugu, kilo degerleri ve beden kitle indeksleri agisindan fark yoktu (p>0,05).
Calisma grubundaki bireylerin 19'u (%90,50) sag dominant ve 2’si (%9,50) sol dominant
iken, kontrol grubundaki bireylerin 18’ (%85,7) sag dominant ve 3’0 (%14,3) sol
dominantti. Gruplar arasinda bireylerin dominant ekstremite dagihmlari benzer bulundu.
Ayrica gruplarin egitim duizeylerinin dagiliminin da benzer oldugu géruldu (p>0,05).

Olgularin demografik dzelliklerine iliskin veriler Tablo 8 ve Tablo 9’da d6zetlenmisgtir.

Tablo 8. Gruplara gore demografik verilerin karsilastiriimasi

Grup 1 Grup 2 p*
n % n %
Cinsiyet Kadin 10 47,6 12 57,1 0,757
Erkek 11 52,4 9 42,9
Dominant Sag 19 90,5 18 85,7 0,634
Taraf Sol 2 9,5 3 14,3
Egitim iIkdgretim 9 42,9 5 23,8
Durumu  Ortaégretim 7 33,3 9 42,9 0,422
Lise 5 23,8 7 33,3

Grup 1: Cahsgma grubu, Grup 2: Kontrol grubu, n: olgu sayisi, %: ylzde, *Ki kare testi,
p<0,05
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Tablo 9. Gruplara gore yas, boy, kilo ve VKI degiskenlerinin karsilastiriimasi

n XSS Median (IQR 25/75) p

Yas Grup 1 21 12,38+3,51 13 (10/15) 0,860
Grup 2 21 12,57+2,89 13 (10/15)

Boy Grup 1 21 133,38+19,19 135 (120/149) 0,880
Grup 2 21 131,62+17,63 132 (114/142)

Kilo Grup 1 21 47,43+15,40 45 (34/55) 0,669
Grup 2 21 48,14+12,39 46 (36/57)

VKi Grup 1 21 26,05+3,29 25,78 (23,90/27,21) 0,053
Grup 2 21 27,48+2,34 27,22 (25,71/29,08)

p<0,05, *:Mann-Whitney U testi, Grup 1: Vaka grubu, Grup 2: Kontrol grubu, n: olgu
sayisl, X: ortalama, SS: Standart sapma, IQR 25/75: Ceyrekler arasi aralik

4.2. Katihmcilarin Baglangi¢ Test Sonugclarinin Karsilastiriimasi

Calisma ve kontrol gruplarinin baslangi¢c degerlendirmesinde STROOP testinde
elde ettikleri skorlara ait median, ¢ceyrekler arasi aralik dederleri, ortalama ve standart
sapma degerleri Tablo 10'da yer almaktadir. istatistik analiz sonucu baslangic
degerlendirmesinde gruplar arasinda STROOP testi sonuglari arasindan istatistiksel
olarak anlamli fark olmadigi géruldi. Gruplar bu agidan benzerdi (Tablo 10) (p>0,05).

Calisma ve kontrol gruplarinin baslangi¢c degerlendirmesinde Bruininks-
Oseretsky Motor Yeterlilik testinde elde ettikleri skorlara ait median, ¢geyrekler arasi aralik
degerleri, ortalama ve standart sapma degerleri Tablo 11'de 6zetlendi. Yapilan istatistik
analize gore baslangi¢c degerlendirme sirasinda gruplar arasinda BOT2-KF sonuglari
acisindan istatistiksel olarak anlamli fark olmadigi goéruldi. Tedavi 6ncesi gruplarin
BOT2-KF’nin total skorlarinin dagilimi birbirine benzerdi (Tablo 11) (p>0,05).
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Tablo 10. Gruplarin tedavi 6ncesi STROOP testi sonuglarinin karsilastiriimasi

Test Grup 1 (tedavi) Grup 2 (kontrol)
(n=21) (n=21)
Median (IQR 25/75) X+SS Median (IQR 25/75) X+SS p*

STROOP 1

Sure (saniye) 52,0 (35,0/80,0) 63,10+40,82 51,0 (35,0/77,5) 61,57+40,23 0,910

Hata Sayisi 0,0 (0,0/1,0) 0,71+1,31 1,0(0,0/1,0) 0,86+1,15 0,253

Diizeltme Sayisi 0,0 (0,0/2,0) 1,00+1,45 1,0 (0,0/2,0) 1,14+1,11 0,334
STROOP 2

Siire (saniye) 49,0 (38,0/84,0) 60,52+36,690 55,0 (37,0/79,5) 61,71+33,29 0,801

Hata Sayisi 1,0 (0,0/2,0) 1,19+1,289 1,0 (0,0/2,0) 1,19+1,03 0,833

Diizeltme Sayisi 1,0 (0,5/2,5) 1,52+1,209 1,0 (1,0/2,0) 1,38+1.02 0,744
STROOP 3

Sure (saniye) 36,0 (25,0/52,0) 43+21,24 38,0 (29,0/51,0) 42,76+20,33 0,801

Hata Sayisi 1,0 (0,0/2,0) 1,76+3,19 1,0 (1,0/2,0) 1,86+3,14 0,631

Diizeltme Sayisi 1,0 (0,0/2,0) 1,14+1,20 1,0 (1,0/2,0) 1,24+0,89 0,536
STROOP 4

Stire (saniye) 52,0 (41,5/77,0) 61,19+27,14 57,0 (45,0/89,5) 65,67+30,85 0,624

Hata Sayisi 1,0 (0,0/2,0) 0,95+1,02 1,0 (0,5/2,0) 1,14+0,91 0,426

Diizeltme Sayisi 1,0 (0,5/2,0) 1,43+1,33 1,0 (1,0/2,0) 1,57+1,08 0,507
STROOP 5

Stire (saniye) 60,0 (48,0/81,5) 67,95+34,33 72,0 (55,0/89,0) 72,33+30,00 0,513

Hata Sayisi 3,0 (1,5/5,0) 3,57+2,71 3,0 (2,0/4,0) 2,81+1,44 0,540

Diizeltme Sayisi 2,0 (0,5/2,0) 1,48+1,08 2,0 (1,5/3,0) 2,05+0,87 0,080
STROOP Toplam

Sire (saniye) 264,0 (200,5/354,0) 301,48+142,27 289,0 (206,0/385,5) 305,33+136,95 0,792

Hata Sayisi 7,0 (4,0/11,5) 8,19+6,01 6,0 (4,5/9,5) 7,8645,77 0,762

Diizeltme Sayisi 5,0 (3,0/10,5) 6,62+5,04 7,0 (4,0/11,5) 7,38+3,69 0,426

p<0,05; *: Mann-Whitney U testi, n: olgu sayisi, IQR 25/75: Ceyrekler arasi aralik, X: Ortalama, SS: Standart sapma, STROOP 1: Siyah olarak
basiimis kelimeleri okuma, STROOP 2: Renkli olarak basiimis kelimeleri okuma, STROOP 3: Sekillerin rengini séyleme, STROOP 4: Renkli
olarak basilmis renk ismi olmayan kelimelerin rengini sdyleme, STROOP 5: Renkli olarak basiimig renk isimlerine iliskin kelimelerin rengini

sdyleme



Tablo 11. Gruplarin tedavi 6ncesi Bruininks-Oseretsky Motor Yeterlilik skorlarinin karsilastiriimasi

Test Grup 1 (tedavi) Grup 2 (kontrol)
(n=21) (n=21)
Median (IQR 25/75) X+SS Median (IQR 25/75) X+SS p*

ince motor dogruluk 5,0 (3,0/7,0) 5,29+2,63 5,0 (5,0/6,0) 5,33+1,62 0,969
ince motor integrasyon 3,0 (2,0/4,5) 3,57+2,27 3,0 (3,0/4,5)) 3,67+1,77 0,757
El becerisi 3,0 (2,0/3,5) 2,62+1,16 3,0 (2,0/3,0) 2,62+1,20 0,927
Bilateral koordinasyon 3,0 (1,0/5,0) 2,90+2,17 3,0 (1,0/5,0) 2,86+1,80 0,918
Denge 3,0 (2,0/5,0) 3,29+1,71 4,0 (2,0/4,0) 3,33+1,32 0,717
Kosma hizi ve geviklik 3,0 (1,5/5,0) 3,24+1,95 3,0 (2,0/5,0) 3,24+1,58 0,868
Ust ekstremite 4,0 (2,0/6,5) 4,33+2,83 4,0 (2,5/6,5) 4,24+0,02 0,970
koordinasyonu
Kuvvet 5,0 (4,0/7,0) 5,24+1,76 5,0 (4,0/6,0) 5,19+1,25 0,878
Toplam Skor 31,0 (20,0/37,5) 30,48+12,57 31,0 (25,5/35,5) 30,48+7,31 0,678

ince manuel kontrol 10,0 (5,5/11,0) 8,86+4,23 9,0 (7,5/10,5) 9+2,61 0,990

Manuel koordinasyon 7,0 (4,0/10,0) 6,95+3,60 7,0(4,0/10,0) 6,86+2,73 0,899

Vicut koordinasyonu 5,0 (3,5/9,0) 6,19+3,61 7,0 (3,5/8,5) 6,19+2,80 0,704

Kuvvet ve ceviklik 9,0 (6,0/10,5) 8,48+3,14 9,0 (7,0/10,0) 8,43+1,96 1,000

*: p<0,05; Mann-Whitney U testi, n: olgu sayisi, IQR 25/75: Ceyrekler arasi aralik, X: ortalama, SS: Standart sapma

42
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4.3. Katiimcilarin Tedavi Oncesi ve Tedavi Sonrasi STROOP Testi Skorlarinin
Karsilastiriimasi

Gruplarin tedavi 6nce ve sonrasi STROOP degerlerine iligkin veriler Tablo 12 ve
Tablo 13'te 6zetlendi. Calisma grubunun tedavi 6ncesi ve tedavi sonrasi STROOP testi
skorlari kargilastirildiginda; toplam slre, toplam hata sayisi ve toplam dizeltme
sayisinda istatistiksel olarak anlamli bir azalma oldugu saptandi (p<0,001; p<0,001;
p=0,001). Alt testlere gore inceleme yapildiginda birinci alt testin hata sayisi
degerlendirmesi ve besinci alt testin dizeltme sayisi skorlari haric tim alt
degerlendirmelerde tedavi sonrasi istatistiksel olarak anlamh fark gdértldi (p<0,05)
(Tablo 12).

Kontrol grubunda ise toplam sire ve toplam hata sayisinda anlamli bir azalma
gorulurken, toplam duzeltme sayisinda istatistiksel olarak anlamh bir degisiklik
g6zlenmedi (p<0,001; p=0,001; p>0,05). Alt testlere gore inceleme yapildiginda analiz
edilen tum alt degerlendirmeleri tamamlama sureleri agisindan anlamli istatistiksel olarak
fark goérularken (p<0,05), Gglincl ve besinci alt testlerin hata sayisi degerlendirmeleri
acisindan tedavi sonrasi ve tedavi 6ncesi skorlar arasindan istatistiksel olarak anlaml
fark tespit edildi (p<0,05). Ancak diger parametreler agisindan istatistiksel olarak anlaml
fark mevcut degildi (Tablo 13) (p>0,05).



Tablo 12. Calisma grubunun tedavi 6ncesi ve tedavi sonrasi STROOP test skorlarinin karsilastiriimasi
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Grup 1 (tedavi) (n=21)

Test Tedavi Oncesi XSS Tedavi Sonrasi XSS p*
Median (IQR 25/75) Median (IQR 25/75)

STROOP 1

Sire (saniye) 52,0 (35,0/80,0) 63,10+£40,82 40,0 (27,5/69,0) 52,24+36,13 <0,001*

Hata Sayisi 0,0 (0,0/1,0) 0,71+1,31 0,0 (0,0/0,5) 0,29+0,56 0,066

Diizeltme Sayisi 0,0 (0,0/2,0) 1+1,45 0,0 (0,0/1,0) 0,38+0,67 0,023*

STROOP 2

Siire (saniye) 49,0 (38,0/84,0) 60,52+36,69 40,0 (30,5/76,5) 51,90+32,12 0,001*

Hata Sayisi 1,0 (0,0/2,0) 1,19+1,29 0,0 (0,0/1,0) 0,43+0,68 0,004*

Diizeltme Sayisi 1,0 (0,5/2,5) 1,52+1,21 1,0 (0,0/1,0) 0,67+0,658 0,002*

STROOP 3

Stire (saniye) 36,0 (25,0/52,0) 43+21,24 30,0 (21,5/46,0) 34,62+17,34 <0,001*

Hata Sayisi 1,0 (0,0/2,0) 1,76£3,19 0,0 (0,0/1,0) 0,57+1,12 0,003*

Diizeltme Sayisi 1,0 (0,0/2,0) 1,14+1,20 0,0 (0,0/1,0) 0,43+0,60 0,010*

STROOP 4

Sire (saniye) 52,0 (41,5/77,0) 61,19+27,14 50,0 (32,0/72,0) 53,19+29,80 0,002*

Hata Sayisi 1,0 (0,0/2,0) 0,95+1,02 0,0 (0,0/0,5) 0,29+0,56 0,002*

Diizeltme Sayisi 1,0 (0,5/2,0) 1,43+1,33 0,0 (0,0/1,0) 0,52+0,80 0,003*

STROOP 5

Sire (saniye) 60,0 (48,0/81,5) 67,95+34,33 48,0 (37,0/64,5) 54,24+28,30 0,001*

Hata Sayisi 3,0 (1,5/5,0) 3,57+2,71 1,0 (0,0/2,0) 1,14+1,39 0,000*

Diizeltme Sayisi 2,0 (0,5/2,0) 1,48+1,08 1,0 (0,0/1,5) 0,95+0,87 0,074

STROOP Toplam

Siire (saniye) 264,0 (200,5/354,0) 301,48+142,27 198,0 (154,0/319,5) 252,67+129,82 <0,001*

Hata Sayisi 7,0 (4,0/11,5) 8,19+6,01 2,0 (0,0/4,0) 2,67+3,15 <0,001*

Diizeltme Sayisi 5,0 (3,0/10,5) 6,62+5,04 3,0 (1,0/4,5) 2,95+2,60 0,001*

*: p<0,05; Wilcoxon Isaretli Siralar testi, n: olgu sayisi, IQR 25/75: Ceyrekler arasi aralik, X: ortalama, SS: Standart sapma, STROOP 1: Siyah olarak basiimis
kelimeleri okuma, STROOP 2: Renkli olarak basiimis kelimeleri okuma, STROOP 3: Sekillerin rengini séyleme, STROOP 4: Renkli olarak basilmis renk ismi
olmayan kelimelerin rengini séyleme, STROOP 5: Renkli olarak basiimis renk isimlerine iliskin kelimelerin rengini sdyleme



Tablo 13. Kontrol grubunun tedavi 6ncesi ve tedavi sonrasi STROOP test skorlarinin karsilastiriimasi
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Grup 2 (kontrol) (n=21)

Test Tedavi Oncesi X+SS Tedavi Sonrasi X£SS p*
Median Median

(IQR 25/75) (IQR 25/75)
STROOP 1
Sire (saniye) 51,0 (35,0/77,5) 61,57+40,23 49,0 (33,0/73,0) 57,19+35,59 0,001*
Hata Sayisi 1,0(0,0/1,0) 0,86+1,15 0,0 (0,0/1,0) 0,67+0,86 0,102
Diizeltme Sayisi 1,0 (0,0/2,0) 1,14+1,18 1,0 (0,0/1,5) 1+0,84 0,405
STROOP 2
Sire (saniye) 55,0 (37,0/79,5) 61,71+33,29 52,0 (34,0/74,5) 57,57+32,68 0,009*
Hata Sayisi 1,0 (0,0/2,0) 1,19+1,03 1,0 (0,0/2,0) 1,10+0,89 0,480
Diizeltme Sayisi 1,0 (1,0/2,0) 1,38+1,02 1,0 (1,0/2,0) 1,19+0,81 0,157
STROOP 3
Sire (saniye) 38,0 (29,0/51,0) 42,76+20,33 38,0 (27,0/43,0) 44,33+36,50 0,018*
Hata Sayisi 1,0 (1,0/2,0) 1,86+3,14 1,0 (1,0/1,0) 1,14+1,98 0,002*
Diizeltme Sayisi 1,0 (1,0/2,0) 1,24+0,89 1,0 (1,0/1,5) 1,19+0,98 0,317
STROOP 4
Siire (saniye) 57,0 (45,0/89,5) 65,67+30,85 59,0 (41,0/84,0) 59,86+28,44 <0,001*
Hata Sayisi 1,0 (0,5/2,0) 1,14+0,91 1,0 (0,0/1,0) 0,95+0,92 0,102
Diizeltme Sayisi 1,0 (1,0/2,0) 1,57+1,08 1,0 (1,0/1,5) 1,38+1,24 0,206
STROOP 5
Sire (saniye) 72,0 (55,0/89,0) 72,33+30,00 61,0 (45,0/77,0) 63,81+28,28 <0,001*
Hata Sayisi 3,0 (2,0/4,0) 2,81+1,44 2,0 (1,0/3,0) 1,90+1,41 0,002*
Diizeltme Sayisi 2,0 (1,5/3,0) 2,05+0,87 2,0 (1,0/3,0) 1,86+1,06 0,157
STROOP Toplam
Siire (saniye) 289,0 (206,0/385,5) 305,33+136,95 259,0 (185,5/355,5) 277,52+129,75 <0,001*
Hata SayIsi 6,0 (4,5/9,5) 7,8645,77 5,0 (2,5/8,0) 5,76+4,67 0,001*
Diizeltme Sayisi 7,0 (4,0/11,5) 7,38+3,69 6,0 (4,5/9,0) 6,62+3,41 0,115

*: p<0,05; Wilcoxon isaretli Siralar testi, n: olgu sayisi, IQR 25/75: Ceyrekler arasi aralik, X: ortalama, SS: Standart sapma, STROOP 1: Siyah olarak basiimis

kelimeleri okuma, STROOP 2: Renkli olarak basiimis kelimeleri okuma, STROOP 3: Sekillerin rengini séyleme, STROOP 4: Renkli olarak basiimis renk ismi

olmayan kelimelerin rengini séyleme, STROOP 5: Renkli olarak basiimis renk isimlerine iliskin kelimelerin rengini sdyleme
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4.4, Katilmcilarin Tedavi Oncesi ve Tedavi Sonrasi Bruininks-Oseretsky Motor
Yeterlilik Testi Skorlarinin Karsilagtirilmasi

Calisma ve kontrol gruplarinin Bruininks-Oseretsky Motor Yeterlilik testinde elde
ettikleri skorlarin tedavi dncesi ve sonrasi karsilastiriimasina ait sonuclar Tablo 14 ve
Tablo 15’te 6zetlendi. Yapilan istatistiksel analize goére hem tedavi hem de kontrol
gruplarinda Bruininks-Oseretsky Motor Yeterlik testi 2 kisa formunun total skorlarindaki
artis istatistiksel olarak anlamli bulundu (p<0,001). Ayrica Bruininks-Oseretsky Motor
Yeterlik testi 2 kisa formunun alt bolumleri caligma ve kontrol gruplari olarak ayri ayri
incelendiginde, her iki grubunda tim alt bolimlerindeki skorlarin artigi istatistiksel olarak
anlamh bulundu (p<0,001) (Tablo 14) (Tablo 15).



Tablo 14. Calisma grubunun tedavi 6ncesi ve tedavi sonrasi Bruininks-Oseretsky Motor Yeterlilik alt test skorlarinin karsilastiriimasi

Grup 1 (tedavi) (n=21)

Test Tedavi Oncesi Tedavi Sonrasi p*
Median X£SS Median X+£SS
(IQR 25/75) (IQR 25/75)
ince motor dogruluk 5,0 (3,0/7,0) 5,29+2,63 10,0 (7,5/12,0) 9,67+2,73 <0,001*
ince motor integrasyon 3,0 (2,0/4,5) 3,57+2,27 7,0 (5,5/8,0) 6,57+2,23 <0,001*
El becerisi 3,0 (2,0/3,5) 2,62+1,16 5,0 (4,0/6,0) 5,00+1,55 <0,001*
Bilateral koordinasyon 3,0 (1,0/5,0) 2,90+2,17 6,0 (5,0/7,0) 5,81+1,03 <0,001*
Denge 3,0 (2,0/5,0) 3,29+1,71 6,0 (5,0/7,0) 5,90+1,30 <0,001*
Kosma hizi ve geviklik 3,0 (1,5/5,0) 3,24+1,95 5,0 (4,0/7,0) 5,43+1,91 <0,001*
Ust ekstremite 4,0 (2,0/6,5) 4,33+2,83 7,0 (5,0/9,5) 7,48%2,32 <0,001*
koordinasyonu
Kuvvet 5,0 (4,0/7,0) 5,24+1,76 7,0 (5,0/8,0) 6,52+1,78 <0,001*
Toplam Skor 31,0 (20,0/37,5) 30,48+12,57 53,0 (43,5/61,0) 52,33+11,36 <0,001*
ince manuel kontrol 10,0 (5,5/11,0) 8,86+4,23 17,0 (14,0/19,0) 16,24+4,19 <0,001*
Manuel koordinasyon 7,0 (4,0/10,0) 6,95+3,60 13,0 (10,0/14,0) 12,48+3,42 <0,001*
Viicut koordinasyonu 5,0 (3,5/9,0) 6,19+3,61 11,0 (10,0/14,0) 11,71+2,10 <0,001*
Kuvvet ve ceviklik 9,0 (6,0/10,5) 8,48+3,14 12,0 (9,0/14,0) 11,95+3,28 <0,001*

*: p<0,05; Wilcoxon isaretli Siralar testi, n: olgu sayisi, IQR 25/75: Ceyrekler arasi aralik, X: ortalama, SS: Standart sapma



Tablo 15. Kontrol grubunun tedavi dncesi ve tedavi sonrasi Bruininks-Oseretsky Motor Yeterlilik alt test skorlarinin karsilastiriimasi

Grup 2 (kontrol) (n=21)

Test Tedavi Oncesi X+SS Tedavi Sonrasi X+SS p*
Median Median
(IQR 25/75) (IQR 25/75)

ince motor dogruluk 5,0 (5,0/6,0) 5,33+1,62 8,0 (6,5/9,0) 7,81+1,89 <0,001*
ince motor integrasyon 3,0 (3,0/4,5) 3,67+1,77 5,0 (4,0/6,5) 5,24+1,61 <0,001*
El becerisi 3,0 (2,0/3,0) 2,62+1,20 4,0 (3,0/5,0) 4,10+1,14 <0,001*
Bilateral koordinasyon 3,0 (1,0/5,0) 2,86+1,80 5,0 (4,0/5,0) 4,62+0,92 <0,001*
Denge 2,0 (2,0/4,0) 3,33+1,32 5,0 (4,0/6,0) 4,76+1,14 <0,001*
Kosma hizi ve geviklik 3,0 (2,0/5,0) 3,24+1,58 4,0 (3,0/5,5) 4,48+1,57 <0,001*
Ust ekstremite 4,0 (2,5/6,5) 4,24+0,02 5,0 (5,0/8,0) 5,95+1,66 <0,001*
koordinasyonu

Kuvvet 5,0 (4,0/6,0) 5,19+1,25 6,0 (5,0/7,0) 5,90+1,09 <0,001*
Toplam Skor 31,0 (25,5/35,5) 30,48+7,31 44,0 (39,0/46,5) 43,0+6,30 <0,001*
ince manuel kontrol 9,0 (7,5/10,5) 9,00+2,61 13,0 (11,0/15,5) 13,05+2,85 <0,001*
Manuel koordinasyon 7,0(4,0/10,0) 6,86+2,73 10,0 (8,0/12,0) 10,05+2,18 <0,001*
Viicut koordinasyonu 7,0 (3,5/8,5) 6,19+2,80 10,0 (8,0/11,0) 9,38+1,83 <0,001*
Kuvvet ve ceviklik 9,0 (7,0/10,0) 8,43+1,96 11,0 (9,0/12,0) 10,38+2,04 <0,001*

*: p<0,05; Wilcoxon isaretli Siralar testi, n: olgu sayisi, IQR 25/75: Ceyrekler arasi aralik, X: ortalama, SS: Standart sapma
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4.5. Tedavi Etkinliginin STROOP Sonuglan Uzerinden Gruplar Arasi
Karsilastiriimasi

Yapilan analiz sonucunda STROOP testinin butin alt basamaklarinda ¢alisma
grubundaki degisim, kontrol grubuna gore istatistiksel olarak anlamli bulundu (p<0,05)
(Tablo 16). Gruplarin tedavi sonrasi STROOP testi alt dederlendirmelerinde elde ettikleri
skorlarin ve toplam skorlarin karsilastiriimasina ait sonuclar Tablo 16’da 6zetlendi. Ek
olarak tedavi éncesi ve sonrasi STROOP testini tamamlama sUreleri agisindan olusan
farklarin karsilastiriimasi iliskin sonuglar da Tablo 16’da verildi. Hata sayilari ve dizeltme
sayllari agisindan olusan farklar istatistik analize uygun olmadigindan Tablo 16’da yer
almadi.

Gruplarin; birinci alt degerlendirmede tedavi 6ncesi ve sonrasi degerlendirmeyi
tamamlama sureleri arasindaki farklar ve diizeltme sayilari arasinda istatistiksel olarak
anlamli fark mevcuttu.

ikinci alt degerlendirmede tedavi 6ncesi ve sonrasi dederlendirmeyi tamamlama
sureleri arasindaki farklar, hata sayilari ve dizeltme sayilari arasinda da istatistiksel
olarak anlamli gelisme oldugu gorulda.

Uglincii alt degerlendirmede tedavi Oncesi ve sonrasi degerlendirmeyi
tamamlama sureleri arasindaki farklar ve dizeltme sayilari arasinda, dérdincu alt
degerlendirmede tedavi Oncesi ve sonrasi degerlendirmeyi tamamlama slreleri
arasindaki farklar, hata sayilari ve dlzeltme sayilari arasinda, besinci alt
degerlendirmede tedavi ©ncesi ve sonrasi degerlendirmeyi tamamlama slreleri
arasindaki farklar ve diizeltme sayilari arasinda anlamli fark tespit edildi.

Toplam skorlar agisindan ise tedavi oncesi ve sonrasi degerlendirmeyi
tamamlama sureleri arasindaki farklar ve duzeltme sayilari arasinda istatistiksel fark
gorildu (p<0,05). Karsilastirilan diger parametreler agisindan ise anlamlilik edilmedi
(p>0,05) (Tablo 16).



Tablo 16. Gruplarin tedavi sonrasi STROOP skorlarinin karsilastiriimasi
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Grup 1 (tedavi) (n=21)

Grup 2 (kontrol) (n=21)

Test Median (IQR 25/75) X£SS Median (IQR 25/75) X£SS p*
STROOP 1
Siire (saniye) 40,0 (27,5/69,0) 52,24+36,13 49,0 (33,0/73,0) 57,19+35,59 0,458
Siire (delta) -8,0 (-19,0/-5,5) -10,857+7,15 -4,0 (-7,5/-1,5) -4,381+8,15 0,012*
Hata Sayisi 0,0 (0,0/0,5) 0,29+0,56 0,0 (0,0/1,0) 0,67+0,86 0,099
Diizeltme Sayisi 0,0 (0,0/1,0) 0,38+0,67 1,0 (0,0/1,5) 1,00+0,84 0,009*
STROOP 2
Stire (saniye) 40,0 (30,5/76,5) 51,90432,12 52,0 (34,0/74,5) 57,57+32,68 0,470
Siire (delta) -6,0 (-17,5/-3,5) -8,61+11,86 -3,0 (-6,5/-0,5) -4,14+7,32 0,022*
Hata Sayisi 0,0 (0,0/1,0) 0,430,68 1,0 (0,0/2,0) 1,10+0,89 0,010*
Diizeltme Sayisi 1,0 (0,0/1,0) 0,67+0,66 1,0 (1,0/2,0) 1,19+0,81 0,033*
STROOP 3
Stire (saniye) 30,0 (21,5/46,0) 34,62+17,34 38,0 (27,0/43,0) 44,33+36,50 0,279
Stire (delta) -8,0 (-13,0/-2,5) -8,38+6,63 -3,0 (-3,5/-0,5) 1,57+19,35 0,003*
Hata Sayisi 0,0 (0,0/1,0) 0,57+1,12 1,0 (1,0/1,0) 1,14+1,98 0,154
Diizeltme Sayisi 0,0 (0,0/1,0) 0,43+0,60 1,0 (1,0/1,5) 1,1940,98 0,003*
STROOP 4
Siire (saniye) 50,0 (32,0/72,0) 53,19+29,75 59,0 (41,0/84,0) 59,86+28,44 0,450
Siire (delta) -9,0 (-17,0/-5,0) -8,00+23,60 -5,0 (-8,0/-3,5) -5,8045,72 0,031*
Hata Sayisi 0,0 (0,0/0,5) 0,29+0,56 1,0 (0,0/1,0) 0,95+0,92 0,006*
Diizeltme Sayisi 0,0 (0,0/1,0) 0,52+0,75 1,0 (1,0/1,5) 1,38+1,24 0,003*
STROOP 5
Siire (saniye) 48,0 (37,0/64,5) 54,24+28,27 61,0 (45,0/77,0) 63,81+28,28 0,170
Siire (delta) -12,0 (-19,0/-7,0) -13,71%31,09 -7,0 (-11,0/-4,5) -8,52+8,92 0,044%
Hata Sayisi 1,0 (0,0/2,0) 1,14+1,39 2,0 (1,0/3,0) 1,90+1,41 0,068
Diizeltme Sayisi 1,0 (0,0/1,5) 0,95+0,87 2,0 (1,0/3,0) 1,86+1,06 0,006*
STROOP Toplam
Siire (saniye) 198,0 (154,0/319,5) 252,67+129,82 259,0 (185,5/355,5) 277,52+129,75 0,385
Siire (delta) -46,0 (-78,5/-25,0) -48,80+32,91 -27,0 (-39,0/-14,0) -27,80+22,19 0,041*
Hata Sayisi 2,0 (0,0/4,0) 2,67+3,15 5,0 (2,5/8,0) 5,76+4,67 0,013*
Diizeltme Sayisi 3,0 (1,0/4,5) 2,95+2,56 6,0 (4,5/9,0) 6,62+3,41 <0,001*

*: p<0,05; Mann-Whitney U testi, IQR 25/75: Ceyrekler arasi aralik, delta: Tedavi sonrasi ve tedavi 6ncesi skorlar arasi fark, X: ortalama, SS: Standart sapma,
STROOP 1: Siyah olarak basiimis kelimeleri okuma, STROOP 2: Renkli olarak basiimis kelimeleri okuma, STROOP 3: Sekillerin rengini séyleme, STROOP 4:

Renkli olarak basiimis renk ismi olmayan kelimelerin rengini sdyleme, STROOP 5: Renkli olarak basilmis renk isimlerine iligkin kelimelerin rengini séyleme
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4.6. Tedavi Etkinliginin Bruininks-Oseretsky Motor Yeterlilik Sonuclari Uzerinden
Gruplar Arasi Karsilagtiriimasi

Yapilan analizde BOT2-SF’nin bitlin alt basamaklarinda ¢alisma grubundaki
degisim, kontrol grubuna gore istatistiksel olarak daha anlamli bulundu (p<0,05) (Tablo
17).

Gruplarin tedavi sonrasi Bruininks-Oseretsky Motor Yeterlilik testi alt
degerlendirmelerinde elde ettikleri skorlarin ve toplam skorlarin karsilastirimasina ait
sonuglar Tablo 17’de 6zetlendi. Ek olarak, Bruininks-Oseretsky Motor Yeterlilik testinin
tim alt degerlendirmeleri ve toplam skorlari i¢in tedavi 6ncesi ve sonrasi olusan farklarin
gruplar arasi karsilastiriimasi iliskin sonuclar da Tablo 18’de verildi. Yapilan analizlere
gore kuvvet alt degerlendirmesi ve kuvvet ve geviklik alt degerlendirmesinde elde edilen
toplam skorlar hari¢ degerlendirilen tim parametrelerde gruplar arasi istatistiksel anlamli
fark tespit edildi (p<0,05). Caligma grubuna uygulanan tedavi programinin kontrol
grubununkine gére motor beceri gelisimi agisindan daha Ustin oldugu belirlendi (Tablo
17) (Tablo 18).



Tablo 17. Gruplarin tedavi sonrasi toplam Bruininks-Oseretsky Motor Yeterlilik skorlarinin kargilastiriimasi
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Grup 1 (tedavi)

Grup 2 (kontrol)

(n=21) (n=21)
Test Median XxSS Median X+SS p*
(IQR 25/75) (IQR 25/75)

ince motor dogruluk 10,0 (7,5/12,0) 9,67+2,73 8,0 (6,5/9,0) 7,81+1,89 0,024*
ince motor integrasyon 7,0 (5,5/8,0) 6,57+2,23 5,0 (4,0/6,5) 5,24+1,61 0,019*
El becerisi 5,0 (4,0/6,0) 5,00+1,55 4,0 (3,0/5,0) 4,10+£1,14 0,042*
Bilateral koordinasyon 6,0 (5,0/7,0) 5,81+1,03 5,0 (4,0/5,0) 4,62+0,92 0,001*
Denge 6,0 (5,0/7,0) 5,90+1,30 5,0 (4,0/6,0) 4,76+1,14 0,007*
Kosma hizi ve geviklik 5,0 (4,0/7,0) 5,43+£1,91 4,0 (3,0/5,5) 4,48+1,57 0,101
Ust ekstremite 7,0 (5,0/9,5) 7,48+2,32 5,0 (5,0/8,0) 5,95+1,66 0,038*
koordinasyonu

Kuvvet 7,0 (5,0/8,0) 6,52+1,78 6,0 (5,0/7,0) 5,90+1,09 0,270
Toplam Skor 53,0 (43,5/61,0) 52,33+11,36 44,0 (39,0/46,5) 43,00+6,30 0,005*
ince manuel kontrol 17,0 (14,0/19,0) 16,24+4,19 13,0 (11,0/15,5) 13,05+2,85 0,003*
Manuel koordinasyon 13,0 (10,0/14,0) 12,48+3,42 10,0 (8,0/12,0) 10,05+2,18 0,010*
Vicut koordinasyonu 11,0 (10,0/14,0) 11,71+2,10 10,0 (8,0/11,0) 9,38+1,83 0,001*
Kuvvet ve ceviklik 12,0 (9,0/14,0) 11,95+3,28 11,0 (9,0/12,0) 10,38+2,04 0,122

*: p<0,05; Mann-Whitney U testi, IQR 25/75: Ceyrekler arasi aralik, X: ortalama, SS: Standart sapma



Tablo 18. Tedavi sonrasi ve 6ncesi Bruininks-Oseretsky Motor Yeterlilik skorlari arasinda olusan farkin gruplara gore karsilastiriimasi
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Grup 1 (tedavi)

Grup 2 (kontrol)

(n=21) (n=21)
Test DELTA X+SS DELTA X+SS p*
Median Median
(IQR 25/75) (IQR 25/75)

ince motor dogruluk 4,0 (3,0/5,0) 4,381+1,86 2,0 (2,0/3,0) 2,476+1,21 <0,001*
ince motor integrasyon 3,0 (2,0/4,0) 3,000+1,48 2,0 (1,0/2,0) 1,571+0,87 0,001*
El becerisi 2,0 (2,0/3,0) 2,381+11,12 1,0 (1,0/2,0) 1,476+0,75 0,005*
Bilateral koordinasyon 3,0 (2,0/4,0) 2,904+1,70 2,0 (1,0/3,0) 1,761+1,22 0,023*
Denge 3,0 (2,0/3,0) 2,619+0,92 1,0 (1,0/2,0) 1,428+0,68 <0,001*
Kosma hizi ve geviklik 2,0 (2,0/3,0) 2,190+0,98 1,0 (1,0/2,0) 1,238+0,62 <0,001*
Ust ekstremite koordinasyonu 3,0 (2,0/4,6) 3,142+1,49 1,0 (1,0/2,0) 1,714+1,10 0,001*
Kuvvet 1,0 (1,0/2,0) 1,285+0,85 1,0 (0,0/1,0) 0,714+0,64 0,023*
Toplam Skor 22,0 (18,0/25,0) 21,85745,13 13,0 (10,0/15,0) 12,523+2,99 <0,001*
ince manuel kontrol 8,0 (5,5/9,0) 7,381+2,31 3,0 (3,0/5,0) 4,047+1,43 <0,001*
Manuel koordinasyon 6,0 (4,0/7,0) 5,523+1,75 3,0 (2,0/4,0) 3,190+1,25 <0,001*
Viicut koordinasyonu 6,0 (4,0/7,0) 5,523+2,20 3,0 (2,0/4,0) 3,190+1,57 <0,001*
Kuvvet ve ceviklik 4,0 (2,5/4,0) 3,476+1,44 2,0 (1,0/3,0) 1,952+0,97 <0,001*

*: p<0,05; Mann-Whitney U testi, IQR 25/75: Ceyrekler arasi aralik, DELTA: Tedavi sonrasi ve tedavi 6ncesi skorlar arasi fark, X: ortalama, SS:

Standart sapma
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5. TARTISMA

Down Sendromlu gocuklarda duyu butinleme egitiminin dikkat ve motor beceriler
Uzerine etkisini incelemek amaciyla gerceklestirdigimiz bu randomize kontrolli
calismada, hastalar alti hafta boyunca, haftada iki seans olmak lizere toplam 12 seans
norogelisimsel tedaviye alindi. Kontrol grubuna yalnizca nérogelisimsel tedavi yaklasimi
uygulanirken; calisma grubuna alti hafta boyunca haftada iki seans olmak Uzere 12
seans norogelisimsel tedaviye ek olarak 45 dakika duyu bitunleme egitimi uygulandi.

Down Sendromu; motor beceri gelisiminde gecikmeler, anormal sensorimotor
entegrasyon, gecikmis konusma ve dil becerisi gibi bir dizi problemle karakterizedir
(Scott ve Holfelder 2015). Down Sendromunda; uygun duyusal deneyim eksikligi,
duyusal entegrasyonda bozukluk, hipotoni, eklemlerde hipermobilite, gecikmis postural
kontrol ve zayif denge sonucu kaba ve ince motor becerilerde gecikme ve bozukluklar
meydana gelmektedir (Russell 1988).

DS’li gocuklarin kaba ve ince motor becerilerinin degerlendiriimesinde GMFM ve
Bruininks Oseretsky Motor Yeterlilik Testi Kisa Formu en sik kullanilan yontemlerdendir.
Literatirde DS'li gocuklarin, normal gelisim gosteren yasitlarina goére daha kéti motor
becerilere sahip oldugu bildiriimistir (Malak vd 2015). Malak ve ark. (2015) ortalama
yaglari alti olan 79 DS’li cocukta kaba motor becerileri GMFM-88, fonksiyonel dengeyi
ise Pediatrik Denge Skalari ile degerlendirdikleri caligmada, DS’li ¢ocuklarda motor
gelisimin oOzellikle ayakta durma ve yurume yeteneginin geciktigi ve denge ile motor
islevlerin birbiriyle iligkili oldugu bildirilmistir. Bu nedenle fizik tedavi programlarinda bu
iki parametre Uzerinde durulmasi gerektigi belirtilmistir. Spano ve ark. (1999) 22 DS’li
gocugu ‘Cocuklar igin Hareket Degerlendirme Bataryasi (Movement ABC) ile
degerlendirdikleri calismada ince ve motor becerilerin kronolojik yaslarinin gerisinde
oldugunu bildirmigler, ince motor becerilerin kaba motor becerilere gére daha geri
oldugunu belirtmislerdir. Ayrica erken egitim alan ¢ocuklarda elde edilen skorlarin daha
iyi oldugunu tespit etmislerdir. Connolly ve ark. (1984) ise motor becerileri Bruininks
Oseretsky motor yeterlilik testi ile degerlendirdikleri calismada benzer sekilde DS’li
cocuklarin kaba ve ince motor becerilerinin normal gelisim gésteren ¢ocuklara gére daha

geri oldugunu saptamislar ancak Spano ve ark. tarafindan yapilan ¢alismanin aksine
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ince motor becerilerin kaba motor becerilere goére daha iyi durumda oldugunu
bildirmiglerdir. Michael ve Connolly (1986) 7-10 yas arasi 12 DS’li ¢ocukta Bruininks
Oseretsky motor yeterlilik testi ile degerlendirdikleri gross ve ince motor becerilerin DS’li
olmayan yasitlarina gore geri oldugunu; kosma hizi, denge, kuvvet, gérsel-motor kontrol
alanlarinda daha disuk skorlara sahip olduklarini raporlamistir. Aslan ve ark. ise (2016)
14-20 yaslar arasinda 16 DS’li 18 normal gelisim gdsteren kontrol grubuyla yaptigi
¢alismada ince ve kaba motor yetenekleri Bruininks-Oseretsky motor yeterlilik skalasiyla
degerlendirmislerdir. Normal gelisim gosteren addlesanlara gére down sendromlu grupta
hem kaba hem de ince motor performansin daha kétl oldugu saptamistir.

Bruininks Oseretsky motor yeterlilik testi; DS, serebral palsi, mental retardasyon,
gelisimsel koordinasyon bozuklugu gibi nérogelisimsel bozukluklari olan 4-21 yag arasi
cocuk ve adodlesanlarda motor problemleri degerlendirmek icin yaygin olarak kullanilan
bir élcektir (Bruininks ve Bruininks, 2005). Biz de ¢alismamizda literatlrle benzer sekilde
duyu butinleme editiminin motor beceri Gzerine etkisini belirlemek amaci ile Bruininks
Oseretsky Motor Yeterlilik Testi Kisa Formu’nu kullandik.

Kaba ve ince motor becerilerin DS’li cocuklarda saglikli yasitlarina gére daha geri
oldugunu bildiren galismalarda motor beceri gelisimini fasilite eden mudahalelerin
onemine dikkat ¢ekilmistir (Connolly vd 1984, Aslan vd 2016). Cocuklarin bagimsiz
hareket  edebilmeleri, kigsisel  bakimlarini  yapabilmeleri, cevreye  uyum
saglayabilmelerinde motor beceriler Gnemli rol oynadigindan rehabilitasyon programlari
buna uygun olarak planlanmaldir. Fizyoterapi programlariyla, motor hareketleri fasilite
etmek icin duyu-motor uyaran vermek amaglanmaktadir. DS’li gocuklar duyusal ve
bilissel uyarilardan, kaba ve ince motor aktiviteleri iceren calismalardan ve konusma
terapisinden fayda gérmektedirler (Weijerman ve Winter 2010).

Down Sendromunda ndrogelisimsel tedavi, duyu butinleme egitimi, sanal
gerceklik uygulamalari, vestibuler stimilasyon, oyun terapisi gibi gesitli rehabilitasyon
yaklagimlari motor problemi olan gocuklarin ihtiyacina gore tek basina veya kombine
programlar seklinde uygulanmaktadir (Ruiz-Gonzélez vd 2019).

Norogelisimsel tedavi; serebral palsi, yuksek riskli/digik dodum agirlikh
bebekler, Down Sendromu gibi pediatrik olgularda Kklinisyenler tarafindan en sik
kullanilan rehabilitasyon yaklagimidir (Brown ve Burns 2001). Proprioseptif
néromuskuler fasilitasyon ve duyusal feedback teknikleri ile postural yanitlar Gzerinde
olumlu etki saglamaktadir (Bumin 2001).

LaForme Fiss ve ark. (2009) yaslari 13-29 ay arasinda degisen 10 DS’li cocuga,
10 hafta boyunca haftada bir seans olmak Uzere ndérogelisimsel tedavi programi
uyguladiklari ¢alismada, tedavi sonrasi ¢alisma grubunda dénme, strinme ve dizistl

durma aktivitelerinde istatiksel olarak anlamli ilerlemeler oldugunu raporlamiglardir.
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Harris (1981) Down Sendromlu 20 infant ile yapti§i ¢alismada, bebeklerin
bireysel ihtiyaglarina uygun sekilde dokuz hafta boyunca haftada ¢ gin nérogelisimsel
tedavi uygulamasi yapmistir. Tedavi énce ve sonrasi Bayley infant Degderlendirme
Skalasi ve Peabody Gelisimsel Motor Skala ile yaptigi degerlendirme sonucunda tedavi
ve kontrol grubu arasinda istatistiksel olarak anlamli bir farkhlik olmadigi ancak bireysel
tedavi hedeflerine ulasmada nérogelisimsel tedavi yaklasimi uygulanan grubun lehine
istatistiksel olarak anlamli gelisme oldugunu bildirmigtir.

Kaba motor beceriler kadar ince motor beceriler de gocuklarin giinlik yasamda
giyinme, beslenme, banyo yapma, nesneleri tutma ve kesme gibi bircok &6zbakim
faaliyetini gergeklestirebilmeleri icin oldukga énemlidir. Ayni zamanda ince motor
beceriler cocuklarda biligsel, sosyal ve akademik yeteneklerle de iligkilidir (de Luva vd
2013). Motor gelisim, merkezi sinir sisteminin maturasyonuna baglh olarak gelismektedir.
Merkezi sinir sisteminin olgunlagmasi ise miyelinizasyon ile gergeklesir (Piper vd 1994).
Motor gelisim sirasinda kilometre taglarina ulagsma streleri cocuklar arasinda farklilik
gOsterebilmektedir. Cocuklarda motor gelisim sephalo-kaudal veya proksimal-distal
yonde meydana gelmektedir. Yaygin olarak kabul edilen proksimal-distal prensibe gore,
govde stabilitesinin gelistirilmesi, el kullanimi i¢in temel 6nkosullardan biridir (Case-
Smith vd 1989). Yani ince motor becerilerin gelisimi daha 6nce gelistirilen kaba motor
becerilere baglidir.

ince motor beceriler, kliglUk hassas hareketler tUretmek icin kaslarin, kemiklerin
ve sinirlerin koordinasyonunu gerektirmektedir (Kimmel ve Ratliff ve Schaub 2011). Son
zamanlarda gelisimsel ve zihinsel engelli gocuklarda ince motor becerileri konusundaki
arastirmalara ve uygun rehabilitasyon programlarinin olusturulmasi Gzerine
yogunlasilmistir. Wuang ve ark. (2008) hafif mental retardasyonlu c¢ocuklarda
sensorimotor disfonksiyon prevalansinin yuksek oldugunu bildirmistir. Ayrica mental
retardasyonlu ¢ocuklarda ince motor becerilerin kaba motor becerilerden daha zayif
oldugunu da raporlamistir. Down Sendromuna siklikla mental retardasyonun eslik ettigi
g6z oOninde bulunduruldugunda ince motor becerilerin etkilenmesi kaginiimazdir.
Literatirde Down Sendromlu ¢ocuklarda ince motor becerilerin normal gelisim gdsteren
yasitlarina goére daha zayif oldugu tespit edilmistir (Memisevic ve Macak 2014). ince
motor becerilerde gorilecek gelismelerin, yemek yeme, giyinme, banyo ve tuvalet
ihtiyaclarinin karsilanmasi gibi guinlik yasam aktivitelerinde bagimsizligin artmasi; oyun
aktivitelerinin kolaylasmasi, ¢evreye daha fazla kesifte bulunmasi ve diger cocuklarla
daha fazla oyun oynayarak sosyallesmesi; kalemlerin daha uygun sekilde daha az enerji
harcayarak tutulmasiyla akademik basari Gizerine olumlu etkileri olabilir (Bruni 1998).

Noérogelisimsel tedavi, yalnizca el fonksiyonlari Uzerine odaklanan bir

rehabilitasyon yontemi olmasa da, seans icerisinde elin kullanimini gerektiren aktiviteler
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icermektedir. Literatlirde nérogelisimsel tedavinin kaba motor fonksiyonun yaninda Ust
ektremite hareketleri ve el fonksiyonlarini da gelistirdigi bildirilmistir (Law vd 1997,
Tsorlakis vd 2004). Lersilp ve ark. (2016) Down Sendromlu cocuklarda Ust ekstremite
fonksiyonunu ele alan calismalar tedavi yontemi olarak ndérogelisimsel-biomekanik
yaklasimlarin kombinasyonundan olusan ince motor aktivite programini bes hafta
boyunca her seans 45 dakika olmak Uzere haftada ¢ seans uygulamiglar ve tedavi
sonrasi bilateral el koordinasyonu, el becerisi, manipulasyon ve el kas guict olmak tzere
ince motor becerilerde istatistiksel olarak anlamli gelisme oldugunu bildirmislerdir.
Calismamizda literatlirle benzer sekilde yalnizca ndérogelisimsel tedavi uygulanan
kontrol grubunda Bruininks-Oseretsky Motor Yeterlilik Testi Kisa Formu ile
degerlendirdigimiz ince motor dogruluk, ince motor integrasyon, el becerisi, bilateral
koordinasyon, denge, kosma hizi ve geviklik, Ust ekstremite koordinasyonu, kuvvet alt
degerlendirmeleri ve toplam skorlarda tedavi sonrasi istatistiksel olarak anlamli gelisme
oldugu géruldu.

Literatiirde Down Sendromlu ¢ocuklarda kaba ve ince motor beceri gelisimini ele
alan calismalar tedavi yontemi olarak norogelisimsel tedavi disinda oyun terapi, duyu
butiinleme egitimi, vestibller stimllasyon gibi tedavi yaklagimlarini da kullanmislardir.

Anderson ve ark. (1987) norogelisimsel tedaviye ek olarak oyun terapisi
uyguladiklar ¢alismada bu kombine rehabilitasyon programinin bilissel ve algisal
becerileri gelistirdigini ayni zamanda olgularin tedavi programina katilmasinda
motivasyon sagladigini belirtmislerdir.

Uyanik ve ark. ise (2003) Down Sendromlu ¢ocuklarda Ug¢ tedavi yaklasiminin
etkinligini karsilastirmak amaciyla yaptiklari galismada birinci gruba ¢ ay boyunca her
seans 90 dk olmak Uzere haftada U¢ kez duyu butinleme egitimi, ikinci gruba duyu
batinleme egitimine ek olarak vestibller stimilasyon, Ugincl gruba ise nérogelisimsel
tedavi yaklasimi uygulamislardir. Tedavi sonrasi nérogelisimsel tedavi uygulanan grupta
goérsel motor koordinasyon, praksis, ince ve lokomotor becerilerde anlamli gelisme
oldugunu bildirmiglerdir. Birinci ve ikinci grupla karsilastirildiginda Gglnci grupta pivot
prone test ve lokomotor beceri skorlarinin daha yuksek oldudu saptanmigtir.
Norogelisimsel tedavinin postural tonus, refleks reaksiyonlari ve hareket paternleri
icermesinden dolayi ekstansor hipotonus ve eklem stabilitesini artirmada daha etkili
olmasindan dolayl bu sonuca ulasildigi belirtiimistir. Down Sendromlu c¢ocuklar igin
rehabilitasyon programlari tasarlanirken, U¢ tedavi ydnteminin de kombine olarak
uygulanabilecedi, ¢ocugun bireysel ihtiyaglarini destekleyecek sekilde planlama
yapilmasi énerilmistir. Biz de ¢alismamizda literatirde dnerilen sekilde ndrogelisimsel

tedaviye ek olarak duyu buttnleme egitimini uyguladik.
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Duyu bitinleme egitimi Down Sendromlu cocuklarda duyusal-algisal uyarani
islemleme problemlerini tedavi etmek amaciyla kullanilan yéntemlerden biridir. Down
sendromlu c¢ocuklar motor becerilerde yasadiklari sorunlar sebebiyle duyusal
deneyimlerde eksiklikler yasayabilmektedir. Virji-Babul ve ark. (2006) DS’li olgularda
gorilen duyu-motor bozukluklari incelemigler, bu bireylerin temel motor hareketlerin
duyusal olarak algilanmasinda problem yasamadiklarini, ancak karmasik motor
hareketlerin duyusal olarak algilanmasinda sorun oldugunu bildirmiglerdir. ince motor
becerilerde koordinasyonun rolu dusunulduginde Down Sendromlu gocuklarda gorilen
duyusal problemlerin el becerilerini olumsuz yénde etkilemektedir (Latash vd 2002). Bu
nedenle duyu butinleme egitimi gibi tedavi yaklagimlarinin bu ¢ocuklarda kaba motor
beceriler gibi ince motor becerileri de olumlu yonde etkileyecegi disinilmektedir.

Sadati ve Abasi (2017) 24 6grenme bozuklugu olan 6grenciye 10 seans duyu
bltinleme egitimi uygulamis, tedavi énce ve sonrasi Lincoln-Oseretsky motor gelisim
skalasi ile degerlendirdikleri motor becerilerde istatistiksel olarak anlamli gelisme
oldugunu bildirmiglerdir.

Sargari ve Firoozabadi (2020), mental disabilitesi olan 7-14 yas arasi 30 ¢ocuk
ile yaptiklar galismada, kontrol grubuna herhangi bir tedavi yaklagimi uygulanmazken;
calisma grubuna 10 hafta boyunca haftada iki seans duyusal-motor egzersizler
uygulamiglardir. Tedavi sonrasi motor beceri gelisimi Bruininks Oseretsky Motor
Yeterlilik testi ile degerlendirilmis ve calisma grubunda basit hareketlerin kontrolinun,
postur ve dengenin korunmasinin, vucut farkindaliginin gelismesi sonucu motor
becerilerde ilerlemeler oldugu belirtiimigtir.

Karim ve Mohammed (2015) otizm spektrum bozuklugu olan 34 ¢ocukta alti hafta
boyunca, haftada t¢ seans duyu bitinleme egitiminin motor beceriler Uzerinde etkisini
inceledikleri galismada Peabody Developmental Motor Scale ile dederlendirdikleri kaba
ve ince motor becerilerin tedavi sonrasinda anlamli dlgude gelistidini raporlamiglardir.
Duyu bitlnleme egitimi verilen grupta lokomasyon, obje manipllasyonu, kavrama ve
goOrsel-motor entegrasyonda tedavi sonrasi anlamli iyilesme oldugu belirtiimigtir.

Parhoon ve ark. (2014) 5-7 yas arasi Down Sendromlu 24 cocuk ile duyu
butiinleme egitiminin kaba motor beceriler Gzerine etkisini arastirmak amaciyla yaptiklari
calismada her biri 35 dakika olmak Uzere 16 seans duyu butinleme egitimi
uygulamiglardir. Down Sendromlu cocuklarda Lincoln Oseretsky motor gelisim
skalasiyla degerlendirdikleri kaba motor becerilerin tedavi sonrasi istatistiksel olarak
anlamli Olgude gelistigi tespit edilmistir. Duyu butinleme egitiminin denge, el-ayak
koordinasyonu, ziplama, kavrama ve atma gibi kaba motor beceriler Uzerinde olumlu

etkisi oldugu belirtilmistir.
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Ashori ve ark. (2018) Down Sendromlu 28 olguda yaptiklari ¢alismada calisma
grubuna duyu butinleme egitimi uygulamis ve tedavi sonrasi duyu bitlinleme egitimi
verilen grupta kontrol grubuna gore Bruininks-Oseretsky Motor Yeterlilik testi ile
degerlendirilen motor becerilerin daha fazla gelistigi tespit edilmistir. Motor becerilerde
gorulen bu anlamh gelismenin  %63’Gnin duyu bltinleme egitimi  etkisiyle
aciklanabilecedi belirtilmigtir.

Calismamizda literatirle benzer sekilde duyu butinleme egitiminin down
sendromlu ¢ocuklarda motor becerileri gelistirdigi saptandi. Nérogelisimsel tedaviye ek
olarak duyu bdtinleme egitimi uygulanan grupta ve yalnizca noérogelisimsel tedavi
uygulanan kontrol grubunda ince motor integrasyon ve dogruluk, el becerisi, Ust
ekstremite koordinasyonu, bilateral koordinasyon, denge, kosma hizi ve geviklik, kuvvet
parametrelerinde tedavi sonrasi anlamli gelisme oldugu tespit edildi. Gruplar arasinda
kuvvet alt degerlendirmesi ile kuvvet ve ceviklik alt degerlendirmesi diginda ince motor
dogruluk, ince motor integrasyon, el becerisi, bilateral koordinasyon, denge, ust
ekstremite koordinasyonu agisindan g¢alisma grubu lehine anlamli gelisme mevcuttu.
Motor beceri gelisimi dogumdan 6nce baslayip tim yasam boyunca devam etmektedir.
Biyokognitif-psikokognitif sistemlerinin  olgunlasmasi ve &6drenme, motor beceri
gelisiminde o6nemli rol oynamaktadir. Motor gelisim basamaklari hiyerarsik olarak
basitten karmasiga dogru gerceklesmektedir. Bu asamalarin herhangi birinde ortaya
cikan gecikme diger asamalarin gelisimini de etkilemektedir. Normal gelisim duyusal
girdilerin dogru algilanmasina ve yorumlanmasina yani ¢ocugun duyusal deneyimine
baglidir. Cocuklar gevreden ve vicuttan alinan duyusal girdilerin igslenmesi ve entegre
edilmesinde ne kadar iyi olursa, karmagik motor becerileri gelistirmede o kadar basarih
olmaktadir (Barnett vd 2009). Duyu buitinleme egitimi duyusal deneyimi artirarak
beyinde plastik degisiklikler olusturmakta ve motor-duysal-algisal alanlarda gelisme
saglamaktadir. Calismamizin bulgularina gére literatirle uyumlu sekilde ndrogelisimsel
tedaviyle kombine olarak uygulanan duyu butinleme egitiminin Down Sendromlu
cocuklarda ince ve kaba motor becerileri gelistirdigi gorulmektedir.

Down Sendromu, mental retardasyonun en yaygin genetik nedenidir ve DS'li
bireylerin bircoguna hafif ve orta derecede mental retardasyon eslik etmektedir. Bilissel
profilleri incelendiginde gérsel 6grenmede gugcli, ancak ifade dili, sézel ¢alisma bellegi
ve epizodik bellekte zayif olduklari gértilmektedir. Ayrica bu olgularda dikkat ve hafiza
gibi biligsel islevlerde de farkliliklar gézlenmektedir (Liogier vd 2015). Oxelgren ve ark.
(2017) dikkat eksikligi ve hiperaktivite bozuklugu, obsesif kompulsif bozukluk, depresyon
ve Alzheimer hastaligi gibi mental ve davranigsal sorunlarin DS’li bireylerin énemli bir
boélumanu etkiledigini raporlamigtir. Dikkat; bilgi islemede konsantrasyon, farkindalik ve

alglya dayanan ilk asamadir. Cocuklarda 6grenmeyi baslatan parametredir. Dikkat
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eksikliginin 6grenmeyle ilgili bilissel yeteneklerde bozulmalara neden oldugu bildirilmistir
(Hung vd 2016). Cevreden yeterli uyaran alamayan c¢ocuklarin bilgileri énce gegici
hafiza, daha sonra uzun sireli hafizaya iletmede sorun yasamalari, bilissel becerilerin
kazanilmasini olumsuz etkilemektedir (Vicari 2005). Down Sendromlu c¢ocuklarda
duyusal modulasyon problemleri sonucu dikkat siresinin daha kisa oldugu, isitsel stirekli
dikkat ve gorsel secici dikkat gibi paremetlerde sorunlarla sik karsilasildigi bilinmektedir
(Rowe vd 2006, Porter vd 2007, Kogan vd 2009, Lanfranchi vd 2010, Lee vd 2011,
Costanzo vd 2103). Segcici dikkat eksiklikleri yetiskinlikte de devam etmekte ve 6ncelik
sirasina koyma, bir goreve bagh kalma, belirli durumlara ayni sekilde yanit vermede
gucluklere neden olarak Dbireylerin fonksiyonelligini ve gunlik yasamdaki
bagimsizhklarini kisittamaktadir (Breckenridge vd 2013). Erken yaslarda baglayan ve
dikkat suirecinde yasanan bu sorunlar ayrica ¢ocuklarin akademik basarilarini da negatif
yonde etkilemektedir (Ashori ve Jalil-Abkenr 2016).

Bruni ve ark. DS’li ¢gocuklarda duyusal profili degerlendirdikleri bir ¢calismada
¢ocuklarin %64’Unde hareket hassasiyetinin tipik oldugu, yalnizca %13’Unln harekete
kars! asirt duyarh oldugu bildirilmis ve bu c¢ocuklarin hareket etkinliklerinden keyif
aldiklari, ebeveynlerin ve klinisyenlerin fiziksel gelisim ve dikkat parametrelerini
gelistirmek igin hareket stratejilerini kullanabilecekleri belirtiimigtir. Kaba motor aktivite
yetenegdi ¢ocuklarin bilissel performanslarini ve sosyal davranislarinin sekillenmesinde
onemli rol oynadigi dusunulmektedir.

Sadati ve ark. (2009) DS'li 26 erkek cocukta kaba motor aktivitelerin dikkat
suresine (surekli dikkat, dikkat kaymasi) etkisini incelemek amaciyla yaptiklari
calismada, galisma grubuna haftada iki seans olmak Uzere sekiz hafta boyunca kaba
motor aktivite programi uygulanmigtir. Tedavi sonrasi kontrol grubunda herhangi bir
gelisme saptanmazken ¢aligsma grubunda gorevi kesintisiz olarak tamamlama suresinde
anlamh gelisme oldugu tespit edilmistir. Sonug¢ olarak kaba motor aktivite programlarinin
Down Sendromlu ¢ocuklarda dikkat slrecini (surekli dikkat ve dikkat kaymasi) olumlu
yonde etkiledigi belirtilmigstir.

Hareket stratejileri disinda secici uyaranlar araciligiyla dikkat komponentlerinin
rehabilite edilebilecegdi varsayimina dayanarak olusturulan birgok dikkat egitim paketi ve
bilgisayar programlari bulunmaktadir. Bunlardan biri olan Dikkat Sireci Egitimi, beyin
yaralanmasi olan bireylerde dikkat bozuklugunun tedavi edilmesi amaciyla
kullaniimaktadir. Dikkat Sireci Egitimi; sirekli, secici, ayrimli ve alternatif dikkat gibi
dikkatin bilegenlerine yonelik egzersizlerden olugmaktadir. Alistirmalar genellikle
hastanin dikkatini geken birgok tekrarl alistirmalar ve dikkat istedi uyandiran goérevler
Uzerinde firsat saglanarak dizenlenen egzersiz programlarindan olugmaktadir.

Programdaki bu gérevler kompleks dikkat kontrollini ve hafiza sistemlerini uyarmaktadir
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(Sohlberg ve Mateer 1987). Tekrarli aktivitelerin ve dikkat sistemlerinin uyariimasi ile
bilissel kapasitede degisiklik olusmasinin kolaylasacagi disunulmektedir (Neimann
1990, Sohlberg 2000).

Sohlberg ve Mateer’in gelistirdigi Dikkat Streci Egitimi programi gibi Thomson ve
Kerns de Ozellikle dikkat eksikligi ve hiperaktivite bozukluguna sahip ve beyin
yaralanmasi geciren cocuklarda kullanmak amaciyla Dikkat Egitimi programini
gelistirmigtir (Thomson ve Kerns 2005).

Kerns ve ark. (1999) 7-14 yas araligindaki Dikkat Eksikligi ve Hiperaktivite
Sendromu olan 14 ¢cocugu iki gruba ayirmis ve gruplardan birine sekiz hafta boyunca her
seans 30 dk olmak Uzere haftada iki gun “Dikkat Egitimi” programi uygulamistir. Tedavi
sonrasi ¢alisma grubundaki ¢ocuklarin dikkat élgimlerinin arttigini tespit etmislerdir.

Dikkat defisitleri ile duyu butinlugl arasindaki iligki literatirde daha once
tanimlanmistir (Cermak 1988). Bu nedenle hareket stratejileri ve dikkat egitim
programlari disinda duyu batiinleme egitiminin de DS’li gocuklarda dikkat parametresinin
gelisimine katkida bulunacagi dusundlmektedir. Duyu batinleme egditim programi; dikkat
becerilerini, dikkat suresinin arttiriimasini, el-géz koordinasyonunu, beden farkindahgini,
oryantasyonu ve secici dikkati gelistirmektedir. Duyusal butinleme, bir cocugun cesitli
duyu organlarn araciligiyla c¢evre hakkinda bilgi sahibi oldugu surectir. Duyusal
butiinleme egitim programi, dikkat suresi ve segici duyusal algi, g6z ve el koordinasyonu,
vicut imaji ve farkindaliktaki gelismeyi pekistiren farkh etkinlikleri igerir. Duyusal
batunlestirme egitimi, zenginlestiriimis bir ¢cevresel uyarici saglayarak duyusal alimin
kolaylastiriimasini, bdylece eksik duyusal uyarani telafi etmeyi ve gocuklar arasinda
dogal gelisimsel kazanimlari tesvik etmeyi igerir (Cermak 1988).

Kashoo ve Ahmad (2019) 12-15 yas arasi sol hemiplejili olgularda yaptiklari
¢alismada 10 seans boyunca kontrol grubuna ylriyls egitimi, swissball ve mat
aktivitelerinden olusan konvansiyonel tedavi yaklasimini uygularken, ¢alisma grubuna
duyu batinleme egitimi vermiglerdir. Tedavi sonrasi Stroop testi ile Olctikleri dikkat
parametresinde g¢alisma grubunda kontrol grubuna gore dikkatin daha fazla gelisim
gOsterdigi saptanmistir. Dikkat suresi agisindan ¢alisma ve kontrol grubu arasinda tespit
edilen bu farkin dort aylik takipten sonra hala korundugu bildirilmistir.

Ashori ve ark. (2018) 28 DS’li gocukta duyu bitinleme egitiminin dikkat
parametresi Uzerine etkisini arastirmak amaciyla yaptiklari ¢alismada, ¢alisma grubuna
10 seans duyu bditinleme egitimi uygulamis ve tedavi sonrasi STROOP testi ile
degerlendirdikleri dikkatin; dogru yanit, yanlis yanit, bos yanit, uyumlu sézciklere
gOsterilen reaksiyon zamani, uyumsuz sozcuklere gosterilen reaksiyon zamani gibi alt
parametrelerinde anlamli iyilegsme oldugunu bildirmislerdir. Ek olarak dogru yanit

parametresindeki anlamli gelismenin %52’sinin, yanlis yanit parametresindeki anlamh
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gelismenin  %57’sinin, bos yanitlardaki gelismenin %60’inin, uyumlu sdzcuklere
gOsterilen reaksiyon zamaninda gorulen gelismenin %56’sinin ve uyumsuz sdzcuklere
gosterilen reaksiyon zamaninda goérulen gelisimin %58’sinin duyu butinleme egitimi
etkisiyle agiklanabilecegini belirtmislerdir.

Calismamizda Ashori ve ark. tarafindan yapilan ¢alismanin sonuglarina benzer
sekilde calisma grubunda STROOP testiyle degerlendirilen dikkat parametrelerinden
birinci alt testin hata sayisi ve beginci alt testin duzeltme sayisi skorlari haricinde tim alt
degerlendirmelere ait testi bitirme slresi, ¢ocuklarin test sirasinda yaptiklari hata ve
diuzeltme miktarlarinin tedavi 6ncesine gore azaldigi, duyu butinleme egitiminin dikkat
parametresini Uzerinde olumlu etkisi oldugu tespit edildi.

Calismamizda kontrol grubunda ise tim alt parametreleri tamamlama sireleri
agisindan anlamli gelismeler mevcuttu. Cocuklarin degerlendirme sirasinda yalnizca l¢
ve besinci alt teste ait hata yapma miktarlari tedavi sonrasi daha disuk bulundu. Tedavi
programlarinin etkinligine bakildiginda ise ndrogelisimsel tedaviyle kombine uygulanan
duyu butinleme egitiminin STROOP testini tamamlama sdreleri, c¢ocuklarin test
uygulanirken yaptiklari hata ve dizeltme miktarlarini yalnizca noérogelisimsel tedavi
uygulanan gruba goére daha fazla azalttigi ve dikkat parametresi Gizerinde kombine tedavi
uygulamasinin daha etkili oldugu saptandi.

Referans aldigimiz ¢galismada toplam 10 seans NGT+DB uygulamasi yapilirken
calismamizda sekiz hafta boyunca her seans 45 dakika olmak lzere toplam 16 seans
fizyoterapi uygulamasi yapilmistir. Ek olarak 6rneklem buyukligumuzin de referans
calismadan daha yuksek olmasinin calismamizin gugli yonlerini  olusturdugunu
dusunmekteyiz.

Galismamizin gugli yonleri oldugu gibi zayif yonleri de bulunmaktadir. Kognitif
dizeyin objektif olarak degerlendirilerek siniflandiriimamasinin, basit randomizasyon
yéntemi kullanmamizin, degerlendirmede kérleme yapmamis olmamizin ve kisa dénem
etkinligini incelemis olmamizin ¢alismamizin limitasyonlari oldugunu dusinmekteyiz.
Ayrica dikkat parametresinin daha objektif 6lcim imka&ni sunan Dbilgisayarl
degerlendirme sistemleri ile degerlendiriimesinin literatire daha objektif veriler

saglayarak olumlu katkida bulunabilecegini diisiinmekteyiz.
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6. SONUG VE ONERILER

Sonug¢ olarak Down Sendromlu c¢ocuklar kaba-ince motor beceri ve dikkat
agisindan normal gelisim gdsteren akranlarina goére daha disuk dizeyde kalmaktadirlar.
Bu nedenle bu ¢ocuklarin motor gelisimini arttirmaya yonelik nérogelisimsel tedaviye ek
olarak duyusal entegrasyonu artiracak, uygun duyusal girdiler vasitasiyla adaptif
yanitlarin gelismesini saglayacak duyu butinleme egitim programlarina ihtiyaglar
bulunmaktadir. Duyu butinleme egitimi ¢ocuklarda merkezi sinir sisteminin néral
plastisitesinde artis saglayarak istenen beceri ve davranigslarda gelismelere olanak
saglayacaktir. Calismamizda elde edilen sonuglar asagida 6zetlenmistir:

Motor fonksiyonlarinin degerlendiriimesinde kullanilan BOT2-KF sonuglari agisindan
kontrol grubunda ve calisma grubunda anlamli iyilesmeler oldugu gorulmuagstir. Ancak;
¢alisma grubunda uygulanan NGT+DB yontemi motor fonksiyonlari gelistirme agisindan
NGT yaklagimina gore daha basarilidir.

Dikkat gelisiminin degerlendiriimesinde kullanilan STROOP test sonuglarina gore
kontrol grubunda ve calisma grubunda anlamli iyilesmeler oldugu gorulmastir. Ancak;
calisma grubunda uygulanan NGT+DB yontemi dikkati gelistirme agisindan NGT
yaklagsimina gore daha basarilidir.

Calismamizin sonugclarina gore noérogelisimsel tedaviyle kombine uygulanan
duyu butinleme egitiminin Down Sendromlu bireylerde dikkat ve motor becerilerinin
geligtiriimesinde tek basina nérogelisimsel tedavi uygulamasindan daha etkili oldugu
tespit edilmistir. Bu nedenle Down Sendromlu ¢ocuklarin rehabilitasyon programlarinda
diger tedavi yaklagimlarina ek olarak uygulanan duyu batinleme egitimi uygulamasinin
bu cocuklarda motor becerileri ve dikkati gelistirerek glnlik aktivitelere katilimlarinin
artmasina ve daha badimsiz bir yasam slUrmelerine katkida bulunacagdi

dusinitlmektedir.
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ABSTRACT

BACKGROUND: The association of hip abductor muscle strength and postural control firmly established, however; the
correlation of medial-lateral (M-1.) sway, anterior-posterior (A-P) sway and center of pressure (CoP) is still controversial.
In this context, the aim of this study was to analyze whether the fatigue of hip abductor muscle has an effect postural
control or not.

METHODS: Seven healthy young adults (mean age 27.9) are voluntarily included this study. Participants followed a
fatiguing protocol that involved hip-abduction exercise against the resistance performed by Cybex. The baseline and post
fatigue measurements of single-leg static balance with CoP measurement by RSscan.

RESULTS: After hip abductor muscle fatigue protocol, the mean M-L sway (P=0.046), A-P sway (P=0.028) and CoP
values (P0.043) increased significantly when compared to pre-fatigue measurements.

CONCLUSIONS: This study showed that fatigue in hip abductor might increase the CoP’ on single leg balance in young
adult healthy participants. The results of the current study also identified significant postural sway increase in sagittal
plane when compared to frontal plane. Further robust studies, which have large sample sizes, need to evaluate the associa-
tion the hip abductor muscle fatigue on postural stability.

(Cite this article as: Yana M, Saragoglu I, Emuk Y, Yenilmez OK. The effect of fatigue in hip abductor muscles on balance
in healthy young adults: a preliminary case series. Gazz Med Ital - Arch Sci Med 2018;177:000-000. DOI: 10.23736/S0393-
3660.17.03687-7)

Ky worps: Postural balance - Exercise - Fatigue - Hip.

he ability to maintain postural control is a

crucial component to provide functional in-
dependence in the most of daily life activities.!
Postural control is defined as the “maintenance
of the body's center of gravity within its base of
support during stance or the active movements.”?
Dysfunction of postural control mechanisms is a
key problem in individuals with orthopedic and
ncurologic disorders.3-5 In this context, the bal-
ance impairments were associated with patho-

Vol. 177 -No. ??

logic conditions, aging, altered neuromuscular
control and muscle fatigue.®

Muscle fatigue is related to a decline in ten-
sion capacity or force output after repeated mus-
cle contraction.” Several studies were evaluated
the association between muscular fatigue and
postural control in different populations.8-1¢ For
instance, Gribble and Hertel® conducted their
study to cxamine the association of fatiguc at the
hip and ankle during frontal planc movements
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on postural control during single-leg stance on
thirteen healthy participants (mean age: 21.4+2.1
years). They concluded that reduction of hip
muscle power led to postural control impair-
ments in the sagittal and frontal planes. Accord-
ing to their findings, more proximal musculature
impairs postural control greater than distal mus-
culature fatigue, and hip abductor muscle fatigue
has greater increase on the frontal plane. In other
study, McMullen et al.!! conducted a study on 36
healthy participants (mcan age: 22+3.64 ycars)
and they stated that fatiguce of hip abductor mus-
cle were negatively affected the dynamic balance
due to insufficient pelvic stabilization. Howev-
er, they stated that dysfunction of this muscle
greatly affected the sagittal-plane movement.
Additionally, their study results represented that
men and women had similar measurements of
postural control after fatigue protocol.!!

According to literature, the association o[ hip
abductor muscle strength and postural control
firmly established, however; the correlation of
medial-lateral (M-L) sway, anterior-posterior
(A-P) sway and center of pressure (CoP) is still
controversial. In this context, the aim of this
study was to analyze whether the fatigue of hip
abductor muscle has an effect on these param-
cters or not.

Materials and methods
Participants

The rescarchers obtained required permissions
from the Resecarch Committee of their Institu-
tion. In accordance with the Helsinki Declara-
tion, informed consent was obtained from all
participants. Seven healthy young adults (mean
age: 29.42+2.37) are voluntarily included this

TaBLE L—Anthropological information.

3 eight  Weight Shoe siz
Subject # (y{:i‘?s) P{qi‘; (kgg) Gender (UK) 5
1 32 166 61 F 5
2 30 162 40.8 F 5
3 27 189 106.4 M 11
4 27 177 83.85 M 8
3 32 189 96.5 M 12
6 27 177.5 69.3 F 6.5
7 31 171 56.3 F 7
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testing protocol. Anthropological Data and Par-
ticipants’ characteristics are shown in Table 1.
The participants are excluded who have left leg
dominant and pre-existing orthopedic or muscu-
loskeletal conditions.

Study protocol

The study protocol is conducted on four steps; an-
thropological measurements, baseline measure-
ment, [atigue protocol and re-test measurement.
According to this organization, one group of as-
sessors undertook the anthropological measure-
ments and recorded them directly onto the data
collection sheet. Shoe size, age, and dominance
leg were established by asking the participant.
Height using a standard stadiometer in cm was
taken with the participant standing barefoot. Par-
ticipants’ weight (kg) is scaled by using Weymed
clectronic scales with the participant barefoot in
lightweight clothing (Figurc 1). Hip abduction
PROM was measurcd according to Clarkson!2
using a single standard universal goniometer in
supine position. A strap to secure the pelvis was
placed the ASIS for control of pelvic movement,
and the contralateral limb was moved into ab-
duction to allow full range of adduction of tested
limb. This measurement was divided in half and
the limb moved to 50% of the range for Hand
Held Dynamometer (HHD) strength test (Figure
1). The anthropological measurements were tak-
en to allow for normalization of HHD strength
parameters.

Lafaycttc model HHD was used to test
strength of hip abductor. Each individual mca-
surement process was sct up an audible start/stop
sound of 5 second duration for force production.
The HHD was placed at the junction of the proxi-
mal 2 thirds and distal third of the shank with the
participant in the same position as for the PROM
measurements. A verbal prompt “ready-steady-
20" was given to indicate a lead into the force
production phase. During the test, participants
were encouraged to generate maximum force
and to sustain effort until the audible stop sound.
HHD was taken three times utilizing the make
technique. The first was a practice the second
and third were recorded on the data sheet.

Isokinctic measurements of muscle force gen-
cration were obtained by using the Cybex dyna-
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Figure 1.

A-D) Anthropological measurements.

mometer connected to software computer. In test
position, the subjects were placed left side-lying
on the dynamometer testing table. The axis of the
dynamometer lever arm was aligned by visual in-
spections and manual palpations. The resistance
pad was positioned at the subject’s lateral femoral
cpicondyle and was sccured to the thigh with a
strap. Additional straps were used to stabilize the
trunk and pelvis to the testing table. The partici-
pants kept table handle with their right hand and
left hand is positioned under had. Five repetitive
hip abduction movements were performed against
the resistance of the Cybex and the peak value is
recorded via Cybex soltware computer. Abductor
muscles fatigue protocol was set up according to
this measurement. The [atigue protocol is done
with repetitive hip abduction against the resis-
tance of the Cybex machine in the same position
as for the isokinetic strength test. When partici-
pant has reduced his/her capacity to push the Cy-
bex arm to 50% of peak force, the fatigue protocol
immediately was stopped and single leg standing
mcasurcd again on the RSscan (Figure 2).
Participants performed dynamic balance test-
ing while standing barcfoot on the dominant
limb, remaining as still as possible. They were
instructed to maintain a single leg balance on the
test leg with their eyes open while concentrating
on a point at eye level on the wall. Measurements
of balance test included the M-L sway, A-P sway
and CoP readings and the data from this measure-
ment collected with RSscan force plate software
and recorded onto the data collection sheet. The
readings were taken twice; once prior to [atigue
protocol and once after this protocol (Figure 2).
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Figure 2.—A, B) Test protocol.

Data analysis

The Lafayette model HHD Manual Muscle Test
System output was set to kg, therefore, the data
treatment needed to calculate the muscle force
in Newton. Following the measurement of mus-
cle strength with HHD, the kg was converted
to Newton with the following conversion 1 kg
=9.81 N in accordancc with the manufacturer’s
instructions. Torque is the product of the force
applied times the distance between hip joint and
the placement of the HHD. The mean abductor
moment torque is calculated for each subject and
these values were normalized to body weight
(kg) to enable a comparison between subjects.
To normalize this data for comparability conver-
sion to torque per kg of body weight (Nm/kg)
following the manufacturer’s instructions (La-
fayette manual muscle test system Model 01163)
as follows:
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Normative strength = (MMT reading x distance) /
body weight

The measurement of muscle strength was
performed with isokinetic dynamometer and
the peak torque values were identified for each
of the trials and normalized to each subject’s
body weight (kg). This normalization will pro-
vide comparative data between participants. This
method has been used previously to compare re-
sults between subjects.!3 Mean peak hip abduc-
tor strength obtained via Cybex will represent as
the maximal achievable force and 50% of this
moment value was calculated to conduct fatigue
protocol.

M-L sway, A-P sway and CoP readings from
RSscan softwarc were recorded for cach in-
dividual. The mecan change between pre- and
post- fatigue protocol were calculated for cach
parameter. The percentage of increase on M-L,
A-P sways and CoP also separately analyzed to
provide comparative data between parameters.

Statistical analysis

The data obtained as a result of this study were
analyzed using SPSS 24.0 statistics software.
The mean values and standard deviation of data
were calculated. The level of significance in sta-
tistical analyses was set at 0.05. The Wilcoxon
signed rank test was used to compare the mean
M-L sway, A-P sway and CoP values between
before and after fatigue protocol.

Results
HHD strength measurement

Table II represent hip abductor moments torque
(Nm) of each individual and the normalized val-

TaBLe I[I.—Hip abductor muscle torque HHD.

Subject  HHD first HHD Mean torque ~ Normalized
# run second run (Nm) data (Nm/kg)
1 91.19 100.25 95.72 1.57
2 18.88 31.93 25.41 0.62
3 97.94 86.08 92.01 0.86
4 95.35 76.28 85.82 1.02
S 32.98 52.71 42.85 0.44
6 3243 31.69 32.06 0.46
7 106.22 90.89 98.56 1.75

HHD: hand-held dynamometer.

EFFECT OF HIP MUSCLE FATIGUE ON BALANCE

TaBLe III. - Peak hip abductor moments Cybex.

Subject # Cy;i:nllglg‘a(l])\;lr\rxslor Norm(;}:"ic/g gl)orque
1 72 L18
2 37 091
3 135 1.27
4 134 1.60
5 129 1.34
6 91 131
7 42 0.75

ues (Nm/kg). Although mean abductor muscle
torque of male participants (subjects 3, 4, 5) is
higher than female group (male: 73.56 > female:
62.93), mean normalized muscle torque of fe-
male participants (subjects; 1, 2, 6, 7) is higher
when compared with male group (female: 1.1 >
male: 0.77). Subject 7 has highest value both for
abductor moment toque and normative muscle
strength parameters.

Isokinetic dynomometer

Table III presents the peak hip abductor moment
(Nm) of cach subject and the normalized values
(Nm/kg). Mean absolute and normalized peak
hip abductor strength are greater for the male
group (subject 3, 4, and 5) (absolute moment;
132.66 Nm, normalized moment; 1.40 Nm/kg)
when compared to female group (subject 1, 2, 6,
and 7) (absolute moment; 60.5 Nm, normalized
moment; 1.04 Nm/kg). Only subject 6 (female)
of normalized muscle torque is higher than sub-
ject 3 (male). Except from this finding, each male
participant has greater results when individually
compared with female subjects for both of abso-
lute and normalized values.

TABLE IV.—RSscan outcomes M-L sway, and A-P sway
(mm), CoP (mm?2).

RSscan readings

Z“bjed Before fatigue protocol After fatigue protocol

ML AP CoP ML AP  CoP
1 23 29 717 23 26 779
2 25 25 705 24 35 876
3 21 21 746 25 49 939
4 25 19 640 30 40 558
5 42 37 763 58 49 1096
6 16 24 510 B 47 844
7 14 25 497 52 66 1266

A-P: anterior-posterior sway; M-L: medial-lateral sway; CoP: center
of pressure.
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RSscan outcome

Table IV shows M-L sway (mm), A-P sway
(mm) and CoP (mm?2) values of each individual
obtained from RScan foot pressure system in be-
fore and after fatigue protocol.

M-L sway of five subjects (3, 4, 5, 6, and 7)
increased between pre and post fatigue protocol,
however, two subjects had different characteris-
tic of M-L sway change (1, and 2). Subject 1 had
23-mm M-L sway in single leg balance test be-
fore protocol, and contrary to general, there was
no change after protocol (post-fatigue M-L sway;
23 mm). Additionally, subject 2 of M-L sway de-
creased 4% after fatigue protocol. The greatest
increase of M-L sway was observed from subject
7 with 271.42% and the smallest increase was
observed [rom subject 3 with 19.05%.

Majority of subjects (except for subject 1)
had higher post measurement of A-P sway value
when compared to baseline measurement. Only
subject 1 of A-P sway decreased in the ratio of
10.34%. The greatest change was observed {rom
subject 7 (ratio; 164%), and subject 5 had the
smallest increase in the ratio of 32.43%. Only
subject 4 had a decrease on Cop reading in ratio
of 12.81%. Apart from this [inding, CoP value
(mm?2) of all subjects increased in post protocol
measurement compared to baseline measure-
ment. The greatest change was identified from
subject 7 with 154.73%.

Table V represents pre and post mcasure-
ment of the mean change values for all param-
eters. According to baseline measurement, the
mean M-L sway was calculated as 23.7]1 mm,
A-P sway was 25.71 mm, and CoP was 654
mm?2. After hip abductor muscle fatigue proto-
col, the mean M-L sway (P=0.046), A-P sway
(P=0.028) and CoP values (P=0.043) increased
significantly when compared to pre-fatigue
measurements.

TABLE V.  RSscan outcomes for before and after fatigue
protocol.

Parameter Before protocol  After protocol P valuc

23.71£9.12 33.57+14.93  0.046*

25.71£5.90 44.57+12.66  0.028*
654.0£109.92  908.28+226.83  0.043*

M-L sway, mm
A-P sway, mm
CoP, mm2

A-P: anterior-posterior; M-L: medial-lateral; CoP: center of pressure.
*P<0.05.
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Discussion

This casc scrics cxamined the cffeet of acute
fatigue of the hip abductors on the control of
balance in young adults. The hypothesis of this
study was that the fatigue in hip abductor mus-
cles will increase the CoP valuc on single leg bal-
ance test in healthy participants and results of the
current case series study supported this hypoth-
esis. The baseline measurement of CoP was 654
mm? and after fatigue protocol CoP was 908.28
mm? (increase ratio; 38.88%). Previous authors
have reported similar findings of altered postural
control following fatigue in the lower extremity
muscles.”. 14.15 In this context, our results demon-
strated the comparative data for previous studics.
The changes we observed in this study indicated
the importance of the hip abductor muscle in
lower exiremity stabilization and postural con-
trol.1! Additionally, the rescarchers indicated that
balance and functional task performance were
impaired with fatigue which might increase risk
of fall in older adults.!® Lee et al.!3 were associ-
ated that individuals with fatigue in hip abduc-
tor muscles exhibited a shift toward utilizing an
ankle strategy to maintain balance. Theoretically,
this strategy might increase risk for musculosk-
eletal injury.”-16

The secondary aim this study was to evalu-
ate whether fatigue in hip abductor muscle has
greater change in frontal plane (M-L sway) than
sagittal plane (A-P). In this context, the dynamic
postural sway in frontal plane increased in the
ratio of 73.36%, and the anteroposterior sway in-
creased in the ratio of 98.55% when compared
to baseline measurement. Therefore, the results
of current study show a greater change in sagit-
tal plane contrary to secondary hypothesis of the
study. Salavati et a/.6 conducted a study on 20
participants to evaluate the association between
the frontal mover muscles and postural stability
and they stated that fatigue of the [rontal movers
is greatly associated with postural instability in
the frontal plane (P=0.04). However, this con-
clusion was made taking account of the proxi-
mal and distal of limb muscles, therefore; local
muscle [atigue on postural stability need to be
asscssed in health and discase. In other study,
Lee and Powers!? concluded that individuals
with fatigue of hip abductor muscle showed in-
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crcased medial-lateral postural sway (in the ratio
of 19.4%). The different findings may have oc-
curred due to the use of different measurement
protocols and small sample size of our study.

There are some limitations in the current
study. The major limitation of our case series was
small sample size (N.=7), which might affect va-
lidity and reliability of the study. Addition to this,
using external belt-fixation might improve inter-
tester reliability of a hand-held dynamometer.!8
In this study, however; goniometric measurc-
ments and isometric muscle tests arc performed
hand hold method by qualified physiotherapists
which might be another limitation of our study.
Due to set of data collection section, the muscle
strength test and baseline measurement of single
leg balance test performed in the same day which
might influence the muscle fatigue on the bal-
ance test.13

Conclusions

This study showed that fatigue in hip abductor
might increase the CoP on single leg balance in
young adult healthy participants. The results of
the current study also identified significant pos-
tural sway increase in sagittal plane when com-
pared to frontal plane. However, due to the small
sample size, anomalous data and the limitations
of the methods, no firm conclusion can be drawn
from the current study. Further studies are need-
ed to evaluate the association the hip abductor
muscle fatigue on postural stability.
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Abstract.

BACKGROUND: To assess treatment effect of lower limb botulinum toxin type A (BTX-A) in combination with physio-
therapy approaches on gross motor functions in children with cerebral palsy compared with only physiotherapy treatment.
OBJECTIVE: The purpose of this review was to analyze the efficacy botulinum toxin a lover limb injections in addition to
physiotherapy approaches in children with cerebral palsy.

METHODS: A literature search was conducted in the following databases: Cochrane, PEDro, PubMed, MEDLINE, AMED
and EMBASE. The searches were limited to the period from July 2009 to July 2015. The intervention had to contain BTX-A
into the lower limb plus physiotherapy approaches and be compared with only physiotherapy. The methodological quality
and clinical relevance were independently assessed by the authors.

RESULTS: The database search resulted in a total of 1521 studies, of which 4(Level Il of evidence) trials were included in
this review. The population represented by were age between from 11 month to 15 years. Overall there were 153 children all
diagnosed with CP(87 Male, 66 Female).

CONCLUSIONS: The use of BTX-A injections in addition to physiotherapy approaches seems to have positive effect on
spasticity and ROM. However, the question of whether the treatment of BTX-A plus physiotherapy has a greater improvement
on functional capacity, such as gross motor function or gait parameter than only physiotherapy treatments, was inconclusive.
Further investigation by rigorous studies is required.

Keywords: Physiotherapy, cerebral palsy, botulinum toxin type A, GMFCS, GMFM

of restrictions attributed to non-progressive distur-
bances arising in the brain of the foetus or infant
(Bax, Goldstein, Rosenbaum, Leviton, Paneth, Dan,
& et al., 2005; Rosenbaum, Paneth, Leviton, Gold-
stein, Bax, Damiano, & et al., 2007). CP-related
motor disorders are commonly seen to go hand-

1. Introduction

Cerebral Palsy (CP) was defined as a number
of permanent disorders pertaining to movement
and posture development, which induces a number

*Address for correspondence: E. Kavlak, Pamukkale Univer-
sity, School of Physical Therapy and Rehabilitation, Kinikh
Kampiisii, 20070 Denizli, Turkey. Tel.: +90 258 2964257; Fax:
+90 258 2964246; E-mail: kavlake @hotmail.com.

in-hand with disturbances in various other areas,
including behaviour, cognition, communication, per-
ception and sensation, for example epilepsy, as well

ISSN 1053-8135/19/$35.00 © 2019 — 10S Press and the authors. All rights reserved
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as secondary musculoskeletal issues (Bax, Gold-
stein, Rosenbaum, Leviton, Paneth, Dan, & et al.,
2005; Rosenbaum, Paneth, Leviton, Goldstein, Bax,
Damiano, & et al., 2007). One of the most com-
mon causes of physical disability in children is
recognised as CP, with prevalence on a global scale
amounting to 2-3 per 1000 live births (Oskoui,
Coutinho, Dykeman, Jetté, & Pringsheim, 2013;
Himmelmann, Ahlin, Jacobsson, Cans, & Thorsen,
2011). CP classifications are commonly based on
functional topographical distribution, types of mus-
cle tone, and, motor abilities (Cans, De-la-Cruz, &
Mermet, 2008).

When considering topographical classification,
this may be explained as the distribution of those
body parts affected, which can include, but are not
limited to, diplegia (usually the lower extremities
more affected), hemiplegia (unilateral distribution)
and quadriplegia (involvement of all four limbs)
(Sankar, & Mundkur, 2005). Such a classification
is widely implemented, regardless of the fact that
validity and overall reliability are queried (Bax, Gold-
stein, Rosenbaum, Leviton, Paneth, Dan, & et al.,
2005; Howard, Soo, Graham, Boyd, Reid, Lanigan, &
et al., 2005).

The expanded and revised Gross Motor Function
Classification System (GMFCS-E&R) is recognised
as valuable and reliable in categorising CP children in
line with age-centred (0-18 age) gross motor func-
tion (Palisano, Rosenbaum, Bartlett, & Livingston,
2008; Russell, Rosenbaum, Avery, & Lane, 2002).
The GMFCS-E&R may be defined as an ordinal
grading system, comprising five distinct levels span-
ning I-V, in which there is the description of various
self-initiated movement in relation to age group;
movements include sitting, standing and walking, for
example. Between-level distinctions are made on the
basis of an evaluation concerning functional restric-
tions and capacities, along dependence on assistive
technology, such as wheeled mobility and walking
aids. Those children assigned to Level I and Level 1T
are usually able to walk without the use of an aid,
whilst those of Level III are able to walk with the
use of aids but only for a short distance, and there-
fore commonly opt for wheeled mobility. Children at
Level IV are recognised as having restricted motor
ability when considering assisted stepping, standing
and transfers, whilst those at Level V are entirely
dependent on others for transportation, and therefore
do not demonstrate antigravity postural control (Rus-
sell, Rosenbaum, Avery, & Lane, 2002; Rosenbaum,
Palisano, Bartlett, Galuppi, & Russell, 2008).

M. Yana et al. / A systematic review

There is the general categorisation of muscle tone
types as ataxic, dystonic/dyskinetic, spastic or mixed
(Cans, 2000). In specific regard to spasticity, this may
be defined as a velocity-dependent increase in muscle
resistance at a time at which there is the stretching or
passive movement of the muscle (Sanger, Delgado,
Gaebler-Spira, Hallett, & Mink, 2003; Pandyan, Gre-
goric, Barnes, Wood, Wijck, Burridge, & etal., 2005).
This is the most common motor type, and is identi-
fied in as much as 80% of CP-diagnosed individuals
(Cans, De-la-Cruz, & Mermet, 2008). Those with
spastic CP are known to experience a degree of limb
stiffness as a result of focal muscular hyperactivity,
which subsequently causes awkward or altogether
restricted movement. Dystonia/dyskinesia is preva-
lent amongst 10%-20% of CP individuals, and is
recognised by fluctuating muscle tone, which induces
slow twisting, and writhing movements, abnormal
posture and/or repetitive movement. The least com-
mon of CP types is ataxic, where individuals are seen
to show poor levels of balance and coordination as a
result of low levels of muscle tone (Cans, De-la-Cruz,
& Mermet, 2008).

The management of CP spasticity requires a
variety of interventions aimed at improving func-
tionality, quality of life, and sustained health, with
such methods including physiotherapy, occupational
therapy, pharmalogical agents, and surgical interven-
tions (Ward, 2002). In regard to the pharmalogical
approach, botulinum toxin type A (BTX-A) is defined
asaserotype of botulinum toxin, created by the Gram-
positive bacterium Clostridium botulinum (Erbguth,
2008). This potent neurotoxin restricts acetylcholine
release from peripheral nerve terminals through
synaptic vesicle binding (Tilton, 2009). Neuromus-
cular conduction interruption through BTX-A causes
muscle weakness to be experienced temporarily,
which subsequently might cause a reduction in focal
spasticity. BTX-A effects are seen to have a duration
of an estimated 3 months, with the muscle recovering
through the creation of new neuromuscular junctions,
referred to as proximal axonal sprouting, along with
the regeneration of the original neuromuscular junc-
tions (Tilton, 2009).

BTX-A efficiency in terms of spasticity manage-
ment in CP is widely recognised in the literature
(Garcia Salazar, dos Santos, Pavao, Rocha, & de
Russo, 2015; de Souza, Duarte, Franco, Secco,
Politti, & Oliveira, 2014). Additionally, a number
of past studies providing support for its effective-
ness in CP children at levels IV-V (Pin, Elmasry,
& Lewis, 2013). Previously there has been a lack of
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literature considering lower limb BTX-A injections
on gross motor functions in ambulant CP however,
more recently a number of studies have emerged
exploring this area. Ryll et al. 2011 did undertake
a SR including low quality and small sample size of
studies compared the BTX-A injection plus physio-
therapy care versus usual care or physiotherapy (Ryll,
Bastiaenen, De Bie, & Staal, 2011). Therefore this
current study is required to provide current evidence
in the light of the new literature and make recom-
mendation for the clinical use of BTX-A injections in
children with CP. Accordingly, this systematic review
aims at completing an evaluation pertaining to the
effectiveness of the evidence in direct consideration
to the following question: When injected into the
lower limb muscles, does BTX-A, combined with
physiotherapy approaches, achieve a greater degree
of efficiency than physiotherapy care alone in regard
to gross motor functions in CP children at levels
equivalent to GMFCS I-111?

2. Methods

This systematic review (SR) was conducted
according to principles of Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Moher, Liberati, Tetzlaff, &
Altman, 2009; Liberati, Altman, Tetzlaff, Mulrow,
Ggtzsche, Ioannidis, & et al., 2009). In combina-
tion with American Academy of Cerebral Palsy and
Developmental Medicine (AACPDM) methodology
for developing systematic reviews of treatment inter-
ventions (Darrah, Hickman, O’Donnell, Vogtle, &
Wiart, 2008).

2.1. Search strategy

The literature search was performed by two inde-
pendent researchers for studies published in English.
The literature search used the following databases:
The Cochrane Database of Systematic Reviews
and Cochrane Central Register of Controlled Trials
(CENTRAL, The Cochrane Library), the Physiother-
apy Evidence Database (PEDro), PubMed, OVID
MEDLINE, AMED and EMBASE (via OVID).
Search terms were designed to include the popu-
lation of interest (‘Cerebral palsy” OR ‘CP’ OR
‘Children with cerebral palsy’ OR ‘Hemiplegic type
cerebral palsy’ OR ‘Diplegic cerebral palsy’ OR
‘Quadriplegic cerebral palsy’ OR ‘Monoplegia cere-
bral palsy’ OR ‘Spastic type cerebral palsy’) AND
type of intervention (‘Botulinum Toxin Type A’

OR ‘Botulinum Toxin’ OR ‘Botox” OR ‘Dysport’
OR ‘Clostridium botulinum Toxin> OR ‘Botulinum
Neurotoxin A” OR ‘Clostridium Botulinum Toxin
Type A’). In 2011, Ryll et al. (Ryll, Bastiaenen,
De Bie, & Staal, 2011). investigated the comparison
between BTX-A injection with physiotherapy care
and physiotherapy alone in children with CP. There-
fore, the database searched is limited for a period
from July 2009 until July 21015 due to the period
of their database search. Then, the duplication cita-
tions are excluded from initial search. The titles and
abstracts of articles identified in the initial search
were screened against inclusion and exclusion crite-
ria separately by the authors. Additionally, the authors
also reviewed the references of all retrieved articles
for additional relevant literature. When in doubt, the
full text of an article was read to determine its suit-
ability. Any disagreement between the authors was
resolved by the other authors.

2.2. Inclusion and exclusion criteria

The articles were included based on the following
inclusion criteria:

e Study design was a randomized controlled trial;
e The studies were full text available in English;
e The participants were children aged 0 to 18
years;
o All participants were diagnosed with CP equiv-
alent to GMFCS level of 1, II, or III
e The studies were structured as the interven-
tion group(s); Botulinum toxin type A applied
to lower limb muscle(s) in addition to physio-
therapy approaches, whereas the participants in
comparison group only received the physiother-
apy treatment(s)
They reported the efficacy or effectiveness of the
intervention, for improving gross motor func-
tion, using at least one outcome measure of
motor function by GMFM.

The studies were excluded based on the following
inclusion criteria:

e They were non-randomised studies or non-
controlled studies

e The participants were adult or the data for chil-
dren participants did not separately calculated

e They reported medical or surgical interventions

e They investigated or compared the effectiveness
of different doses or type of Botulinum toxin
injection.
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e Participants were not classified according to
their GMFCS level and if it was not possible
to classify the participants accurately by the
authors of this review with information provided
in the studies.

2.3. Data extraction and quality appraisal

The AACPDM SR data extraction summary form
was used to compile for research design, participants,
intervention(s), outcome (categorized relative to ICF-
CY domains), results and potential adverse effect.
The level of evidence of included studies was graded
according to the American Academy for Cerebral
Palsy and Developmental Medicine Treatment Out-
come Committee (AACPDM TOC) guidelines for the
development of systematic reviews. According to this
guideline, the quality of each included article was
assessed in two steps:

1. Assignment of the level of evidence; the stud-
ies was rated from I to V according to the rating
system (Table 1). In this context, Level I studies
produce results from which definitive conclu-
sions can be made. Level II through Level IV
studies report progressively less credible evi-
dence from which only cautious conclusions
can be drawn. No definite conclusion can be
made from Level V evidence.

2. Evaluation of conduct; studies with the level of
I, 11, or IIT were also given a quality assess-
ment score based on the scoring system of the
AACPDMTOC guidelines. The evaluation of
conduct for included studies was rated using a
7-item questionnaire, with studies scoring ‘yes’
on between 6 or 7 items rated as strong, on 4 or
5 items rated as moderate, and on three or less
items rated as weak (Table 3).

3. Results

The search strategy was applied with limitation of
date and language and this initial electronic search
resulted in 1521 relevant studies. After duplicates
were removed, the titles and abstracts of 851 arti-
cles were screened. Of these, 16 full-text articles met
initial criteria and were retrieved for review, with
4 studies meeting final inclusion criteria. The flow
of studies, and reasons for exclusion at final stage, is
summarized in a PRISMA diagram (Fig. 1).

The summary of the included studies were tab-
ulated based on AACPDM guidelines in Table 2,
including citation, design, evidence level and con-
duct rating, participants, experimental and control
groups intervention. The population represented by
were age between from 11 month to 15 years. Over-
all there were 153 children all diagnosed with CP
(87 Male, 66 Female). Diagnosis of CP generally
was not detailed; however, MRI was the most com-
mon diagnostic procedure in the included studies. In
accordance with the inclusion/exclusion criteria there
were no children equivalent to GMFCS levels IV and
V included in the studies. Two (Kaishou, Tiebin, &
Jiannin, 2009; Tedroff, Lowing, Haglund-Akerlind,
Gutierrez-Farewik, & Forssberg, 2010) of included
studies specially classified the participants according
to GMFCS levels (number of participants level I; 32,
level II; 47, level III; 1). However, two (Liu, Ji, Wu,
Zhang, Zeng, & Li, 2014; Chaturvedi, Rai, Choura-
sia, Goel, Paliwal, Garg, & et al., 2013) of studies do
not provide information detail about GMFCS level of
participants. One (Chaturvedi, Rai, Chourasia, Goel,
Paliwal, Garg, & et al., 2013) of this studies stated
that the participants’ GMFM score was ranging from
50 to 60. In accordance with this information, the
participants are equivalent to GMFCS levels II or I1I
(Russell, Rosenbaum, Avery, & Lane, 2002). Another
study’s inclusion criteria (Liu, Ji, Wu, Zhang, Zeng,
& Li, 2014) defined as the participant who can walk
over 10 steps independently (i.e. GMFCS levels I
or II) (Russell, Rosenbaum, Avery, & Lane, 2002).
The further information was asked via email from
co-authors, however, they did not reply.

Researchers investigated the efficacy of BTX-A
looked for changes in looked for changes in func-
tional performance, muscle spasticity, ROM, and gait.
The outcomes are commonly represented by the ICF-
CY components of Functioning and Disability, which
is provided in Table 4. For spasticity the Modified
Ashworth scale (MAS) was most frequently used,
additionally, one study (Kaishou, Tiebin, & Jianning,
2009) is also used Composite spasticity scale (CSS).
Range of motion (ROM) outcome of choice in two
studies (Kaishou, Tiebin, & Jianning, 2009; Tedroff,
Lowing, Haglund-Akerlind, Gutierrez-Farewik, &
Forssberg, 2010 was the goniometer; however, one
study (Liu, Ji, Wu, Zhang, Zeng, & Li, 2014) is
assessed extension angle of hip joints via video
and digital imaging technology. Walking ability was
evaluated with two outcomes; one study (Tedroff,
Lowing, Haglund-Akerlind, Gutierrez-Farewik, &
Forssberg, 2010) used Gillette Gait Index (GGI),
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Fig. 1. PRISMA flow diagram.

another study (Kaishou, Tiebin, & Jianning, 2009)
assessed the waling velocity with 3 m walking test.
All included studies investigated the functional per-
formance as measured with GMFM; however, due to
variety of GMFM versions, the Meta-analysis was
not suitable from provided data.

3.1. Changes in ROM

Of the three studies (Kaishou, Tiebin, & Jianning,
2009; Liu, Ji, Wu, Zhang, Zeng, & Li, 2014) inves-
tigating the effect of BTX-A on ROM (n=117 in
total). Two studies (Kaishou, Tiebin, & Jianning,
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AACPDM levels of evidence: hierarchy of research designs

Level  Intervention (Group) studies

I Systematic review of randomized controlled trials (RCTs)
Large RCT (with narrow confidence intervals) (1> 100)
11 Smaller RCT’s (with wider confidence intervals) (n < 100)

Systematic reviews of cohort studies

“Outcomes research” (very large ecologic studies)
111 Cohort studies (must have concurrent control group)
Systematic reviews of case control studies

v Case series

Cohort study without concurrent control group (e.g. with historical control group)

Case-control Study
v Expert Opinion

Case study or report

Bench research

Expert opinion based on theory or physiologic research

Common sense/anecdotes

2009; Liu, Ji, Wu, Zhang, Zeng, & Li, 2014)
reported that participants treated with BTX-A injec-
tion plus physiotherapy have showed statistically
significant improvement than participants treated
with only physiotherapy approaches (N=102). On
the other hand, one study (Tedroff, Lowing, Haglund-
Akerlind, Gutierrez-Farewik, & Forssberg, 2010)
evaluated the ROM at two joints and they found that
there were no significant changes at ankle joint in
participants either treated BTX-A plus physiotherapy
or physiotherapy alone, while there were significant
different at knee joint in two groups Table 4.

3.2. Changes in spasticity

Three studies (Kaishou, Tiebin, & Jianning, 2009;
Liu, Ji, Wu, Zhang, Zeng, & Li, 2014) investigated
the efficacy of BTX-A on the muscle spasticity
(N=117), of two (Kaishou, Tiebin, & Jianning, 2009;
Liu, Ji, Wu, Zhang, Zeng, & Li, 2014) reported
significant difference when compared the reduc-
tion of muscle spasticity between intervention and
control groups, with a greater reduction in the par-
ticipant treated BTX-A in addition to physiotherapy
(N=102). One study (Tedroff, Lowing, Haglund-
Akerlind, Gutierrez-Farewik, & Forssberg, 2010)
(N=15) showed no statistically significant changes
between groups in plantar flexor muscles; however,
significant difference was reported in knee flexor tone
changes between groups (Table 4).

3.3. Changes in walking

Of the two studies (Kaishou, Tiebin, & Jian-
ning, 2009; Tedroff, Lowing, Haglund-Akerlind,

Gutierrez-Farewik, & Forssberg, 2010) investigating
the effects of BTX-A injections on gait parameters
with two different outcomes (N =80). The results of
studies showed a non-significant difference on gait
parameters between intervention and control groups’
participants (Table 4).

3.4. Changes in gross motor functions

There are four studies (Kaishou, Tiebin, &
Jianning, 2009; Chaturvedi, Rai, Chourasia, Goel,
Paliwal, Garg, & et al., 2013) evaluated efficacy of
lowerlimb BTX-A injections on gross motor function
in children with CP (N = 153). Two studies (Tedroff,
Lowing, Haglund-Akerlind, Gutierrez-Farewik, &
Forssberg, 2010; Chaturvedi, Rai, Chourasia, Goel,
Paliwal, Garg, & et al., 2013) found insignificant
difference of GMFM score changes between BTX-
A injection plus physiotherapy and physiotherapy
alone groups. Liu et al. (2014) stated that the GMFM
of all participants either treated with BTX-A plus
physiotherapy or physiotherapy alone have shown
significant difference compared with baseline and
the increase of GMFM in BTX-A group was higher
than physiotherapy group (Table 4). Xu et al. (2009)
compared two different injection techniques and con-
ventional physiotherapy approaches. The D and E
dimensions of the GMFM scores increased more
significantly in the BTX injection group guided by
electrical stimulation (BTX-E) than in the physio-
therapy group at two and three months. However,
no significant difference in GMFM scores was found
between the BTX injection group guided by palpa-
tion (BTX-P) and the physiotherapy only group after
treatment (Table 4).
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Table 2
Summary of studies- interventions and participants

References Research Design, Participants Total N Ages Intervention groupls] Comparison group

evidence level, and
conduct rating

Kaishou, Xn., Tiebin,

Yn., & Jianning, Mn.

2009

Randomized controlled

trials (RCT),Group
design, level II,
strong (5/7)

CP, spastic diplegic,

and mild diplegic
type, able to walk
independently,

N=65 (44M, 21F)

BTX via E; N=25
(16m, 9F)

30 to 106 months

Mean =56 months

BTX via E; 55.3

The dosages were 3—-10 U/kg
body weight limited to no
more than 12 U/kg body
weight. Total dose not

Neurodevelopment therapy,

stretching, strength and
coordination training and task-
specific training, and

GMEFMCS level I months exceeding at any one site was neuromuscular electrical
and I1 BTX via P; N=22 BTX via P; 59.4 10 U. The number of injection stimulation. Five days a week (60—
(15m, 7F) months sites ranged from 6 to 8. Two 90 min) for 2 week with a PT then
PT; 51.7 months type of method used to taught to caregivers.
PT; N=20 determine injection location; Duration; 3 months
(13M, 7F) 1) electric stimulation, 2)
palpation applied to plantar
flexors
Tedroff et al., 2010 Randomized controlled  CP, uni- or bilateral N=15 (7M, 8F) 11 to 22 months In addition to stretching 15 min daily stretching programmes

trials (RCT),Group

design, level II, weak

317

type, GMFCS level
I, IT and IIT

BTX group n:6 (3M,
3F)

PT group;9
(4m, 5F)

Mean = 16 months

BTX group; 16.7
months

Physio group; 15.6
months

programme, Two BTX-A
injection at a 6month interval
applied to gastrocnemius
muscle via palpation methods.
Six units of Botox/kg body
weight, diluted to 50 U/mL,
Duration; 12 months

focusing on gastrocnemius and
soleus muscles.
Duration: 12 months

Chaturvedi et al., 2013

Randomized controlled

trials (RCT),Group

design, level II, weak

(3/7)

CP, spastic diplegic

type

GMFM score
ranging from 50 to
60. i.e. GMFM I, I
or 11T

N=36(23M, 13F)

BTX group n;18
(11M, 7F)

PT group;18 (12M,
7F)

2 to 8 years

Mean age; 4.35
years

BTX group; 4.4
years

Physio group; 4.3
years

Addition to PT treatment,
100-500 units/muscle with
total dose not exceeding 30
units/kg body weight BTX-A
toxin
Injection applied.

Duration; 6 months

Muscles: (medial hamstring
hip abductors, gastrocnemius
muscle and soleus)

Physiotherapy treatment including;

30 minutes of stretching
program, 30 minutes of
strengthening and 30 minutes gait
training

Duration; 6 months

Liuetal., 2014

Randomized controlled

trials (RCT),Group

design, level II, weak

3/7)

Cp, spastic diplegic

type, able to walk
over 10 steps
independently i.e.
GMFM I or I1

N=37(23M, 14F)

BTX group
n;17(11M,
6F)

Physio group;20
(12M, 8F)

3 to 15 years

Mean; 5.92

BTX group; 6.02
years

Physio group: 5.86
years

Besides conyentional PT
training, they were injected
BTX-A in iliopsoas muscle.
The dose of BTX-A was
according to the weight and
the (MAS). Dose of injection
ranged from 151U to 45 IU
with average dose 31.2+13.9
IU.

Conventional physiotherapy

rehabilitation training.
Duration; 8 weeks
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Table 3
Conduct of Group Design Studies
Study Design, 1. 2 3, 4. 5. 6. T Total
evidence level, Were Was the Were the Was the Did the authors Were Considering the
and conduct inclusion intervention well ~ measures used outcome conduct and report dropout/loss to potential within the
rating and described and clearly described, assessor appropriate follow-up study design, were
exclusion  was there valid and reliable ~ unaware of the  statistical reported and less  appropriate
criteriaof  adherence to the  for measuring the intervention evaluation including  than 20%? For 2-  methods for
the study intervention outcomes of status of the power calculations?  group designs, controlling
population  assignment? interest? participants? was dropout confounding
well balanced? variables and
described limiting potential
and biases used?
followed?
Kaishou, Xn., Tiebin, Group, level II, Y Y N Y Y N Y 35
Yn., & Jianning, Mn. strong (5/7)
2009
Tedroff et al., 2010 Group, level II, Y N Y X N N Y 4
Moderate (4/7)
Chaturvedi et al., 2013 Group, level II, Y N N N Y N N 2
weak (2/7)
Liu et al., 2014 Group, level II, N Y N N Y N N 2

weak (2/7)
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Table 4
Summary of studies: outcomes, measures, results, and adverse events
Study Outcome of Outcome Component of Results/Comparison Adverse
interest measure health (ICF-CY) events
Kaishou, Xn., ROM at ankle Goniometer BF(b710) Three group showed groups showed significant improvement in passive ROM Pain at injection

Tiebin, Yn., joint at ankle joint (p <0.01), however, the two botulinum toxin injection groups side and fall

& Jianning, showed greater improvement than PT alone group at each follow-up session lasted up to one

Mn. 2009 (p<0.05) and the greatest chance was observed from BTX-E group in BTX week. Then, no

groups end of follow-up (p=0.039) adverse event is
reported
(p>0.05).

Muscle tone MAS, and CSS BF(b735) All children showed significant decreases in spasticity according to MAS and
CSS score (p<0.01), however, The two botulinum toxin injection groups
showed greater improvement in both outcome measure than PT alone group
(p<0.05) and greatest decrease was identified in BTX-E group between
injection groups at three months(p =0.043 for MAS, p=0.043 for CSS)

Gait (Walking 3 m walking test BF(b770) Significantly increase after two weeks of treatment for the three groups, and

velocity) the results were maintained for three months (p <0.01) but No significant

differences in walking velocity were detected among the three groups
(p>0.05)

Functional GMFM D&E A&P D and E dimensions score increased in three groups after two weeks and

performance dimensions (d410-d429, maintained for three months (p <0.01).The D and E dimensions of the
d455) GMFM scores increased more significantly in the BTX-E group than in the
PT alone group at two and three months (p =0.041, p =0.043 respectively),
however, No significant difference in Gross Motor Function Measure scores
was found between the BTX-P and the physiotherapy only group after
treatment (p > 0.05).
Tedroff et al., ROM at knee, and Goniometer BF(b710) Ankle joint; no significant difference between the changes in the two groups at Weakness,

2010 ankle joints any time, but the ES was 0.52 at 1 year and 0.47 at 3.5 years dysesthesia,
skin and pain at
the injection
side (N=3)

Knee joint; significant differences between two groups in popliteal angle
change from baseline, both at 1 year (p=0.017, ES=1.86) and at 3.5 years
(p=0.016, ES=0.88)
Muscle tone MAS BF(b735) Plantar flexors; reduction in muscle tone after 1 and 3.5 years that was

significantly different from baseline at 3.5 years (mean Ashworth score
—1.0; 95% CI: —1.4 to -0.6, p=0.04). However, no significant differences in
the changes of tone between the groups at any time
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Knee flexor; significant difference in knee flexor tone changes between groups
(p=0.05) at 3.5 years, with a larger reduction of tone in the BONT-A group

Gait Gillette Gait Index BF(b770) Gait pattern at 5 years; No significant difference between GGI in the two
(GGI) groups (p=0.31)

Mobility, self-care PEDI A&P (various) Both groups had a significant increase in all six scales after 1 and 3.5 years.
and social However, no significant differences between two groups at any time.
function

Functional GMFM-66 A&P BTX group; increased a mean of 13.6 points (p =<0.0001) at first year, 23.6
performance (d410-d429, points (p=0.0002) at 3.5 years, and PT group; increased a mean of 10.1

d45s5) points (p=0.0001) and 20.9 points (p <0.0001) respectively
No significant differences between two groups in any assessment at any time.
ES at 1 year approached a high ES (0.76) and a moderate ES at 3.5 years
(0.6)
Chaturvedi et fractional DTI BS(s110-s199) Significant change in FA value in motor and sensory fiber bundle at 6 months NS
al., 2013 anisotropy(FA) compared to baseline study in both the groups (p <0.001); however, delta
values of motor change (motor; p=0.89, and sensory: p=0.95) and relative delta change
and sensory (motor; p=0.98, and sensory; p=0.83) in FA values of sensory and motor
fiber bundles fiber between PT and BTX groups were statistically insignificant.
Functional GMFM A&P Significant increase as compared to baseline study in PT group (p <0.001) and
performance (d410-d429, BTX group (p <0.001); however, delta change (p =0.53) and relative delta
d455) change (p =0.48) between two groups were statistically insignificant.
Liu et al,, 2014 extension angle of Video and digital BF(b710,b770) The range of hip joint decreased in both PT group and BTX group, but the NS
hip joints imaging change in PT group was insignificant (p =0.239), whereas the change in
technology BTX group was statically significant (p=0.021). The decrease of range
between the two groups has significant difference (p=0.001)

Muscle tone MAS BF(b770) No significant difference in PT group (p=0.094), but significant decrease in

BTX group (p=0.004). significant difference between PT and BTX groups
(»<0.05)

Functional GMFM A&P Significant increase in PT group (p=0.038) and BTX group (p=0.013)
performance (d410-d429, compared with baseline; however, the increase in BTX group higher than PT

d455) group (p=0.002)
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4. Discussion

The use of BTX-A injection in children with CP
has been scrutinized to treat the children with CP
(de Souza, Duarte, Franco, Secco, Politti, & Oliveira,
2014; Ade-Hall, & Moore, 2000). The efficacy of
BTX-A injection has been currently evaluated in
CP as classified GMFCS levels IV and V for pain
reduction and improvement in positioning or ease of
hygiene (Pin, Elmasry, & Lewis, 2013). However,
the use BTX-A injection in children with CP has
variety of aim in different functional capacity lev-
els (Nolan, Cole, & Liptak, 2006; Boyd, & Hays,
2001). For example, BTX-A is primarily aimed to
use on the improvement of pain reduction, ease of
hygiene in GMFCS level IV and V, whereas BTX-
A is commonly used to improve gait parameters,
gross motor functional capacity in ambulant children
with CP (Novak, McIntyre, Morgan, Campbell, Dark,
Morton, & et al., 2013; Lundy, Doherty, & Fairhurst,
2009). Therefore, this review is aimed towards criti-
cally appraising the available evidence and fill in the
gap on the effectiveness of BTX-A lower limb mus-
cles injection in addition to physiotherapy approaches
on gross motor functions amongst children with CP
(GMFCS levels from I to III). In this context, we
found 4 studies that examined the use of BTX-A in
children with CP equivalent to GMFCS Levels I, II,
and III, which is investigated the outcomes of gross
motor function, spasticity, ROM, and gait. All of the
studies had high level of evidence (Level II); how-
ever, the quality of the included studies has showed
variation; two (Liu, Ji, Wu, Zhang, Zeng, & Li, 2014;
Chaturvedi, Rai, Chourasia, Goel, Paliwal, Garg, &
et al., 2013). study; weak, one (Tedroff, Lowing,
Haglund-Akerlind, Gutierrez-Farewik, & Forssberg,
2010) study; moderate, and one (Kaishou, Tiebin,
& Jianning, 2009) study; strong of methodologi-
cal quality (Table 3). All included studies reported
the positive change on gross motor function, mus-
cle tone, gait, and joint range in children with CP
(GMEFCS levels I, II and III) treated with BTX-A
in combination with physiotherapy approaches when
compared the baseline results of the participants.
The results of current study was confirmed by the
previous studies investigated the efficacy if BTX-
A injections in children with CP (Garcia Salazar,
dos Santos, Pavao, Rocha, & de Russo, 2015; de
Souza, Duarte, Franco, Secco, Politti, & Oliveira,
2014; Novak, McIntyre, Morgan, Campbell, Dark,
Morton, & et al., 2013; Druschel, Althuizes, Funk, &
Placzek, 2013).

On the other hand, the studies that compared the
effectiveness of BTX-A plus physiotherapy and phys-
iotherapy alone on functionality as measured by
GMFM showed different results in children with CP
classified as GMFCS levels I to I11. Xu et al. (Kaishou,
Tiebin, & Jianning, 2009) investigated the two differ-
ent injection technique of BTX-A and physiotherapy
approaches. The different injection technique showed
different results when compared the physiotherapy
approaches. The participants treated with BTX-A
injection guided by electrical stimulation has greater
improvementon D and E dimensions of GMFM when
compared the physiotherapy approaches included
programmes based on principles neurodevelopment
therapy, stretching, strength and coordination training
and task-specific, and electric stimulation. However,
the results of the participants treated with BTX-A
injection guided by palpation did not showed greater
improvement on GMFM than physiotherapy alone
group (Table 4). In accordance with this study results,
the firm conclusion cannot be drawn about the gen-
eral efficacy of BTX-A injection in children with
CP. In another study, Liu et al. (Liu, Ji, Wu, Zhang,
Zeng, & Li, 2014) reported the similar finding as the
study of Xu et al. In this study, the children (N =37)
with spastic iliopsoas muscle in the age ranged from
3 to 15 years. The results demonstrated that the
participants were treated with BTX-A injections in
combination with physiotherapy has statistically sig-
nificant improvement on GMFM when compared
the physiotherapy alone group participants. How-
ever, in this study, the context of rehabilitation
program has not been stated, which may make their
results questioned (Franki, Desloovere, De Cat, Feys,
Molenaers, Calders, & et al., 2012). Despite the
fact that two (Tedroff, Lowing, Haglund-Akerlind,
Gutierrez-Farewik, & Forssberg, 2010; Chaturvedi,
Rai, Chourasia, Goel, Paliwal, Garg, & et al., 2013).
Included studies reported the statistically significant
improvement on gross motor functions the partici-
pants either treated with BTX-A plus PT or PT alone,
the difference between intervention and compari-
son groups results were not statistically significant.
This difference results from included studies may
cause the included age range and study design. Addi-
tionally, the difference physiotherapy programmes in
included studies might show difference results on the
effectiveness of physiotherapy on gross motor func-
tion in children with CP (Franki, Desloovere, De Cat,
Feys, Molenaers, Calders, & et al., 2012). Overall, it
seems that additional use of BTX-A injections are
unlikely significant improve gross motor function
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compared to traditional physiotherapy approaches.
Similar results has been reported in previous SR
investigated the efficacy of BTX-A injection in ambu-
lant children with CP. In this SR including 4 RCTs,
Ryll et al. (Ryll, Bastiaenen, De Bie, & Staal, 2011)
did not make a clear recommendation for the use
BTX-A in combination with physiotherapy.

Spasticity is a common problem among the chil-
dren with CP, which is identified in as much as 80%
of CP population. Three (Kaishou, Tiebin, & Jian-
ning, 2009; Liu, Ji, Wu, Zhang, Zeng, & Li, 2014)
of included studies were found to investigate the
effect of BTX-A on muscle tone changes which is
commonly reported with MAS outcome measure.
Xu et al. (Kaishou, Tiebin, & Jianning, 2009) used
two different objective outcome measures (MAS and
CSS) to assess the spasticity changes between two
BTX-A injection techniques and physiotherapy. They
detected a statistically significant reduction in all
these outcome measures for both injection techniques
when compared the physiotherapy group (Table 4).
In another study, Liu et al. (Liu, Ji, Wu, Zhang,
Zeng, & Li, 2014) compared MAS score between the
BTX-A plus physiotherapy and physiotherapy alone
groups results at the end of 8 weeks of follow-up
period (level IT of evidence). With the weak method-
ological rigour, this study reported the significant
change on MAS score in participants treated BTX-A
muscle injection in combination with physiotherapy
(p<0.05). However, this study’s post treatment was
only assessed at 8 weeks after therapy but the long
term effectiveness was not clearly showed in this
study. Additionally, there were not reported CI and
whether their results in the range of CI. Tedroff et
al. (Tedroff, Lowing, Haglund-Akerlind, Gutierrez-
Farewik, & Forssberg, 2010) investigated the efficacy
of BTX-A injection in toddlers and reported signif-
icant different from baseline at 3.5 years for plantar
flexor muscle (mean Ashworth score —1.0; 95% CI:
—1.4 to —0.6, p=0.04). despite the spasticity score
change in group of BTX-A plus physiotherapy at
knee flexor was a non-significant spasticity reduc-
tion at both 1 and 3.5 years after treatment start in
relation to baseline level, there was a significant dif-
ference in knee flexor tone changes between BTX-A
plus physiotherapy and physiotherapy alone group at
3.5 years (p=0.05). Consequently, the BTX-A injec-
tion in combination with physiotherapy approaches
may provide better spasticity reduction in children
with CP than only physiotherapy treatment.

Two (Kaishou, Tiebinn, & Jianning, 2009; Tedroff,
Lowing, Haglund-Akerlind, Gutierrez-Farewik, &

2 M. Yana et al. / A systematic review

Forssberg, 2010) of the included studies were
investigated the efficacy of BTX-A injections in
combination with physiotherapy on passive ROM
measured with goniometer. Xu et al. (Kaishou,
Tiebinn, & Jianning, 2009) evaluated the passive
ROM at dorsiflexion and ankle joints measured by a
blinded physiotherapist while the participants main-
tained the knee extended position. The participants
treated with BTX-A injection combined with phys-
iotherapy showed greater improvement in PROM at
ankle joint than the participants only treated with
physiotherapy at the end of 3 month follow-up period.
However, the researchers did not make justification
whether this improvement of ankle joint PROM clin-
ically meaningful, or not. Tedroff et al. (Tedroff,
Lowing, Haglund-Akerlind, Gutierrez-Farewik, &
Forssberg, 2010) reported the effectiveness of BTX-
A injection in toddlers with CP on ROM at two joint
(ankle, knee) and they reported significant increase
at knee joint in participants with treated with BTX-
A and physiotherapy from baseline at 1 year (mean
—12° 95% CI =22° to -4, p=0.009). Their results
also reported significant difference between interven-
tion and comparison groups in popliteal angle from
baseline, both at 1 year (p=0.017, ES=1.82) and at
3.5years(p=0.016, ES =0.88). Addition to these two
studies, the study of Liu et al. (Liu, Ji, Wu, Zhang,
Zeng, & Li, 2014) was evaluated extension angle
of hip joints in gait cycle via digital imaging tech-
nology. Their results demonstrated that the flexion
posture at hip joint of two groups (BTX-A or PT) has
decreased compared before therapy (Table 4), and the
decrease of range in the BTX-A group was greater
than physiotherapy group (p <0.01). To sum up, the
BTX-A injections in combination with physiother-
apy approaches may offer greater joint mobility in
children with CP (GMFCS levels I, II, and IIT) when
compared with the treatment including only physio-
therapy approaches.

Two (Kaishou, Tiebinn, & Jianning, 2009; Tedroff,
Lowing, Haglund-Akerlind, Gutierrez-Farewik, &
Forssberg, 2010) of included studies were evaluated
the effectiveness of BTX-A lower limb injections
on gait parameters in children with CP. Xu et al.
stated that walking velocity as measured with 3m
walking test significantly improved in all partici-
pants (p=0.01); however, no significant difference
were detected among the BTX-A plus physiother-
apy and physiotherapy alone groups trough the three
months obtained with multiple analysis of variances
(p>0.05). In another study, Tedroff et al. (Tedroff,
Lowing, Haglund-Akerlind, Gutierrez-Farewik, &
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Forssberg, 2010) were evaluated the walking abil-
ity as measured with GGI. They results of their study
did not find any significant changes at 5 years. How-
ever, there was some flaw in this study results. First,
the study was stated the sample size as 15; how-
ever, the final gait assessment was performed on 13
participants which may cause performance bias. Sec-
ond, some of the participants (N=35) in the control
group (only physiotherapy treatment) began receiv-
ing BTX-A treatment before final assessment which
may cause bias in their results. Therefore, studies with
rigorous study design are needed to verify the effec-
tiveness of BTX-A injection on gait parameters for
children with CP (GMFCS levels I to III).

4.1. Limitation of this review and future research

A number of studies have investigated the effec-
tiveness of BTX-A on a population of children with
CP of mixed levels of GMFM. In the some of these
studies, we were unable to classify the children
according to GMFCS level, or to separate data on chil-
dren in GMCEFS levels I-III. Therefore, this review
may not show a complete picture of clinical indica-
tions for the use of BTX-A in this population, because
relevant information in these studies about study par-
ticipants in GMCES levels I-III was not included,
which may have cause a selection bias in this review.
Additionally, this study included only trials published
in the English language. There are some studies pub-
lished in another language have been missed that may
have influenced the results (Fig. 1). However, we
are confident with what we believe to be a thorough
literature search and careful classification of study
participants according to the GMFCS levels with the
information provided in the papers, and that we have
included the majority of relevant studies that exam-
ined the effect of BTX-A in this group. The another
limitation of this review include the small number
of studies that met inclusion criteria and the risk of
bias in included studies, makes it difficult to draw
clear conclusions regarding the effectiveness of BTX-
A for this population. The findings of this review
must, therefore, be interpreted with these limitations
in mind.

The injection method of BTX-A were defined in
three of included studies while one of them did not
clearly describe the injection method. The further
studies need to investigate the optimal BTX-A injec-
tion methods for children with CP. This study also did
not limited the BTX-A dosage, therefore, the dosages
of injection have showed variation in included studies

(Table 2). The future study may investigate the effi-
cacy of standard dosage of BTX-A in children with
CP. This should be done by investigating based to
specific ages, GMFM levels. Addition to this, further
research is needed to evaluate the efficacy of BTX-A
in combined with physiotherapy on specific muscles
such as hamstring, gastrocnemius.

5. Conclusion

Four studies were included in this review compared
the use of BTX-A in combination with physiother-
apy approaches and physiotherapy alone in the terms
of improvement in gross motor functions, spastic-
ity, ROM and gait in children with CP equivalent to
GMFM levels from I to I1I. Almost all of the included
studies’ results reported the positive improvement
for BTX-A injections in addition to physiotherapy
approaches on spasticity and ROM when compared
the physiotherapy alone. However, the question of
whether the treatment of BTX-A plus physiotherapy
has greater improvement on functional capacity such
as gross motor function or gait parameter than only
physiotherapy treatments was inconclusive. There-
fore, we cannot firmly recommend the use of BTX-A
in combination with physiotherapy approaches in
children in GMFCS levels I, 11, and III. Future stud-
ies with rigorous methodological quality are required
to evaluate the evidence for the use of BTX-A in
children with CP in GMFECS levels from I to III.
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ABSTRACT

BACKGROUND: The aim of this study was to examine the effects of core strength training (CST).on dynamic balance and vertical jump height,
and throwing velocity in handball players.

METHODS: Twenty male handball players (mean age 14.90+0.44 years) participated in.this study. The players randomly divided into two
groups as CST and control (CON) groups. Dynamic balance, vertical jump, and throwing velocity were measured before and after a six-week
CST.

RESULTS: Significant differences were found-at anterior (P=0.009) and posteromedial (P=0.017) directions of the Star Excursion Balance Test
(SEBT) in only CST group. There were significantimprovement in vertical jump height of participants compared to pre-test scores in both CST
(P=0.047) and CON group (P=0.013). No significant difference was found for throwing velocity compared with pre-test in both groups. There
were no significant differences in all parameters when CST and CON groups were compared (P>0.05).

CONCLUSIONS: The results of the present study indicated that.a 6-week CST did not improve dynamic balance, vertical jump height and
throwing velocity'in adelescent male handball players. We believe thatlonger CST programs may provide significant benefits.

(Cite this article as: Ozmen T, Aydogmus M, Yana M, Simsck A: Effect of core strength training on balance, vertical jump height and throwing veloc-
ity in adoleseent male handball players. The J of Sports Med and Phys Fitness 2020;60:000-000. DOI: 10.23736/S0022-4707.20.10382-7)

KEy worbs: Postural balance; Torso; Muscles; Athletic perfi

he core has been defined as a muscular box with the vealed a moderate correlation between core strength and

abdominals in the front, paraspinals and gluteals in the
back, the diaphragm as the roof, and the pelvic floor and
hip girdle musculature as the bottom. Core strength allows
to stabilization and motion of the trunk over the pelvis,
to transfer and control of force and motion to the distal
segments during both daily living and athletic activities.!
Core strength training (CST) has been widely used for
strengthening and conditioning by coaches and rehabili-
tation of injuries by therapists in athletes.2 Controversial
results have been reported that core stability is associated
with athletic performance tests. Nesser et al. (2008) re-

Vol. 59 - No. ??

sports-specific measures including sprint, vertical jump,
agility in male soccer players.3 In contrast, Nesser and Lee
(2009) did not found significant relationship between core
stability and performance tests such as bench press, sprint,
vertical jump, squat, shuttle run in female soccer players.*
Sharrock et al. (2011) revealed a significant negative cor-
relation the core stability and medicine-ball throwing per-
formance in basketball, volleyball, soccer, swimming and
tennis athletes, but no agility, vertical jump, sprint perfor-
mance.’ It is known that evaluation of athletic performance
is very difficult due to sport-specific differences such as

THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS 1



OZMEN

points per game, assists per game, but it is considered that
the higher scores may be related to increased athletic per-
formance. There are variable results on the effects of the
core strengthening studies on athletic performance.3-5 Sato
and Mokha (2009) showed that a six week CST increased
running performance, but did not influence lower-leg sta-
bility in recreational and competitive runners.6 Durall et al.
(2009) documented that the preseason CST for ten weeks
created significant improvements in isometric strength of
the trunk extensor, flexor, and lateral flexor muscles in fe-
male gymnasts.” Sandrey and Mitzel (2013) observed in
significant gains after a 6-week CST at dynamic balance
scores in high school track and field athletes.®

Handball is a popular team sport requiring physical
skills such as agility, jumping, sprinting, throwing, pass-
ing, gripping the ball, pushing. It is essential to score
goals in order to win the competition within 60 min on a
court measuring 20 x 40 m in handball match.® Anthro-
pometric characteristics, high levels of muscle power,
and throwing velocity are the most important factors.to
achieve success in handball.!0. 1! Musculoskeletal injuries
occur frequently in ankle, knee, and shoulder regions due
to overuse and physical contact between handball play-
ers.'2 Some authors assert that CST has important role
to prevent lower limb and low back injuries.”. 13. 14 Kelly
and Terry (2001) suggested that handball training should
involve shoulder strengthening combine core strengthen-
ing to enhance the throwing ability and prevent shoulder
injuries.!S There are limited studies investigating the ef-
fect of the CST on performance in handball players,16-18
However, these studies focused only on the throwing
velocity. Saeterbakken et al. (2011) investigated the ef-
fect of a 6-weeks CST on maximum throwing velocity
in female handball players. The authors put forwarded
that the stronger and more stable lumbopelvie complex
may have contributed to throwing velocity.!¢ Manchado
et al. (2017) reported that the 10-weeks exercise of lum-
bopelvic muscles improved throwing velocity in male
handball players.!” Kuhn ez al. (2018) demonstrated that
a six-week in-season CST improved strength and endur-
ance of core muscles, but did not contribute to throwing
velocity.!® It is believed that inereasing core stabilization
improves functions of the upper and lower kinetic chains
of the body.? It was hypothesized that strengthening the
core muscles would be improved dynamic balance, ver-
tical jump height, and throwing velocity. Therefore, we
aimed to examine the effects of CST on dynamic balance
and vertical jump height, and throwing velocity in hand-
ball players.

~
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CORE STRENGTH TRAINING IN ADOLESCENT HANDBALL PLAYERS

Materials and methods
Participants

Twenty male athletes who played handball for at least 3
years (age, 14.90+0.44 years; height, 177.90£5.91 cm;
weight, 69.00+7.45 kg) from a non-elite handball team
were recruited for this study. Inclusion criteria were being
healthy and having no history of upper and lower extrem-
ity, spine injuries or surgeries within the past 6 months.
The study was carried out during the competitive handball
season between April-and June 2019. This study was ap-
proved by the University Institutional Review Committee
for the ethical use of human subjects.

Procedures.

Allparticipants were assessed at before and after six
weeks of training in randomized order on a test day by
the same researchers. After initial assessment, the play-
ers randomly divided into two groups as CST and con-
trol (CON) groups. Descriptive characteristics of groups
are presented in Table I. Both groups attended their rou-
tine in-season handball training twice a week (two hours
each) for a 6-week period. The CST group completed core
strengthening exercises in addition to handball training.
These exercises included the abdominal, low-back, and
pelvic muscles with progressively increasing difficulty
(Table II).

The dynamic balance of the athletes was evaluated with
the Star Excursion Balance Test (SEBT). Leg length was
used to normalize excursion distances by dividing the dis-
tance reached by leg length and then multiplying the result
by 100. Leg length was measured from the anterior supe-
rior iliac spine to the most prominent bony point of the
ipsilateral medial malleolus with a standard tape measure
while athlete lay supine. Three tape was fixed in anterior
(A), posteromedial (PM) and posterolateral (PL) directions
on the floor of the gymnasium. Each athlete was instructed
to reach as far as with the non-dominant leg in each of the
3 directions while maintaining dominant-leg stance. The
dominant leg was determined by as the leg used to kick

TABLE I.—Descriptive characteristics of participants.

CST CON
Variables N=10) N=10)
Mean SD Mean SD P
Age (yrs) 149 0.31 14.90 0.56 0.97
Height (m) 175.2 248 180.6 7.16 0.10
Weight (kg) 66.1 5.54 719 8.23 0.10
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CORE STRENGTH TRAINING IN ADOLESCENT HANDBALL PLAYERS

TABLE I1.—Core strength training program.

Week Exercises Sets, reps, time

1 Abdominal bracing, hollowing All exercises were

Prone bridge held for 20 s before
Supine bridge returning to starting
Side bridge position
2 Quadruped alternate-arm leg raise 20 reps
Supine bridge exercise with alternate leg
extension
Seated marching on physioball
Crossover crunch
3, Dead bug 20 reps
Supine bridge on physioball Hold 20 s
Prone bridge on physioball Hold 20 s
Superman Hold 2 /20 reps
4 Medicine-ball floor twist 20 reps
Curl-up on physioball 20 reps

Pelvic bridge alternating knee extension and 20 reps

shoulder flexion Hold 2 s/20 reps
Superman on physioball
5 Lunge with medicine-ball twist 20 reps
Abdominal rollout 20 reps
Ball bridge with alternate knee extension Hold 2 s/20 reps

6 Physioball lunge
Side bridge with shoulder abduction
Physioball alternate superman

10 reps on each leg
15 reps each'side
Total of 20 reps

a ball. High inter-tester and intra-tester reliability of the
SEBT were reported by previous studies. !9 20

The vertical jump height was assessed by the squat
jump test on the contact mat (Swift Performance Equip-
ment, Lismore, NSW, Australia). The athletes were asked
to jump from the 90-degree flexion position with bare feet
and their hands on hips on the mat. The athletes were in-
structed to keep 90° knee flexion position for four seconds
before jumping for maximum height. The best score of two.
jumping effort with'a 30-second interval was recorded.?!

The throwing ball velocities of the athletes were mea-
sured using sports radar. (Bushnell Speedster, Overland
Park, KS, USA) After a warm-up period of 15 min, players
were asked to throw a ball at maximum velocity. The ath-
letes carried out two different protocols of throw, with and

OZMEN

without a goalkeeper following positions; from the 7-m
penalty mark, from the 9-m line, a 3-step running throw
from the 9-m line, and a 3-step running throw from the
9-m line. In each position, the best of the three attempts
with a 3 min rest interval was recorded for statistical anal-
ysis.!7.22

Statistical analysis

Data was analyzed using SPSS (Version 16.0, SPSS Inc,
Chicago, IL, USA). Descriptive statistics (Mean+:SD)
were calculated for all variables. Pre and post-test values
were evaluated for the normality of sample distribution
using Shapiro-Wilk Test due to small subject number. Be-
cause the data were not normally distributed, the data from
pre-test-and post-test were compared withthe Wilcoxon
Signed Rank Test within each group. The Mann-Whitney U
Test-was used to compare mean variations between pre-test
and post-test for CST and CON groups. Sample size analy-
sis-was calculated based on previous study data for throw-
ing velocity in handball players (17.9+0.5 m.s-1). A sample
size of 5 was required to-achieve a 4.9% increase in throw-
ing velocity witha statistical power (1-beta) of 80% and
an alpha of 0.05. Statistical significance was set at P<0.05.

Results

There were no-significant differences between CST and
CON groups based on age, height, and weight (P>0.05)
(Table I). Significant differences were found at anterior
(P=0.009) and posteromedial (P=0.017) directions of the
SEBT in only CST group (Table III). There were signifi-
cant improvements in vertical jump height of participants
compared to pre-test scores in both CST (P= 0.047) and
CON group (P= 0.013) (Table IV). No significant differ-
ence was found for throwing velocity compared with pre-
test in both groups (Table V). There were no significant
differences in all parameters when CST and CON groups
were compared (P>0.05).

TaBLE IIL—SEBT scores of participants (%.as a ratio of total reaching length/leg length).

CST CON
Direction (N.=10) (N-=10) P value
Pre-Test Post-test Pre-test Post-test

A 71.73+8.34 79.98+9.02* 73.35£9.93 79.74£5.61 0.762
P=0.009

PM 103.60+9.84 112.09+4.15*% 103.05+12.23 106.87+7.59 0.290
P=0.017

PL 110.54+5.32 106.48+6.51 100.68+17.73 101.05+5.98 0.705

A: anterior; PM: posteromedial; PL: posterolateral.
*Significant difference from pre-test (P<0.05).
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TABLE IV.—Pre-test and post-test vertical jump height of participants.

CORE STRENGTH TRAINING IN ADOLESCENT HANDBALL PLAYERS

CST CON
(N=10) (N.=10)
Test Pre-test Post-test Pre-test Post-test P value
Vertical jump height (cm) 32.26+3.51 33.80+3.21* 29.82+4.99 32.9743.75*% 0.496
P=0.047 P=0.013
*Significant difference from pre-test (P<0.05).
TABLE V.—Pre-test and post-test throwing velocity of participants.
CST CON
Test (N=10) N510) P value
Pre-test Post-test Pre-test Post-test
7m 70.50+7.47 67.00+4.89 61.20+7.55 64.60+4.22 0.070
7m+GK 71.80+7.46 70.30+8.39 63.50=8.66 67.38+4.42 0.226
9m 73.00+5.90 72.20+3.82 62:10=8.51 68.72+5.89 0.070
9m+GK 71.40+6.70 71.20+7.87 65.60:6.86 66.524£6.33 0.850
9 m+ 3 steps 74.50+=8.01 75.20£6.98 67.307.67 71.42+6.35 0.212
9 m + 3 steps + GK 73.90+8.99 74.20+9.88 67.10:6.64 68.72+7.82 0.677
9 m jump 75.60+6.97 74.20+5.22 64.30+7.58 67.42+10.40 0.307
9 m jump + GK 77.40=7.60 74.50£6.05 64.50=7.04 66.80£7.62 0.129
GK: goalkeeper.

*Significant difference from pre-test (P<0.05).

Discussion

The results of this study showed that a 6-week CST did
not improve dynamic balance, vertical jump and throwing
velocity in adolescent male handball players when CST
and CON groups were compared. However, the significant
increase was observed for vertical jump height in both
groups and dynamic balance performance in CST group
compared to pre-test values.

Dynamic balance

Dynamic balance can be defined as the ability to perform
a task while maintaining a static position or to keep equi-
librium on an unstable surface.?? It has been reported that
insufficient balance is associated with injuries such as an-
kle sprain, anterior cruciate ligament injury, and low back
injury in athletes24-26 and improvement of balance has an
important role in reducing sport injuries.2” The exercises
including movements of the upper and lower limbs on a
unipedal stance or unstable surfaces with eyes open and
close have been used to improve balance.23.28 However, it
is known that the CST contributes to improve balance by
strengthening core muscles stabilizing the trunk during all
extremity activities such as running, kicking and throw-
ing.! 2 Tsukagoshi et al. (2011) revealed that dynamic bal-
ance was associated with core strength in handball play-
ers.2? In the present study, dynamic balance was evaluated

4 THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS

in three direetions of SEBT (A, PM, PL), widely used
in both clinical and research settings. Two directions of
SEBT significantly increased in the CST group compared
with pre-test. But, this increase in CST group was not at a
sufficient level in order to obtain significant improvement
compared with CON group. Ozmen and Aydogmus (2016)
observed a significant change between CST and control
groups in dynamic balance performance measured by the
SEBT in adolescent badminton players. Their training pro-
gram consisted similar core exercises twice a week for six
weeks.30 Sandrey and Mitzel (2013) showed that dynamic
balance and core endurance significantly improved after
a 6-week CST in high school track and field athletes. The
training program included three levels with six exercises
for three times per week, but the study did not contain
control group.8 Kahle and Gribble (2009) documented
that dynamic balance measured by the SEBT increased in
healthy young adults compared to the control group after a
6-week CST program.3! Granacher ef al. (2014) noted that
CST programs on stable and unstable surfaces generated
significant gain in balance scores after 6 weeks in healthy
adolescents.32 At the beginning of our study, core muscle
strength and endurance of athletes was not measured. The
CON group had higher core muscle strength and endur-
ance, which may result in no significant difference in bal-
ance performance between the two groups after the CST
program.
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Vertical jump height

Jump height is a basic skill to throw ball at the goal and
pass the ball over the block of the rival players in hand-
ball.? There are conflicting results about the effect of CST
on vertical jump height. Our finding is consistent with the
studies conducted by previous researchers which have
found no increase in vertical jump height. Parkhouse and
Ball (2011) compared the effects of a 6 week CST pro-
gram including exercises on an unstable and static surface.
No significant difference was observed in vertical jump
height.3? Schilling er al. (2013) investigated effect of the
core isometric endurance and isotonic strength training in
ten untrained students. The training programs were ap-
plied two times per week for six weeks did not produce
significant improvement in vertical jump height.34 Tse et
al. (2005) found no significant increase in vertical jump
height after a 8 week CST in college-age rowers.35 On the
other hand, Imai et al. (2014) compared effects the trunk
stabilization exercises and conventional trunk exercises
on athletic performance in soccer players. Vertical jump.
height significantly increased after the 12-week training
program in both exercise group.3¢ Sharma er al. (2012)
revealed that a nine-week core strengthening program im-
proved vertical jump performance in volleyball players
with trunk instability.3” Butcher et-al. (2007) documented
that nine weeks of trunk stability training increased ver-
tical jump performance in athletes¥ To the best of our
knowledge, vertical jump performance mainly requires
the explosive strength of leg muscles, and strengthening
exercises such as plyometrics for leg muscles will be more
effective to achieve an significant-improvement in verti-
cal jump height.?* According to the results of the previous
studies, it may be considered that long-term CST programs
produce significant increase in vertical jump height, con-
trary to our study.36-38

Throwing velocity

The throwing velocity in handball is an important factor
to achieve success because the faster the ball is thrown
at the goal, the rival players and the goalkeeper have to
intervene the ball in a shorter time.° In this study, we
aimed to investigate the effect of the core strengthening
exercises on throwing ball velocity in adolescent handball
players. Our result is consistent with Kuhn ez al. (2018),
in which significant improvement was not found between
core and control groups in throwing velocity in female
handball players. The CST program consisted of specific
core and rotational exercises on unstable surfaces twice
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a week for six weeks.!® But, in another study, the throw-
ing velocity significantly increased by 4.5% following the
10-weeks exercises of lumbopelvic muscles in male hand-
ball players. The CST program consisted of three sessions
per week in addition to the regular handball training.!”
Saeterbakken et al. (2011) reported that throwing veloc-
ity improved by 4.9% after a 6-week CST program on in
female handball players. The researchers applied a pro-
gressive CST program consisting of six unstable closed
kinetic chain exercises for twice a week.!¢ In the pres-
ent study, the lack of a significant result in the throwing
velocity of the players after CST may be attributed to
inadequate frequency and period of training sessions. It
is expected that the development of strength is the result
of neural-adaptations as the training period.was shorter
than eight weeks.*2 To the best of our knowledge, primer
factor affecting throwing velocity is €xplosive strength of
the shoulder girdle muscles. Wagner (2019) indicated that
throwing velocity highly correlated with shoulder internal
rotation torque in handball players.#! The routine handball
training of athletes in this study may not have included
sufficient exercises forshoulder girdle muscles. Also, the
throwing velocity s influenced by technic, coordination,
lower body explosive power, sport-specific training back-
ground.42:43

Limitations of this study

As a limitation of our study, it may be considered that the
athletes in this study are non-elite adolescent handball
players. The findings of the present study may not gener-
alized to elite handball players. Another limitation is that
the CST program may not be achieved a significant in-
crease in the performance of the players due to the short
duration. However, some studies produced significant im-
provements in the athletic performance following short-
term CST.8.16.30-32 Two prior studies examined only throw-
ing velocity after core strengthening exercise programs
in handball players. In addition to throwing velocity, the
effects of short-term core exercises were investigated on
vertical jump and dynamic balance, which are important
motor skills in handball in this study.

Conclusions

The results of the present study indicated that a 6-week
CST did not improve dynamic balance, vertical jump
height and throwing velocity in adolescent male handball
players. We believe that longer CST programs may pro-
vide significant benefits.
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Ek-4 Galigma izni

20.12.2018

ILGILI MAKAMLARA,

Yapilmasi planlanan “Down sendromlu gocuklarda duyu bitiinleme egitiminin
dikkat ve motor beceriler tizerine etkisi” isimli calismanin Uzm. Fzt. Metehan YANA
tarafindan kurumumuzda yapiimasinda bir sakinca olmadidi ve bilgimiz dahilinde
oldugunu saygilarimla arz ederim.
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Ek-5 Pamukkale Universitesi Girisimsel Olmayan Klinik Arastirmalar Etik Kurul

Onay!
= *BELSSR D K »
X

T.6.
PAMUKKALE UNIVERSITESI
Girisimsel Olmayan Klinik Arastirmalar Etik
Kurulu

Say1  :60116787-020/90551 31/12/2018
Konu :Basgvurunuz hk.

Sayin Dog. Dr. Erdogan KAVLAK

fgi :19.12.2018 tarihli dilekgeniz.

flgi dilekge ile bagvurmus oldugunuz "Down sendromlu ¢ocuklarda duyu biitiinleme
egitiminin dikkat ve motor beceriler iizerine etkisi" konulu ¢aliymamz 25.12.2018 tarih ve
24 sayih kurul toplantimizda goriigiilmiis olup,

Yapilan goriigmelerden sonra, s6z konusu ¢alismasinin yapilmasinda ETIK ACIDAN
SAKINCA OLMADIGINA, alti ayda bir ¢alisma hakkinda Kurulumuza bilgi verilmesine oy

birligi ile karar verilmistir.

Bilgilerinizi rica ederim.

Prof. Dr. Tahir TURAN
Bagkan

Tip Fakiltesi Dekanligi Kinikli/Denizli Ayrintili bilgi iin irtibat : Aysel OZKAN
Tel: 0258 296 16 04 Faks: 0 (258) 296 17 65
E-Posta: tibbietik@pau.edu.tr Elektronik Ag:http://www.pau.edu.tr



Ek-6 Demografik ve Klinik Veri Formu

EK 1. - Demografik ve Klinik Veri Formu

Kigisel Bilgi Formu
Ad-soyad: Tarih:..../ocod.o.
Yas: Cinsiyet: E/ K

Ortez/yardimci cihaz kullanimi: YOK ( )
VAR ot
Egitim durumu:
o Gitmiyor ( )
e Okul éncesi ( )
o lkégretim ()
o Ortadgretim ( )

Kardes sayiniz (kendiniz dahil) 1-Tek gocuk ( ) 2-iki kardes ( )
3-Ug kardes ( ) 4-Dért kardes ve daha fazla ( )

Anne-babanizin yasi Anne Baba
1-25yasvealtt . L
2-26-30yas e e
3=31=85yas 0000 e s
4-46-40yas e e
5-41yagvelzeri L

Anne babanizin 6grenim durumu: Anne Baba
fellkokl @ = e s
2-Ortaokul L
e T —
4-Onlisans (2-3yilik Y.0.)  cvoecees e
5- Lisans (4-6 yillik fakilte) ...
6- Lisans Ustl (YL-doktora) ..o

Aile yapiniz:
1- Anne baba ve gocuklardan olusan gekirdek aile ()
2- Anne baba gocuklar ve aile blyuklerinden olugan genis aile ()
3- Anne gocuk veya baba gocuktan olusan tek ebeveynli aile ()
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Ek-7 Bruininks-Oseretsky motor yeterlik testi kisa formu

Subtest I: Fine Motor Precision
% aw | >21 | 15-20 | 10— 231 1 1 o
3 Drawing Lines through _P;'::f‘i‘?’_l._z.,z,‘. .tlsi‘?#‘_‘l."k;s'g Jf s } 3 l ;. ‘I ‘7’
: t| o 1
Paths—Crooked eirors | l ‘ : i
6 folding Paper | Raw [ 7-8 { o-10 | 11 | 12
B Point [ a | s | s | 7
poits: = bl
. Overall Raw
Subtest 2: Fine Motor lmegratlon Basic Shape| Closure Edges Orientation Overlap Size Score*
2 Copying 2 Square & . % & i £ a0
\ i ) i ‘po/lnts
7 Copyinga Star - o ) X R ~
5 1 o 1 0 1 { i { i 4
points Ny
Raw S
Subtest 3: Manual Dexterity o e
2 Transferring Pennies P o3 3159 T8 RN WE IR 0
) ‘poimfo“1;1L314lsj_s_|7!s,?_\, 4
. —— Raw Score & - B
Subtest 4: Bilateral Coordination

Trial |
3 Jumping in Place—Same {7

Sides Synchronized jumps S
6 Tapping Feet and Fingers—Same ‘ o
Sides Synchronized taps
Subtest 5: Balance mﬁ"
2 Walking Forward on a Line i
steps - \\.7 ot
7 Standing on One Leg on a my D Raw_[00-09[10-29] | [30-59/60-99] 10 F
Balance Beam—Eyes Open Q%;, 0 Point o I N I \,,xk‘
Raw Score T

Subtest 6: Running Speed and Agility .m;] ;

3 One-Legged Stationary Hop Qs .
123

 hops.
~ Raw Score -
Trial 1| Trial2

Subtest 7: Upper-Limb Coordination

1 Dropping and Catching a 173 v | 8 ¢ 3 Tl 2 .I 3 [ 441 S
Ball—Both Hands Soaid poiit] 0 | v a2} sl &8 |
s 2 i | = T 67 | 89 |
6 Dribbling 2 Ball—Alternating Hands f Raw| o | 1 [ 2 | 3 ! &5 7] e | 10
too il _ifpamt] 0 | 1 | 2 | 3| 4! 5]|6]7
Subtest 8: Strength .
2 Knee Push-ups : Raw | 0 | 12 I 35 | 6-10 | 11-15 | 1620 | 21-25 | 26-30 31-35 [ 236
OR (circle one) Point| 0 | 1 [ 2| 3| a |5 |6 | 7|83
2b Full Push- -ups push-ups = - . =
3 Situps "I Raw | 0 [ 12 | 3-5 | 6-10 | 11-15 | 1620 21-25 [ 2630 3135 | >3
(Point| 0 | 273 (a5 6|78 s
sit-ups e e

Notes & Observations

Total Point Score
Short Form
(max = 88)

* For Subtest 2: Fine Motor Integration, add the facet scores, record the sum in the Raw Score column,
and transfer the raw score for each item directly to the corresponding ova! in the Point Score column.
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Ek-8 STROOP testi

STROOP TESTi TBAG FORMU
KAYIT FORMU

Adi Soyadi P s Uygulayicinin
Dogum Tarihi  :........ | T Loviriiiiiiiinins Adi Soyadi 5 e e R R s
Yas! R Uygulama Tarihi ¥ wasasss Jesswenmns ovonsaazanss
Cinsiyeti D ssmmenermsanessesasenon s st Uygulama Yeri 3 s s
Egitim Dlzeyi S S A SRR
Boliim I: Siyah Basilmig Boliim Il: Renkli Basilmig
Renk ismi Okuma Renk ismi Okuma

M S K Y M S K Y

Y M S K Y M S K

Y K M S D f K M S

K Y S M K Y S M

S K Y M S K Y M

K M S Y K M S Y

Boliim IV: Renk ismi Olmayan
Kelime Rengi
Boliim llI: Sekil Rengi Soyleme Sdyleme

Y M S K Y M S K
S K Y M S K Y M
M Y S K M Y S K
M S K Y M S K Y
K Y M S K Y M S
S Y M K S ¥ M K

Boliim V: Renk ismi Olan
Kelime Rengi
Sdyleme
TOPLAM | HATA | DUZELTME
SURE SAYISI SAYISI X M S K
BOLUM | S K Y M
BOLUM 1I M Y S K
BOLUM 1l M S K Y
BOLUM IV K Y M S
BOLUM V S Y M K
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Ek-9 Resim Cekimi ve Kullanimi Yayin Hakki

Resim Cekimi ve Kullanimi Yayin Hakki Devir S6zlesmesi Formu
Calisma sirasinda cekilmis fotograflarimin geregi halinde, kimlik bilgilerim
verilmeyecek sekilde GOZLERI ACIK/KAPALI olarak bilimsel calismalar, tezler,
egitim faaliyetleri ve bilimsel yayinlar igin kullanilmasina iZIN VERDIGIMI beyan
ederim.

Akademik ¢alismalarda yayinlanacak resimlerimin yazim ve yayin kurallarina uygun
olarak hazirlanip sunulmasindan Proje yuritictst sorumludur (24./. &.27).

Gondilli / Hasta Adi Soyadi: //74?‘//~Ce_ é/ Tk

izni veren kisi (Géniilli / Hasta ya da velisi / vasisi)* Adi Soyadi IMZA: Salboice Gt f“t 174

L

[~

PROJE YURUTUCUSU Adi Soyadi IMZA:

/(/(ULCJ'\O-’I yAM‘A
/QA M=



