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ONSOZ

Beden egitimi ve spor bilimleri, bireyin fiziksel gelisiminin
otesinde; psikososyal biitlinliigiinii, toplumsal entegrasyonunu ve
dijitallesen diinyaya uyumunu da igeren ¢ok katmanli bir alan haline
gelmistir. Bu baglamda, alan yazinda ortaya c¢ikan giincel
yonelimler; yalnizca geleneksel antrenman modellerini degil, aynm
zamanda rekreasyonun bagimlilik Onleyici potansiyelini, motor
o0grenmenin norofizyolojik temellerini ve dijital ortamda yiiriitiilen
egzersiz uygulamalarini da kapsamaktadir.

Bu kitap; s6z konusu kavramsal ve uygulamali degisimi
disiplinleraras1 bir bakis agisiyla ele almayi, beden egitimi ve spor
egitimi alaninda ¢alisan akademisyenler, arastirmacilar ve
uygulayicilara kuramsal derinlik ve pratik cesitlilik sunmay1
amaclamaktadir. Kitapta yer alan boliimler; ¢cagin gereksinimlerine
yanit veren, bilimsel temellere dayali, yenilik¢i yaklagimlart bir
araya getirerek alana katki sunmay1 hedeflemektedir.

Bu ¢alismanin, spor bilimleri literatiiriine nitelikli bir kaynak
olarak katki saglayacagi ve akademik tartismalara yeni ufuklar
acmasi dilegiyle...

Editor

Dog. Dr. Tugba MUTLU BOZKURT
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BOLUM 0

PROPRIYOSEPTIF NOROMUSKULER
FASILITASYON (PNF): TEMEL PRENSIPLER VE
UYGULAMA YONTEMLERI

AYSE HAZAL BOYANMIS!
Giris
Propriyoseptif Noromiiskiiler Fasilitasyon (PNF), kas
esnekligini artirmak, hareket acikligini (range of motion, ROM)
gelistirmek ve noromiiskiiler kontrolii iyilestirmek amaciyla klinik
ve atletik ortamlarda yaygin olarak kullanilan gelismis bir germe
teknigidir (Adler vd., 2013; Sharman vd., 2006). Bu yontem, kas ve
sinir sisteminin dogal reflekslerinden yararlanarak, kaslarin daha
giivenli ve etkili bir sekilde uzamasii saglamay1 hedefler. PNF,
yalnizca pasif germe yontemleriyle sinirli kalmayip hem aktif kas
kasilmalarint hem de pasif germeyi i¢eren dinamik bir yaklagim
sunar. En yaygin li¢ germe yontemi olan statik (SS), balistik (BS) ve
PNF arasinda, hareket acikligini artirma acisindan PNF’nin,
ozellikle kisa siireli ve akut uygulamalarda en etkili yontem oldugu
bildirilmistir (Bradley vd., 2007; Borges vd., 2018; Etnyre ve Lee,
1988; Feland vd., 2001; Ferber vd., 2002; Konrad vd., 2015; Konrad
vd., 2017; Magnusson vd., 1996).

PNF'nin kokeni, 1940'li yillarda Dr. Herman Kabat ile
fizyoterapistler Margaret Knott ve Dorothy Voss’un, felcli
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hastalarda kas giiclinii ve fonksiyonel hareketliligi yeniden
kazandirmak amaciyla baslattig1 calismalara dayanmaktadir (Knott
ve Voss, 1968; Victoria vd., 2013). Baslangicta norolojik islev
bozukluklarmi tedavi etmeye yonelik gelistirilen bu teknikler,
spastisite ve kas gii¢siizliigii yasayan hastalarin rehabilitasyonuna
katki saglamay1 hedeflemistir. Zamanla, PNF'nin etkinligi ortopedik
rehabilitasyon, spor performansinin artirilmasi, yaralanma 6nleme
ve genel fonksiyonel kapasitenin iyilestirilmesi gibi farkli alanlarda
da kendine yer bulmustur (Scifers, 2004). PNF tekniklerinin kas
giicli ve dayanikliligi, eklem stabilitesi, hareketlilik, ndromiiskiiler
kontrol ve koordinasyonu gelistirme lizerinde 6nemli etkileri oldugu
gosterilmistir (Scifers, 2004; Victoria vd., 2013). Diz, omuz, kalga
ve ayak bilegi gibi ¢esitli eklemlerin rehabilitasyonunda yaygin
olarak kullanilan PNF egzersizleri, her yastan bireye uygulanabilir.
Ozellikle yashi yetiskinlerde hareket acikliginda, izometrik kas
giiciinde ve fiziksel fonksiyon gorevlerinde anlamli iyilesmeler
sagladig bildirilmistir (Klein vd., 2002; Surburg ve Schrader, 1997;
Kisner vd., 2017). PNF hareket kaliplari, insan viicudunun spiral ve
diyagonal diizlemlerde en gii¢lii ve koordineli sekilde hareket ettigi
prensibine dayanir. Bu diyagonal kaliplar, ekstremitelerde rotasyon
hareketlerini igermekte ve merkezi stabiliteyi gerektirmektedir. Bu
kaliplar dahilinde gergeklestirilen kas kasilmalari, sinerjistik kas
gruplart arasinda gerilme refleksini kolaylastirarak, 1sinlama
(irradiation) yoluyla kas aktivasyonunu artirir (Victoria vd., 2013).
Aktif ve pasif hareket araligini gelistirmek amaciyla kullanilan PNF,
motor performansi ve rehabilitasyon slireglerini optimize etmek igin
en etkili germe tekniklerinden biri olarak kabul edilmektedir
(Sharman vd., 2006).

PNF'nin Temel Prensipleri ve Fizyolojik Mekanizmalari

Propriyoseptif =~ Noromiiskiiler Fasilitasyon (PNF)
tekniklerinin etkililigi, kas ve tendonlarda yer alan proprioseptorler
aracilifiyla sinir sisteminin uyarilmasina dayanir. Bu uyari, kas
gevsemesini  ve daha fazla uzamasini saglayan refleks
mekanizmalar1 aracilifiyla etki gosterir. PNF’nin temel fizyolojik
etkileri; otojenik inhibisyon, karsilikli inhibisyon, stres gevsemesi ve
kap1 kontrol teorisi gibi dort ana mekanizma {izerinden agiklanabilir
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(Hindle vd., 2012; Rowlands vd., 2003; Sharman vd., 2006). PNF
tekniklerini anlamak i¢in kas igcikleri ve Golgi tendon organlar
(GTO'lar) gibi proprioseptif yapilara deginmek gereklidir. Kas
igcikleri, kasin uzunlugundaki degisiklikleri algilayarak bu bilgiyi
merkezi sinir sistemine iletir. Bu duyu reseptorleri, kasin gerilmesine
karsilik olarak motor noronlar1 aktive eder ve gerilme refleksi
araciligiyla kas kasilmasini diizenler (Dumitru vd., 2002; Heckmann
vd., 2008). GTO’lar ise kas liflerinin tendonlara baglandigi
bolgelerde yer alir ve kas kuvvetine bagli olarak deformasyona
ugradiklarinda sinyaller gonderir. Bu sinyaller, kasin olusturdugu
toplam kuvvete orantili bir sekilde omurilikte inhibitor
internoronlar1 aktive ederek alfa motor ndéronlar1 baskilar. Boylece,
kas asir1 gerilmeye kars1 refleks olarak gevser (Heckmann vd., 2008;
Hindle vd., 2012; Victoria vd., 2013).

Otojenik Inhibisyon: Aktif kasilma sonrasi hedef kasta
meydana gelen noral inhibisyona dayanan bir mekanizmadir. Golgi
tendon organlar1 (GTO'lar), kas-tendon birlesiminde bulunan ve kas
ici gerilimi siirekli izleyen mekanoreseptorlerdir. Kas izometrik
olarak kasildiginda GTO’lar uyarilir ve spinal kord diizeyinde
inhibitor interndronlar araciligiyla alfa motor noronlara giden
sinyaller baskilanir. Bu da hedef kasta gegici bir gevseme olusturur
(Etnyre ve Abraham, 1986; Sharman vd., 2006). Ozellikle Kasilma-
Gevseme (Contract-Relax, CR) tekniginde, bu inhibitér etki
sayesinde, kas kasildiktan sonraki pasif germe fazinda daha genis bir
hareket acgiklig1 elde edilir. Bu refleks, viicudun kasi asir1 yiikten
koruma stratejisidir. Ancak literatiirde, bu mekanizmanin yalnizca
kisa siireli ROM artiglarinda etkili oldugu, uzun dénemli esneklik
kazanimlarinda ise viskoelastik ve tolerans faktorlerinin daha
belirleyici olabilecegi vurgulanmaktadir (Sharman vd., 2006;
Chalmers, 2004).

Karsihkh Inhibisyon: Agonist kasm istemli kasilmasiyla,
antagonist kasta spinal diizeyde meydana gelen noral baskilanma
siirecidir. Bu mekanizma, Ia afferent liflerin kas iglerinden spinal
kordun ventral boynuzundaki interndronlara ilettigi uyarilarla
gerceklesir. Bu interndronlar, antagonist kasin alfa motor néronlarini
inhibe ederek onun gevsemesini saglar (Enoka, 2008). Kasilma-

Gevseme-Antagonist-Kasilma (Contract-Relax-Antagonist-
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Contract, CRAC) yontemi, bu mekanizmay1 temel alir. Ornegin,
hamstring kaslarin1 germek isteyen bir birey, dnce bu kaslari
izometrik olarak kasar (otojenik inhibisyon), ardindan antagonist kas
grubu olan kuadriseps kaslarini aktif olarak kasar. Bu sayede hem
otojenik hem de karsilikli inhibisyon es zamanl aktive edilerek
germe etkinligi maksimize edilir (Rowlands vd., 2003).

Stres Gevsemesi (Stress Relaxation): Kas-tendon biriminin
viskoelastik ~ Ozellikleri, PNF'nin etkisini ag¢iklayan Onemli
mekanizmalardan biridir. Kas-tendon yapist hem elastik (geri
doniilebilir deformasyon) hem de viskoz (zamana bagh
deformasyon) oOzellikler sergiler. Siirekli gerilme altinda
tutuldugunda, viskoz bilesenlerde meydana gelen molekiiler
reorganizasyon gerilmeye karsi gosterilen direnci zamanla azaltir.
Bu olguya “stress relaxation” veya “siirlinme” (creep) adi verilir
(Magnusson vd., 1996). PNFnin uygulama siirecinde, 6zellikle kas
kasilmasindan sonraki pasif germe fazi sirasinda MTU (muscle-
tendon unit) iizerindeki mekanik stresin azalmasi, kasin daha fazla
uzamasia neden olur. Ancak bu degisiklikler genellikle kisa
stirelidir ve 1 saat i¢cinde normale donebilir. Kalic1 yapisal
adaptasyonlarin  olusabilmesi i¢in diizenli ve tekrarlayan
uygulamalar gereklidir (Hindle vd., 2012; Magnusson vd., 1996;
Taylor vd., 1990).

Kap1 Kontrol Teorisi (Gate Control Theory of Pain):
Kap1 kontrol teorisi, Melzack ve Wall (1965) tarafindan onerilmis
olup, agr1 iletiminde biiyiik capli afferent liflerin (A-beta) omurilik
diizeyinde kiigiik ¢apli agri liflerinin (A-delta ve C) iletimini
baskilayabildigini ileri stirer. PNF sirasinda meydana gelen kasilma,
gerilme ve basing duyulari, biiyiik ¢apl lifleri aktive ederek dorsal
boynuzdaki agri iletimini sinirlandirabilir. Bu durum, bireyin agri
toleransini artirarak daha yiiksek gerilmelere katlanmasina olanak
tanir (Sharman vd., 2006). Ayrica, GTO'larin kuvvet geri bildirimi
yoluyla potansiyel doku hasarini1 6nlemek iizere alfa motor néronlari
inhibe ettigi diisiiniilse de baz1 ¢alismalar GTO’larin kuvvvdgisi ve
inhibitor kontrol tlizerindeki etkilerinin sanildig1 kadar belirleyici
olmayabilecegini savunmaktadir (Chalmers, 2004).



PNF tekniklerinin etkililigi, yalnizca mekanik germe degil,
aynt zamanda karmasik norofizyolojik mekanizmalar yoluyla
gerceklesen adaptasyonlara dayanmaktadir. Kisa siireli esneklik
artiglarinda refleks mekanizmalarin etkisi belirgin olsa da uzun stireli
kazanimlar icin viskoelastik adaptasyonlar, agr1 toleransindaki artis
ve sinir-kas koordinasyonundaki iyilesmeler 6n plana ¢ikmaktadir.
Bu nedenle, PNF sadece germe teknigi degil; sinir sisteminin,
proprioseptorler yoluyla yeniden organize edildigi bir motor kontrol
stratejisidir.

PNF Teknikleri: Uygulama Yontemleri

PNF'nin temelini olusturan ve en sik kullanilan iki ana teknik
Kasilma-Gevseme (Contract-Relax, CR) ve Kasilma-Gevseme-
Antagonist-Kasilma (Contract-Relax-Antagonist-Contract, CRAC)
yontemleridir (Etnyre ve Abraham, 1986; Sharman vd., 2006). Bu
yontemler, kas inhibisyonunu kolaylagtirarak diger esneklik
antrenmani yontemlerinden daha iistiin olarak kabul edilir. Tiim PNF
tekniklerinin ortak 6zelligi, kas inhibisyonunu kolaylastirmalaridir.
Her iki yontem de ROM'da artisa neden olur ve kas-tendon biriminin
uzamasint optimize etmek i¢in norofizyolojik mekanizmalari
kullanir (Knudson, 2018). PNF germe tekniklerindeki izometrik
kasilmalar, kas yorgunlugunu ve yaralanmayr Onlemek igin
genellikle maksimum eforun altinda (%20-50 Maximum Voluntary
Isometric Contraction, MVIC) en az 3 saniye tutulmalidir (Feland ve
Marin, 2004; Surburg ve Schrader, 1997). Uygulanan herhangi bir
PNF tekniginden sonra, gerilen kasin bagka bir PNF teknigi
uygulanmadan once en az 20 saniye dinlendirilmesi ve gevsetilmesi
Onerilir.

Kasilma-Gevseme (CR) Yontemi

Kasilma-Gevseme (CR) teknigi, proprioseptif néromiiskiiler
fasilitasyon (PNF) protokolleri icerisinde temel bir yontem olarak
kabul edilmekte olup, literatiirde "Kas-Gevset" veya "Tut-Gevset"
terminolojileri ile de tanimlanmaktadir (Cornelius, 1983; Etnyre ve
Abraham, 1986; Hanten ve Chandler, 1994; Ferber vd., 2002). Bu
teknik, norofizyolojik prensiplere dayali olarak kas-tendon
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kompleksinin  viskoelastik adaptasyonunu optimize etmeyi
hedeflemektedir (Kay vd., 2025). Bu yontem genellikle asagidaki
adimlar1 icerir:

1.

On Gerdirme (Pre-stretch): Hedef kas grubu, terapist
veya uygulayict tarafindan pasif olarak gerilme sinirina
kadar uzatilir. Bu asamada agr esiginin asilmamasina
Ozen gosterilirken, yaklagik 10 saniye siireyle hafif bir
gerilme hissi olusturulur. Bu siire, kas igciklerindeki
gerilim reseptdrlerinin uyarilmasi ve izometrik kasilma
icin gerekli noéromiiskiiller hazirligin  saglanmasi
acisindan kritik 6neme sahiptir (Magnusson vd., 1996;
Semedes vd., 2016).

[zometrik Kasilma (Isometric Contraction): Gerilmis
pozisyondaki kas, disaridan uygulanan dirence karsi
izometrik olarak kasilir. Kasilma siddeti klinik
uygulamalarda genellikle maksimum istemli izometrik
kasilmanin (MVIC) %20-60"1 arasinda ayarlanir. Bu
submaksimal siddet, yeterli otojenik inhibisyon
saglarken ayn1 zamanda kas yorgunlugu ve mikro travma
riskini minimize etmektedir (Feland ve Marin, 2004).
Kasilma siiresi 3-10 saniye arasinda degismekle birlikte,
optimal etki i¢in 6 saniye Onerilmektedir (Rowlands vd,
2003). Bu asamada Golgi tendon organlarindan gelen Ib
afferent aktivitesindeki artis, spinal kord diizeyinde
inhibitor interneuronlar1 aktive ederek alfa motor néron
aktivitesini baskilamakta ve kasin refleks gevsemesini
saglamaktadir (Sharman vd., 2006; Smedes vd., 2016).

Gevseme ve Pasif Germe (Relaxation and Passive
Stretch): Kasilma sonrasi 2-3 saniyelik gevseme
periyodunda, GTO kaynakli refleks inhibisyon nedeniyle
kas tonusu belirgin sekilde azalir. Bu agamada terapist,
hedef kas1 yeni bir hareket aciklig1 sinirma kadar pasif
olarak uzatir ve bu pozisyon 20-30 saniye siireyle
korunur. Bu siire¢, kas-tendon biriminin viskoelastik
Ozelliklerinden yararlanarak bag dokusunda plastik
deformasyon olusturmay1 hedeflemektedir (Magnusson,
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1998). Uygulama sirasinda gerdirme hareketlerinin yavas
ve kontrollii (=30°/sn) olmasina dikkat edilmelidir.

CR teknigi oOzellikle hamstring gibi ¢ok eklemli kas
gruplarinda etkili olmakla birlikte (Feland vd., 2001), uygulama
sirasinda dikkat edilmesi gereken bazi noktalar bulunmaktadir.
Yiiksek siddetli (%100 MVIC) kasilmalardan kaginilmals,
submaksimal siddetler tercih edilmelidir (Feland ve Marin, 2004).
Teknigin etkinligi, uygulayicinin ndrofizyolojik prensiplere
hakimiyetine ve hastanin bireysel 6zelliklerine uygun parametre
secimine baglhdir.

Tablo 1 CR Yontemi Uygulama Fazlar: ve Norofizyolojik Temelleri

Uygulama .. Temel . . Optimal
Fazi Siire Mekanizma Klinik Etkiler Parametreler
» Kas igcigi ) K.asm * Agri esigi
. gerilme
On aktivasyonu hazirhs: altinda
. 10-15sn Gerilme & * Hafif-orta
Gerdirme . .
toleransinin .. R siddette
Noromiiskiiler .
artirilmasi - gerilme
uyum saglama
* GTO aracili * Kas * %30-70
. . 3-10 sn otojenik tonusunda MVIC
Izometrik . R
Kasilma (optimal  inhibisyon azalma .
6 sn) * Refleks * ROM'da akut Submaksimal
gevseme artig siddet
* Viskoelastik  * ROM'da * Yavas ve
Pasif doku kalict artig kontrollii
Gerdirme 20-30 sn  adaptasyonu * Doku uygulama
* Plastik esnekliginde * Agrisiz
deformasyon iyilesme sinirda tutma

Kasilma-Gevseme-Antagonist-Kasilma (CRAC) Yontemi

Propriyoseptif noromiiskiiler fasilitasyon (PNF) teknikleri
arasinda Onemli bir yere sahip olan CRAC yontemi, hareket
acikligimi (ROM) artirmada etkinligi kanitlanmis bir yaklagimdir
(Sharman vd., 2006). Bu teknik, temel olarak otojenik inhibisyon ve
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kargilikli inhibisyon mekanizmalarimi sistematik sekilde devreye
sokarak etki gosterir (Etnyre ve Abraham, 1986). Teknigin
uygulanisi li¢ temel fazdan olugsmaktadir.

1.

On Gerdirme (Pre-Stretch): Hedef kas grubu agri esiginin
altinda kalacak sekilde pasif olarak gerilir. Bu agsama, kas
igciklerindeki  gerilim reseptdrlerinin  uyarilmasini
saglayarak izometrik kasilma icin gerekli néromiiskiiler
ortami hazirlar (Magnusson vd., 1996). Yaklasik 10
saniye siiren bu hazirlk dénemi, kasin gerilme
toleransinin kademeli olarak artirilmasinda kritik rol
oynar.

[zometrik Kasilma: gerilmis pozisyondaki kas 3-10
saniye (optimal olarak 6 saniye) siireyle izometrik olarak
kasilir (Feland ve Marin, 2004). Bu kasilma genellikle
maksimum istemli izometrik kasilmanin (MVIC) %20-
601 siddetinde uygulanir. Arastirmalar, bu diizeydeki
submaksimal kasilmanin yeterli otojenik inhibisyon
saglarken kas yorgunlugu ve mikro travma riskini
minimize ettigini gostermektedir (Miyahara vd., 2013;
Rowlands vd., 2003). Kasilma sirasinda Golgi tendon
organlarindan gelen Ib afferent aktivitesindeki artis,
spinal kord diizeyinde inhibitdr interneuronlar1 aktive
ederek alfa motor noron aktivitesini baskilar (Hultborn,
2006).

Gevseme ve Antagonist Kasilma: Bu agamada hedef kas
tamamen gevsetilirken, antagonist kasin aktif konsantrik
kasilmasi saglanir (Cornelius ve Hinson, 1980; Mitchell
vd., 2007). Ornegin hamstringler gerilirken kuadriseps
kasimin kasilmas1 gibi bu karsit hareket, spinal kordda Ia
inhibitdr interneuronlar lizerinden hedef kasin motor
noron aktivitesini ek olarak baskilar (Crone ve Nielsen,
1989). Bu ¢ift mekanizma, hedef kasta maksimum
gevseme saglayarak gilivenli ROM artisina olanak tanir
(Beckers ve Buck, 2021).

CRAC tekniginin klinik avantajlar1 arasinda 06zellikle
giivenlik profilinin yiiksek olmasi dikkat ¢ekicidir. Antagonist kasin
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aktif katilimi sayesinde, pasif gerdirmeye kiyasla kas dokusunda
yirtilma riski 6nemli Ol¢lide azalmaktadir (Mitchell vd., 2007).
Ayrica bu yontem hem noral hem de dokusal adaptasyon
mekanizmalarin1 ayn1 anda harekete gegirerek daha kalict esneklik

kazanimlar1 saglar (Mahieu vd., 2009).
Tablo 2 CRAC Yontemi Evreleri Uygulama Fazlar: ve

Norofizyolojik Temelleri

Uygulama . Temel . . Optimal
Faz1 Stire Mekanizma Klinik Etkiler Parametreler
..... * Kasmn
» Kas 18cigi . - .
) aktivasyonu gerilme * Agri esigi
On 10 sn « Gerilme hazirlig altinda
Gerdirme . * Hafif
toleransinin e . .
Noromiiskiiler  gerilme hissi
artirilmast
uyarilma
* GTO aracili  * Refleks * %20-60
: . 3-10 sn otojenik gevseme MVIC
Izometrik . oo
Kasilma (optimal  inhibisyon * Kas .
6 sn) * Ib afferent tonusunda Submaksimal
aktivasyonu azalma siddet
. K.arlslhkh « Maksimum * Aktif .
Gevseme ve inhibisyon ROM artist antagonist
Antagonist 20-30 sn e la inhibitor .. A kontraksiyon
. * Giivenli .
Kasilma interneuron * Kontrollii
. doku uzamasi ) .
aktivasyonu pasif gerdirme

Diger PNF Teknikleri ve Uygulama Sekilleri

Propriyoseptif Noromiiskiiler Fasilitasyon (PNF), yalnizca
germe tekniklerinden ibaret degildir; ayn1 zamanda eklem stabilitesi,
noromiiskiiler kontrol ve hareket koordinasyonunu gelistirmeye
yonelik c¢esitli uygulama bigimlerini de icerir. Sik kullanilan bazi
PNF teknikleri asagida verilmistir.

Ritmik Baslatma (Rhythmic Initiation): Baslangicta
Parkinson hastalarinda goriilen hareket kisitliliklarini azaltmak
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amaciyla gelistirilmis olan ritmik baslatma, pasif hareketten aktif
katilimli harekete dogru ilerleyen bir siiregtir. Hasta once pasif
olarak hareket ettirilir, ardindan hareket aktif-yardimli ve direncli
hale getirilir. Bu kademeli gegcis, motor 6grenmeyi kolaylastirarak
hareketin akici1 bir sekilde yeniden kazanilmasina yardimci olur
(Beckers ve Buck, 2021; de Assis vd., 2020).

Ritmik Stabilizasyon: Ritmik stabilizasyon govde, kalca ve
omuz kusaginin stabilitesini artirmak i¢in uygulanir. Bu tekniklerde
terapist, manuel direng¢ yoluyla hastanin belirli bir pozisyonda sabit
kalmasin1 saglar. Ritmik stabilizasyonda diren¢ viicudun zit
yonlerine uygulanirken, alternatif izometriklerde ayni yon tizerinde
degisimli olarak diren¢ verilir. Her iki teknik de eklem cevresi
kaslarm kuvvetini artirmak ve propriyoseptif farkindaligi
gelistirmek amaciyla kullanilir (Beckers ve Buck, 2021; Semedes
vd., 2016).

Yavas Ters Cevirmeler (Slow Reversals): Bu teknik,
agonist ve antagonist kaslar arasinda daha etkili bir gegis saglamak
icin kullanilir. Zayif kaslarin giiclendirilmesi, dayanikliliklarinin
artirilmasi ve hareketin koordinasyonunun iyilestirilmesi amaglanir.
Ayrica, hareket sirasinda antagonistik kaslarin normal doniisiimiinii
destekler (Victoria vd., 2013).

Hold-Relax Swing / Hold-Relax Bounce: Bu gelismis
teknikler, izometrik ve statik germenin ardindan dinamik ya da
balistik esneme yontemlerini igerir. Ozellikle yiiksek diizeyde
esneme refleksi kontroliine sahip sporcu ve dansgilar tarafindan
tercih edilir. Statik germe yerine son asamada kontrollii, kisa siireli
dinamik ya da balistik hareketler uygulanir. Ancak bu tekniklerin
yiiksek sakatlanma riski tagimasi nedeniyle yalnizca ileri diizey
bireylerde kullanilmas1 6nerilir (Cayco vd., 2019).

PNF Etkileri ve Uygulama Alanlar:

PNF'nin hem ROM hem de kas performans: tizerinde olumlu
etkileri oldugu bilimsel arastirmalarla  gosterilmistir. Bu
ozellikleriyle PNF, klinik ve atletik ortamlarda genis bir kullanim
alanina sahiptir.
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Hareket Acikh@ ve Esneklik Uzerindeki Etkileri: Yakin
zamanda yapilan randomize kontrollii caligmalar, PNF tekniklerinin
geleneksel germe yontemlerine kiyasla daha istiin esneklik
kazanimlar1 sagladigin1 ortaya koymaktadir (Behm vd., 2016).
Thomas ve arkadaslarinin (2023) 45 elit sporcu iizerinde yaptigi
calismada, 6 haftalik PNF uygulamalarinin hamstring esnekliginde
%28.4'ltik bir artig sagladig1 gozlemlenmistir. Benzer sekilde bir
baska calismada PNF'nin eklem hareket acikligini ortalama %15-25
oraninda artirdigin1 ve bu etkinin 48 saate kadar devam ettigini
belirlemislerdir (Chen vd., 2020).

Kas Performans1 Uzerindeki Etkileri: PNFnin kas
performansi {izerindeki etkisi, uygulama zamanlamasma baglh
olarak farklilik gdosterebilmektedir. Genel olarak, birincil
egzersizden hemen 6nce uygulandiginda, 6zellikle maksimum gii¢
ve kuvvet gerektiren patlayici aktivitelerde (6rn. dikey sigrama,
sprint) performans: kisa siireli olarak diisilirebildigi bulunmustur
(Bradley vd., 2007; Jaggers vd., 2008; Kay ve Blazevich, 2012;
Marek vd., 2005; Rubini vd., 2007). Bu durum, germe sonrasi
indiiklenen kas-tendon sertligindeki gegici azalma ve sinirsel
inhibisyon ile agiklanabilir. Bu nedenle, sporcularin patlayici
performans gerektiren antrenman veya miisabakalardan hemen 6nce
PNF uygulamalarindan kaginmalar1 6nerilmektedir. Ancak, PNF'nin
egzersizden sonra veya egzersiz seansindan bagimsiz olarak
uygulandiginda kas performansini ve gliciinii artirdigina dair kanitlar
da mevcuttur (Hindle vd., 2012). Ornegin, bes haftalik PNF
protokollerinin kosu mekanigi ve hiz gibi atletik performans
parametrelerini olumlu etkiledigi goézlemlenmistir (Caplan vd.,
2009). Bu bulgular, PNF'nin dogru zamanlamada ve diizenli olarak
uygulandiginda kas giicii, kuvvet ve genel atletik performansi
gelistirmek i¢in giiglii bir ara¢ olabilecegini diisiindiirmektedir.
Siirdiiriilebilir ROM artislar1 ve performans faydalari elde etmek i¢in
PNF germe egzersizlerinin haftada en az iki kez, tercihen
egzersizden sonra veya ayri bir seansta yapilmasi tavsiye
edilmektedir (Hindle vd., 2012).

Rehabilitasyon ve Spor Alanminda Kullanimi: PNF,
yumusak doku yaralanmalarinda (kas gerilmeleri, bag yaralanmalari

gibi), eklem kisithliklarinda veya cerrahi sonrasi rehabilitasyonda
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fonksiyonel hareket agikligini geri kazanmak ve kas giiciinii artirmak
amaciyla terapistler tarafindan yaygin olarak kullanilmaktadir
(Colby, 2007; Kisner vd., 2017). Yaralanma sonrasi ROM
kisithliklarin1 gidermede, kas spazmlarini azaltmada ve agriyi
yonetmede etkili bir yontem olarak 6ne ¢ikmaktadir (Sharman vd.,
2006; Konrad vd., 2017; Prentice, 2024). Atletik ortamlarda ise PNF,
sporcularin esnekligini artirmak, kas dengesizliklerini gidermek ve
performanslarin1 optimize etmek ig¢in stratejik olarak kullanilir.
Ozellikle spor sonrasi toparlanma siireglerinde veya antrenman
programlarinin bir parcasit olarak, kaslarin gevsemesini ve bir
sonraki antrenmana hazirlanmasini destekler (Lima vd., 2019; Salian
ve Kumar, 2022). Esneklik, kuvvet ve denge tizerindeki ¢cok yonli
etkileri nedeniyle PNF, sporcularin yaralanma riskini azaltma ve
genel motor kontroliinii gelistirme potansiyeline sahiptir (Lima vd.,
2014).

Sonu¢ olarak PNF, hareket agikligi, esneklik ve kas
performansi lizerinde kanitlanmis etkilere sahip, terapotik ve
performans artirict baglamlarda genis bir uygulama alanma sahip
kapsamli bir tekniktir. Giincel literatiir, PNF'nin etkinligini
desteklerken, uygulama zamanlamasi ve metodolojisinin sonuglar
tizerindeki kritik roliini de vurgulamaktadir. Rehabilitasyon
stireclerinde  fonksiyonel iyilesmeyi hizlandirma ve atletik
performansin optimize edilmesinde Onemli bir ara¢ olarak PNF,
bireylerin fiziksel kapasitelerini maksimuma ¢ikarmada degerli bir
strateji sunmaktadir.
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BOLUM 1

THE PHYSIOLOGY OF MOTOR LEARNING

ISMAIL MERT!

Introduction

Motor learning refers to relatively permanent behavioral
changes in an individual’s ability to perform motor skills that occur
through repeated practice or experience (Magill & Anderson, 2017).
This process is not limited to observable improvements in movement
performance; it also includes structural and functional changes
within the nervous system (Schmidt & Lee, 2011). Unlike temporary
performance enhancements observed during practice, true learning
requires the formation of lasting modifications in neural circuits
(Shadmehr, Smith & Krakauer, 2010). The acquisition of motor
skills is of critical importance across a wide spectrum, ranging from
daily life activities to professional-level athletic performance.

The behavioral and functional significance of motor learning
is directly related to an individual’s ability to adapt to the
environment, develop new skills, and optimize their existing motor
repertoire (Haibach-Beach, Reid & Collier, 2018). Motor skills, such
as walking, writing, or performing complex athletic movements,

! T.C. Milli Egitim Bakanlig1, Diizce Milli Egitim Miidiirliigii, ORCID: 0000-
0002-9749-8559
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reflect the effectiveness of learning processes. The development of
these skills is intertwined not only with observable performance
improvements but also with cognitive processes such as attention,
motivation, problem solving, and decision making (Edwards, 2010).

In this context, examining motor learning at the physiological
level is of great importance. Understanding the neural control of
movement reveals not only “what” is learned but also “how” it is
learned. Identifying how cortical and subcortical structures (e.g.,
motor cortex, basal ganglia, cerebellum) contribute to different
phases of the learning process (e.g., early acquisition and long-term
consolidation) enables the development of effective strategies in
motor skill training, neurorehabilitation, and sports sciences (Teo,
2009; Doyon & Benali, 2005; Wolpert, Diedrichsen & Flanagan,
2011). In particular, the relationship between neuroplasticity
mechanisms (e.g., long-term potentiation [LTP], synaptic
reorganization) and motor learning explains how learning is
reinforced at the level of the nervous system (Dayan & Cohen,
2011).

Cortical and Subcortical Structures in Motor Learning

Motor learning occurs through complex interactions among
various regions of the central nervous system. In this process, there
is a dynamic exchange of information between cortical and
subcortical structures. The key brain regions involved in motor
learning and their interconnections are outlined below. The
interactions among the primary motor cortex (M1), premotor cortex
(PMC), supplementary motor area (SMA), cerebellum, basal
ganglia, and thalamus play a critical role in motor planning,
execution, and learning processes (see Figure 1).

--10--



Figure 1. Cortical and Subcortical Structures in Motor Learning.
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Shows the fundamental cortical and subcortical brain regions
involved in the motor learning process and the functional
connections between them (Figure 1). Cortical structures such as the
primary motor cortex (M1), premotor cortex (PMC), and
supplementary motor area (SMA) play a role in functions such as
motor planning, movement initiation, and organization, whereas
subcortical structures such as the cerebellum, basal ganglia, and
thalamus play critical roles in the processes of movement
coordination, accuracy, sequencing, and motor program selection. In
the diagram, the bidirectional information flow and interactions
between these structures are indicated by arrows. For motor learning
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to successfully occur, this dynamic cooperation between cortical and
subcortical systems is of great importance.

a. Cortical Structures

Primary Motor Cortex (M1): M1 is responsible for the direct
execution of voluntary movements, particularly encoding
parameters such as force, direction, and speed of movement (Kandel
et al., 2013). During motor skill learning, significant structural and
functional plasticity is observed in M1, including the formation of
new synapses and the reorganization of neuronal activity patterns
(Peters et al., 2017).

Premotor Cortex (PMC): PMC plays an important role in the
preparation, planning, and initiation of movements, especially those
based on external (visual or auditory) cues (Kandel et al., 2013). It
is a critical region for visuomotor transformations and for learning
cue-movement associations (Peters et al., 2017).

Supplementary Motor Area (SMA): The SMA is primarily
involved in internally initiated, self-timed movements and in the
planning and execution of complex sequences of movements
(Edwards, 2010; Kandel et al., 2013). It contributes to the smooth
execution of learned movement sequences.

b. Subcortical Structures Cerebellum

The cerebellum plays a central role in regulating and learning
motor commands by processing error signals between expected
sensory feedback and actual feedback during movement (Boyden,
Katoh & Raymond, 2004). It is critically important for the timing,
coordination, accuracy, and adaptation of movements. Different
cerebellar modules are thought to utilize distinct learning
mechanisms (e.g., long-term depression [LTD], long-term
potentiation [LTP]) (Boyden et al., 2004; Kandel et al., 2013).

--21--



Basal Ganglia: The basal ganglia play a critical role in the
selection, initiation, sequencing of goal-directed movements, and
habit formation, particularly through reinforcement learning (Ashby,
Turner & Horvitz, 2010; Rothwell, Hay & Kunz, 2021). They form
closed loops with the cortex and thalamus, enabling the selection of
appropriate motor programs and the suppression of unwanted
movements. The dopaminergic system acts as a fundamental
modulator for learning processes within this region (Kandel et al.,
2013).

Thalamus: The thalamus serves as the main relay station that
transmits processed information from the cerebellum and basal
ganglia back to the motor cortex (Kandel et al., 2013). Specifically,
the ventrolateral (VL) and ventroanterior (VA) nuclei play a crucial
role in these motor loops and mediate the cortical expression of
learned motor skills (Edwards, 2010).

c. Neural Networks and Functional Connectivity

Motor learning occurs not only through the activity of
isolated brain regions but also through dynamic and functional
changes in the connectivity between these regions. Functional
magnetic resonance imaging (fMRI) studies have shown that during
skill learning, functional connectivity within the motor network—
particularly along cortico-striatal, cortico-cerebellar, and thalamo-
cortical pathways—is strengthened and reorganized (Spampinato,
Celnik & Cortes, 2021; Wu, Duff & Egan, 2022). Changes in both
task-related and resting-state network connectivity have been
associated with the degree and retention of learning (Spampinato et
al., 2021). These findings support the idea that motor learning relies
on increased efficiency of communication between brain regions.

Neuroplasticity: Cellular and Molecular Foundations

Motor learning occurs through the structural and functional

reorganization of the nervous system in response to experience and
20



environmental stimuli. This capacity for reorganization is defined as
“neuroplasticity.”  Neuroplasticity = encompasses  multi-level
processes such as the formation of new connections, strengthening
or weakening of existing connections, and molecular-level
modifications of synaptic activity (Kandel et al., 2013). These
cellular and molecular mechanisms enable the acquisition,
consolidation, and long-term maintenance of motor skills (Martinez
& Derrick, 2019).

a. Long-Term Potentiation (LTP)

LTP is characterized by a long-lasting increase in synaptic
transmission efficiency following high-frequency stimulation. In
this process, glutamate released from the presynaptic terminal
activates AMPA and NMDA receptors on the postsynaptic
membrane. Due to the calcium permeability of NMDA receptors,
intracellular signaling pathways are triggered, resulting in the
insertion of new receptors into the membrane and changes in gene
expression (Kandel et al., 2013). These changes solidify synaptic
strengthening and support the encoding of learned motor skills into
cortical maps (Martinez & Derrick, 2019).

b. Long-Term Depression (LTD)

LTD is a form of plasticity characterized by a reduction in
postsynaptic response following low-frequency synaptic activity. In
this process, NMDA receptor activation occurs with different
kinetics and triggers phosphatase pathways that lead to the
weakening of synaptic strength (Kandel et al., 2013). In motor
learning, the LTD mechanism facilitates the refinement of selective
connections by weakening unnecessary or erroneous synaptic
responses. This is especially important for reducing movement
errors and enhancing the precision of motor skills (Boyden, Katoh &
Raymond, 2004).

c. Synaptogenesis and Synaptic Pruning
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During the motor learning process, neural networks undergo
not only transient electrical changes but also structural
reorganization. The formation of new synapses (synaptogenesis) and
the elimination of non-functional connections (synaptic pruning) are
fundamental components of this process. While actively used
synaptic pathways become stabilized, those that lose functionality
are eliminated. This process contributes to the optimization of motor
performance and the enhancement of energy efficiency (Peters, Chen
& Komiyama, 2017). Synaptogenesis predominates during the early
stages of learning, whereas pruning mechanisms ensure network
stabilization in the later phases (Figure 2).

d. Neurotransmitter Systems

Neuroplasticity processes associated with motor learning are
modulated by various neurotransmitters:

* Glutamate is the primary excitatory neurotransmitter
involved in both LTP and LTD processes. It initiates long-
term cellular changes through AMPA and NMDA
receptors (Kandel et al., 2013).

* GABA prevents excessive excitation in the motor
system through its inhibitory effects. It maintains
network stability by suppressing hypersynchronization in
the motor cortex (Martinez & Derrick, 2019).

* Dopamine plays a role in basal ganglia circuits and
modulates reinforcement learning processes. The activity
of dopaminergic neurons is linked to reward expectation
and motivation, contributing to the reinforcement of
learned motor outputs (Rothwell, Hay & Kunz, 2021).

e. Neurotrophic Factors: BDNF and Others

Brain-Derived Neurotrophic Factor (BDNF) is one of the
most potent molecular supporters of neuroplasticity, playing a

--24--



crucial role in neuronal survival, synaptic plasticity, and the
formation of new synapses. An increase in BDNF expression has
been observed during motor learning, and this increase has been
associated with the consolidation of acquired motor skills (Kandel et
al., 2013). BDNF promotes synaptic strengthening through its
interaction with TrkB receptors. In addition to BDNF, other
neurotrophins such as NGF and NT-3 also contribute to cortical
plasticity (Wu, Duff & Egan, 2022).

Figure 2. Neuroplasticity Processes and the Role of Key Molecules.
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This diagram (Figure 2) illustrates the neuroplasticity
mechanisms occurring in the synaptic region between presynaptic
and postsynaptic neurons during the motor learning process, as well
as the key factors mediating these mechanisms. Synaptogenesis
(formation of new connections) and long-term potentiation (LTP)
support synaptic strengthening, while synaptic pruning and long-
term depression (LTD) eliminate unnecessary connections. These
processes are regulated by glutamate (excitatory neurotransmitter),

GABA (inhibitory neurotransmitter), and dopamine (modulatory
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neurotransmitter). Additionally, Brain-Derived Neurotrophic Factor
(BDNF), one of the neurotrophic factors, plays a critical role in
stabilizing motor learning by supporting synaptic plasticity and
synaptogenesis.

The Role of the Cerebellum: Coordination and Error
Correction

The cerebellum is a fundamental structure that supports the
accuracy, coordination, and adaptability of movements in the
processes of motor control and learning (Kandel et al., 2013: 923).
It works in collaboration with various components of the motor
system and plays a crucial role not only in the acquisition of new
motor skills but also in enhancing the precision of already acquired
movements (Boyden, Katoh & Raymond, 2004: 582).

a. Error-Based Learning

Error-based learning is the process of improving motor
performance by detecting and correcting discrepancies between
intended and actual movements (Dayan & Cohen, 2011: 444). In this
process, the cerebellum recalibrates motor commands based on the
error signal derived from the comparison between expected and
actual sensory feedback (Boyden, Katoh & Raymond, 2004: 585).
This mechanism enables the rapid correction of errors, particularly
during the acquisition of new skills (Wolpert, Diedrichsen &
Flanagan, 2011: 741).

b. Forward Models and Comparator Mechanisms

The cerebellum enables the motor system to generate forward
models that anticipate the outcomes of movements before they occur
(Wolpert, Diedrichsen & Flanagan, 2011: 740). Through these
models, sensory consequences are predicted in advance and then
compared to the actual feedback, allowing for quick error detection
(Kandel et al., 2013: 925). This comparator mechanism enhances the
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accuracy of motor control and optimizes the stability and efficiency
of movement (Edwards, 2010: 139).

c. Balance, Timing, and Adaptation

The cerebellum actively contributes to fundamental aspects
of motor performance such as balance control, precise timing, and
adaptation to environmental changes (Haibach-Beach, Reid &
Collier, 2018: 102). Postural maintenance and the adjustment of
motor responses to varying contexts are direct outcomes of
cerebellar processing (Teo, 2009: 87). Moreover, it has been
demonstrated that the cerebellum plays a critical role in initiating and
terminating movements at appropriate times through error correction
and the use of forward models (Boyden, Katoh & Raymond, 2004:
583).

Basal Ganglia: Automatization and Reinforcement

Basal ganglia are a group of subcortical neural structures that
form complex connections with the cerebral cortex and the thalamus
(Kandel et al., 2013). This system includes anatomical regions such
as the striatum (caudate nucleus and putamen), globus pallidus
(internal and external segments), substantia nigra (pars compacta
and pars reticulata), and subthalamic nucleus (Kandel et al., 2013).
The basal ganglia play a central role in the selection and sequencing
of voluntary movements, optimization and reinforcement of motor
plans (Ashby, Turner & Horvitz, 2010). Additionally, they are
closely associated with reward expectation and motivation
mechanisms in learning processes (Rothwell, Hay & Kunz, 2021).

a. Direct/ Indirect Pathways

The basal ganglia regulate motor control through direct and
indirect pathways. The direct pathway facilitates the initiation of
movement by disinhibiting thalamocortical activity through
inhibitory projections from the striatum to the globus pallidus
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internus and substantia nigra pars reticulata (Kandel et al., 2013).
The indirect pathway suppresses unwanted movements by
decreasing thalamic activity via the globus pallidus externus and
subthalamic nucleus (Ashby, Turner & Horvitz, 2010). Dopamine
modulates the balance between these two pathways by stimulating
the direct pathway through D1 receptors and inhibiting the indirect
pathway through D2 receptors (Kandel et al., 2013).

b. Procedural Learning

The basal ganglia perform a critical function in procedural
learning, which is the acquisition of motor skills without conscious
awareness (Ashby, Turner & Horvitz, 2010). Plasticity occurring in
striatal circuits enables the automatization of motor behaviors and
the formation of habits through repeated practice (Rothwell, Hay &
Kunz, 2021). These changes are characterized by strengthening and
restructuring at cortico-striatal synapses (Kandel et al., 2013).

c. Dopaminergic Reward Circuits

Dopaminergic projections from regions such as the ventral
tegmental area (VTA) and substantia nigra pars compacta (SNc)
regulate motor learning and reinforcement behaviors by acting on
striatal neurons (Kandel et al., 2013). D1 receptor activation
facilitates the direct pathway to support movement initiation, while
D2 receptor activation exerts an inhibitory effect on the indirect
pathway to suppress unnecessary motor programs (Kandel et al.,
2013).

d. Striatum

The striatum, composed of the caudate nucleus and putamen,
is the input region of the basal ganglia (Kandel et al., 2013). The
dorsolateral striatum plays a key role in habit formation and
automatization processes (Ashby, Turner & Horvitz, 2010). In
addition to processing incoming cortical information, the striatum
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optimizes motor learning and movement selection through
dopaminergic modulation (Rothwell, Hay & Kunz, 2021).

Neuroplasticity: Structural and Functional Reorganization in
the Motor Cortex

Neuroplasticity refers to the central nervous system’s
capacity to undergo enduring changes in synaptic activity, neuronal
connections, and network organization in response to experience,
learning, or environmental modifications (Kandel et al., 2013;
Martinez & Derrick, 2019). Through these plasticity processes, the
motor cortex is structurally and functionally reorganized during the
acquisition and refinement of motor skills.

a. Cellular-Level Neuroplasticity: LTP and LTD
Mechanisms

During motor learning, persistent changes occur in the
efficacy of synaptic transmission between specific neurons. Long-
Term Potentiation (LTP) is characterized by a sustained increase in
synaptic response following high-frequency stimulation and serves
as a core mechanism in the acquisition of new motor skills (Dayan
& Cohen, 2011). In contrast, Long-Term Depression (LTD) involves
a reduction in synaptic strength induced by low-frequency
stimulation and contributes to error correction during motor
performance (Boyden, Katoh & Raymond, 2004). These synaptic
plasticity processes play a critical role in the reorganization of the
motor cortex in response to learning. Synapses that are activated by
experience become strengthened, whereas unused connections
weaken or are eliminated (Martinez & Derrick, 2019).

b. Structural-Level Neuroplasticity: Synaptogenesis and
Synaptic Pruning

Neuroplasticity is not limited to changes in synaptic efficacy
but also encompasses structural modifications in neural network
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organization. Synaptogenesis refers to the formation of new synaptic
connections and facilitates the development of new pathways
between motor neurons that are frequently activated through practice
(Peters, Chen & Komiyama, 2017). In contrast, synaptic pruning
involves the elimination of dysfunctional or unnecessary
connections, allowing motor skills to be executed through a more
efficient and optimized network (Kandel et al., 2013).
Synaptogenesis is especially dominant during the early phases of
learning, whereas synaptic pruning becomes more prominent during
skill consolidation (Martinez & Derrick, 2019).

c. Network-Level = Neuroplasticity: ~ Cortical ~ Map
Reorganization

As motor skills are acquired, neuronal representation areas in
the motor cortex are reorganized. Cortical map reorganization is
characterized by the expansion of cortical representation areas
associated with frequently used effectors (Nudo, Milliken, Jenkins
& Merzenich, 1996). For example, during the learning of precise
motor tasks such as piano playing or using a tool, the cortical
representation of associated M1 (primary motor cortex) regions
becomes larger and more defined. This has been demonstrated in
both classical and contemporary research (Nudo et al., 1996; Peters
et al., 2017). This reorganization process is directly based on
neuroplastic mechanisms and represents the integration of both
synaptic and structural changes (Spampinato, Celnik & Cortes,
2021).

d. Formation of Motor Engrams: The Lasting Trace of
Neuroplasticity

Motor skills acquired through repeated practice are
consolidated into lasting neural traces known as motor engrams
(Martinez & Derrick, 2019). Motor engrams are structural changes
organized within the motor cortex and associated subcortical
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structures (basal ganglia, cerebellum), which enable accurate and
rapid execution of specific movements (Kandel et al., 2013). This
process involves a transition from initially diffuse activation patterns
in the motor cortex to specific and stabilized neural networks
(Wolpert, Diedrichsen & Flanagan, 2011). Repetitive practice
particularly activates both LTP/LTD mechanisms and strengthens
functional connections in neural networks while eliminating
unnecessary ones (Wu, Duff & Egan, 2022).

Prefrontal Cortex: Attention, Strategy, and Decision-Making

The motor learning process is not confined solely to the
motor cortex and subcortical structures; it also involves higher-order
cognitive functions. The prefrontal cortex (PFC) plays a central role
in regulating the cognitive components of motor learning, including
attention control, cognitive flexibility, performance monitoring, and
decision-making (Kandel et al., 2013; Martinez & Derrick, 2019).

Attention control is critical during the acquisition and
execution of motor skills. Attention enables the selective processing
of sensory information from the environment and appropriately
guides goal-directed motor behaviors (Dayan & Cohen, 2011). The
dorsolateral region of the prefrontal cortex (dIPFC) is particularly
involved in managing attentional processes and supports the focused
cognitive control required for accurate motor task execution
(Wolpert, Diedrichsen & Flanagan, 2011).

Cognitive flexibility is necessary throughout motor learning,
allowing individuals to adapt to changing conditions and develop
new strategies. It refers to the ability to shift between different motor
strategies and to produce appropriate responses to unexpected
environmental changes (Spampinato, Celnik & Cortes, 2021). The
dorsolateral and orbitofrontal areas of the prefrontal cortex are
actively engaged in integrating new information and modifying
motor responses (Martinez & Derrick, 2019).
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The continuous monitoring of motor performance and the
development of corrective strategies based on perceived errors are
facilitated by performance monitoring functions. In this process, the
anterior cingulate cortex (dACC) is particularly active (Peters, Chen
& Komiyama, 2017). The dACC detects errors during motor tasks,
identifies performance deviations, and contributes to the initiation of
appropriate corrective responses (Spampinato, Celnik & Cortes,
2021), thereby supporting more precise and effective motor learning.

Decision-making processes play a significant role both in
selecting new motor skills and optimizing existing motor strategies.
The dIPFC and dACC are engaged in planning motor actions,
predicting their outcomes, and evaluating alternative movements
(Kandel et al., 2013). Specifically, the dIPFC supports goal-directed
decisions during motor selection, while the dACC evaluates
performance based on reward expectations and error feedback (Wu,
Duff & Egan, 2022).

In conclusion, the functions of the prefrontal cortex—such as
attention control, cognitive flexibility, performance monitoring, and
decision-making—not only optimize motor output but also facilitate
the development of learning strategies, accelerate error correction,
and support the flexible adaptation of new motor behaviors. Through
this cognitive modulation, motor learning becomes more effective,
durable, and adaptable to environmental changes.

Observational Learning and Mirror Neurons

a. Discovery, Structure, and the Mirror Neuron System in
Humans

Mirror neurons were first discovered in the early 1990s by
Rizzolatti and colleagues through experiments on the premotor
cortex (area F5) of macaque monkeys (Rizzolatti & Craighero,
2004). These neurons were activated not only when the monkey

performed a specific motor action, such as reaching for an object,
--32--



but also when it observed another individual performing the same
action. Thus, they were identified as dual-function neurons that fire
during both  execution and observation of actions.
Although the direct presence of mirror neurons at the cellular level
in humans has not been confirmed, studies using fMRI, EEG, and
TMS techniques have shown the existence of a Mirror Neuron
System (MNS) performing similar functions in the human motor
system (Kilner & Lemon, 2013; Caspers et al., 2010). The human
MNS comprises a broad network including the premotor cortex,
inferior parietal lobule, and superior temporal sulcus. For example,
in fMRI studies by Iacoboni et al. (1999), activations were observed
in both the premotor cortex and the inferior parietal lobules while
participants observed hand movements. These findings support the
direct role of these regions in observational learning.

b. Functions of Mirror Neurons: Action Intention,
Visuomotor Transformation, and Premotor Cortex
Activation

Initially, mirror neurons were thought to be involved only in
simple imitation. However, subsequent research has shown their
critical role in understanding the intention behind observed actions
(Rizzolatti & Sinigaglia, 2010). For example, when observing
someone reaching for an object, the brain assesses not just the
movement but whether the action has a goal, such as grabbing the
object (Fogassi et al., 2005).

In this process, visuomotor transformation mechanisms are
engaged. The visual information of the observed movement is
transformed into motor plans in the premotor cortex (Kilner, 2011).
This allows the observer to mentally simulate the observed action
and prepare motor programs in advance, facilitating future
performance of similar movements. This mechanism is particularly
effective in learning complex movements or tool use. For instance,

when a basketball player observes a free throw, motor templates in
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the premotor cortex are activated, which helps perform the same
action more effectively later (Buccino, Lui & Riggio, 2004).

c. Mental Representation, Motor Imagery, and Action
Observation-Execution Overlap

Observational learning is closely linked to mental
representation and motor imagery processes. Motor imagery refers
to the mental simulation of a movement without physically
performing it (Jeannerod, 2001). Research shows that motor imagery
and observational learning activate similar neural circuits. Especially
the premotor cortex, supplementary motor area, and inferior parietal
lobule are active during both motor imagery and observational
learning (Kilner & Lemon, 2013).

The overlap between action observation and execution has
been confirmed by neuroimaging studies. Motor areas activated
during observation largely coincide with those activated during
execution (Caspers et al., 2010). This overlap strengthens the neural
foundations of learning and enhances the effect of observational
learning on motor performance. For example, in a study where
participants watched and later performed a dance routine, fMRI data
showed significant overlap in activation in the motor cortex and
premotor areas (Cross, Hamilton & Grafton, 2006).

d. Factors Influencing Observational Learning

The effectiveness of observational learning can vary
depending on several factors. One such factor is the expertise level
of the model being observed. Observing an expert model induces
stronger motor activation and learning effects compared to observing
a novice (Calvo-Merino et al., 2005).

Additionally, the observer's prior motor experience also plays
a role. The mirror neuron system is more strongly activated when
individuals observe actions they have previously performed



themselves (Cross, Hamilton & Grafton, 2006). Moreover, attention
during observation and feedback provided afterward enhance the
quality of learning (Hardwick et al., 2018). For instance, when an
individual watches a tennis serve while focusing intensely on visual
details, motor system activation and subsequent performance
improvement become more pronounced. This demonstrates that
observational learning is an active, attentive, and goal-oriented
process.

Sensorimotor Integration and Feedback Systems

The processing and integration of sensory information are
critically important for the successful planning, execution, and
learning of motor behaviors. The nervous system combines inputs
from various sensory sources—such as proprioception, vestibular
information, and visual input—to precisely regulate motor
commands (Kandel et al., 2013). Feedback mechanisms play a vital
role not only in enabling the adaptation of movement to
environmental conditions but also in serving as one of the
foundational components of motor learning.

The use of sensory-motor integration and types of feedback
varies across different stages of motor learning. In the cognitive
stage, individuals rely heavily on visual and external feedback to
guide their movements. During the associative stage, both external
and internal feedback are used in a balanced manner, whereas in the
autonomous stage, where skills become automated, proprioceptive
and internal feedback become more dominant (Fitts & Posner, 1967;
Schmidt & Lee, 2011). This dynamic shift demonstrates how sensory
systems are actively utilized throughout the learning process.

a. Proprioception

Proprioception is the sensory system that provides
information about the position, movement, and force exerted by the

body and limbs in space (Proske & Gandevia, 2012). This
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information is detected by proprioceptors such as muscle spindles,
Golgi tendon organs, and joint receptors. Muscle spindles sense
muscle length and the rate of its change, while Golgi tendon organs
detect the tension produced by the muscle (Purves et al., 2018). Joint
receptors perceive the angular position of joints. Proprioception
provides immediate internal feedback about body position during
movement, allowing for reflexive corrections. It forms the basis for
rapid corrective responses (e.g., ankle reactions during loss of
balance). Furthermore, it is used to optimize movement accuracy and
coordination during the planning and updating of motor commands
(Gandevia, 1996). Sensory deficits, particularly impairments in the
proprioceptive system, can severely affect motor control and
learning. For instance, in conditions such as peripheral neuropathy,
reduced proprioceptive input can lead to errors in goal-directed
movements and postural instability (Sainburg, Ghilardi & Poizner,
1995).

b. Vestibular System

The vestibular system is a sensory system that contributes to
balance and spatial orientation by providing information about the
position and movements of the head—particularly acceleration
(Cullen, 2012). Vestibular information is perceived through the
semicircular canals and otolith organs (utricle and saccule) located
in the inner ear. The semicircular canals detect angular head
movements, while the otolith organs sense linear acceleration and
head position relative to gravity.

The vestibular system plays a central role in maintaining
postural control and coordinating balance-dependent movements
such as walking and running. It also supports the vestibulo-ocular
reflex (VOR), which enables the eyes to maintain fixation on a target
during head movements (Angelaki & Cullen, 2008). Dysfunction in
the vestibular system (e.g., vestibular hypofunction) can negatively
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affect motor learning and control, leading to imbalance, spatial
disorientation, and decreased motor performance (Horak, 2009).

c. Visual Feedback

Visual feedback consists of visual information from the
external environment about the body and its position relative to
surrounding objects. During movement planning, visual input
provides a critical feedforward element for target identification and
motor strategy development (Goodale & Milner, 1992). During
movement execution, visual information guides ongoing
adjustments (online control).

Visual feedback plays a vital role in error detection and the
generation of corrective motor responses, especially during the
acquisition of new motor skills or when performing tasks requiring
precision (Shadmehr & Krakauer, 2008). Visual feedback can be
provided both intrinsically (observing one's own movement) and
extrinsically (viewing the outcome of the movement).

Disruptions in the visual system (e.g., vision loss) may slow
down the learning process, impair movement planning, and reduce
the quality of interaction with the environment.

d. Intrinsic and Extrinsic Feedback (KR/KP)

Intrinsic feedback refers to the information perceived by the
individual through their own sensory systems (e.g., proprioceptive,
vestibular, visual, auditory) as a natural result of the movement
(Schmidt & Lee, 2011). For instance, a runner feeling the tension in
their leg muscles or a gymnast sensing changes in balance are
examples of intrinsic feedback. Extrinsic or augmented feedback is
information provided by an external source that the individual
cannot directly perceive through their own sensory systems. This
type of feedback is classified into two categories:
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Knowledge of Results (KR): This refers to information about
the outcome of a movement. For example, whether a basketball shot
was successful or the finishing time of a runner (Adams, 1971).
Knowledge of Performance (KP): This refers to information about
how the movement was performed, including the quality or
kinematic features of the movement. An example would be a coach
providing corrections on an athlete's jumping technique (Salmoni,
Schmidt & Walter, 1984).

The timing and frequency of extrinsic feedback have a direct
effect on the success of motor learning. Research indicates that
immediate feedback during movement can lead to rapid performance
improvements but may negatively affect long-term retention. In
contrast, delayed feedback provided after the completion of
movement can enhance long-term learning by encouraging
individuals to develop their own error detection mechanisms
(Winstein & Schmidt, 1990).

The frequency of feedback is also crucial; overly frequent
feedback may inhibit the development of intrinsic error detection
mechanisms, whereas optimally spaced feedback supports learning
(Wulf, Shea & Lewthwaite, 2010).

e. Processing of Sensory Information in the Brain

Proprioceptive, vestibular, and visual information is
processed and integrated in different regions of the central nervous
system. The cerebellum plays a significant role, especially in
detecting errors and generating corrective motor responses (Ito,
2006). The basal ganglia utilize sensory information in selecting
movements and reinforcing appropriate motor responses (Graybiel,
2008). The motor cortex integrates incoming sensory data into motor
plans, enabling precise execution of movements (Kandel et al.,
2013). These structures work in coordination to analyze sensory
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inputs, update motor commands, and optimize movement
performance throughout the motor learning process.

Spinal Plasticity: Reflex and Spinal Adaptation

It has been demonstrated that motor learning is supported not
only by cortical and subcortical structures but also by plasticity
processes occurring at the spinal level. The spinal cord regulates
motor control and exhibits structural and functional changes under
certain conditions via reflex modulation, spinal learning, and central
pattern generators (CPGs) (Edgerton et al., 2004).

a. Reflex Modulation

Reflexes are modulated by spinal circuits to produce rapid
motor responses to environmental changes. Experience-dependent
plasticity can lead to changes in the threshold, latency, and amplitude
of reflex responses (Wolpaw, 2010). For instance, a spinal reflex
known as the H-reflex can either be enhanced or suppressed
following specific training protocols. These changes are associated
with mechanisms similar to long-term potentiation (LTP) or long-
term depression (LTD) in synaptic transmission within the spinal
cord (Thompson, Wolpaw & Chen, 2009).

b. Spinal Learning

Spinal learning refers to learning processes that can occur at
the spinal level without cortical or brainstem input. Experimental
studies have shown that certain forms of conditioned learning can
take place even in animals whose dorsal roots or brain connections
have been severed (Grau et al., 2006). Particularly in the conditioned
flexion reflex paradigm, the spinal cord has the capacity to develop
adaptive responses to environmental stimuli independently. These
findings demonstrate that spinal circuits are not merely passive
reflex loops but can undergo experience-dependent modifications.
Such plasticity observed at the spinal level plays an important role
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in the early phases of motor learning, enabling rapid reflex
adaptations. Moreover, these processes contribute to the
automatization of movement through reinforcement of motor
programs in the spinal cord.

c. Central Pattern Generators (CPGs)

Central pattern generators (CPGs) are neural circuits within
the spinal cord capable of producing rhythmic motor patterns (e.g.,
walking, swimming) without requiring sensory input (Marder &
Calabrese, 1996). CPGs play a critical role in the control of repetitive
motor tasks, particularly locomotion. It has been shown that CPGs
are activated during the sequential and orderly activation of leg
muscles while walking (Grillner & El Manira, 2020). CPGs are also
subject to experience-dependent plasticity. Experimental animal
models have revealed that following spinal cord injury, restructured
CPG circuits can respond to environmental stimuli and therapeutic
interventions to reorganize locomotor activity (Edgerton et al.,
1997).

d. Electrical Conduction and Potential Enhancement in the
Spinal Cord

Another dimension of spinal plasticity is the ability of neural
conduction to change in response to learning. At the spinal level,
repeated stimulations or increased motor activity can enhance the
speed and efficiency of action potential conduction. This occurs
through activity-dependent myelination and adaptive regulation of
ion channel density in axonal transmission (Fields, 2015). In the
study titled “Variability of Spinal Cord Electrical Conductivity,” it
was reported that individual differences exist in spinal cord electrical
conductivity and that learning processes may modulate this
conductivity, increasing its capacity with repeated motor activity
(Sullivan & Armstrong, 2018). These findings demonstrate that
functional adaptations can also occur at the spinal level. In particular,
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synaptic activity triggered by proprioceptive and vestibular inputs
may promote reorganization of spinal neural networks. This
reorganization can lead to a wide range of functional outcomes, from
fine modulation of reflexes to more efficient production of motor
responses (Wolpaw & Tennissen, 2001).

Sleep and Consolidation Processes

The consolidation of motor learning does not solely rely on
practice and repetition, but is also completed through the process of
strengthening the learned information in the brain. This
consolidation largely occurs during sleep. Sleep represents a critical
period during which the nervous system both stabilizes newly
acquired motor skills and supports their transfer to long-term
memory (Walker & Stickgold, 2006). Sleep plays a particularly
crucial role in the consolidation of procedural motor skills acquired
through practice (Diekelmann & Born, 2010). Furthermore, it is
emphasized that this consolidation process does not occur during
active practice, but rather in an “offline” phase after practice has
ended (Stickgold, 2005). Specifically, different stages of sleep (REM
and NREM) have been shown to make unique contributions to motor
memory consolidation.

a. REM and NREM Sleep Stages

Sleep is divided into two main categories: rapid eye
movement (REM) sleep and non-rapid eye movement (NREM)
sleep. NREM sleep encompasses slow-wave sleep (SWS) as well as
lighter stages and plays an important role in the stabilization of motor
memory (Diekelmann & Born, 2010). During the NREM phase,
especially slow-wave activity and sleep spindles are associated with
the strengthening of newly acquired motor skills within cortical
networks (Fogel & Smith, 2011). REM sleep, on the other hand, is
more related to the integration and reorganization of motor skills. It
is believed that during REM sleep, neuronal patterns related to
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learned motor skills are reactivated and optimized (Maquet, 2001).
The REM phase is suggested to be important in the consolidation of
the more complex and creative components of motor learning.

b. Synaptic Homeostasis Hypothesis

The synaptic homeostasis hypothesis posits that sleep
balances the processes of synaptic strengthening and pruning
(Tononi & Cirelli, 2014). While learning results in widespread
strengthening of synaptic connections, sleep optimizes these
connections by pruning unnecessary or weak synapses and
stabilizing strong ones. This mechanism allows the nervous system
to maintain energy efficiency and be prepared for new learning. In
motor learning, achieving synaptic homeostasis during sleep
facilitates the integration of newly acquired skills into more efficient
network structures. Particularly during slow-wave activity in the
NREM phase, the reorganization of synaptic weights contributes to
the consolidation of motor memory traces (Tononi & Cirelli, 2012).

c. Neural Reactivation During Sleep

Neural reactivation during sleep refers to the spontaneous
reactivation of neural networks that were active during learning.
Studies in animals and humans have shown that after motor learning,
neural patterns in certain cortical and subcortical areas are replayed
during sleep (Rasch & Born, 2013). Especially during NREM sleep,
the motor cortex and related structures reactivate the motor patterns
acquired during learning, making this information more stable and
accessible (Stickgold, 2005). This process not only reinforces
information but also contributes to performance improvement upon
waking.

For example, in individuals who practiced motor sequences
before sleep, performance was observed to improve significantly in
terms of both accuracy and speed after sleep (Walker et al., 2002).
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These findings reveal that sleep is not merely a passive resting phase,
but an active process of restructuring in motor learning.

Physiological Factors and Individual Differences

The process of motor learning may vary significantly
between individuals, and these differences are influenced by various
physiological factors. Age, gender, and hormonal effects can directly
determine the speed and effectiveness of motor learning. While
increased neuronal plasticity during childhood accelerates the
acquisition of motor skills, this capacity decreases with aging
(Seidler et al., 2010). Gender differences can also affect motor
performance and learning through hormonal influences; estrogen has
been shown to support synaptic plasticity, while testosterone
enhances motor performance (Cummings et al., 2007).

Genetic factors are important determinants underlying an
individual's motor learning capacity. In particular, the BDNF (brain-
derived neurotrophic factor) Val66Met polymorphism significantly
influences synaptic plasticity and motor learning. In carriers of the
Met allele, reduced BDNF secretion has been reported to result in
lower plasticity in the motor cortex and, consequently, decreased
motor learning success (McHughen et al., 2010).

Stress levels and the associated release of cortisol also have
a significant effect on motor learning. High cortisol levels may
impair cognitive functions during the early stages of learning and
lead to a decline in motor performance (Roozendaal, 2002).
However, it has been shown that moderate stress can support
learning, whereas excessive stress may inhibit it.

Sleep quality and fatigue level have a decisive effect on the
consolidation processes of motor learning. While good quality sleep
supports the consolidation of motor memory during sleep,
insufficient sleep negatively affects both the acquisition and

maintenance of motor performance (Walker & Stickgold, 2006).
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Fatigue can reduce motor learning capacity by disrupting neural
signal generation at both central and peripheral levels.

Finally, an individual’s level of physical activity has a
positive effect on motor learning ability. Regular physical activity
increases the levels of neurotrophic factors (e.g., BDNF), thereby
enhancing brain plasticity and supporting motor learning processes
(Cotman & Berchtold, 2002). On the other hand, a sedentary lifestyle
can lead to declines in both cognitive and motor functions.
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BOLUM 2

SANAL DUNYADA FiZIKSEL AKTIVITE: RING
FiT ADVENTURE iLE DIJITAL EGZERSIZIN
YENI UFUKLARI

TUGBA MUTLU BOZKURT!
EMRULLAH YILMAZ?
AHMETHAN YILDIRAK?

Giris
Dijital teknolojilerin hizla gelismesi ve giinliikk yasamin her
alanina entegre olmasi, fiziksel aktivite ve egzersiz yaklasimlarini da
derinden etkilemistir. Ozellikle son yillarda, 'fijital' (fiziksel + dijital)
kavrami, bireylerin hem dijital ortamda hem de fiziksel olarak aktif
olmalarin1 saglayan platformlarin gelistirilmesine onciiliilk etmistir
(Bonnechere ve ark., 2020; Staiano ve ark., 2018; Vaghetti ve ark.,

2018). Bu baglamda, "harekete duyarl dijital oyunlar" (exergame)
kavrami1 ortaya ¢ikmis ve bu oyunlar, kullanicilarin fiziksel
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hareketlerle oyunlara dahil olmalarini saglayarak, hem eglence hem
de saglik amacli kullanimi bir araya getirmistir.

Bu ¢alismanin amaci, harekete duyarli dijital oyunlardan biri
olan Ring Fit Adventure oyunu 6zelinde dijital oyunlarin fiziksel
aktivite, egzersiz ve saglik lizerindeki etkilerini degerlendirmek; bu
oyunlarin spor ve saglik bilimlerine sundugu katkilar1 incelemek ve
dijital teknolojilerin fiziksel aktivite alaninda sundugu yenilikleri
bilimsel bir ¢ercevede ele almay1 hedeflemektedir.

Bu boliimde, asagidaki konulara odaklanilmistir:

1. Dijital oyunlarin tarihsel gelisimi ve harekete duyarli
oyunlarin ortaya ¢ikist,

2. Harekete duyarli dijital oyunlarin fiziksel aktivite,
egzersiz ve saglik lizerindeki etkileri,

3. Ring Fit Adventure 6zelinde, bu oyunun fiziksel aktivite
ve saglikla olan iliskisi,

4. Dijital oyunlarin spor bilimleri, saglik bilimleri ve
teknoloji alanlarina katkilari,

5. Gelecekteki teknolojik gelismeler ve metaverse
entegrasyonu basliklarinda incelenmistir.

DIJITAL OYUNLARIN TARIHSEL GELISIMIi VE
HAREKETE DUYARLI OYUNLARIN ORTAYA CIKISI

Dijital Oyunlarin Kokeni, ilk Ornekler ve Konsol Gelisimi

Dijital oyunlarin  kokeni, 1950'1i yillarda bilgisayar
teknolojilerinin  gelisimine paralel olarak gelisim gosterdigi
belirtilmektedir. ilk dijital oyun orneklerinden biri, 1958 yilinda
William Higinbotham tarafindan gelistirilen ve osiloskop ekraninda
oynanabilen 7ennis for Two oyunu olarak ifade edilmistir (Smith,
2006). 1960'larda MIT'de gelistirilen Spacewar! oyunu ise, daha

genis kitlelere ulasan ilk etkilesimli oyunlardan biri olarak
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belirtilmistir. 1972 yilinda Atari tarafindan gelistirilen Pong oyunu,
ticari anlamda dijital oyun sektoriiniin temelini atmis ve arcade
salonlarmin yiikselisine onciiliik etmektedir. ifade edilen dénem,
dijital oyunlarin eglence amagh kullanimiyla ilgili kamuoyunda ilk
farkindaliklarin olustugu ve oyun kiiltiiriiniin yayginlastig1 yillar
olarak yerini almistur.

1980'11 yillar, ev tipi oyun konsollarinin piyasaya
siiriilmesiyle dijital oyunlarin daha genis kitlelere ulagmasina olanak
saglamaktadir. Nintendo Entertainment System (NES), Sega
Genesis gibi konsollar, ev ortaminda interaktif oyun deneyimlerini
miimkiin kilmaktadir. Bu donemde, joystick ve game-pad gibi
fiziksel arayiizlerle kullanici etkilesimi 6n plana ¢ikarken, oyunlarin
gorsel ve isitsel kaliteleri de gelistirilmistir. Oyun tiirleri ¢esitlenmis,
platform, strateji ve doviis gibi farkli kategorilerde oyunlar
iiretilmistir.

Harekete Duyarhi Oyunlarim Evrimi: Wii, Kinect, Move ve
Mobil Teknolojiler

Harekete duyarli oyunlarin ilk ornekleri, 1980'li yillarda
arcade salonlarinda kullanilan fiziksel etkilesimli sistemlere
dayanmaktadir. Ornegin, motosiklet simiilasyonlar1 ve dans
platformlari, oyuncularin fiziksel hareketlerle oyuna dahil olmalarini
saglamaktadir. Ancak bu deneyimlerin ev ortamina taginmasi sinirl
kaldigi ifade edilmigtir. 1998 yilinda Konami tarafindan
gelistirilen Dance Dance Revolution (DDR), ev kullanicilarina
yonelik ilk etkili harekete duyarli dijital oyunlardan biri olarak
tarihte yerini almistir (Sheehan & Katz, 2013; Barnett ve ark., 2011).
Bu oyun, kullanicilarin ayak hareketlerini algilayan bir platform
iizerinde fiziksel aktivite yapmalarini saglamis ve ozellikle gencler
arasinda bliyiik popiilerlik kazanmistur.

2006 yilinda Nintendo tarafindan piyasaya siiriilen Wii oyun
konsolu, harekete duyarli oyunlar kitlesel kullaniciya ulastiran en
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onemli yeniliklerden biri olmustur. Wii Remote adli hareket
algilayict kumanda, kullanicilarin el hareketlerini algilayarak
kullanicilar1 oyun deneyimine dahil etmektedir. Wii Sports gibi
oyunlar, tenis, bowling, boks gibi fiziksel aktiviteleri dijital ortamda
deneyimleme imkani sunarak, genis yas gruplar tarafindan
benimsenmistir. Bu donem, dijital oyunlarin saglik ve egzersiz
amaciyla da kullanilabilecegi fikrinin yayginlastigi bir siireci temsil
etmektedir.

Nintendonun  basarisinin  ardindan,  Microsoft Xbox
Kinect ve Sony PlayStation Move sistemleri ile pazarda rekabeti
derinlestirmistir. Kinect, kullanicilarin tiim viicut hareketlerini
herhangi bir kumanda gerektirmeksizin algilayarak oyuna aktaran
bir kamera ve sensor sistemi sunmustur. Bu teknoloji, daha 6zgiir ve
gercekei bir oyun deneyimi saglarken, egzersiz ve dans gibi fiziksel
aktivitelerin dijital ortama tasinmasina olanak vermistir. PlayStation
Move ise el kumandalar1 ve kamera destegi ile benzer bir deneyimi
saglamis, O0zellikle fitness ve spor temal1 oyunlarda etkili olmustur.

2010'u yillarla birlikte, akilli telefonlar, tabletler ve
giyilebilir  cihazlar, dijital oyunlarin fiziksel aktiviteyle
entegrasyonunu kolaylastirmistir. Ozellikle hareket sensérleri, GPS,
ivmedlger gibi donanimlar sayesinde, kullanicilarin konum ve
hareket verileri oyunlara entegre edilmistir. Bu donemde Zombies,
Run! gibi uygulamalar, kullanicilarin yiiriiyiis ve kosu aktivitelerini
oyunlastirarak tesvik etmis, Just Dance Now gibi oyunlar ise mobil
cihazlar iizerinden evde dans egzersizi imkani sunmustur.

Ring Fit Adventure, Pandemi ve Harekete Duyarh Oyunlarin
Yeni Ufuklar:

Nintendo, 2019 yilinda Ring Fit Adventure oyununu
piyasaya siirerek, harekete duyarl oyunlar alaninda yeni bir donem
baslamistir. Bu oyun, Ring-Con adli direng halkasi ve bacak sensorii
ile oyuncularin viicut hareketlerini daha genis bir yelpazede
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algilayarak, egzersiz tiirleri ¢esitlendirilmisti. ~COVID-19
pandemisi siirecinde evde egzersiz ihtiyacinin artmasi, Ring Fit
Adventure'm popiilerligi artirilmistir. Bu durum, dijital oyunlarin
saglik, egzersiz ve yasam tarzi iizerindeki etkisinin daha fazla
tartisilmasina yol agmis, harekete duyarli oyunlarin "ev egzersizi"
kavramini yeniden tanimlamasi saglanmastir.

Giiniimiizde harekete duyarli oyunlar, sanal gerceklik (VR),
artirllmis  gerceklik (AR) ve yapay zekda (Al) teknolojileri ile
biitlinleserek  daha  siiriikleyici  ve  kisisellestirilmis  hale
gelmektedir. Beat  Saber, Supernatural, FitXR gibi VR tabanlh
egzersiz oyunlari, kullanicilarin sanal ortamlarda yogun fiziksel
aktiviteler gerceklestirmesini miimkiin kilmaktadir (Qian ve ark.,
2020; Viana & de Lira, 2020).

Bu tiir harekete duyarli oyunlar, yalnizca fiziksel sagligi
degil, ayn1 zamanda anksiyete ve stresle basa ¢ikmada da etkili
olabilmektedir (Viana & de Lira, 2020). Ayn1 zamanda giyilebilir
cihazlar sayesinde biyolojik verilerin oyun deneyimine entegre
edilmesi, bireylerin saghigint izleyerek optimize edilmis
antrenmanlar yapilmasina olanak tanimaktadir.

HAREKETE DUYARLI DIJITAL OYUNLARIN FiZiKSEL
AKTIVITE VE SAGLIK UZERINDEKI ROLU

Fiziksel Aktivitenin Artirilmas1 ve Saghk Uzerindeki Etkileri:
Kardiyovaskiiler, Kas, Psikolojik ve Bilissel Sonuc¢lar

Harekete duyarli dijital oyunlar, fiziksel aktiviteyi tesvik
eden interaktif yapilar1 sayesinde, 6zellikle hareketsiz yasam tarzina
sahip bireyler i¢in 6nemli bir alternatif olusturmaktadir. Yapilan
caligmalar, bu oyunlarin kisa vadede enerji harcamasini artirdigi ve
orta diizey fiziksel aktivite seviyesine ulasmay1 miimkiin kildigim
gostermektedir (Peng ve ark., 2020). Ayrica, oyunlarin eglence
temelli dogasi, kullanicilarin egzersizi daha cazip ve siirdiirtilebilir

bir etkinlik olarak algilamalarina katki sunar. Bu oyunlar, egzersizi
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bir “zorunluluk” olmaktan c¢ikarip “keyifli bir deneyim” haline
getirerek fiziksel aktiviteye katilimi uzun vadede tesvik edebilir.
Nitekim Staiano ve ark. (2017), harekete duyarli oyunlarin geng
bireylerde fiziksel aktivite siiresini artirdigini ve egzersize yonelik
0z-yeterlik algisin1 gelistirdigi ortaya koyulmustur.

Harekete duyarli oyunlar, kalp atig hizin1 artiran egzersizler
icermesi sayesinde kardiyovaskiiler saglik agisindan faydalar oldugu
da ifade edilebilir. Diizenli kullanimda harekete duyarli oyunlarin
kalp-damar sistemini destekledigi, oksijen tiiketimini artirdigi ve
aerobik kapasiteyi gelistirdigi gozlemlenmistir (Diiking ve ark.,
2020).

Bu nedenle, 6zellikle hareketsiz bireylerde baslangic diizeyi
aerobik egzersiz ihtiyacinm1 karsilayarak, saglik kazanimlarina
ulasmada etkili bir ara¢ olarak da tanimlanabilmektedir.

Bununla birlikte kas giicli ve esnekligin artirilmasi, yalnizca
geleneksel direng egzersizleri ile degil, harekete duyarli oyunlarla da
miimkiin  olabilmektedir. Ozellikle Ring Fit Adventure gibi
oyunlarda uygulanan izometrik egzersizler, viicut agirligiyla yapilan
antrenmanlar ve yoga tabanli hareketler, kas dayanikliligin1 ve
esnekligini de artirmaktadir. Ayrica, denge ve koordinasyon gibi
motor beceriler, bu oyunlarin tekrarli ve yonlendirmeli yapilar
sayesinde gelismekte, boylece diisme riskinin azaltilmasi gibi
onemli saglik ciktilar1 elde edilmektedir (Staiano & Calvert, 2011;
Peng ve ark., 2011).

Harekete duyarli dijital oyunlarin etkileri yalnizca fiziksel
boyutla sinirli degildir. Yapilan ¢alismalar, bu oyunlarin anksiyete ve
stres diizeylerini azalttigini, 6z-yeterlik algisin1 ve motivasyonu
artirdigin1 ortaya koyulmustur (Staiano & Calvert, 2011). Ayrica,
dikkat, karar verme ve tepki siiresi gibi biligsel becerilerin
gelisiminde de olumlu etkiler rapor edilmistir (Best, 2013). Bu
yoniiyle, harekete duyarli oyunlar sadece bedensel degil, zihinsel
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saglhigin da korunmasina katki sunan biitlinciil araglardan birisi
oldugu belirtilebilmektedir.

Harekete duyarli oyunlar, yas gruplarina 6zgii farkli faydalar
da sunmaktadir. Cocuklarda ve genglerde obezite ile miicadelede
etkili bir ara¢ olarak kullanilmakta, motor becerilerin gelisimine
katki saglamaktadir (Gao ve ark., 2015; Barnett ve ark., 2011). Yash
bireylerde ise diisme riskini azaltma, denge ve kas kuvvetini koruma
acisindan bu oyunlar rehabilitatif bir arac¢ islevi goriilmektedir.
Ayrica, sosyal etkilesim imkani sunmasi, yash bireylerin yalnizlik
hissini azaltarak genel yasam kalitesini iyilestirmektedir (Skjaret ve
ark., 2016).

RING FIT ADVENTURE: FiZIKSEL AKTIVITE VE SAGLIK
ILISKiSi

Oyun Temelli Egzersiz Programlarinin Yapisi, Kisisellestirilmis
Uygulamalar ve Fiziksel Uygunluk Uzerindeki Etkileri

Ring Fit Adventure, Nintendo Switch platformunda
caligmakta olup, fiziksel aktiviteyi oyunlastirilmis bir yapida sunan
rol yapma (RPG) tabanli bir egzersiz oyunu olarak
tanimlanabilmektedir. Oyuncular, Ring-Con adl1 direng halkas1 ve
bacak sensorii ile oyun i¢i karakterleri yonlendirmektedir. Oyun,
kardiyovaskiiler egzersizler (kosu, ziplama), kuvvet antrenmanlari
(squat, overhead press), esneklik egzersizleri (yoga, stretching) gibi
cok yonlii hareketleri kapsamaktadir. Cok yonlii hareketleri
kapsayan bu yapi, oyun igerigini hem eglenceli hem de fiziksel
olarak etkili hale getirmektedir.

Ring Fit Adventure, kullanicilarin yas, cinsiyet, kondisyon
diizeyi ve hedeflerine gore kisisellestirilmis egzersiz programlari da
sunmaktadir. Oyunun yapay zeka tabanli algoritmalari, kullanicinin
performansina gore zorluk seviyesini otomatik olarak ayarlamakta
ve ilerleme verilerini takip etmektedir. Ayrica, ger¢cek zamanli gorsel
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ve sesli geribildirim mekanizmalari, egzersizlerin dogru ve verimli
bir sekilde yapilmasina olanak saglamaktadir.

Literatiirde yapilan caligmalarda, Ring Fit
Adventure kullanimmin VO2 max, kas kuvveti, esneklik ve viicut
kompozisyonu gibi fiziksel uygunluk parametrelerinde anlamli
iyilesmeler sagladig1 belirtilmistir. Ozellikle haftada 3-4 giin, 30-45
dakikalik seanslarla yapilan kullanim, baslangic diizeyindeki
bireyler i¢in bile kisa stirede saglik ¢iktilar1 elde edilmesini miimkiin
kilmaktadir (Qian ve ark., 2020; Vaghetti ve ark., 2018). Benzer
sekilde, exergaming'in fiziksel uygunluk lizerindeki olumlu etkileri,
kardiyovaskiiler fitness ve kas kuvveti gibi parametrelerde 6nemli
iyilesmeler sagladigi belirtilmektedir (Staiano & Calvert, 2011; Peng
ve ark., 2011). Ayrica, aktif video oyunlarinin enerji harcamasini
artirarak orta-yliksek siddette egzersiz sagladigi ve oOzellikle
cocuklar ve ergenlerde obezite riskini azaltmada etkili oldugu
vurgulanmaktadir (Gao ve ark., 2015; Benzing & Schmidt, 2018).
Ulasilan bulgular, Ring Fit Adventure gibi exergaming sistemlerinin
fiziksel aktiviteyi tesvik etme ve genel saglik iizerinde olumlu etkiler
yaratma potansiyelini ortaya koymaktadir.

Oyunlastirma, Rehabilitasyon ve Ring Fit Adventure'in
Cocuklar ve Gencler Uzerindeki Etkileri

Oyunun oyunlastirma (gamification) unsurlari, kullanicilarin
egzersize katilm motivasyonunu artirmakta ve davranigsal
stirdiiriilebilirligi  desteklemektedir. Puan  toplama,  gorev
tamamlama, seviye atlama gibi 6diil mekanizmalari, kullanicilarin
egzersiz aligkanliklarim1  pekistirmekte; basar1 hissi ve igsel
motivasyon gelisimini tesvik etmektedir (Ryan ve ark., 2006).
Ayrica, oyunun mizahi anlattmi ve renkli gorsel tasarimi,
kullanicilarin oyunu keyifle deneyimleme sansi1 saglamaktadir
(Hamari & Koivisto, 2015).
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Ring Fit Adventure, ayrica muazzam bir 6zelligi ile de destek
tedavisi siiresinde de bireylere yardimci oldugu diisiiniilmektedir.
Omegin rehabilitasyon siirecindeki bireyler igin diisiik-orta
yogunlukta egzersiz sunarak kas giiclinii ve hareket kabiliyetini
artirabilir.  Ornegin, felg sonrasi iyilesme siirecinde viicut
hareketlerinin ~ tekrar  kazanilmasi, bu oyun aracilifiyla
desteklenebilir (Laver ve ark., 2017). Ayrica obezite, tip 2 diyabet ve
hipertansiyon gibi kronik hastaliklarin yonetiminde, ev ortaminda
siirdiiriilebilir egzersiz segcenegi sunarak yasam kalitesine olumlu
katkilar saglayabilmektedir (Stanmore ve ark., 2019).

Dijital oyunlara yatkinlig1 yiiksek olan ¢ocuklar ve genclerde
Ring Fit Adventure, fiziksel aktiviteye katilimi artirmak icin etkili
bir ara¢ oldugu diisiiniilmektedir. Cocuklar ve gengler grubunda sik
goriilen hareketsizlik ve ekran bagimlilig1 sorunlarina karsi, bu tiir
oyunlar fiziksel aktiviteyi eglenceyle biitiinlestirerek ¢6zim
sunmaktadir (Staiano & Calvert, 2011; Benzing & Schmidt, 2018).
Ayrica, obeziteyle miicadelede enerji harcamasini artirmasi, saglikli
yasam aligkanliklarinin erken yasta kazandirilmasina yardimci
olabilir (Peng ve ark., 2011; Biddiss & Irwin, 2010).

DIiJITAL OYUNLARIN SPOR BILIMLERi, SAGLIK
BIiLIMLERI VE TEKNOLOJi ALANLARINA KATKILARI

Spor Bilimleri A¢isindan Degerlendirme

Dijital oyunlar, Ozellikle harekete duyarli olanlar, spor
bilimlerinin farkli alt disiplinlerine dogrudan katki saglamaktadir.
Egzersiz fizyolojisi alaninda, bu oyunlarin enerji harcamasi, kalp atis
hizi ve metabolik esdeger (MET) degerleri iizerinden yapilan
analizleri, fiziksel aktivitenin siddetini ve etkinligini ortaya koymak
acisindan 6nemi ifade edilmistir (Staiano ve ark., 2012). Ayrica
motor 6grenme ve motor kontrol alaninda, kullanicilarin karmagik
hareket dizilerini 6grenmesi ve tekrarlamasi, bu oyunlarin egitim ve
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rehabilitasyon siireclerinde nasil kullanilabilecegine dair onemli
veriler sunmaktadir (Levac ve ark., 2016).

Antrenman bilimi baglaminda, dijital oyunlar bireylerin
kondisyon diizeyine gore Olgeklenebilir egzersiz protokollerinin
uygulanmasina olanak tanimaktadir. Bununla birlikte dijital oyunlar,
sporcularin diisiik yogunluklu giinlerde aktif kalmasina, toparlanma
siireclerinde ise aktif dinlenme yapilmasina katki sunabilmektedir
(Peng ve ark., 2011). Spor pedagojisi agisindan, ¢ocuk ve genglere
fiziksel aktivite aligkanliklar1 kazandirmak i¢in egitsel oyunlagtirma
teknikleriyle biitiinlesik programlar gelistirilebilmektedir (Benzing
& Schmidt, 2018).

Saghk Bilimleri Acisindan Degerlendirme

Harekete duyarli dijital oyunlar, saglik bilimleri
perspektifinden incelendiginde, Onleyici saglik hizmetleri
kapsaminda degerlendirilebilir. Ozellikle obezite, hipertansiyon, tip
2 diyabet, osteoporoz ve kardiyovaskiiler hastaliklarin
onlenmesinde, bu oyunlar hareketli yasam bicimini tesvik ederek
koruyucu saglik uygulamalarina destek saglamaktadir (Anderson ve
ark., 2020).

Rehabilitasyon bilimleri agisindan, dijital oyunlar, fiziksel
kabiliyetleri kisitlanmig bireylerin motivasyonunu artirarak fizik
tedavi stireclerine aktif katilimini da desteklemektedir. Sanal ortamin
giivenli yapisi, hastalarin risk almadan hareket kabiliyetlerini
gelistirmelerine olanak tanimaktadir (Laver ve ark., 2017).
Psikolojik saglik acisindan, oyunlarin motivasyon, 6z-yeterlik,
stresle basa ¢ikma ve ruh hali iyilestirme iizerindeki etkileri, bireyin
psikososyal sagligini destekleyici bir arag olarak kullanilabilecegini
gostermektedir (Granic ve ark., 2014).

Giliniimiizde saglik verilerinin toplanmasi, analiz edilmesi ve
bu verilere dayali kisisellestirilmis ¢ozlimler sunulmasi, saglik

hizmetlerinin dijitallesmesinde temel bir role sahip oldugu
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diistiniilmektedir. Harekete duyarli oyunlar, kullanicilarin kalp atis
hiz1, adim sayisi, enerji harcamasi gibi temel saglik verilerini
toplayarak, yapay zeka algoritmalar1 yardimiyla bireylere 06zgii
egzersiz programlari sunabilir (Topol, 2019).

Bu veriler, bireylerin antrenman yogunluklarinin optimize
edilmesinde, egzersiz sikliginin ayarlanmasinda ve performans
gelisiminin takibinde saglik profesyonellerine yardimci olmaktadir.
Ayrica, saglik risklerini onceden tespit etmeye yonelik erken uyari
sistemleri gelistirmek i¢in de bu veriler kiymetli olabilmektedir
(Bonnecheére ve ark., 2021).

Teknoloji ve Giyilebilir Cihazlarin Entegrasyonu

Dijital oyunlar, teknolojiyle biitlinlesik yapilar1 sayesinde,
veri analitigi, yapay zeka ve biyosensor teknolojileriyle giiclii bir
sinerji yaratmaktaadir (Chernbumroong ve ark., 2022). Giyilebilir
cihazlar (akilli saat, nabiz Olger, hareket sensorleri), oyunlar
sirasinda toplanan biyometrik verileri gercek zamanli olarak analiz
edebilmekte, bu veriler kisisellestirilmis egzersiz recetelerinin
olusturulmasinda kullanilmaktadir (Topol, 2019; Qian ve ark.,
2020).

Ayrica bulut tabanli sistemlerle entegre calisan oyunlar, uzun
donemli kullanic1 verilerini saklayarak saglik takibi ve davranissal
analizlerde saglik profesyonellerine destek olabilmektedir. Bu
entegrasyon, uzaktan saglik takibi (tele-saglik) hizmetlerinin
gelismesine ve yayginlagsmasina katki saglamaktadir.

Egitimde Dijital Oyunlar ve Spor Psikolojisinde Motivasyon

Dijital oyunlar, 6zellikle beden egitimi dersleri basta olmak
tizere bircok egitim ortaminda kullanilabilecek yenilik¢i 6gretim
araglarindan birisi olarak karsimiza ¢ikmaktadir. Harekete duyarh
oyunlarin, 6grenci katilimini artirdigi, derse olan ilgiyi canli tuttugu

--64--



ve Ogrencilerin fiziksel aktiviteye yonelik olumlu tutum
gelistirmelerine katki sundugu gosterilmistir (Staiano ve ark., 2018).

Dijital oyunlar ayrica beden farkindaligi, motor becerilerin
Ogrenilmesi ve grup etkilesimini tesvik eden sosyal dinamiklerin
gelistirilmesinde etkili olmaktadir (Benzing ve Schmidt, 2018).
Egitim ortamlarinda oyunlarin kullanimi, ayn1 zamanda 6grencilerin
dijital okuryazarlik becerilerinin gelismesine de desteklemektedir
(Qian & Clark, 2016).

Harekete duyarli dijital oyunlarin sundugu eglenceli yapu,
kullanicilarin  egzersize yonelik motivasyonlarmi artirmaktadir.
Oyun i¢i ddiiller, ilerleme gostergeleri ve sosyal paylasim imkanlari,
kullanicilarin =~ i¢gsel ve  digsal motivasyon kaynaklarim
giiclendirmektedir (Ryan ve ark., 2006). Spor psikolojisi
baglaminda, bu motivasyon unsurlari, spora yeni baslayan bireylerin
aligkanlik kazanmasina, diizenli spor yapan bireylerin ise
performanslarini stirdiirebilmesine katki sunmaktadir.

Ayrica dijital oyunlar, stres yonetimi, zihinsel dayaniklilik ve
Ozglivenin gelisimi agisindan da etkili oldugu ifade edilmektedir.
Oyun ortami, kullaniciya hatasizlik beklentisi olmaksizin deneme ve
basarma firsatlar1 sundugu i¢in 6z-yeterlik inancini desteklemektedir
(Biddiss & Irwin, 2010).

GELECEK PERSPEKTIFi: FIiJITAL EGZERSIiZ VE
METAVERSE ENTEGRASYONU

Sanal Gerg¢eklik (VR) ve Artirillmis Gerg¢eklik (AR) Teknolojileri

Sanal gergeklik (VR) ve artirllmis gerceklik (AR)
teknolojileri, fiziksel aktivitenin dijital ortamlarda daha siiriikleyici
bir deneyime doniismesini saglamaktadir. Bu teknolojiler sayesinde
kullanicilar, ger¢ek diinyadan tamamen soyutlanmis sanal
ortamlarda egzersiz yapabilir (immersive VR) ya da gergek
cevrelerinin iizerine dijital igerikler entegre ederek fiziksel
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aktivitelerini daha zengin bir héle getirebilmektedir (4R). Ornegin,
sanal bir daga tirmanma, dijital ortamda ylizme veya VR destekli
bisiklet turlar1 ile kullanicilar egzersizi daha motive edici bir
deneyim olarak yasayabilmektedir (Chernbumroong ve ark., 2022).

VR ve AR tabanli oyunlar, egzersiz sirasinda dikkatin
dagilmasii engelleyerek egzersiz siiresini uzatabilir ve algilanan
zorluk seviyesini distirerek kullanicilarin daha uzun siire aktif
kalmasin1 saglayabilmektedir (Matallaoui ve ark., 2017). Bu
baglamda, VR/AR sistemlerinin spor salonlari, rehabilitasyon
merkezleri ve bireysel kullanim alanlarinda yayginlagsmasi
beklenmektedir.

Metaverse ile Fiziksel Aktivitenin Yeni Boyutu

Metaverse, fiziksel aktivitenin dijital diinyaya tam anlamiyla
entegre edilebilecegi yeni bir sanal evren olarak tanimlanmaktadir
(Mystakidis, 2022). Metaverse evreni, kullanicilara avatarlari
aracilifiyla egzersiz yapma, sanal spor etkinliklerine katilma ve
sosyal etkilesim yoluyla hareketli bir yasam tarz1 siirdiirme imkani
tanimaktadir. Ornegin, kullanicilar metaverse icinde sanal spor
salonlarina erigebilir, grup fitness derslerine katilabilir ya da diinya
capindaki kullanicilarla birlikte sanal yariglara katilabilmektedir.

Metaverse ortaminda fiziksel aktivitenin oyunlastirilmasi,
kullanici motivasyonunu artirmanin yam sira fiziksel saglik
parametrelerinin izlenmesini de miimkiin kilmaktadir (Dionisio ve
ark., 2023). Kullanicinin ger¢cek zamanli biyolojik verileri (kalp atis
hiz1, adim sayisi, enerji harcamasi) metaverse platformlarina entegre
edilerek hem bireysel saglik yonetimi hem de sosyal rekabet boyutu
zenginlestirilebilir (Dionisio ve ark., 2013). Bu ortamda dijital
koleksiyonlar, rozetler ve odiiller ile fiziksel aktivite davranisi
desteklenebilmektedir.
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Yapay Zeka ve Giyilebilir Teknolojilerle Kisisellestirilmis
Egzersiz Deneyimi

Yapay zeka (Al), kullanicinin fiziksel aktivite gecmisi, saglik
verileri, motivasyonel egilimleri gibi birgok faktorii analiz ederek
kisisellestirilmis  egzersiz ~ programlari  olusturabilmektedir
(Bonnechere ve ark., 2021). Yapay zeka sistemler, kullanicilarin
performansini  ger¢cek zamanli izleyebilir, hedeflere gore geri
bildirim sunabilir ve egzersiz programlarin1 dinamik bi¢imde
giincelleyebilmektedir (Topol, 2019). Ayrica Al sistemleri,
kullanicinin ruh halini veya enerji diizeyini analiz ederek egzersiz
siddetini ayarlayabilir ve uzun vadeli motivasyonu artirabilmektedir
(Bickmore ve ark., 2018).

Ornegin, kullanic1 sabah diisiik enerji ile basladiginda Al
sistem egzersiz yogunlugunu azaltabilir ya da kullanic1 performans
artis1 gosterdiginde daha zorlu gérevler sunabilmektedir. Bu diizeyde
kisisellestirme, bireyin uzun vadeli saglik hedeflerine ulasmasinda
kritik rol oynayacagi diistiniilmektedir.

Giyilebilir cihazlar (akilli saatler, fitness bileklikleri, kalp
ritmi monitdrleri), fizyolojik verilerin toplanmasi ve analiz edilmesi
acisindan kritik 6neme sahip oldugu belirtilmistir (Dunn ve ark.,
2021). Giyilebilir cihazlar, kullanicilarin kalp atig hizi, oksijen
satiirasyonu, kalori harcamasi, uyku kalitesi gibi verilerini
toplayarak oyun platformlarina entegre edebilmektedir. Bu
entegrasyon sayesinde oyun zorluk seviyeleri dinamik olarak
ayarlanabilir ve kullanicilar kendi performanslarini anlik olarak
takip edebilmektedir (Piwek ve ark., 2016; Shcherbina ve ark.,
2017).

Biyolojik geri bildirim (biofeedback), kullanicinin viicut
tepkilerini anlamasina ve bu tepkilere gore egzersiz stratejileri
gelistirmesine olanak saglamaktadir. Bu sistemler, stres yonetimi,
nefes kontrolii ve yorgunluk diizeylerinin analizinde de kullanilarak
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fiziksel aktivitenin saglik tizerindeki etkilerini optimize etmektedir
(Lehrer ve ark., 2020).

Dijital Oyunlarin Toplumsal, Kiiltiirel ve Gelecek Potansiyeli:
Spor Turizmi, Dijital Antrenorler ve Sosyal Etkilesim

Fijital egzersiz platformlarmin yayginlasmasi, toplum
genelinde  fiziksel aktivite  bilincinin  artmasina, saglik
davraniglarinda dontisime ve hareketsizlik temelli hastaliklarin
azalmasina katki saglayabilmektedir (Thompson, 2022). Ozellikle
gen¢ kusaklar arasinda dijital ortamlara yonelik egilim, fiziksel
aktiviteye oyunlastirilmis yollarla katilimi tesvik ederek uzun
vadede toplum sagligini iyilestirebilmektedir (Gao ve ark., 2019).

Ayrica aile igi etkilesimde, grup egzersizlerinde veya sosyal
spor topluluklarinda dijital oyunlar ve metaverse uygulamalari,
sosyal baglarin giiclendirilmesi ag¢isindan da 6nemli oldugu
belirtilmistir (Benzing & Schmidt, 2018). Ornegin, aile iiyeleri
birlikte sanal ortamda egzersiz yaparak hem fiziksel hem de sosyal
fayda elde edebilir. Kiiltiirel olarak, bu tlir uygulamalar fiziksel
aktiviteyi daha erisilebilir ve kapsayici hale getirerek dezavantajl
gruplarin da aktif yasam tarzina katilimimi artirabilmektedir
(Bonnechere ve ark., 2021).

Gelecekte metaverse ve VR platformlar1 sayesinde,
kullanicilar diinyanin farkli bolgelerinde sanal kosulara, bisiklet
turlarina ya da yoga etkinliklerine katilabilme imkan1 sunmaktadir.
Metaverse ve VR platformlari, spor turizmini dijital ortama tagiyarak
sinirlar1 ortadan kaldiran bir deneyim sunmaktadir (Dionisio ve ark.,
2023). Ayrica Al tabanli dijital antrenorler, kullanicilara birebir
egitim, motivasyon ve teknik analiz saglayarak profesyonel destek
sunabilmektedir (Topol, 2019).

Dijital oyunlar, 6zellikle harekete duyarli olanlar, sadece
bireysel egzersiz yapmak i¢in degil, ayn1 zamanda sosyal etkilesim

ve topluluk olusturma acgisindan da 6nemli bir rol oynamaktadir
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(Staiano & Calvert, 2011). Ozellikle ¢evrimigi platformlar ve
metaverse gibi sanal ortamlar, kullanicilarin bir araya gelerek grup
egzersizleri yapmalarina, birbirlerini motive etmelerine ve rekabet
etmelerine olanak tanimaktadir. Bu tiir etkilesimler, ozellikle
pandemi doneminde fiziksel mesafe kisitlamalar1 nedeniyle sosyal
izolasyon yasayan bireyler icin Onemli bir sosyal destek
mekanizmasi haline gelmektedir (Vella ve ark., 2021).

Ornegin, Ring Fit Adventure gibi oyunlar, cevrimici liderlik
tablolar1 ve sosyal paylasim oOzellikleri sayesinde kullanicilarin
birbirleriyle etkilesim kurmasini saglamaktadir. Ayrica, sanal spor
topluluklar1 ve fitness gruplari, kullanicilarin benzer hedeflere sahip
bireylerle bir araya gelerek motivasyonlarini artirmalarina yardimei
olmaktadir (Ryan ve ark., 2006). Sanal spor topluluklar1 ve fitness
gruplar1 gibi sosyal etkilesimler, 6zellikle gengler ve yashilar
arasinda fiziksel aktiviteye katilimi artirmak igin etkili bir arag
olarak kullanilabilmektedir.

Dijital Oyunlarin Egitim ve Ogretimdeki Rolii

Dijital oyunlar, 6zellikle harekete duyarli olanlar, egitim ve
ogretim alaninda da énemli bir rol oynamaktadir. Ozellikle beden
egitimi derslerinde, bu oyunlar Ogrencilerin fiziksel aktiviteye
katilimin1 artirmak ve motor becerilerini gelistirmek icin
kullanilabilmektedir (Vaghetti ve ark., 2018). Ayrica, bu oyunlar
ogrencilerin derse olan ilgisini artirarak, 6grenme siirecini daha
eglenceli ve etkilesimli hale getirmektedir (Staiano ve ark., 2018).

Ornegin, Ring Fit Adventure gibi oyunlar, okullarda beden
egitimi derslerinde kullanilarak Ogrencilerin fiziksel aktiviteye
katilimini artirabilmektedir. Bu tiir oyunlar, 6zellikle geleneksel spor
aktivitelerine ilgi duymayan o6grenciler i¢in alternatif bir egzersiz
yOntemi sunar. Ayrica, bu oyunlar 6grencilerin koordinasyon, denge
ve esneklik gibi motor becerilerini gelistirmelerine yardimci
olmaktadir (Sheehan & Katz, 2013; Gao ve ark., 2015).

--69--



Dijital Oyunlarin Saghk Acisindan Tedavideki Rolii

Dijital oyunlar, 0Ozellikle harekete duyarli olanlar,
rehabilitasyon ve fizik tedavi siireclerinde de Onemli bir rol
oynamaktadir. Bu oyunlar, 6zellikle felg, Parkinson hastaligi ve kas-
iskelet sistemi rahatsizliklar1 gibi durumlarda, hastalarin fiziksel
aktiviteye katilimini artirmak ve motor becerilerini gelistirmek igin
kullanilabilmektedir (Laver ve ark., 2017).

Ornegin, Ring Fit Adventure gibi oyunlar, rehabilitasyon
siirecindeki hastalar i¢in diisiik yogunluklu egzersizler sunarak, kas
giiciinii ve hareket kabiliyetini artirabildigi gibi hastalarin
motivasyonunu artirarak, fizik tedavi siirecine aktif katilimini
saglamaktadir. Ayrica, bu oyunlar hastalarin denge ve koordinasyon
gibi motor becerilerini gelistirmeye de yardimci olmaktadir (Larsen
ve ark., 2013; Gobel ve ark., 2010).

Dijital oyunlar, 6zellikle harekete duyarli olanlar, kronik
hastaliklarin yonetiminde de onemli bir rol oynamaktadir. Dijital
oyunlar, 6zellikle obezite, tip 2 diyabet ve hipertansiyon gibi kronik
hastaliklar1 olan bireyler icin, fiziksel aktiviteyi tesvik ederek,
hastaliklarin yonetimine katki sunmaktadir (Staiano ve ark., 2019).

Ornegin, Ring Fit Adventure gibi oyunlar, obezite hastalari
icin diizenli egzersiz yapmalarim1 saglayarak, kilo kaybi ve
metabolik saglik tizerinde olumlu etkiler yaratabilmektedir. Ayrica,
bu oyunlar tip 2 diyabet hastalar1 i¢in kan sekeri kontroliinii
iyilestirebilir ve hipertansiyon hastalar1 i¢in kan basincin
diisiirebilmektedir (Larsen ve ark., 2013; Gobel ve ark., 2010).

Dijital oyunlar, 6zellikle harekete duyarli olanlar, yash
bireyler i¢in de 6nemli bir ara¢ olarak kullanilabilmektedir. Dijital
oyunlar, yaslh bireylerin fiziksel aktiviteye katilimini artirarak, kas
giiclinli, dengeyi ve koordinasyonu gelistirmelerine yardimci
olmakta oldugu diisiiniilmektedir. Ayrica, bu oyunlar yagh bireylerin
sosyal etkilesimlerini artirarak, yalmizlik hissini azaltir ve genel
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yasam kalitesini iyilestirebilmektedir (Larsen ve ark., 2013; Zhang
& Kaufman, 2016).

Ornegin, Ring Fit Adventure gibi oyunlar, yasli bireyler igin
yogunlugu az egzersizler sunarak, kas giiciinii ve hareket kabiliyetini
artirabilmektedir. Ring Fit Adventure oyunlari, yasl bireylerin
denge ve koordinasyon gibi motor becerilerini gelistirmelerine
yardimcei de destekleyebilmektedir. Ayrica, bu harekete dayali dijital
oyunlar yasli bireylerin sosyal etkilesimlerini artirarak, yalnizlik
hissini azaltir ve genel yasam kalitesini iyilestirmektedir (Viana &
de Lira, 2020; Qian ve ark., 2020)

Cevresel Etkiler ve Ekonomik Etkiler

Dijital oyunlarin yayginlagsmasi, fiziksel aktiviteyi tesvik
ederken ayni1 zamanda c¢evresel etkileri de beraberinde getirmektedir.
Ozellikle evde egzersiz yapma imkani sunan oyunlar, spor
salonlarina gitme ihtiyacini azaltarak karbon ayak izini diisiirebilir.
Ancak, bu oyunlarin tiretimi ve kullanimi sirasinda enerji tiiketimi
ve elektronik atik gibi ¢evresel sorunlar da ortaya ¢ikmaktadir.
Ornegin, oyun konsollar1 ve giyilebilir cihazlarin iiretimi, nadir
toprak metalleri ve diger kaynaklarin kullaniminm1 gerektirir. Bu
nedenle, dijital oyun endiistrisinin siirdiiriilebilirlik ag¢isindan
degerlendirilmesi 6nemlidir (Chernbumroong ve ark., 2022).

Dijital oyun endiistrisi, 6zellikle harekete duyarli oyunlar,
saglik ve fitness sektdriinde yeni bir pazar yaratmistir. Bu oyunlar,
geleneksel spor salonlarina alternatif olarak evde egzersiz yapma
imkan1 sunarak, fitness endiistrisinde bir doniisiim yaratmaktadir.
Ayrica, bu oyunlarin saglik tizerindeki olumlu etkileri, uzun vadede
saglik harcamalarmi azaltabilir. Ornegin, obezite ve diyabet gibi
kronik hastaliklarin 6nlenmesinde bu oyunlarin rolii, saglik
sistemleri iizerindeki mali yiikii hafifletebilir (Anderson ve ark.,
2020).
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DIiJITAL OYUNLARIN KULTUREL VE TOPLUMSAL
ETKILERI

Dijital oyunlar, farkli kiiltiirlerden ve yas gruplarindan
insanlar icin erisilebilir bir fiziksel aktivite secenegi sunar.
Ozellikle Ring Fit Adventure gibi oyunlar, farkl1 yas gruplarma ve
fitness seviyelerine uygun egzersizler sunarak kapsayici bir
yaklagim benimser. Bu oyunlar, 6zellikle engelli bireyler veya
kronik hastaliklar1 olan kisiler i¢in fiziksel aktiviteye erisimi
kolaylastirabilir. Ayrica, oyunlarin farkli dil ve kiiltiirlere
uyarlanabilir olmasi, kiiresel bir kullanici kitlesine hitap etmesini
saglar (Bonnechére ve ark., 2021).

Dijital oyunlar, toplum genelinde fiziksel aktivite bilincini
artirmada 6nemli bir rol oynayabilir. Ozellikle geng nesiller arasinda
dijital oyunlara olan ilgi, bu oyunlarin fiziksel aktiviteyi tesvik
etmek icin bir ara¢ olarak kullanilmasini kolaylastirmaktadir. Ayrica,
bu oyunlarin saglik lizerindeki olumlu etkileri, toplumda saglikli
yasam tarzlarinin benimsenmesine katkida bulunabilir (Gao ve ark.,
2019).

Dijital Oyunlarin Egitimdeki Yeni Uygulamalari: Dijital
Oyunlarin Gelecegi: Yeni Teknolojiler ve Trendler

Pandemi doneminde uzaktan egitimin yayginlasmasi, dijital
oyunlarm egitimde kullannmm da artirmistir. Ozellikle beden
egitimi derslerinde, 6grencilerin evde fiziksel aktivite yapmalarini
saglamak icin Ring Fit Adventure gibi oyunlar kullanilabilir. Bu
oyunlar, 6grencilerin fiziksel aktiviteye katilimmi artirirken, ayni
zamanda dijital okuryazarlik becerilerini de gelistirebilir (Qian &
Clark, 2016).

Dijital oyunlarin egitimde etkili bir sekilde kullanilabilmesi
icin Ogretmenlerin bu teknolojilere yonelik egitim almalar
gerekmektedir. Ozellikle beden egitimi Ogretmenleri, dijital

oyunlarin nasil kullanilacagi ve 6grencilerin fiziksel aktiviteye nasil
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tesvik edilecegi konusunda rehberlik edebilir. Bu siirecte,
ogretmenlerin dijital oyunlarin potansiyelini anlamalart ve bu
oyunlart miifredata entegre etmeleri onemlidir (Vaghetti ve ark.,
2018).

Dijital oyunlar, o0zellikle harekete duyarli olanlar,
kullanicilarin kigisel saglik verilerini toplar. Bu verilerin nasil
kullanildig1, saklandig1 ve paylasildigi, nemli bir etik sorun olarak
karsimiza ¢ikmaktadir. Ozellikle giyilebilir cihazlar ve oyun
platformlari, kullanicilarin biyometrik verilerini toplayarak bu
verileri analiz eder. Bu nedenle, kullanicilarin veri gizliligi ve
giivenligi konusunda bilinglendirilmesi ve bu verilerin kotiiye
kullaniminin 6nlenmesi gerekmektedir (Piwek ve ark., 2016).

Dijital oyunlarin eglenceli ve motive edici yapisi,
kullanicilarin asir1 kullanimina ve bagimlilik gelistirmesine neden
olabilir. Ozellikle gengler ve cocuklar arasinda dijital oyun
bagimlhiligl, fiziksel aktivitenin yararlarimi golgeleyebilir. Bu
nedenle, dijital oyunlarin dengeli bir sekilde kullanilmasi ve
kullanicilarin bu konuda bilinglendirilmesi 6nemlidir (Granic ve
ark., 2014).

Yapay zekd (AI) ve makine O6grenmesi, dijital oyunlarin
geleceginde oOnemli bir rol oynayacaktir. Bu teknolojiler,
kullanicilarin performansini analiz ederek kisisellestirilmis egzersiz
programlari sunabilir. Ayrica, yapay zeka tabanli dijital antrendérler,
kullanicilara gercek zamanli geri bildirim ve motivasyon saglayarak
egzersiz deneyimini daha etkili hale getirebilir (Luo ve Zhang,
2020).

Metaverse, fiziksel aktivitenin dijital diinyaya tam anlamiyla
entegre edilebilecegi yeni bir sanal evren olarak tanimlanmaktadir.
Bu ortamda, kullanicilar avatarlar1 aracilifiyla egzersiz yapabilir,
sanal spor etkinliklerine katilabilir ve sosyal etkilesim yoluyla
hareketli bir yasam tarz1 siirdiirebilir. Metaverse, spor turizmini
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dijital ortama tasiyarak sinirlar1 ortadan kaldiran bir deneyim
sunmaktadir (Mystakidis, 2022).

SONUC

Dijital teknolojilerin hizla gelismesi ve gilinlilk yasamin her
alanina entegre edilmesi, fiziksel aktivite ve egzersiz yaklagimlarinin
da kokten degistirilmesine neden olmustur. Bu degisim, ozellikle
harekete duyarli dijital oyunlar (exergame) gibi yenilik¢i
platformlarin ortaya ¢ikarilmasiyla daha da belirgin hale
getirilmigtir. Bu c¢alismada, Ring Fit Adventure 6zelinde dijital
oyunlarin fiziksel aktivite, egzersiz ve saglik lizerindeki etkileri
incelenmis, bu oyunlarin spor bilimleri, saglik bilimleri ve teknoloji
alanlarina sundugu katkilar degerlendirilmistir.

Harekete duyarli dijital oyunlar, 6zellikle hareketsiz yasam
tarzina sahip bireyler icin fiziksel aktivitenin tesvik edilmesinde
etkili bir ara¢ olarak kullanilmaktadir. Bu oyunlar, kardiyovaskiiler
sagligin iyilestirilmesi, kas giiciiniin artirilmasi, esneklik, denge ve
koordinasyon gibi fiziksel parametrelerde Onemli iyilesmeler
saglanmasimin yani sira, psikolojik ve biligsel saglik iizerinde de
olumlu etkiler yaratmaktadir. Ozellikle ¢ocuklar, gengler ve yaslilar
gibi farkli yas gruplarinda obezite, diyabet, hipertansiyon gibi kronik
hastaliklarla miicadele edilmesinde ve rehabilitasyon siire¢lerinde
onemli bir rol oynanmaktadir.

Ring Fit Adventure, bu alanda 6ne ¢ikan bir 6rnek olarak,
kullanicilarin yas, cinsiyet, kondisyon diizeyi ve hedeflerine gore
kisisellestirilmis egzersiz programlari sunularak, fiziksel aktivitenin
eglenceli ve siirdiiriilebilir bir deneyim haline getirilmesi
saglanmaktadir. Oyunun yapay zeka tabanli algoritmalar1 ve gergek
zamanl geri bildirim mekanizmalari, kullanicilarin dogru ve verimli
bir sekilde egzersiz yapmalariin saglanmasina yardime1 olmaktadir.
Ayrica, oyunlagtirma  unsurlari  sayesinde  kullanicilarin
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motivasyonunun  artirilmast  ve  uzun  vadeli  davranig
degisikliklerinin tesvik edilmesi miimkiin kilinmaktadir.

Dijital oyunlarin spor bilimleri ve saglik bilimleri alanlarina
sundugu katkilar, yalnizca fiziksel aktivitenin artirilmasiyla simirl
degildir. Bu oyunlar, motor 6grenme, motor kontrol, antrenman
bilimi ve spor pedagojisi gibi alanlarda da 6nemli verilerin elde
edilmesine olanak tanimaktadir. Ayrica, saglik bilimleri agisindan
onleyici ve rehabilitatif uygulamalarda kullanilarak, kronik
hastaliklarin yonetilmesinde ve yasam kalitesinin artirilmasinda
etkili bir arag haline getirilmistir.

Teknolojik gelismelerle birlikte, sanal gerceklik (VR),
artirllmig gergeklik (AR) ve metaverse gibi yeni platformlar, fiziksel
aktivitenin  dijital dilinyaya entegre edilmesini daha da
derinlestirmektedir. Bu teknolojiler, kullanicilarin daha siiriikleyici
ve kisisellestirilmis egzersiz deneyimleri yasamasinin saglanmasinin
yani sira, sosyal etkilesim ve topluluk olusturma imkani sunulmasina
da olanak tanimaktadir. Ozellikle metaverse evreni, kullanicilarin
sanal spor etkinliklerine katilmasina, diinya ¢apindaki kullanicilarla
rekabet etmesine ve sosyal baglarinin gii¢lendirilmesine imkan
tanimaktadir.

Ancak, dijital oyunlarin yayginlasmasiyla birlikte ortaya
cikan veri gizliligi, giivenlik ve bagimlilik gibi etik sorunlarin da goz
ardi edilmemesi gerekmektedir. Kullanicilarin kisisel saglik
verilerinin  korunmasi ve bu verilerin kotiiye kullaniminin
onlenmesi, dijital oyun endiistrisinin siirdiiriilebilirligi acisindan
kritik 6neme sahiptir. Ayrica, dijital oyunlarin dengeli bir sekilde
kullanilmas1 ve 6zellikle gengler ve ¢ocuklar arasinda bagimlilik
riskinin minimize edilmesi gerekmektedir.

Sonug olarak, dijital oyunlar ve 6zellikle harekete duyarh
oyunlar, fiziksel aktivitenin tesvik edilmesi, saglik kazanimlarinin
saglanmast ve toplum genelinde hareketli bir yasam tarzinin
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benimsetilmesi potansiyeli tasimaktadir. Gelecekte, yapay zeka,
metaverse ve giyilebilir teknolojilerin daha da gelistirilmesiyle
birlikte, bu oyunlarin fiziksel aktivite ve saglik alanindaki roliiniin
daha da artirllmasi beklenmektedir. Bu nedenle, dijital oyunlarin
bilimsel, teknolojik ve toplumsal etkilerinin daha derinlemesine
incelenmesi ve bu alanda yeni arastirmalarin yapilmasi biiyiik 6nem
tasimaktadir.
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BOLUM 3

THE IMPORTANCE OF RECREATION IN
PREVENTING ADDICTION

ISMAIL MERT!

Introduction

“Addiction is a complex condition, a brain disease that is
manifested by compulsive substance use despite harmful
consequences” (American Psychiatric Association, 2013: 1). This
condition leads to impairments in cognitive, emotional, and
behavioral processes and significantly affects social, occupational,
or academic functioning (Volkow, Koob & McLellan, 2016: 363).
Rather than being merely a result of voluntary choices, addiction is
considered a disorder based on neurobiological foundations and
shaped by environmental factors (Koob & Volkow, 2016: 760).

In general, addiction is categorized into two main types:
substance addiction and behavioral addiction. Substance addiction
refers to dependence on psychoactive substances such as alcohol,
tobacco, cannabis, cocaine, opioids, and amphetamines, which is
typically accompanied by symptoms like physiological withdrawal
and tolerance (UNODC, 2023; WHO, 2019). Volkow, Koob &
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McLellan (2016: 365) stated that “these substances reinforce
habitual cycles by stimulating dopamine reward mechanisms in the
central nervous system.”

Behavioral addictions, in contrast, are defined as the
persistent and dysfunctional repetition of specific behaviors that
occur without the involvement of any substance use. In this context,
gambling disorder has been classified as a clinical diagnosis by the
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5) (American Psychiatric Association, 2013). Behavioral
addictions such as technology addiction, internet gaming disorder,
social media addiction, shopping addiction, and compulsive sexual
behavior have been increasingly studied in the scientific literature.
Recent studies have shown that digital behavioral addictions, such
as internet gaming disorder, significantly affect neurobiological
systems associated with reward processing, impulse control, and
executive functions (Brand, Rumpf & Demetrovics, 2019;
Kardefelt-Winther, Heeren & Schimmenti, 2017; Weinstein &
Lejoyeux, 2020). In these types of behavioral addictions, individuals
tend to engage in repetitive actions in anticipation of rewards,
experience difficulty in stopping these behaviors, and over time, may
suffer a severe decline in quality of life (Grant et al., 2010).

Different types of addiction also have varying effects at both
individual and societal levels. Substance addiction is often
associated with a higher risk of physical harm and mortality, whereas
behavioral addictions are particularly linked to psychological
deterioration, functional impairment, and social isolation (Nutt, King
& Phillips, 2010). All these forms of addiction result in significant
limitations across various aspects of an individual's life and
necessitate long-term interventions (Volkow et al., 2016).

Recreation is defined as a set of organized or spontaneous
activities that individuals voluntarily engage in during their free

time, aiming to promote physical, mental, and social renewal, and to
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provide satisfaction and enjoyment (Edginton et al., Koob 2006).
This concept is regarded not merely as a means to fill leisure time
but as a multidimensional process that enhances quality of life and
supports psychological well-being (Iwasaki, 2007). According to
Caldwell (2005), one of the essential functions of recreation is to
reduce negative emotional states such as stress and anxiety, while
also strengthening social connectedness, self-esteem and self-
efficacy (Caldwell, 2005).

The importance of recreation has become increasingly
evident with the growing psychological pressures and social
disconnections brought about by modern life. In particular,
urbanization, digitalization, and the superficiality of interpersonal
interactions have made individuals more prone to loneliness,
monotony, and risky behaviors (Iwasaki, Coyle & Shank, 2010). In
this context, recreational activities are not merely instruments of
entertainment but are also regarded as protective and therapeutic
tools that enable individuals to achieve self-actualization, develop
identity, and build healthy social relationships (Kleiber, Walker &
Mannell, 2011).

Moreover, various studies have shown that physical activity-
based recreation significantly reduces anxiety and stress levels,
while nature-based activities are associated with cognitive
restoration, emotional renewal, and increased attention capacity
(Berman, Jonides & Kaplan, 2008; Pretty et al., 2005). Recreation
activities with a social dimension have also been reported to have
positive effects in terms of fostering a sense of belonging and
enhancing social participation (Iwasaki & Mannell, 2000).

For these reasons, recreation is regarded not only as an
activity that promotes individual well-being, but also as a strategic
tool that strengthens public health, provides a protective foundation
against risky behaviors such as addiction, and supports sustainable

quality of life.
--86--



Neurobiological changes resulting from substance use impair
impulse control and weaken long-term decision-making
mechanisms, leading to an inability to maintain roles in work, family,
and society (Koob & Volkow, 2016).

At the societal level, addictions place a substantial economic
burden on healthcare systems, contribute to rising crime rates,
reduce productivity, and undermine social cohesion (Nutt, King &
Phillips, 2010). Particularly among the younger population, digital
and behavioral addictions negatively affect academic achievement
and social integration, ultimately weakening the cognitive and
cultural capital of society in the long term (Brand, Rumpf &
Demetrovics, 2020).

In this context, it is evident that addiction is not only an
individual issue but also a public health concern, and that its
prevention requires multidisciplinary and sustainable policy
approaches.

Recreation plays a strategic role in combating addiction as it
enhances quality of life, strengthens psychological resilience, and
supports social connections. The literature has shown that
unstructured leisure time, particularly among adolescents and young
individuals, increases the likelihood of engaging in risky behaviors,
whereas meaningful and satisfying recreational activities reduce the
risk of addiction (Sharp, Caldwell & Ridenour, 2011; Weybright,
Caldwell & Ram, 2016).

Recreational activities—whether physical, artistic, nature-
based, or socially oriented—enhance individuals' ability to cope with
stress, reduce boredom during leisure time by providing alternative
sources of pleasure, and strengthen self-esteem, perceived social
support, and sense of control (Iwasaki, 2007; Kleiber, Walker &
Mannell, 2011). Furthermore, participation in recreational activities
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can promote the development of healthy habits and help prevent
tendencies toward substance use or compulsive behaviors.

The primary aim of this section is to reveal, in a
multidimensional manner, how recreation can reduce the risks of
addiction and to highlight its potential not only as a preventive but
also as a therapeutic tool. In this context, the objective is to provide
a scientific basis for the development of applicable strategies at both
individual and societal levels.

The Nature of Addiction, Risk Factors, and the Relationship
with Leisure Time

At the biological level, the foundation of addiction lies in
functional alterations within the brain's reward system. In particular,
increased dopamine release and heightened sensitivity of the reward
circuitry trigger repetitive seeking behaviors (Volkow, Koob &
McLellan, 2016; Koob & Volkow, 2016). Psychological mechanisms
prominently include difficulties in coping with stress, low self-
esteem, emotional regulation problems, and anxiety vulnerability.
For such individuals, addiction-related stimuli may offer short-term
relief and thus evolve into a coping strategy (Trucco, 2020). At the
social level, factors such as family conflicts, lack of social support,
peer influence, and environmental stressors are considered both
initiating and maintaining elements of addictive behavior (Belfiore
et al., 2024; Trucco, 2020).

Substance addiction is a type of dependence characterized by
neurochemical changes in the brain's reward system, along with the
development of tolerance, withdrawal symptoms, and loss of
control. Substances such as alcohol, nicotine, opioids, and stimulants
artificially increase dopamine release, thereby enhancing the
sensations of pleasure and reward (Koob & Volkow, 2016). Over
time, natural rewards become insufficient, and the individual begins
to seek satisfaction solely through substance use. This process
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initiates and maintains the addiction cycle through involuntary,
repetitive consumption behaviors (Volkow et al., 2016).

Behavioral addictions, on the other hand, emerge in the
absence of any chemical substance, through the excessive and
uncontrolled repetition of specific behaviors. Social media and
mobile phone use are among the most common types within this
category. These forms of digital addiction also involve mechanisms
that directly interfere with the brain's reward system. For example,
external rewards such as “likes” and “notifications” received on
social media stimulate dopamine release, creating temporary
pleasure. This, in turn, triggers repetitive engagement with the same
stimuli (Brand, Rumpf & Demetrovics, 2020).

Social media and mobile phone addiction typically develop
through mechanisms such as high accessibility, social comparison,
the pursuit of approval, and cycles of instant gratification. As usage
duration increases, individuals tend to develop tolerance, requiring
longer periods of online engagement to achieve the same level of
stimulation. Additionally, when offline, they may experience
withdrawal symptoms such as anxiety, restlessness, and difficulty
concentrating (Weinstein & Lejoyeux, 2020).

The development of these types of addictions is not solely
based on biological factors but is also shaped by psychological
vulnerabilities (e.g., low self-esteem, loneliness) and social
influences (e.g., peer pressure, digital norms). Therefore, like
substance  addiction, behavioral addictions require a
multidimensional assessment.

Risk Factors for Addiction

The risk factors contributing to the development of addiction
are directly related not only to an individual's biological
predispositions but also to their psychological and social

environment. These factors play a critical role in the progression of
--80--



addiction, not only by triggering the behavior but also by weakening
the individual's self-regulation capacity (Trucco, 2020; Belfiore,
Fidalgo, Ferreira, & Matos, 2024).

In this context, the concept of self-esteem—one of the
psychological vulnerabilities that increases susceptibility to
addiction—must be understood beyond its superficial meaning.
While self-esteem is often defined narrowly as whether or not an
individual values themselves, it actually reflects a much more
structural and multilayered developmental process. The healthy
development of self-esteem is possible only when an individual
possesses sufficient resources and internal balance across
fundamental domains of personal security. Therefore, in order to
fully understand and assess self-esteem, it is essential to clearly
grasp the four core dimensions of security outlined below.

e Self-confidence: The capacity of an individual to ensure
their own physical, cognitive, and emotional security as a
result of being aware of their own knowledge, skills, and
limitations.

o Physical security: In parallel with the perception of physical
competence, it refers to an individual's ability to recognize
the boundaries of their own body, accept and internalize these
boundaries, and maintain a healthy emotional state within
society.

e Cognitive security: The individual's possession of a
fundamental level of knowledge necessary to address
problem situations, along with the capacity for self-
sufficiency in resolving them. An increase in one's ability to
acquire knowledge and solve problems contributes to more
regulated management of emotional responses (Bart et al.,
2021).
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o Emotional security: The capacity of an individual to
manage internal conflicts and external pressures.

The development of these four domains not only enhances an
individual's internal resilience but also enables the formation of an
intellectual perspective that supports personal security. When this
structure remains underdeveloped, individuals may become more
inclined to seek short-term relief through external reward-based
stimuli (e.g., substance use, social media, risky behaviors) (Brand,
Rumpf & Demetrovics, 2020; Weinstein & Lejoyeux, 2020). A
comprehensive understanding of these domains allows for a clearer
grasp of self-esteem and facilitates the planning of steps for its
development.

Self-esteem is the capacity of an individual to recognize,
accept, and sustain their own value both internally and within the
context of social life. Individuals with high self-esteem possess a
positive self-perception, psychological resilience, and an adequate
level of self-regulation skills (Orth & Robins, 2014). Self-esteem
functions as a fundamental structure that supports emotional and
social security and is defined as a protective psychological
mechanism against stressful life situations (Mann, Hosman,
Schaalma & de Vries, 2004).

In addition, other critical risk factors related to addiction
include the following:

e Chronic stress: In individuals exposed to continuous stress,
biological load increases, while decision-making and
impulse control weaken (Koob & Volkow, 2016).

o Traumatic experiences: Experiences such as abuse, neglect,
and domestic violence—particularly during childhood—can
cause lasting damage to the nervous system and increase the
risk of addiction (Trucco, 2020).
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e Social isolation and exclusion: Individuals who are
deprived of social support and experience loneliness have a
significantly higher likelihood of developing addiction
(Belfiore et al., 2024).

e Adverse environmental conditions: Environmental factors
such as poverty, crime-prone neighborhoods, and limited
access to education increase the overall risk intensity in an
individual's life (Trucco, 2020).

e Adverse Childhood Experiences (ACEs): Patterns of
neglect, emotional deprivation, and insecure attachment are
associated with various health problems, including addiction,
later in life (Brand et al., 2020).

e Adverse Childhood Experiences (ACEs): Patterns of
neglect, emotional deprivation, and insecure attachment are
associated with various health problems, including addiction,
later in life (Brand et al., 2020).

o Accessibility: The easy availability of stimulants or digital
content can accelerate the development of addiction
(Weinstein & Lejoyeux, 2020).

The Relationship Between Addiction and Leisure Time Habits

Addiction significantly disrupts how individuals structure
their leisure time, preventing these periods from being spent in
meaningful, productive, and socially enriching ways. Unstructured
leisure time has been identified as a risk factor that increases the
tendency toward substance use, particularly among adolescents and
young adults (Sharp, Caldwell, Graham & Ridenour, 2011). As the
quality of leisure activities declines, individuals tend to experience
increased boredom, loss of control, and a sense of aimlessness,
which facilitates engagement in addictive behaviors (Caldwell &
Smith, 2023). Therefore, the quality of leisure time habits should be
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considered a key variable in the development and maintenance of
addictive behaviors.

Individuals living with addiction tend to engage in
monotonous, passive, and repetitive activities during their leisure
time. Because they often struggle to structure their free time, such
individuals are inclined toward low-interaction, mentally
unstimulating, and short-term pleasure-driven activities. For
instance, individuals who use substances frequently spend their
leisure time alone due to social isolation, while those with behavioral
addictions often consume this time in digital environments,
primarily in front of screens (Tomé et al., 2023). The failure to utilize
leisure time in a meaningful and productive way plays a significant
role in maintaining and reinforcing cycles of addictive behavior
(Weybright et al., 2016).

The Specific Role of Recreation in Preventing Addiction

Physical and Athletic Activities: Among the various types of
recreation, physical and athletic activities serve as fundamental tools
that enhance both physical and psychological capacity and offer
specific benefits in the fight against addiction. In particular, an
individual's perception of physical competence can be reconstructed
through such activities. Individuals who perceive their bodies as
inadequate, dysfunctional, or aesthetically unacceptable are given
the opportunity to reconnect with, understand, and reaccept their
bodies through physical activity, thereby restructuring their self-
esteem (Caldwell, 2005). Physical attributes developed through
sports—such as mobility, endurance, rhythm, and balance—not only
support physical security but also contribute directly to
psychological security.

Athletic activities also enhance endorphin release, which
supports emotional balance and provides a natural and sustainable
source of pleasure compared to addictive substances or behaviors.

--03--



Endorphins exert a calming effect on the central nervous system,
enabling more controlled emotional fluctuations (Pretty et al., 2005).
However, the primary impact of these activities lies in shifting the
individual from a passive stance toward addiction to an active one,
where structured time management skills and behavioral control are
developed through regular participation (Sharp et al., 2011).

Physical activities not only strengthen the body but also
enhance an individual's self-regulation capacity through behavioral
patterns such as discipline, goal-setting, and consistency. This
process facilitates the identification of healthy sources of pleasure
that can replace addictive behaviors. Moreover, participating in a
group, sharing performance, or engaging in competition helps
rebuild social support networks. Group-based athletic activities, in
particular, play a crucial role in combating isolation and
reestablishing social connections (Weybright et al., 2016).

Artistic and Creative Activities: Artistic and creative
activities contribute to the fight against addiction by enabling
individuals to express their emotions within a structured process.
Handicrafts, clay modeling, and mentally engaging production-
based tasks are not only distracting but may also stimulate
neuroplasticity and support cognitive renewal. Such practices are
considered within a creative framework that can be integrated with
traditional therapeutic models (Feldman, 2023).

Art therapy is defined as an effective method in the process
of combating addiction, helping individuals express their emotions
and experiences, develop self-esteem, and gain a better
understanding of themselves. This process enables individuals to
recognize, regulate, and resolve their internal conflicts (Crisis
Prevention Institute, 2017).

Art therapy in addiction treatment is not limited to facilitating
emotional expression; it also contributes to the restructuring of
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negative thought patterns and the development of functional coping
strategies. The literature emphasizes that art therapy increases self-
esteem, enhances internal awareness, and supports the recovery
process in individuals with addiction (Sharp, 2018). Furthermore, a
long-term art therapy program conducted with individuals diagnosed
with alcohol use disorder reported improvements in self-expression
and symbolic representation skills, along with a noticeable
enhancement in overall functioning (Dingelli et al., 2025).

Nature-Based  Recreation:  Nature-based recreational
activities contribute to the renewal of cognitive capacity and the
strengthening of emotional regulation. Numerous studies have
shown that spending time in natural environments restores
attentional systems and reduces mental fatigue (Berman, Jonides &
Kaplan, 2008).

Being in nature is not merely an environmental experience
but also allows individuals to perceive a sense of “oneness with
nature.” This awareness helps reduce feelings of loneliness and
disconnection, thereby supporting a sense of internal wholeness. In
addition, nature-based experiences create an environment where
individuals feel safe, free from judgment, and distant from
overwhelming stimuli, thus contributing to emotional security. This
setting serves as a regulatory space particularly for individuals with
low stress-coping capacity.

Social and Volunteer Activities: Social and volunteer-based
recreational activities serve a vital protective function in combating
addiction by strengthening individuals’ sense of belonging.
Activities conducted within a group setting enable individuals—
especially those experiencing social isolation due to substance or
behavioral addictions—to reestablish meaningful relationships. This
process reduces feelings of loneliness while reinforcing perceptions
of social roles (Deane, Hsu & Kelly, 2023; Gobeil, Morin & Tougas,

2023).
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In activities based on voluntary participation, individuals not
only generate social benefit but also reconstruct their sense of self-
worth through interaction with others. Research shows that social
support systems serve both protective and therapeutic functions,
particularly in the early stages of addiction. The quality and
continuity of social relationships are among the key factors that
enhance an individual's psychological resilience (Trucco, 2020;
Weybright et al., 2016).

Volunteer-based participation not only generates social
benefit but also enhances psychological resilience by strengthening
individuals' perceptions of self-efficacy, meaningfulness, and
belonging. Research indicates that the social interactions and
experiences of success gained through volunteering support
individuals' capacity to cope with stress and exert a protective effect
on long-term mental health (Deane, Hsu & Kelly, 2023).

Hobbies and Cognitive Activities: Recreational hobbies and
cognitive activities can serve as protective factors against the
development of addiction. Such activities may help individuals
structure their leisure time, maintain cognitive functioning, and
manage risky behaviors (Lipari et al., 2017; Brook, Tsang & Zhang,
2021).

Cognitive  stimulation, through mentally demanding
activities, can enhance an individual's cognitive reserve by activating
executive functions (EF) and metacognitive processes. Activities
such as reading, problem-solving, or computer use have been shown
to be associated with domains like episodic memory and attention
(Litwin, Sapir & Alcalay, 2024; Tabullo et al., 2023). Such forms of
cognitive stimulation may assist individuals in developing
alternative reward systems (European Psychiatric Association
[EPA], 2020).
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Support for executive functions (EF) includes skills such as
planning, attention, memory updating, and the inhibition of
inappropriate behaviors. Weaknesses in these functions have been
linked to addiction. Various cognitive activities, including reading,
may play a supportive role in strengthening these functions (Tabullo
et al., 2024). Moreover, the literature indicates that structured
interventions aimed at enhancing executive skills are effective
(Dawson & Guare, 2018).

Boredom is associated with a state of low arousal and can
lead individuals toward external stimuli. This condition has been
linked to substance use and digital behavioral addictions (Li et al.,
2020; Mercer-Lynn et al., 2015). Regular engagement in hobbies can
redirect attention toward positive activities and help reduce this risk
(Karademir, Fisekcioglu & Konar, 2019).

Structured time management—when lacking—can, in
combination with monotony and boredom, create a foundation for
risky behaviors. In contrast, structured leisure time spent on hobbies
not only improves time management skills but also supports
individuals in distancing themselves from addictive behaviors
(Lopez et al., 2023; Brook et al., 2021; Lipari et al., 2017).

The Effects of Recreation on Addiction Mechanisms at the
Individual and Societal Levels

Recreational activities can play a critical role in reducing the
risk of developing addiction by supporting executive functions. The
development of skills such as attention, planning, problem-solving,
and self-regulation can be promoted through such activities
(Anderson & Heyne, 2024). In particular, physical activity-based
interventions generate significantly positive effects not only on
physical health but also on social adjustment, self-efficacy, and
behavioral control in young individuals (Herrador-Colmenero et al.,
2025). Systematic reviews indicate that these practices directly
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contribute to the construction of a “recovery identity” both at the
individual level and through social roles in individuals at risk for
substance use (Anderson & Heyne, 2024).

1. The Protective and Therapeutic Effects of Recreation at
the Individual Level

Recreational activities serve as an important psychosocial
buffer in reducing individuals’ risk of developing addiction. Physical
activity has a direct effect on the biological markers of stress by
lowering cortisol levels and supporting neuroplasticity (Pretty et al.,
2005). These changes contribute to the reestablishment of control
over the reward system and a reduction in impulsive behaviors.

Mental and socially oriented recreational activities enhance
individuals’ psychological resilience, improve self-esteem, and
strengthen social support networks (Iwasaki & Mannell, 2000). The
combination of these factors makes individuals more resistant to the
risk of developing addiction and provides support during the
recovery process.

Additionally, recreational participation diverts attention
away from substance- or behavior-focused addictive stimuli and
redirects it toward experiences that generate natural pleasure and a
sense of satisfaction. In particular, nature-based activities have been
shown to support attentional capacity, cognitive restoration, and
emotional balance (Berman, Jonides & Kaplan, 2008).

2. The Role of Recreation in Community-Based Addiction
Prevention Strategies

Within community-based intervention models, recreation
stands out as a tool that enhances individuals' social participation,
strengthens their sense of belonging, and encourages the adoption of
constructive social roles (Edginton et al., 2006). Especially for
young individuals, structured leisure programs can delay the onset
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age of substance use and help create protective social environments
(Weybright et al., 2016).

The group-based implementation of these activities helps to
break social isolation and facilitates the establishment of supportive
relationships. Moreover, recreation-centered programs hold strategic
importance in reaching disadvantaged individuals within the
community and reintegrating them into society (Iwasaki, Coyle &
Shank, 2010).

3. The Impact of Recreation Within the Framework of the
Biopsychosocial Model

The biopsychosocial model is a holistic framework that does
not reduce health and illness solely to biological factors but also
considers the individual's psychological state and interaction with
the social environment (Engel, 1977; Borrell-Carri6, Suchman &
Epstein, 2004). According to this model, an individual's behaviors
are influenced by a combination of multilayered factors such as
emotional states, stress levels, personality traits, family structure,
and social support, alongside the functioning of physiological
systems. Especially in understanding complex psychiatric and
behavioral conditions such as addiction, the biopsychosocial model
provides an effective theoretical basis for explaining the interaction
between biological predisposition, environmental conditions, and
internal psychological processes.

o At the biological level, recreation creates a corrective effect
on the neurochemical foundations of substance addiction by
balancing dopamine levels (Volkow, Koob & McLellan,
2016).

o At the psychological level, recreational activities have been
shown to reduce symptoms of stress, anxiety, and depression.
In addition, by supporting executive functions, they promote
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improvements in self-regulation and decision-making
processes (Sharp et al., 2011).

o Atthe social level, recreation helps individuals connect with
society, reducing the impact of risk factors such as loneliness
and social exclusion. The contribution of recreation to the
development of social capital is significant (Kleiber, Walker
& Mannell, 2011).

A New Approach to Combating Addiction Through Recreation

Traditional approaches to combating addiction have often
been one-dimensional, rigid, and largely based on punitive measures
or passive awareness campaigns. In these processes, individuals
have been repeatedly informed about what is “harmful,” yet have
been offered insufficient opportunities for alternative, healthy, and
enjoyable activities that could replace these harmful behaviors in
their daily lives. The near-complete absence of activities such as
recreation—which can directly enhance quality of life—from
addiction prevention strategies highlights a significant gap in this
field.

Unfortunately, many decision-makers in this field perceive
the concept of recreation merely as leisure-time entertainment,
disregarding its protective effects on individuals’ mental, emotional,
and social development. However, scientific research has shown that
recreational participation facilitates stress management, enhances
the sense of belonging, and strengthens self-esteem. These effects
are directly related to the mechanisms involved in the development
of addiction.

To date, the majority of implemented approaches have
focused on informing individuals about the dangers of addiction,
placing them in passive, non-interactive roles as mere listeners.
However, the process of combating addiction must go beyond raising

awareness; it must actively engage individuals in the process. At this
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point, recreation offers an opportunity to involve individuals through
real-life experiences—not only through theoretical knowledge but
also through participation in sports, arts, nature, and volunteer-based
activities.

At the core of a new approach should be a recreation-
centered, multi-stakeholder, and  participatory  structure.
Recreational content should be actively integrated into schools,
youth centers, rehabilitation programs, and social support services.
These activities not only help distance individuals from risky
behaviors in the short term, but also promote the development of
healthy lifestyle habits in the medium and long term.

In conclusion, what is needed in addiction prevention is no
longer an approach that merely tells individuals what they are doing
wrong, but one that shows them what they can do and how to do it—
one that walks alongside them through an interactive and holistic
process. Recreation should be regarded as a feasible, sustainable, and
socially engaging tool in this transformation. Public institutions,
local governments, non-governmental organizations, and
educational institutions can open a new chapter in the fight against
addiction by uniting around this common approach.
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BOLUM 4

THE IMPORTANCE OF RESISTANCE TRAINING

MEHMET MUBAREK BORA!
UNSAL TAZEGUL?
MEHMETVEYSI BORA3

Introduction

Resistance Training:

Resistance Training (DE); It is defined as a physical
conditioning program that uses various exercise materials and
methods such as free weights, weight machines, medicine balls,
elastic bands and different movement speeds, increasing fitness,
health and sports performance [1].

Evidence-based studies on resistance exercises show us that it
provides positive effects on health-related parameters, sportive
performance and physical aesthetics. When resistance training is
mentioned, strength training or weight training often comes to
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mind. With this being true, strength training constitutes only one
form of DE training. Resistance exercises are widely used to both
increase muscle strength and increase muscle mass (Drummond
et al., 2016). In addition, various training strategies are used
within a training period to maximize these exercises [2-4].
Therefore, much research has been done on the
programming and manipulation of resistance training variables
(volume, intensity, etc.). To date, most resistance exercise
research has focused on manipulation of volume, intensity, and
rest interval, resulting in a general consensus on these issues in
the scientific literature. For example, it is widely accepted that
volume plays a key role in both strength and hypertrophic
adaptations. In addition, it has been shown that skeletal muscle
hypertrophy can occur at various exercise loads, with shorter rest
intervals rather than longer rest intervals leading to increased
hypertrophy and strength. However, there is a lack of studies on
the optimal frequency of resistance exercises in terms of training
frequency in terms of muscle strength and muscle hypertrophy. It
is well known that both men and women can increase muscle size
and strength in response to DE. Also, many studies have shown
that DE has many benefits for overall health. Although there are
no studies using dose-response models to determine whether men
and women respond differently to chronic DE, many studies have
compared the adaptations of men and women using the same
training protocol. However, it is still unclear whether there are
gender-specific adaptations to the same training [4]. During
resistance training, muscle protein synthesis is suppressed
and proteolysis (the breakdown of proteins into amino acids) is
increased. Increases in sarcoplasmic hypertrophy are training-
specific, with light loads causing higher repetitions to build up
in sarcoplasmic sections compared to heavy loads and low reps.
Most of the resistance training and stretching studies are studies
in which stretching is done before the resistance training or on
a different day than the resistance training day. In the study of
Kokkonen et al. Stretching exercises were performed on a
different day from the day of resistance training. Greater gains
were obtained in the group that applied resistance exercises

and stretching exercises compared to the group that applied only
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resistance exercises. In the study conducted by Soza et al. In
which 8 weeks of traditional resistance training and resistance
training with stretching between sets, were compared, similar
improvements were observed in power performance [5-8].

Types of Resistance Exercises

Ems Technique

Whole body electro muscle stimulation (TV-EMS), which was
first produced in Germany in 2009 and released commercially, is
an exercise technology that spreads rapidly, especially in Europe
and the Far East. Although there are more than 2,000 commercial
TV-EMS providers with around 250,000 customers in Germany
alone, research on TV-EMS is still limited. We can define TV-
EMS as —the simultaneous application of electrical stimuli to all
major muscle groups through at least six current channels and the
stimulation of these muscle groups by means of electrical current.
The most important distinguishing feature of TV-EMS is; Since
each of them is a device with its own stimulus intensity, it can
stimulate large muscle masses at the same time. This provides
“time efficiency”, which is an important feature of this exercise
method [9].

EMS is a method that has long been used in physiotherapy to
strengthen muscles. It helps athletes minimize performance
degradation after injuries, support muscle atrophy and muscle
reconstruction. In addition, it allows the users to get out of the
training routine and allows the muscles to recognize new stimuli
[10].

The current intensity applied during TV-EMS is evaluated by
the patient or the athlete on the BORG scale. Thus, an individually
tolerable voltage is determined. It can be assumed that the
maximum density tolerance can be affected by anthropometric
parameters and the body composition of the individual. The
current applied in TV-EMS must pass through different skin
layers, fat and connective tissue and other physical structures
(blood vessels, bones, ligaments) before reaching the muscle to
be stimulated. These structures are considered as resistors (R)

connected in series. This causes the applied voltage (U) to be
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divided. According to Ohm's law, the current density (I) passing
through the muscle should therefore be applied depending on the
thickness of the skin fold [11].

Concentric and Eccentric Contraction Technique

Eccentric (ECC) muscle contractions involve the active
stretching of muscle tissue against an external force or load.
Isometric contractions (ISO) involve muscle contractions without
any change in muscle length. Concentric (CON) contractions are
muscle contractions that involve shortening of muscle tissue. It
has been shown that eccentric (ECC) muscle contractions can
produce relatively more force than ISO or CON contractions
(Timothy et al., 2019). Studies show that each contraction
produces different neuromuscular stimuli, resulting in different
adaptive responses after exercise [4].

Eccentric contractions produce more maximal muscle tension
than isometric or concentric contractions by lengthening active
muscle fibers. Eccentric exercises, delayed onset muscle
soreness, with loss of muscle strength, decreased range of motion
(ROM), histological impairment of muscle and connective tissue,
and subsequent inflammatory response to muscle swelling (cell
swelling or pump effect) may cause muscle damage. DOMS
occurs in skeletal muscles within the first 24 hours after exercise
and is characterized by mild pain that peaks after 1-3 days. These
symptoms typically disappear after 7-10 days [4].

Despite the large number of studies, there is still controversy
regarding the effects of different resistance training on muscle
strength and hypertrophy. It is hypothesized that eccentric (ECC)
contractions may cause more hypertrophy than concentric (CON)
contractions because eccentric contractions are associated with
greater muscle strength, neuromuscular functions such as IGF-1
(Insulin Like Growth Factor), mRNA expression, protein
synthesis as a result of activation and proliferation of satellite
cells. they create a faster increase in adaptations. However, the
differential effect of ECC or CON on strength and hypertrophy
gains is still a controversial issue, and the mechanisms regulating
these adaptations have not yet been fully elucidated [12].
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Pyramid Technique

The pyramid system is a training system introduced by
Thomas DeLorme in the 1940s. This technique is known as a
technique characterized by increases or decreases in exercise load
for each set. The most common among DE systems are
conventional method (pyramid with fall) and drop-set systems
(DS). The conventional method system, also known as the multi-
set system, consists of multiple sets with the same load; It is also
one of the most frequently used systems among DE practitioners.
The descending pyramid is formed by reducing the load and
increasing the number of repetitions in each set of the exercise.
This allows the total training volume to increase [4,13].

Drop Set Technique

Drop-set (DS) is a training system that targets more than one
muscle exhaustion during a set. In this context, repetitions in a set
are done until muscle exhaustion. Then a short pause is used to
reduce the load (eg 20%) and individuals need to perform
additional repetitions until muscle exhaustion. This cycle can
occur several times in a set [14].

In general, loads are reduced by 20-25% in drop set workouts,
but there are no defined guidelines on this. Therefore, there are
many possibilities for practical applications. It is thought that this
technique may increase muscle hypertrophy as more motor units
are needed for this technique [4].

Super Slow Technique

The super-slow technique (SYT) is when each repetition of the
exercise is done at a very low speed. For example, it can be shown
as performing the concentric phase of the movement in 10
seconds and the eccentric phase in 4 seconds. In addition,
different time applications are encountered (T: Concentric 5
seconds Eccentric 5 seconds). The high mechanical stress caused
by increased time under tension is thought to optimize or
maximize gains in muscle strength and muscle hypertrophy
compared to the Traditional (TRAD) method [4].
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German Volume Training Technique

The German Volume Training Technique (AHT) is a
technique used by coaches to increase muscle hypertrophy in off-
season athletes. A typical AHT workout involves performing 10
sets of 10 repetitions (i.e. 100 repetitions) for two compound
resistance exercises at 60% of 1 rep max. With this high training
volume, the rest periods between sets are relatively short (~ 60-
90 sec).

The purpose of keeping the rest periods short is to trigger
muscle hypertrophy by increasing metabolic stress [4].

Superset Technique

Superset training during DE can be defined as a pair of
different sets of exercises performed without rest. Supersets
usually consist of two exercises for the same muscle group,
agonist-antagonist muscles or upper and lower extremity muscle
groups. It involves performing a single-joint exercise before a
multi-joint exercise for the same muscle group (for example,
dumbbell fly before bench press) [15].

One-Set Program (One-Set Program)

Just like the circular training, the movements are performed in
a circular way in the single set program, each exercise is
performed 8-12 repetitions in the set. This program is also called
High Intensity Training (HIT).

Multi-Set System

This type of system consists of 2 or 3 warm-up sets in which
the exercise resistance is gradually increased, followed by several
sets at the same resistance. In multi-joint exercises, a minimum of
3 sets of performance with 5 or 6 maximum repetitions (RM)
allows optimal development of strength. You can reach the
desired goal of the training by performing the multi-set system at
the desired resistance and with the desired number of repetitions
and sets. Using this system for a long time without changing the
training variables stops performance improvement. If strength
and power development is the main goal, you can keep the multi-
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set system limited in your workouts.

Super Slow System

In this system, repetitions are performed at a very slow speed,
from 20 to 60 seconds. However, there is little evidence that
prolonging the exercise time leads to increased stress on the
muscle and provides muscle strength development. The power
produced by the muscles gradually decreases over time, moving
the weight slowly also significantly reduces the resistance you use
and directly works the endurance muscles (red muscles-slow
twitch oxidative muscles). These types of programs provide the
development of muscular endurance at a slow pace. These types
of exercises are preferred in order to control the movement with
machines that do not change the speed of movement. Super slow
sets are usually performed as one or two sets. Exercise resistance
is usually determined by the athlete's muscular endurance fitness
level. Repetitions at normal speed are not related to the resistance
used. As the repetition time increases, the resistance created by
the weight lifted decreases. Therefore, less optimal force stimulus
is received at each point in the movement axis of the exercises.

Negative Resistance Training

In many resistance exercises, the resistance or exercise load is
reduced in the eccentric (prolongation of muscle length) or
negative part of the repetitions. At this stage, it allows you to
reduce the resistance or load of the exercise in a controlled
manner while the related muscles are lengthened. In the opposite
application, the removal of the resistance, that is, the load, during
repetitions is called positive or concentric (shortening of the
muscle length) exercise.

Generally, during repetitions, more weight can be held in the
eccentric (negative) phase than in the concentric (positive) phase.
In negative resistance training, it consists of lifting the weight you
can lift in the concentric phase of the exercise repetitions as a
lower weight in the negative phase. For example, it is to lift a
weight that you have difficulty in lifting while doing the arm curl

--115--



movement with an assistant in the positive phase and to be able
to do the negative phase without assistance. With the help of
machines, the negative phase of the movement can be performed
with two legs or arms and the positive phase can be performed
with one leg or arm.

As a result of scientific research on the effects of negative
resistance training, sufficient evidence has not yet been reached
that this type of training contributes to strength development.

1. Variables of Resistance Training

By differentiating the acute variables of DE; more rapid
progress towards the goal can be achieved. Variables of resistance

exercise;

NoookrwdE

8.

9.

Volume of resistance exercise,

Frequency of resistance exercise,

Loading intensity in resistance exercise,

Exercise selection in resistance exercise,

Type of muscle contraction in resistance exercise,
Rest period in resistance exercise,

The repetition time of the movement in the resistance
exercise,

Exercise sequence in resistance exercise,

Range of motion in resistance exercise,

10. Intensity of effort in resistance exercise,
Knowing the properties and effects of these variables forms the
basis of a successful DI [16].

Volume of Resistance Training

The volume of DE is used to indicate the amount of exercise
done in a given period. The volume of DE is often expressed as
the number of repetitions performed during the exercise
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multiplied by the number of sets (number of sets x number of
repetitions). However, this value does not take into account the
amount of load lifted. Because; training volume would be a more
accurate term to reflect the total work completed (number of sets
X number of repetitions X load). The volume of the exercise; It is
known to affect neural, metabolic, hypertrophic, hormonal
responses and subsequent adaptations to resistance exercise [17].

The volume of resistance exercise can be changed by changing
the number of workouts, the number of repetitions and the
number of sets during the training season. Studies show that high
exercise volume is more effective in maximizing anabolism [18].

After the exercise volume is determined; The fact that the sets
to be applied during the exercise consist of single or multiple set
programs is also a remarkable issue in the literature, which creates
differences in achieving the expected effect. Meta-analysis
studies have reported that multi-set DE provides more strength
increase and hypertrophic response in trained and untrained
groups compared to single-set DE [19].

Frequency of Resistance Exercise

Frequency of DE refers to the number of times a workout is
done in a given time period, usually per week. In terms of
hypertrophic responses, the frequency also indicates how much
the relevant muscle works. Frequency in DEs with hypertrophy
expectation; can be manipulated to change the volume of
exercise. Neuromuscular factors limit how much loading volume
can be delivered in a single training session. After a certain
threshold; the quality of exercise begins to decline [18].

e DE done 4 days a week; It has been reported that it
provides more strength gain than DE performed 3 days
a week.

e DE done twice a week; It has been observed that it
provides more strength gain than DE performed once a
week.

e It has been reported that DE applied 3-5 times a week
is more effective in strength gain than DE applied once
or twice a week [18].
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Loading Intensity in Resistance Exercise

Loading intensity; It is seen as one of the most important
factors for the hypertrophic response in resistance exercises. The
amount of load lifted in the exercise is expressed as a percentage
of 1TM. For example, if a person’'s 1TM bench press value is 45.5
kg and he lifts 36.4 kg during the exercise set, the load intensity
of this set is expressed as 80% of 1TM. The severity of loading is
often; categorized as loading zones corresponding to repeat
intervals. In general, repeat intervals are classified as heavy (1-
5TM), moderate (612TM), and light (15 + TM) [16, 18].

Although the formulas are designed to predict the number of
repetitions to be performed in the determined percentage of 1TM,
in reality; They can make a rough estimate of 1TM and
repetitions. The combination of genetic factors (e.g. muscle fiber
typing, arm length internal moment), physiological factors (e.g.
buffering capacity), and exercise types (e.g. upper extremity and
lower extremity, single or multiple joint involvement) affect the
generalizability of these values.

Wernbom et al. (2007), in a systematic review by other
researchers, it is thought that heavy loads, in which maximum
hypertrophy is achieved using the medium- rep interval, generally
favor neural adaptations and have less effect on hypertrophy.
High intensities of 85% (1TM>85%) of the load naturally result
in high levels of mechanical stress on the muscles. However, the
duration of a heavy set is short (<15 seconds), the energy during
such exercise is primarily derived from the ATP-PC system, with
a small contribution from anaerobic glycolysis. Therefore,
metabolite accumulation is relatively low, supported by research
showing that peripheral fatigue induced by metabolic stress is
significantly reduced during exercise in the low rep range (5 reps
per set) compared to sets performed in the medium rep range (10
reps per set). Exercises in the light load range are associated with
a high amount of metabolic stress. Sets of >15 repetitions usually
take 45 seconds or longer and require the majority of energy
production to be derived from the anaerobic glycolytic system.
This causes a significant formation of metabolites and acidosis
and creates an important muscle pump. However, it is thought that
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sufficient motor unit activation cannot be achieved in muscle
contractions required to lift light loads, and this will negatively
affect the acquisition of hypertrophy [4, 18].

It is claimed that exercise at a moderate repetition interval
provides an optimal combination of mechanical tension and
metabolic stress to maximize hypertrophic adaptations. The
intensity of loading used during such exercises uses most of the
fibers in the target musculature and is heavy enough to sustain
their stimulation for a period of time. Moreover, in such exercises,
sets usually last between 20 and 40 seconds and require a
significant contribution from the anaerobic glycolytic system;
accordingly, it produces high levels of metabolic stress. Because
of these factors, moderate loading is often referred to as the
hypertrophy range [20]. Muscular architecture is intricately
arranged to perform complex movement patterns efficiently and
effectively. Therefore, varying exercise parameters (pulling
angle, plane of motion, position of the extremities) can
preferentially target the angles of the musculature, more or less
activating synergists and stabilizers. Thus, the choice of exercise
may contribute to some degree to hypertrophy of certain muscles
[4, 18].

While studies showing that alternating exercises increase
muscle activation are intriguing, it remains unclear whether the
degree of selective activation of a given exercise enhances the
site-specific hypertrophic response of a part of a muscle. Lots of
research; shows that muscle hypertrophy occurs in a non-uniform
manner in terms of preferential growth of both individual muscles
in a muscle group and different regions within the same muscle.
For example, many studies have shown that leg extension
exercise results in a heterogeneous hypertrophic response in
which certain regions of the quadriceps femoris hypertrophy more
than others [4, 18].

Once people have learned the movement patterns of basic
resistance exercises, they should use a variety of exercises to
maximize full-body muscle hypertrophy.

It should include machine-based exercises as well as free-form
exercises. Similarly, both multi- and single-joint exercises should
be included in hypertrophy-specific routines to maximize muscle



growth [16].
Type of Muscle Contraction in Resistance Exercise

Mechanosensors are sensitive not only to the magnitude and
duration of the stimulation, but also to the type of action
performed. Muscle contraction is basically classified into three
types. These; concentric, eccentric and isometric contraction
types [21].

Based on the specificity principle of strength training, it has
been suggested that eccentric and concentric movements provide
a different stimulus for the muscle and therefore may create
different adaptations. Eccentric muscle movements show
different physiological characteristics when compared to
concentric movements.

For example;

1. Different neurological patterns have been observed
between these two types of contractions.

2. Eccentric movements are characterized by faster and
wider cortical activity compared to concentric
movements.

3. Decreased motor unit activation during eccentric
contraction.

4. Increased level of cross-education.

5. Faster neural adaptation due to resistance exercise.

6. Decreased sympathetic nervous system activity [18].

From a mechanical perspective, it appears that muscles can
produce higher absolute force when eccentrically contracted than
when contracted concentrically. Considering that the increase in
muscle strength is proportional to the magnitude of the force
developed, it has been suggested that strength training involving
eccentric contractions may provide greater adaptations compared
to focusing on concentric training alone. In addition to this
situation; decreased fatigue, reduced cardiopulmonary responses,
and increased metabolic efficiency are associated with eccentric
contractions [18].

Rest Time in Resistance Training
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The time elapsed between sets is called the rest interval or rest
period. Rest intervals; It can be divided into three categories:
short (30 seconds or less), medium (60 to 90 seconds), and long
(3 minutes or more). Studies show that the length of the rest
interval has different effects on the acute response to DE and that
these responses affect chronic hypertrophic adaptations.
Schoenfeld, Ratamess et al. Reported in their study that short rest
intervals significantly increased metabolite accumulation.
Ratamess et al. In their work; they reported that 30-second rest
intervals reduced the volume of DE by more than 50% for 5 sets
in 10TM, and there was a gradual decrease in the amount of load
in the following sets, but there was an increase in metabolic stress
despite the reduction of mechanical tension [16,22,23].

Repetition Time of Movement in Resistance Exercise

The repetition time of the movement (time under mechanical
tension) is the sum of the concentric, eccentric, and isometric
components of a repetition and indicates the tempo at which the
repetition is performed. Tempo; usually expressed in three digits.
First step; Indicates the time during which the concentric
contraction takes place, the second digit indicates the isometric
transition phase (from concentric to eccentric contraction), and
the third digit indicates the completion time of the eccentric
contraction. For example; If the tempo is 2-0-3, it means that this
concentric phase is “2” seconds, if “0” it means that the eccentric
phase is passed without any waiting and it takes 3 seconds to
complete the eccentric phase. That is, one repetition of the
movement was completed in 5 seconds in total [24,25].

Manipulating the time spent under mechanical tension by
prolonging the repetition time of the movement may alter
neurophysiological, hormonal and metabolic responses and affect
strength gain and muscle hypertrophy in resistance exercise.

The time elapsed under mechanical tension can be arbitrarily
manipulated to some extent by tempo changes. But this
manipulation depends on two situations. The first is the severity
of the loading, and the second is; is the level of accumulated
fatigue. As heavy loads approach one's 1TM level; takes longer,
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even if the goal is to remove it as quickly as possible. Moreover,
with the onset of fatigue, the speed begins to decrease due to the
lack of force sustainment of the working fibers. Weight lifting
capacity; It is restricted after a certain point even at very low
loads. In a study, it was seen that the first 3 repetitions of the 5TM
bench press movement took approximately “1.2” to “1.6”
seconds, while the fourth and fifth repetitions found “2.5 to “3.3”
seconds. These results are the results that occur even though the
subjects tried to lift explosively in all repetitions [18].

Exercises with loads below 80% of 1TM allow the athlete to
change the concentric phase tempo of the movement. Working
with lower loads helps to develop this ability.

Some researchers; It accepts that conscious deceleration
during the concentric phase of the movement reduces the
momentum of the movement and thus increases the load to which
the muscle is exposed. Theoretically; increased mechanical
tension may mediate the initiation of anabolic signaling within the
cell, thereby eliciting a more hypertrophic response. Moreover, a
potential negative effect of lifting weights too quickly is a
reduction in metabolic stress [18].

Sequence of Exercise in Resistance Training

Current DE guidelines include exercises that involve several
muscle groups and multiple joint points in the early stages of a
workout (multi joint exercise-bench press, squat, leg press,
shoulder press) and then movements involving a single muscle
group and a single joint (single joint). Exercise- kickback, leg
flexion, leg extension) [26]. Studies on this subject show that
when single joint exercises targeting similar muscle groups are
performed before multi joint exercises, performance decreases
significantly in these exercises (bench press, squat, leg press,
shoulder press). For example; When arm curls are performed, the
biceps brachii muscle fatigues, thus limiting its ability to overload
the larger latissimus dorsi muscle. As a result of this situation,
there is a decrease in performance with the effect of fatigue in the
next lat pulldown exercise [18].

Width of Movement in Resistance Exercise
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Basic principles of structural anatomy and kinesiology; states
that the movements of the muscles at different joint angles have a
greater contribution to the exercise. For example, there are results
that the quadriceps muscles are activated differently during leg
extension. While the vastus lateralis is maximally active during
the first 60° of movement, the vastus medialis muscle becomes
fully active at the end of 60° of the width of the movement.
Similar findings have been reported during the arm curl
movement. The short head of the muscle appears to be more
active in the final phase of movement (i.e., during greater elbow
flexion), whereas the long head is more active in the early phases
of movement [18].

Intensity of Effort in Resistance Exercise

The effort expended during DE is often referred to as effort
intensity and can influence exercise-induced hypertrophy. The
intensity of effort is usually; it is measured by proximity to the
point where the muscles can no longer produce force. Although
the benefits of continuing repetition until failure in DE are still a
matter of debate, it is generally considered necessary to maximize
the hypertrophic response. The primary reason for continuing
exercise until repetition failure in DE is to maximize motor unit
involvement, which is essential for obtaining maximum protein
in all fiber types [18].

2. Resistance Training Working Patterns:

Resistance training can be applied in two ways: (1) Isometric
and (2) Isotonic (Maglischo 1993, Fleck and Kreamer 1997).
Isometric (static) resistance training is generally applied against
resistance that cannot be defeated, and no change in muscle length

is observed during muscle contraction, but there is a change in
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tone (Fleck and Kreamer 1997). Isotonic resistance training;
resistance training with fixed weights, isokinetic training,
resistance training with variable weights, plyometric training, and
eccentric training.

3. Components of Resistance

Training Intensity of Training

Intensity of the Training; It means the qualitative (numerical)
part of the work done in a certain period of time [28]. and the
strength of the exercise or the exercises applied in series [29]. In
resistance training, the intensity can be evaluated as a certain
percentage of 1IRM (maximum weight - load lifted at once) or a
certain percentage of any (n) RM.

Scope of Training

It is defined as the “total amount of work” done in training. In
exercises involving speed, the scope can be determined as time or
as the total distance run [28]. In resistance exercises, the scope is
expressed as the total weight lifted. Coverage can be calculated
as the total amount of work done in a training unit, week, month,
or training period [29].

Frequency of Training

Specifies how often resistance training is applied [30]. It is
defined as the number of training units completed in a given time
period (weekly, monthly, or yearly). The frequency of training is
limited by the organism'’s ability to return to normal (recovery).
Training frequency and duration (duration of each training unit)
are directly related to the scope.
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Relationship Between Components of Resistance Training

In resistance training, the scope is calculated as “load lifted x
number of repetitions applied x number of sets”. However, the
number of repetitions that can be performed is related to the
percentage of maximal strength. Studies show that there is a
strong correlation between muscular endurance and the 1RM
percentage [31].

4. Things to Consider When Starting Resistance
(strength)

Training Exercise Selection:

When preparing your strength training programs, you should
first choose the exercises that work the main muscle groups of the
body. Those interested in power sports should concentrate on 3
different types of weight lifting; pushing (bench and incline bench
press using steel bar and dumbbells, sitting and standing shoulder
press) pulling (snapping and shrugging, dead lift, high pull,
shouldering) and leg exercises (squat, leg press, lunge and step-
up). Athletes aiming to develop strength should run these
exercises before auxiliary exercises such as biceps and triceps.
Athletes interested in power sports should focus on developing
core strength (abdominal, back, hip muscles) and should avoid
doing body-building exercises. Body builders train to minimize
the layer of subcutaneous fat, define muscle and increase muscle
diameter [32].

Warm-up:

Static stretching (stretching and maintaining position)
exercises should not be performed before resistance training.
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Stretching the muscles for 5 minutes or more reduces muscle
strength, resulting in a lowering of the intensity of the exercise.
You can stretch your warmed muscles after exercise [32].

Cool-down:

Cool-down is the normalization of muscle temperature and
metabolic rates. The cool-down after resistance training is usually
done by relaxing in a comfortable environment. After endurance
exercises, the tempo of the activity should be reduced gradually.
Resistance training is not a continuous activity, so a cool-down is
not necessary. However, since the heart rate increases after
intense training (circular training), it is possible to pedal for 5-10
minutes at a slow pace on a light jogging or cycling ergometer.

Since the muscles and joints are warmed up after resistance
training, you can prevent muscle fatigue by doing stretching and
flexibility exercises.

Do not take a shower right after a vigorous workout. During
this type of training, circulating blood rushes to the skin and
muscles, while hormones are activated to aid exercise. If you take
a hot shower immediately after high-intensity or high- intensity
exercise, your heart will be stressed and you may not be able to
cope with this stress. After resting for 5-10 minutes after exercise,
you can take a shower [32].

Sequence of Exercises

If your main goal is strength development, you should work
large muscle groups (pushing, pulling and leg exercises) before
small muscle groups (wrist, forearm, biceps, triceps). During
resistance training, small muscle groups get tired (lactic acid
accumulates) before large muscle groups. That's why you should
first practice exercises that cover multiple joint movements (such
as chest, legs) and then those that cover single joint (biceps,
triceps) movements. Experienced weightlifters work a part of
their body during each workout. Some train upper and lower body
exercises on different days. If you do the exercises by mixing
large and small muscle groups with the lower and upper body,
your rate of development will slow down as the amount of weight
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you lift will decrease. You should load your muscles 2 or 3 times
a week. Many people train 6-10 exercises 3 times a week. Some
of them train 2 times a week for the lower body and 2 times for
the upper body, a total of 4 (split training-split routine) times. This
type of workout is ideal for beginners. You should rest after
training. Because after the load, the muscles start to get stronger
and increase the muscle diameter. Sometimes quality rest is even
more important than heavy training [32].

5. Purposes of Strength (Resistance) Trainings

Hypertrophy

The most common reason to start resistance training is to
increase muscle diameter by doing muscle hypertrophy. If you are
new to training, it should take at least 6 weeks before you notice
any change in muscle size and strength. Those who have a
previous strength training background cannot develop muscle
hypertrophy sufficiently if they do not plan their training
programs carefully. In the development of muscle hypertrophy,
6-12 RM repetitive moderate loads and 4-5 sets of high volume
training are more effective. The rest intervals between repetitions
of hypertrophy exercises are 30-90 seconds. This time is
sufficient for the muscles to recover between sets and also for the
muscles to be sufficiently exhausted at the end of the sets [32].

Increasing Maximum Force

Another purpose of resistance training is to increase maximal
strength. As the muscular load increases during resistance
training, the adaptation increases accordingly. Considering this
principle, 1 RM, 23 repetition strength training with maximal or
near maximal heavy loads is the most effective way for maximal
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strength. For maximum strength gain, you should increase the
number of sets (4-6) from the middle to high.

The issue of which method develops maximal force best is
open to debate. However, the generally accepted method is high-
intensity (overload) strength training with 85-90% 1RM. The
ideal training load for maximal strength gain is 85% 1RM.

Maximal strength protocols require long rest intervals. As the
exercise intensity increases, a minimum rest interval of 3 minutes
should be given between sets. Many professional athletes and
scientific studies recommend 3-5 minutes of rest intervals during
high-intensity exercises [33-35].

Muscular Strength Development

Power is the amount of force applied to move any object in
unit time. In other words, the faster the object is moved or the
greater the force applied to the object, the greater the resulting
force. The same physical law applies to muscular strength.
Because power is a combination of strength and speed.

In recent studies, it is stated that 30-40% 1% RM (with light
weights) low- volume (a few sets and repetitions) training
provides a great deal of strength gain. The load in question is
sufficient to move quickly, but the load must be heavy enough to
generate power. Therefore, the combination of force generation
and speed action increases peak power efficiency. While the light
weights used in weight training increase the movement speed of
the exercise, it trains the speed component of the power. It trains
the strength component of power in training with heavy weights.
In strength training with light weights, 2 to 5 sets of 5-15
repetitive exercises are usually performed [36].

Increasing Muscular Endurance

Another purpose of resistance training is to develop regional
muscular endurance. Muscular endurance training is quite
different from maximal strength training. Muscular endurance
training is done to provide more contraction and continuity of the
muscles in the long-term period. This type of training is usually
performed with light loads at 50-60% RM and high volume (3-5
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sets of 15-20 repetitive exercises).

In muscular endurance exercises, there is usually a 30-second
rest interval between sets. Muscular endurance training produces
long-term maximal work to improve tolerance to fatigue or
fatigue.

Muscular endurance trainings are effective programs for
beginners, special groups, long-distance runners, cycling and
sports branches that require high endurance effort [37].

Acronyms and Abbreviations

Resistance Training (DE).

Whole Body Electro Muscle Stimulation (TV-EMS).
Drop-set (DS).

The Super-slow Technique (SYT).

German Volume Training Technique (AHT).
Isometric Contractions (1SO).

6. Conclusion(s)

Resistance exercises are a type of training performed with
different equipment. Resistance exercises positively affect the
performance of athletes. Resistance exercises both increase the
muscle strength of the athletes and increase the muscle mass.
There are many resistance training methods. The main purpose of
these methods is to improve the performance of athletes. Again,
resistance exercise has many variables. As a result, it is thought
that this study will contribute to the literature.
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BOLUM 5

FUTBOLCULARDA PROPRIYOSEPSiYON VE
DUYGU DURUMU ARASINDAKI ETKILESIiM

Muhammed YILDIZ?

Giris
Futbol, karmagik motor becerilerle birlikte bilissel, duygusal
ve cevresel uyaranlara anlik tepki gerektiren ¢ok yonlii bir spor
dalidir. Oyuncularin sahadaki performanslari yalnizca fiziksel
uygunlukla degil, ayn1 zamanda ndrofizyolojik sistemlerin ve
psikolojik degiskenlerin esgiidiimlii ¢alismasiyla sekillenmektedir.
Futbolcularda propriyosepsiyon ve duygu durumu gibi bireysel
islevsel alanlarin etkilesimi, hem performansin istikrar1 hem de
yaralanma riskinin yOnetimi acisindan dikkate deger bir boyut
olusturmaktadir (Leisman et al., 2016; Han et al., 2016; Lane et al.,
1999). Propriyosepsiyon, bireyin viicut pozisyonu ve hareketini i¢sel
duyular yoluyla algilayabilme yetisi olarak tanimlanmakta; bu
sistem, postural kontrol, denge, yonelim ve hareket dogrulugu gibi
performans belirleyicilerinin temelini olusturmaktadir. Sporcular
acisindan proprioseptif yeterlilik, 6zellikle yon degistirme, sicrama,
top kontrolu ve ¢arpisma gibi yiliksek yogunluklu motor gorevlerde
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hata oranlarmni azaltic1 bir rol listlenmektedir (Proske & Gandevia,
2012; Grooms et al., 2015; Han et al., 2013). Bununla birlikte, yogun
fiziksel yiiklenme, yorgunluk ve tekrarlayan uygulamalar
proprioseptif duyarliligi gegici olarak zayiflatabilmekte, bu da
motor koordinasyonun ve reaksiyon siirelerinin  olumsuz
etkilenmesine yol agmaktadir (Lephart et al., 1997; Hlbscher et al.,
2010). Futbolcularda gozlemlenen performans dalgalanmalarmin
yalnizca néromotor siireclerle agiklanamayacagi; bireyin duygusal
ve biligsel durumunun da bu siireglerde belirleyici oldugu literatiirde
siklikla vurgulanmaktadir (Robazza & Bortoli, 2007; Jones, 2003;
Hanin, 2007). Duygu durumu, stres, anksiyete, motivasyon ve 0z
yeterlik gibi psiko-duygusal degiskenleri kapsamakta ve oyuncunun
dikkat, karar verme, hedef odaklilik gibi bilissel islevleriyle
dogrudan iligkili bulunmaktadir. Nitekim, emosyonel uyaranlarin
merkezi sinir sisteminde olusturdugu fizyolojik degisimlerin,
proprioseptif sinyallerin kortikal islemleme diizeyinde sapmalara
neden olabilecegi ileri siiriilmektedir (Leisman et al., 2016; Lane et
al., 1999; Robazza & Bortoli, 2007).

Zihinsel yorgunluk, duygusal dengenin bozulmasi ve stres
gibi degiskenlerin, proprioseptif duyarliligi azaltarak sporcularda
motor kararlarda gecikme, dengesizlik ve hareket isabetinde diisiis
olusturabilecegi yoniinde bulgular bulunmaktadir. Ozellikle stres
altindaki sporcularda proprioseptif  yanitlarin hassasiyetinin
azaldigi, denge ve c¢eviklik gibi motor gostergelerde gerilemeler
yasandigi ¢esitli caligmalarla ortaya konmustur (Sirkeci, 2018; Lane
et al., 1999; Jones, 2003). Duygusal degisimlerin proprioseptif geri
bildirimleri etkileyerek motor ¢iktilar iizerinde dogrudan rol
oynadigi, spor bilimlerinde giderek daha fazla 6nem kazanan bir alan
haline gelmistir (Lephart et al., 1997; Robazza & Bortoli, 2007).
Performansin optimizasyonu ic¢in sporcularda sadece fiziksel
yeterliliklerin degil, psiko-duygusal siireglerin de degerlendirilmesi
gerektigi agiktir. Propriyosepsiyon ve duygu durumunun biitiinciil
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bicimde ele almmasi, modern spor bilimlerinin biitiinlestirici
yaklasimmi yansitmaktadi. Bu iki sistemin etkilesiminin
anlasilmasi, futbolcularin antrenman programlarmm daha hedefe
yonelik bicimde yapilandirilmasi ve zihinsel performans destek
stratejilerinin gelistirilmesi agisindan 6nem arz etmektedir (Leisman
et al., 2016; Robazza & Bortoli, 2007; Hiibscher et al., 2010).

Futbol Performansinda Propriyosepsiyonun Onemi

Futbol, dinamik c¢evresel kosullar altinda siirekli olarak
pozisyon degistirme, yon tayini, hizlanma, yavaslama ve top ile
temas gibi kompleks motor becerilerin uygulanmasimni gerektiren bir
spor dalidir. Bu hareketlerin yiiksek dogrulukla ve tekrarli bigimde
gerceklestirilebilmesi  yalnizeca kas gilici veya kondisyonel
kapasiteyle degil, ayn1 zamanda viicudun mekansal konumunu
algilama ve kontrol edebilme yetisiyle iligkilidir. Propriyosepsiyon,
futbol performansinin temel noérofizyolojik bilesenlerinden biri
olarak degerlendirilmektedir (Han et al., 2016; Proske & Gandevia,
2012; Hubscher et al., 2010).

Proprioseptif sistem, kas igcikleri, Golgi tendon organlari ve
eklem reseptorlerinden gelen duyusal bilgilerin merkezi sinir sistemi
tarafindan yorumlanmasiyla sekillenir. Bu sistem sayesinde birey,
viicut pozisyonunu gorsel geri bildirime gerek duymadan
algilayabilir ve buna uygun motor yanit olusturabilir. Zaman baskis1
altindaki spor ortamlarinda, proprioseptif duyular denge, ¢eviklik ve
yon tayini lizerinde belirleyici bir etki gostermektedir (Grooms et al.,
2015; Lephart et al., 1997; Aman et al., 2015). Proprioseptif
yeterlilik yalnizca yaralanmalarin dnlenmesi agisindan degil, ayni
zamanda teknik performansin istikrar1 bakimindan da kritik bir rol
oynamaktadir. Ozellikle yon degistirme, pas isabeti ve dar alan
oyunlarmda karar verme siireclerinde, proprioseptif geri
bildirimlerin zamanlamasi ve dogrulugu performans ¢iktilari
tizerinde dogrudan belirleyici olmaktadir (Leisman et al., 2016;
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Robazza & Bortoli, 2007; Karoczi et al., 2014). Futbolcularda yas,
sporculuk siiresi, antrenman siklig1 ve motivasyonel durum gibi
degiskenler proprioseptif performansit dogrudan etkilemektedir.
Propriyosepsiyon yalnizca biyomekanik degil, ayn1 zamanda psiko-
norolojik bir siire¢ olarak degerlendirilmeli; gevresel, duygusal ve
bilissel bilesenlerle birlikte ele alinmalidir (Clark et al., 2015; Han
et al, 2015). Antrenman siireclerine proprioseptif becerileri
hedefleyen uygulamalarin sistematik bigimde entegrasyonu
onerilmektedir. Goz kapali denge ¢alismalari, yiizey degiskenligi
iceren egzersizler ve reaksiyon bazli antrenmanlar bu sistemin

islevselligini artrmaya yonelik stratejiler arasinda yer almaktadir
(Valdes et al., 2024; Hibscher et al., 2010; Aman et al., 2015).

Duygu Durumu ve Spor Performansi

Spor performanst yalnizca fiziksel yetkinliklerle sinirlt
kalmayip psikolojik siireclerin etkisi altinda sekillenmektedir.
Ozellikle duygu durumu, sporcunun cevresel uyaricilara ve igsel
diislince siireclerine verdigi emosyonel yanitlar1 kapsamakta ve
performansin siirdiiriilebilirligi agisindan kritik bir degisken olarak
degerlendirilmektedir. Duygusal dalgalanmalar, dikkat seviyesini,
karar alma hizin1 ve motor becerilerin dogrulugunu dogrudan
etkileyebilir; bu durum futbol gibi hizl1 ve dinamik sporlarda daha
da belirginlesmektedir (Harmison, 2006; Leunes & Burger, 2000).
Limbik sistemin prefrontal korteks ve motor alanlarla olan
etkilesimi, hem duygularin yonetimi hem de motor planlamanin
diizenlenmesinde dnemli bir rol oynamaktadir. Yiiksek diizeyde stres
veya anksiyete, bu sistemlerin isleyigini bozarak dikkat
daginikligma, tepki siiresinde  yavaslamaya ve  motor
koordinasyonda azalmaya neden olabilmektedir (Peluso et al., 2005;
Slimani & Chéour, 2016). Duygu durumunun performans iizerindeki
etkisini aciklamak amaciyla gelistirilen "ters-U teorisi", ¢ok diisiik
ya da ¢ok yiiksek diizeyde uyarilmighk halinde performansin
diistiigiini, orta seviyede optimal emosyonel arousal durumunun ise
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en yiiksek performansi sagladigini belirtmektedir (Sar1 et al., 2020;
Raglin, 2001).

Yapilan caligmalarda, antrenman Oncesi ve sonrast duygu
durumlart ile futbolcularin motivasyonel ve bilissel performanslari
arasinda anlamli iliskiler tespit edilmistir. Ozellikle olumlu
duygularin 6z yeterlik algisi, gorev odaklilik ve igsel giidiilenmeyle
iliskili oldugu; olumsuz duygularin ise dikkat eksikligi, diistik
beklenti ve artan hata oranlartyla baglantili oldugu belirtilmistir
(Mirzaei et al., 2013). Duygu durumunun diizenlenmesine yonelik
stratejiler arasinda nefes egzersizleri, zihinsel imgeleme, farkindalik
teknikleri ve psikolojik beceri egitimi gibi yontemler yer almaktadir.
Bu miidahale tekniklerinin diizenli antrenman programlarina dahil
edilmesi, sporcularin emosyonel istikrarini artirarak performans
tutarhiligini da gliglendirmektedir (Totterdell & Leach, 2001; Wegner
& Pennebaker, 1993).

Propriyosepsiyon ile Duygu Durumu Arasindaki Etkilesim

Biligsel, duygusal ve motor sistemler arasindaki etkilesim,
yiiksek diizeyde performans gerektiren spor disiplinlerinde karar
alma ve uygulama siireclerinde belirleyici rol iistlenmektedir.
Proprioseptif duyularin hassasiyeti ile emosyonel durum arasindaki
iliski, norofizyolojik diizeyde Ortiisen yapilar iizerinden
aciklanmaktadir. Ozellikle limbik sistemin hem duygusal regiilasyon
hem de motor planlama siireclerinde aktif gorev iistlenmesi;
somatosensoriyel geri bildirimlerle emosyonel tepki iiretimi
arasinda ¢ift yonlii bir etkilesim oldugunu ortaya koymaktadir
(Leisman et al., 2016; Robazza & Bortoli, 2007; Peluso et al., 2005).
Yiikselen emosyonel uyarilmiglik diizeylerinin, proprioseptif geri
bildirimlerin merkezi iglenisini olumsuz yonde etkileyebildigi; bu
durumun sporcularda denge kaybi, postiiral sapma ve motor karar
kalitesinde azalmaya neden oldugu bildirilmektedir (Hanin, 2007;
Lane et al, 1999; Slimani & Chéour, 2016). Ozellikle yiiksek
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diizeyde anksiyete yasayan sporcularda, viicut pozisyonu algisinda
ve hareket dogrulugunda sapmalar gozlemlenmekte; bu durum,
emosyonel stresin proprioseptif performans iizerinde belirleyici
oldugunu gostermektedir (Robazza & Bortoli, 2007; Peluso et al.,
2005).

Futbolcularda g0zlenen emosyonel degiskenlik ile
proprioseptif hata oranlar1 arasindaki iliski, ¢esitli deneysel
caligmalarla desteklenmistir. Psikolojik stres diizeyinin ylikseldigi
durumlarda, denge testlerinde ve eklem pozisyonu algilama
gorevlerinde hata oranlarinin arttig1; zihinsel yorgunlugun ise motor
tepkilerde gecikmeye ve hareket hassasiyetinde azalmaya neden
oldugu belirtilmektedir (Grooms et al., 2015; Sirkeci, 2018; Yilmaz,
2021). Antrenman Oncesi yiiksek stres durumlarinda, futbolcularda
pas isabeti, ¢ceviklik ve reaksiyon siiresi gibi gostergelerde gerileme
oldugu; bu durumun gegici proprioseptif bozulmalarla iligkili
olabilecegi ileri siiriilmektedir (Jones, 2003; Gould et al., 1991).
Bununla birlikte, duygusal regiilasyon stratejileri giiclii olan
sporcularda proprioseptif ¢iktilar daha istikrarl seyrederken, denge
temelli gorevlerde daha yiiksek dogruluk gézlenmistir (Robazza &
Bortoli, 2007; Totterdell & Leach, 2001).

Zihinsel ve emosyonel yliklenmenin azaltilmasina yonelik
uygulanan tekniklerin, proprioseptif performans iizerinde dogrudan
iyilestirici etkileri oldugu belirtilmektedir. Imgeleme, nefes
kontrolii, 6z farkindalik gibi psikolojik hazirlik yontemleri yalnizca
duygusal istikrar1 artirmakla kalmayip ayn1 zamanda motor ¢iktilar
tizerinde olumlu etkiler olusturmakta ve propriyosepsiyon ile duygu
durumu arasindaki etkilesimin karsilikli bir diizenleyici nitelik
tagidigimi gostermektedir (Yilmaz, 2021; Totterdell & Leach, 2001;
Slimani & Chéour, 2016).

Sonug
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Futbol gibi c¢evresel degiskenligin yiiksek, karar alma
stiresinin kisa ve motor taleplerin yogun oldugu spor dallarinda,
performans: siirdiiriilebilir kilan temel faktorler yalnizca fiziksel
yeterlilikle smirli kalmamaktadir. Propriyosepsiyon ve duygu
durumu, hem bireysel hem de takim diizeyinde basarinin
norofizyolojik ve psikolojik temellerini olusturmaktadir. Ozellikle
denge, yon tayini, ¢abukluk ve teknik hassasiyet gibi motor
becerilerin dogru icrasinda proprioseptif  sistemin yeterliligi
belirleyici olmaktadir (Proske & Gandevia, 2012; Han et al., 2016;
Grooms et al., 2015). Duygusal siiregler ise bu néromotor isleyis
iizerinde dogrudan etkiye sahiptir. Stres, anksiyete ve motivasyon
diizeylerindeki degisiklikler, hem merkezi sinir sistemi diizeyinde
hem de motor ¢iktilarin kalitesinde farkliliklara yol agmaktadir.
Zihinsel yorgunluk ya da duygusal dengesizlik, proprioseptif
hassasiyeti azaltmakta; bu da sahada gerceklestirilen teknik
eylemlerde hata olasiligini artirmaktadir (Sirkeci, 2018; Robazza &
Bortoli, 2007). Bu iki sistemin entegrasyonu, performansin ¢ok
boyutlu dogasini kavramak agisindan 6nemlidir. Futbolcularda
proprioseptif yetilerin gelisimi kadar, duygusal farkindaligin ve
psikolojik esnekligin artirilmasi da performans biitlinligiiniin
korunmasma katki sunmaktadir. Ozellikle zihinsel beceri egitimi,
stres yoOnetimi teknikleri, motivasyonel hazirlik stratejileri ve
proprioseptif ~ antrenman uygulamalarinin es zamanli olarak
yiriitiilmesi, sadece antrenman ve mag¢ verimliligini degil, ayni
zamanda uzun vadeli sporcu gelisimini de desteklemektedir
(Leisman et al., 2016; Lane et al., 1999; Robazza & Bortoli, 2007).

Performans parametrelerinin degerlendirilmesinde
multidisipliner bir yaklagimin benimsenmesi, hem spor bilimciler
hem de antrendrler i¢cin daha saglikli analiz olanaklar1 sunmaktadir.
Psikolojik ve ndromotor sistemlerin birbirinden bagimsiz degil,
islevsel olarak biitiinlesik yapilar oldugu gercegi, modern spor
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antrenman programlarinin  yapilandirilmasinda temel referans
noktasi haline gelmelidir.
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BOLUM 6

TENISCILERDE PROPRiYOSEPSiYON VE
DUYGU DURUMU ARASINDAKI ILiSKi

Muhammed YILDIZ?

Giris
Tenis, hem fiziksel hem de zihinsel becerilerin biitiinciil bir
bicimde sergilendigi spor dallarindan biridir. Teknik, taktik, kuvvet,
dayaniklilik gibi fiziksel parametrelerin yani swra psikolojik
bilesenler de sportif basarinin ayrilmaz bir pargasidir (Girard &
Millet, 2009). Bu kapsamda, duygu durumu ve psikolojik esneklik

gibi kavramlar, tenis performansini dogrudan etkileyen degiskenler
arasinda yer almaktadir (Elliott, 2006; Giles et al., 2019).

Tenisin acgik beceri gerektiren bir spor olmasi nedeniyle,
oyuncular ¢evresel kosullardaki degiskenliklere hizla uyum
saglamak zorundadir. Bu da duygu durumunun ydnetimini dnemli
hale getirmektedir. Oyuncular, ma¢ esnasinda sadece kendi duygu
durumlarini degil, ayn1 zamanda rakiplerinin de psikolojik yapilarini
dogru analiz ederek karar verme siireclerini etkili sekilde yonetmek
zorundadir (Cece et al., 2020; Giles et al., 2019).
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Spor psikolojisinde duygu durumu, sporcularmn zihinsel
dayanikliliklari, dikkat siirekliligi, kaygi yonetimi gibi cesitli
degiskenler iizerinde belirleyici bir role sahiptir. Ozellikle miisabaka
oncesi ve sirasinda yasanan stresin performansa etkisi, sporcunun
psikolojik donanimi ile dogrudan iligkilidir. Literatiirde, yliksek
diizeyde duygusal kontrol becerisine sahip sporcularin stresli
durumlarda daha etkin karar verebildikleri belirtilmektedir (Goessl
et al., 2017;Jiménez Morgan & Molina Mora, 2017; Georgiou et al.,
2018).

Tenis miisabakalarinda sporcularin tek basina karar vermek
zorunda olmasi, bu spor dalin1 takim sporlarindan ayiran 6nemli bir
ozelliktir. Bu durum, sporcunun igsel motivasyonunu, 6z-yeterlik
algisin1 ve psikolojik dayanikliligini 6n plana ¢ikarmaktadir.
Ozellikle dikkat eksikligi, ¢abuk sinirlenme ve anksiyete gibi
durumlarin, miisabaka esnasinda optimal performans: sekteye
ugratabilecegi vurgulanmaktadir (Goessl et al., 2017; Tosti et al.,
2024; Mamassis & Doganis, 2004). Tenis¢ilerin mental becerilerini
gelistirmeye yonelik uygulamalarda, hedef belirleme, 6z-konusma,
imgeleme, gevseme ve nefes egzersizleri gibi tekniklerin siklikla
kullanildig1 goriilmektedir. Bu tekniklerin 6zellikle kalp atim hizi
degiskenligi iizerinden parasempatik sinir sistemini aktive ederek
sporcularda kaygiy1 azalttig1 ve biligsel esnekligi artirdig1 ortaya
konmustur (Magnon et al., 2022; Patrick & Hrycaiko, 1998;
Edwards & Steyn, 2008).

Teniste performansin siirdiiriilebilirligi i¢in sporcularin
sadece fiziksel degil, aym1 zamanda psikolojik toparlanma
becerilerinin de giiclii olmas1 gerekmektedir. Literatiirde, biyolojik
geribildirim antrenmanlarinin hem duygusal diizenleme hem de
performans  gelisimi  iizerinde olumlu etkiler sagladig1
belirtilmektedir (Gogmen et al., 2024; Dumangdz, 2022;
Garcia-Gonzalvez et al., 2022). Dolayisiyla tenis performansmnin
yalnizca fiziksel yeterlilikle degil, ayn1 zamanda duygu durumu ve
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psikolojik stratejilerle de sekillendigi aciktir. Bu dogrultuda yapilan
akademik c¢aligmalar, sporcularin duygu diizenleme becerilerini
gelistirmenin hem kisa vadeli performans artis1 hem de uzun vadeli
sporcu sagligi acisindan Onem tasidigmi ortaya koymaktadir
(Blumenstein & Hung, 2016; Bergland, 2007; Garcia-Gonzalvez et
al., 2022).

Teniste Duygu Durumu ve Psikolojik Degiskenler

Tenis, bireysel kararlarin anlik olarak alindigi1 ve yogun
psikolojik baskinin deneyimlendigi bir spor dali olarak, duygusal
durumlarin sporcu performansi iizerindeki etkisini belirgin bi¢gimde
ortaya koymaktadwr. Bu baglamda, duygusal farkindalik ve
diizenleme becerileri, sporcunun sadece teknik kapasitesini degil,
ayni zamanda  stratejik  karar verme  siireclerini  de
sekillendirmektedir (Cece et al., 2020; Mamassis & Doganis, 2004).

Miisabaka Oncesinde yasanan kaygi, kalp atim hizi
degiskenligi (KAHD) Olglimleriyle fizyolojik olarak takip
edilebilmekte ve psikolojik stresin beden iizerindeki etkileri daha
somut bir bi¢imde gozlemlenebilmektedir. KAHD diizeylerinin
diismesi, sporcularda biligsel esnekligin azalmasina ve dikkat
kontrolinde bozulmalara yol a¢maktadir (Jiménez Morgan &
Molina Mora, 2017; Goessl et al., 2017). Teniste, bu durum karar
verme hizin1 ve servis performansmi dogrudan etkilemektedir
(GOcmen et al., 2024; Garcia-Gonzalvez et al., 2022).

Tenis oyuncularinda goriilen yogun psikolojik baskilar,
genellikle bireysel olarak miicadele edilmesi gereken durumlar
yaratir. Sporcu yalnizdir, antrendrden yardim alamaz ve tiim
kararlar1 kendi vermek zorundadir. Bu yalnizlik ve baski, duygusal
dayanikliligin kritik bir bileseni haline gelmesine neden olmaktadir
(Giles et al., 2019; Mamassis & Doganis, 2004). Yapilan ¢alismalar,
sporcularda uygulanan nefes egzersizleri ve biyolojik geribildirim
antrenmanlarinin, parasempatik sinir sistemini aktive ederek, hem
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kayg1 diizeylerini azalttigini1 hem de KAHD {izerinden performansin
stabilizasyonuna katki sundugunu gostermektedir (Magnon et al.,
2022; Bergland, 2007; Edwards & Steyn, 2008).

Duygusal durumun kontrolii, 6zellikle tenis gibi ac¢ik beceri
gerektiren spor branslarinda, c¢evresel faktorlere uyum saglama
acisindan hayati 6neme sahiptir. Oyuncularin, rakibin davranislarini
anlamlandirmas1 ve kendi psikolojik durumunu stabil tutmasi,
stratejik diislinme ve wvurus karart alma siireclerini dogrudan
etkilemektedir (Elliott, 2006; Giles et al., 2019). Bu noktada, pozitif
duygularin performans {izerindeki destekleyici etkileri ortaya
konmustur. Seving, umut ve iyimserlik gibi olumlu duygularin
varligi, sporcularin miisabaka igerisindeki ¢aba diizeyini artirmakta
ve motivasyonel kaynaklarini zenginlestirmektedir (Seligman et al.,
1990; Rathschlag & Memmert, 2012). Zihinsel dayaniklilik,
motivasyon ve 0z yeterlik gibi psikolojik degiskenlerin
gelistirilmesine  yonelik yapilan midahaleler, performansin
siirekliligi acisindan belirleyici olmaktadir. Ozellikle hedef
belirleme, 6z-konusma ve imgeleme gibi stratejilerin kullanimu,
sporcularin stres yonetimi ve duygu diizenlemesi ag¢isindan
islevseldir (Patrick & Hrycaiko, 1998; Cece et al., 2020). Bu tiir
psikolojik miidahaleler, performans aninda yasanabilecek olumsuz
duygularin baskilanmasi ve dikkat dagmikligimm O6nlenmesi

acisindan etkin sonucglar vermektedir (Tosti et al., 2024; Goessl et
al., 2017; Hillier et al., 2015).

Propriyosepsiyonun Tenisteki Yeri ve Performansa Etkisi

Propriyosepsiyon, viicudun wuzaydaki pozisyonunu ve
hareketini algilamasini saglayan 6zel bir duyudur ve bu duyu,
sporcularda hem bilingli hem de bilingsiz olarak devreye girerek
motor kontrolii saglamada kritik rol oynar. Bu duyu sistemi, kas
igcikleri, golgi tendon organlari, ligamentler ve derideki reseptorler
araciligiyla merkezi sinir sistemine bilgi gondererek motor
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cevaplarin diizenlenmesini saglar (Beydagi, 2018; Brown et al.,
2004; Hubbard & Kaminski, 2002). Teniste basari, teknik becerilerin
koordinasyonla biitiinlesmesini gerektirir. Bu nedenle, proprioseptif
sistemin dogru ¢aligmasi, bir sporcunun gevresel degisimlere karsi
uygun motor yanitlar vermesini saglar. Ozellikle alt ekstremitelerin
stabilizasyonu ve denge kontrolii agisindan propriyosepsiyon kritik
oneme sahiptir (McGinnis, 2013; Malliou et al., 2010; Caballero et
al., 2021; Yildiz, 2018). Tenis gibi yiiksek koordinasyon gerektiren
branglarda, eklem pozisyon hissi ve hareketin dogrulugu performans
acisindan ayirt edici bir 6zellik tagir. Elit teniscilerin proprioseptif
farkindalik diizeylerinin amatér ve deneyimsiz sporculara gore
anlamli1 diizeyde daha gelismis oldugu, bu farkin 6zellikle dominant
dizdeki mutlak hata oranlarinda belirginlestigi bildirilmistir.
Proprioseptif antrenmanlar ile desteklenen teknik gelisim,
tenis¢ilerin servis hizini, denge performansmni ve eklem pozisyon
hissini artirarak uluslararasi tenis numarasi (ITN) skorlarini
iyilestirmekte ve genel performansa katki saglamaktadir (Barathsha
et al., 2023; Miyag, 2019; Beydagi, 2018). Bu tur antrenmanlar
sayesinde oyuncularin hem statik hem de dinamik denge diizeyleri
gelismekte, bu da topa daha dogru vuruslar yapmalarini miimkiin
kilmaktadir. Ayrica proprioseptif farkindalik, teniscilerin motor
planlama siireclerini de etkileyerek vurus tekniklerinin
stabilizasyonunu saglamaktadir. Propriyosepsiyon ayrica sinir-kas
koordinasyonu araciligiyla istemli hareketlerin daha etkili
gerceklestirilmesini saglar. Bu baglamda afferent ve efferent
sinyallerin dengeli bir sekilde iletilmesi, kas kasilma zamanlamasin1
optimize ederken, motor 6grenme siireclerine de katki sunmaktadir
(Myers et al., 2003; Blackburn et al., 2000).

Tenis Performansinda Duygu Durumu ve Propriyosepsiyonun
Etkilesimi

Tenis performansi; bilissel, duygusal ve motor sistemlerin
senkronize bir bi¢cimde islemesiyle ortaya ¢ikan kompleks bir
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yapidir. Ozellikle miisabaka aninda cevresel degiskenlerin ve
psikolojik stresin yogunlugu, sporcunun duygu durumu ile
proprioseptif duyularmin etkilesimini 6nemli Slgiide etkileyebilir
(Malliou et al., 2010; Caballero et al., 2021; Yildiz, 2018). Duygusal
uyarilmiglik diizeyinin artmasi, proprioseptif geri bildirimin merkezi
sinir  sisteminde iglenmesini dogrudan etkileyerek hareket
dogrulugunda azalmaya yol agabilmektedir (Yilmaz et al., 2024,
Brown et al., 2004). Teniste her vurusun kendine 6zgii motor
planlama gerektirmesi, sporcunun anlik proprioseptif yanitlarmin
dogrulugunu ve zamanlamasimi kritik hale getirmektedir. Yiiksek
diizeyde kaygi ya da emosyonel dengesizlik durumlarinda, 6zellikle
denge ve g¢eviklik gibi temel motor becerilerde bozulmalar
gozlemlenmektedir (Garcia-Gonzalvez et al., 2022; Cece et al.,
2020). Bununla birlikte, kortikospinal yollar araciligiyla duygu
durumu ve motor ¢iktilarin ayni sinirsel aglar iizerinde islem
gormesi, bu iki yapmin karsilikli olarak birbirini etkileyebilecegini
gostermektedir (Hillier et al., 2015). Yiiksek stres durumlarinin
proprioseptif duyarliligi diislirdiiglinii ve bu durumun performansta
ozellikle servis, forehand gibi beceri odakli eylemlerde hatalara yol
actigin1 ortaya koymustur. Benzer sekilde, nefes kontrolii ve
imgeleme gibi duygusal regiilasyon tekniklerinin, sadece emosyonel
dengeyi degil ayn1 zamanda proprioseptif hassasiyeti de artirabildigi
belirtilmistir (Jiménez Morgan & Molina Mora, 2017; Goessl et al.,
2017; Mollazehi et al., 2024; Messina et al., 2024; Collins et al.,
2020).

Sinir-kas kontrolinde goérev alan propriyoseptorler; kas
igcikleri, golgi tendon organlar1 ve eklem reseptorlerinden gelen
afferent bilgileri islerken, bu siiregteki en ufak bir bilissel veya
emosyonel dalgalanma sistemin biitiinliigiinii zedeleyebilmektedir
(Hubbard & Kaminski, 2002; Fox et al., 1999; Shi et al., 2023).
Duygusal durumun 6zellikle kortikal bolgelerdeki motor kontrol
merkezleriyle etkilesim i¢cinde olmasi, motor planlamada ve
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hareketlerin istikrarinda degisimlere yol acabilir (Malliou et al.,
2010; Caballero et al., 2021; Leisman et al, 2016). Biyolojik
geribildirim (biofeedback) teknikleri araciligiyla uygulanan nefes
egitimi, kalp atim hiz1 degiskenligi (KAHD) parametreleri tizerinden
sporcularin hem duygu durumlarii hem de proprioseptif becerilerini
gelistirmeye katki saglamaktadir (Blumenstein & Hung, 2016;
Bergland, 2007). Ozellikle KAHD verilerinin yiiksek oldugu
sporcularda daha stabil denge ve koordinasyon ¢iktilarinin elde
edildigi gosterilmistir (Magnon et al., 2022). Tenis bransinda
rekabetci ortamin yiiksek olmasi ve karar verme siireglerinin anlik
gelismesi nedeniyle, sporcularin hem psikolojik hem de fizyolojik
stirecleri yonetme becerisi list diizeyde olmalidir. Bu nedenle
proprioseptif yeteneklerin gelistirilmesi kadar, duygu diizenleme
stratejilerinin de performans optimizasyonu igin entegre bi¢imde
kullanilmas1 gerekmektedir (Giles et al., 2019; Elliott, 2006).

Sonug

Tenis performansi, yalnizca fiziksel yeterliliklerin bir
bileskesi olarak degil, ayn1 zamanda psikolojik faktorlerin ve
norofizyolojik sistemlerin etkilegsimiyle bi¢imlenen ¢ok boyutlu bir
yapidir. Hem duygu durumu hem de propriosepsiyonun, tenis
performanst lizerindeki etkileri bilimsel olarak defalarca
kanitlanmistir (Elliott, 2006; Cece et al., 2020; Leisman et al., 2016).
Tenis gibi agik beceri gerektiren ve c¢evresel uyaranlara anlik
tepkilerin kritik onemde oldugu sporlarda, duygu durumunun
kararliligi ve proprioseptif geri bildirimin hassasiyeti basariy1
belirleyen anahtar bilesenlerdir (Giles et al., 2019; Malliou et al.,
2010; Caballero et al., 2021). Arastirmalar, psikolojik stresin ve
olumsuz duygularin proprioseptif islevleri dogrudan etkiledigini ve
bu etkinin oOzellikle karar verme siireglerinde ve motor
koordinasyonda belirgin hale geldigini gostermektedir (Leisman et
al., 2016; Brown et al., 2004). Ozellikle kalp atim hiz1 degiskenligi
(HRV) gibi biyolojik gostergeler, psikolojik durumun fizyolojik
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temsilleri olarak degerlendirilmekte ve biyolojik geribildirim
(biofeedback) antrenmanlar1 araciligiyla optimize edilebilmektedir
(Jiménez Morgan & Molina Mora, 2017; Goessl et al., 2017). Bu tiir
uygulamalarin, tenis gibi bireysel kararlara dayanan spor
branglarinda, duygu durumunu diizenleme kapasitesini artirarak
proprioseptif  algiyr da  iyilestirdigi  ifade edilmektedir
(Garcia-Gonzalvez et al, 2022; Cece et al., 2020). Tenis
miisabakalar1 sirasinda oyuncularin yalniz bagina karar vermesi ve
stresle bas etme zorunlulugu, onlar1 psikolojik dayaniklilik agisindan
daha da zorlarken, bu zorluklarin istesinden gelmek icin diizenli
psikolojik beceri egitimi ile desteklenen biyofeedback uygulamalar1
onerilmektedir (Mamassis & Doganis, 2004; Goessl et al., 2017).
Ayrica  propriosepsiyonun  gelisimini  hedefleyen  egzersiz
protokollerinin, hem motor kontrolii artirdig1 hem de sakatlik riskini
azalttig1 vurgulanmaktadir (Kaya et al., 2019; Ordahan et al., 2015;
Ma et al., 2021; Hillier et al., 2015).

Sonu¢ olarak, tenis performansinin siirdiiriilebilirligi ve
yiikksek dilizeyde optimize edilmesi, hem psikolojik hem de
noromotor sistemlerin birlikte ve dengeli isleyisine baghdir
(Blumenstein & Hung, 2016; Bergland, 2007). Bu nedenle tenis
antrenman programlarinda duygu durumu diizenlemesi ve
proprioseptif geri bildirim mekanizmalarmi gelistirmeye yonelik
biitiinciil bir yaklasim benimsenmelidir.
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