FiZYOTERAPi VE REHABILITASYON ALANINDA .
AKADEMIK TARTI$MALAR |

|
1
o
4 |
|
! [
r e —
|
¥ En}
184
. | -

i
...



Fizyoterapi ve Rehabilitasyon Alaninda
Akademik Tartismalar

Editor
Dr. Ogr.Uyesi Derya AZIM

yaz

yayinlari

2026



yaz

yayinlari

Fizyoterapi ve Rehabilitasyon Alanminda
Akademik Tartismalar

Editor: Dr. Ogr.Uyesi Derya AZIM

© YAZ Yaymlan

Bu kitabin her tiirlii yayin hakki Yaz Yayinlari’na
aittir, tim haklar1 saklidir. Kitabin tamami ya da
bir kismi1 5846 sayili Kanun’un hiikiimlerine gore,
kitab1 yayinlayan firmanin o6nceden izni
alimmaksizin elektronik, mekanik, fotokopi ya da
herhangi bir kayit sistemiyle ¢ogaltilamaz,
yayinlanamaz, depolanamaz.

E_ISBN 978-625-8996-82-1
Haziran 2026 — Afyonkarahisar

Dizgi/Mizanpaj: YAZ Yayinlar
Kapak Tasarim: YAZ Yaymlar

YAZ Yaymlari. Yayinci Sertifika No: 73086

M.Ihtisas OSB Mah. 4A Cad. No:3/3
Iscehisaty AFYONKARAHISAR

www.yazyayinlari.com

yazyayinlari@gmail.com



ICINDEKILER

Postmenopozal Donemde Uygulanan Egzersiz
Yaklasimlar: Pilates Egzersizlerinin Yeri ve Onemi.....1
Merve YIGIT KOCAMER, Esra ATILGAN

Karpal Tunel Sendromunda Geleneksel Fizyoterapi
Yaklasimlary ... 25
Ummiihan YILMAZ, Nezahat AKIN, Ayca ARACI, Ali CIMBIZ

Physiotherapy and Rehabilitation in Type 2 Diabetes:
Effects on Functional Status, Glycemic Control, and
Quality Of Life.....coeiiiie e 51
Mehmet CAKIROGLU

The Evolution and Transformation of Exoskeleton
Applications in Spinal Cord Injury Rehabilitation

(2000 to Present): A Narrative ReView............ccccceeeenneee. 71
Mehmet SONMEZ

Polyendocrine Metabolic Ovary Syndrome and
EXEICISES 1.vviie ittt 91
Naciye Dilruba TEKTAS GULBIL

Well-Being and Physical ACtiVity .........c.cccceviiiieniinennne 110
Naciye Dilruba TEKTAS GULBIL

Kronik Boyun Agrisinda Konservatif Rehabilitasyon
Stratejileri: Stabilizasyon Egzersizleri, Kinezyo

Bantlama ve Masa] ........cccceevvveiiiiiiiiiiie e 125
Abdullah SARI



"Bu kitapta yer alan béliimlerde kullanilan kaynaklarin, gériislerin,
bulgularin, sonuglarin, tablo, sekil, resim ve her tirlii igerigin
sorumlulugu yazar veya yazarlarmma ait olup ulusal ve uluslararast
telif haklarina konu olabilecek mali ve hukuki sorumiluluk da
yazarlara aittir."



Fizvoterapi ve Rehabilitasyon Alaninda Akademik Tartismalar

POSTMENOPOZAL DONEMDE UYGULANAN
EGZERSIZ YAKLASIMLARI: PILATES
EGZERSIZLERININ YERI VE ONEMI!

Merve YIGIT KOCAMER?
Esra ATILGANS3

1. GIRIS

Menopoz, kadin yasaminda over fonksiyonlarmin kalici
olarak sona ermesiyle karakterize fizyolojik bir siirectir ve ardisik
12 ay boyunca menstruasyonun goriilmemesi seklinde
tanimlanmaktadir. Diinya genelinde yasam siiresinin uzamasiyla
birlikte kadinlar yasamlarinin yaklagik {i¢te birini postmenopozal
donemde gecirmektedir. Bu durum, menopoz ve postmenopozal
doneme iligkin saglik sorunlarmin 6nemini artirmakta ve bu
donemde kadin sagliginin korunmasina yonelik yaklasimlari 6n
plana ¢ikarmaktadir (1).

Postmenopozal dénemde Ostrojen diizeylerinde meydana
gelen azalma; vazomotor semptomlar, uyku problemleri, kas-
iskelet sistemi rahatsizliklari, kardiyovaskiiler hastalik riski,
viicut kompozisyonunda degisiklikler, kilo artis1, depresif
belirtiler ve yagam kalitesinde azalma gibi ¢ok sayida fizyolojik
ve psikolojik degisiklige neden olabilmektedir. Ozellikle fiziksel
aktivite diizeyinin azalmasiyla birlikte abdominal obezite, kas

1 Bu galisma, yazarm “Postmenopozal Obezitede Pilates Egzersizlerinin Menopozal
Semptomlar Uzerine Etkisinin Arastirilmas1” baslikli doktora tezinden iiretilmistir.

2 Qpgretim Gorevlisi Dr., Batman Universitesi, SHMYO, Saglik Bakim Hizmetleri
Boliimii, Yasli Bakim Programi, ORCID: 0000-0001-8468-139X.

3 Prof. Dr., Saglk Bilimleri Universitesi, Giilhane Saglik Bilimleri Fakiiltesi, Ortez
ve Protez Bolimi, ORCID: 0000-0002-6381-5982.
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kuvvetinde azalma, denge problemleri ve fonksiyonel kapasitede
gerileme daha belirgin hale gelmektedir. Bu degisiklikler
bireylerin giinliikk yagam aktivitelerini, bagimsizlik diizeylerini ve
genel iyilik halini olumsuz etkileyebilmektedir (2).

Postmenopozal donemde ortaya c¢ikan semptomlarin
yonetiminde farmakolojik tedavilerin yan1 sira non-farmakolojik
yaklasimlar da giderek daha fazla nem kazanmaktadir. Ozellikle
egzersiz uygulamalari; kardiyovaskiiler sagligin korunmasi, kas
kuvveti ve esnekligin artirilmasi, kemik mineral yogunlugunun
desteklenmesi, denge gelisiminin saglanmasi ve psikolojik iyilik
halinin artirilmast agisindan etkili yontemler arasinda yer
almaktadir. Diizenli egzersizin menopozal semptomlarin siddetini
azaltabilecegi, yasam Kkalitesini artirabilecegi ve saglikli
yaslanmay1 destekleyebilecegi bildirilmektedir. Postmenopozal
donemde aerobik egzersizler, direng egzersizleri, esneklik ve
denge egzersizleri ile yoga ve pilates gibi zihin-beden temelli
egzersiz yaklagimlar1 yaygin olarak kullanilmaktadir. Son yillarda
ozellikle pilates egzersizleri; kontrollii hareket yapisi, postiiral
kontrolii desteklemesi, core stabilizasyonunu gelistirmesi ve
bireyin fiziksel farkindahigini artirmasi nedeniyle dikkat
cekmektedir. Mat ve reformer pilates uygulamalarmin kas
kuvveti, esneklik, denge, viicut kompozisyonu ve psikolojik
saglik tlizerine olumlu etkiler saglayabilecegi belirtilmektedir.
Ayrica pilates egzersizlerinin diisiik etkili ve glivenli bir egzersiz
yontemi olmasi, postmenopozal kadinlar i¢in uygulanabilirligini
artirmaktadir (3).

2. POSTMENOPOZAL DONEMDE GORULEN
FiZYOLOJIK VE PSIKOLOJIK
DEGISIKLIiKLER

Postmenopozal donem, kadinlarda hormonal degisimlerin

belirgin sekilde ortaya ciktigi ve bircok sistemin bu siirecten
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etkilendigi bir donemdir. Ozellikle 6strojen hormonundaki
azalma; metabolik, kardiyovaskiiler, kas-iskelet sistemi ve
psikolojik alanlarda 6nemli degisikliklere neden olmaktadir. Bu
degisiklikler bireyin fiziksel fonksiyonlarini, giinliik yasam
aktivitelerini ve yasam kalitesini dogrudan etkileyebilmektedir.

2.1. Vazomotor Semptomlar

Vazomotor semptomlar postmenopozal dénemin en
yaygin belirtileri arasinda yer almaktadir. Sicak basmasi, gece
terlemeleri ve ani yiiz kizarmalar1 kadinlarin giinliilk yasamin
olumsuz etkileyebilen temel semptomlardir. Ozellikle gece
terlemeleri uyku diizeninin bozulmasina neden olmakta, bu
durum giin igerisinde yorgunluk, dikkat azalmasi ve irritabilite
gibi problemlere yol agabilmektedir. Vazomotor semptomlarin
siddeti bireyler arasinda farklilik gostermekle birlikte, yasam
kalitesini azaltan Onemli bir saglik problemi olarak kabul
edilmektedir.

2.2. Kas-Iskelet Sistemi Degisiklikleri

Postmenopozal donemde 6strojen seviyesindeki azalmaya
bagl olarak kas kiitlesinde azalma, kas kuvvetinde gerileme ve
kemik mineral yogunlugunda diisiis meydana gelebilmektedir. Bu
durum osteopeni ve osteoporoz gelisme riskini artirmaktadir.
Ozellikle vertebra, kalca ve el bilegi kiriklar1 postmenopozal
kadinlarda daha sik goriilmektedir. Bunun yaninda eklem sertligi,
postiiral bozukluklar ve hareket kisithiliklar1  bireylerin
fonksiyonel bagimsizligini olumsuz etkileyebilmektedir.

Kas kuvvetindeki azalma ile birlikte denge problemleri ve
diisme riski de artmaktadir. Yaslanma siirecine eslik eden fiziksel
inaktivite bu degisiklikleri daha belirgin hale getirebilmektedir.
Bu nedenle Kkas-iskelet sistemi sagligmmm  korunmasi
postmenopozal donemde Onemli hedeflerden biri olarak
degerlendirilmektedir(4).
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2.3. Metabolik ve Kardiyovaskiiler Degisiklikler

Postmenopozal dénemde bazal metabolizma hizinda
azalma ve yag dagiliminda degisiklikler meydana gelmektedir.
Ozellikle abdominal bdlgede yaglanmanin artmasi obezite riskini
artirmaktadir. Artan yag dokusu insiilin direnci, dislipidemi ve
hipertansiyon gibi metabolik problemlerin gelismesine katkida
bulunabilmektedir.

Ostrojenin kardiyoprotektif etkisinin azalmastyla birlikte
kardiyovaskiiler hastalik riski de yiikselmektedir. Postmenopozal
kadinlarda koroner arter hastaligi, hipertansiyon ve ateroskleroz
goriilme sikliginin arttigr bildirilmektedir. Sedanter yasam tarzi
ve fiziksel aktivite eksikligi bu risk faktorlerini daha da
artirabilmektedir(4).

2.4. Psikolojik Degisiklikler

Hormonal degisiklikler = postmenopozal  donemde
psikolojik sagligi da etkileyebilmektedir. Depresif belirtiler,
anksiyete, irritabilite, stres diizeyinde artis ve motivasyon kayb1
stk goriilen problemler arasinda yer almaktadir. Uyku
bozukluklart ve kronik yorgunluk psikolojik semptomlarin
siddetlenmesine katkida bulunabilmektedir.

Bunun yanmda fiziksel degisimlere bagli olarak beden
algisinda bozulma ve 6zgiiven kayb1 gelisebilmektedir. Tiim bu
faktorler sosyal yasami ve bireyin genel yasam kalitesini olumsuz
yonde etkileyebilmektedir(5).

2.5. Yasam Kalitesi ve Fonksiyonel Durum

Postmenopozal donemde ortaya c¢ikan fizyolojik ve
psikolojik degisiklikler yasam kalitesinde azalmaya neden
olabilmektedir. Giinliikk yasam aktivitelerinde zorlanma, fiziksel
kapasitede gerileme, sosyal katilimin azalmasi ve bagimsizligin
etkilenmesi sik karsilasilan durumlardir. Ozellikle kronik agri,
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yorgunluk ve hareket kisithligi bireyin fonksiyonel durumunu
olumsuz etkileyerek sedanter yasam tarzini artirabilmektedir.

Bu donemde saghkli  yasam  aligkanliklarmin
desteklenmesi ve diizenli fiziksel aktivitenin tesvik edilmesi;
semptomlarin yonetimi, fonksiyonel kapasitenin korunmasi ve
yasam kalitesinin  artirilmast  agisindan  biiylik  6nem
tasimaktadir(5).

3. POSTMENOPOZAL DONEMDE EGZERSIZIN
ONEMIi

Postmenopozal donemde meydana gelen hormonal,
metabolik ve fonksiyonel degisiklikler kadin sagligini ¢cok yonlii
olarak etkileyebilmektedir. Bu stirecte fiziksel aktivite diizeyinin
azalmasi; obezite, kardiyovaskiiler hastaliklar, osteoporoz, kas
kuvvetinde azalma ve fonksiyonel kapasitede gerileme gibi saglik
problemlerinin ortaya ¢ikmasma zemin hazirlamaktadir. Bu
nedenle diizenli egzersiz, postmenopozal donemde sagligin
korunmasi1 ve yasam kalitesinin artirilmasi agisindan temel
yaklasimlardan biri olarak kabul edilmektedir (6).

Egzersiz, kas-iskelet sistemi iizerinde olumlu etkiler
saglayarak kas kuvvetinin korunmasina ve artirilmasina katkida
bulunmaktadir. Diizenli fiziksel aktivitenin kemik mineral
yogunlugunu destekledigi, osteoporoz riskini azalttigi ve diigme
riskini azaltarak fonksiyonel bagimsizligin stirdiiriilmesine
yardimc1 oldugu bildirilmektedir. Ozellikle agirlik aktarimh
egzersizler ve direng egzersizleri kemik sagliginin korunmasinda
onemli rol oynamaktadir(7,8).

Postmenopozal dénemde goriilen metabolik
degisikliklerin yonetiminde de egzersiz 6nemli bir yere sahiptir.
Diizenli egzersizin enerji harcamasini artirarak kilo kontroliinii
destekledigi, abdominal yaglanmay:r azalttigi ve vicut
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kompozisyonu  iizerinde  olumlu  etkiler  olusturdugu
belirtilmektedir. ~ Ayrica  fiziksel  aktivitenin  glukoz
metabolizmasini diizenledigi, insiilin duyarliligini artirdigi ve
lipid profilini iyilestirebildigi ifade edilmektedir. Bu etkiler
kardiyovaskiiler hastalik riskinin azaltilmasi agisindan Gnem
tagimaktadir(8).

Egzersizin psikolojik saglik iizerindeki etkileri de
postmenopozal kadinlar agisindan dikkat ¢ekmektedir. Diizenli
fiziksel aktivitenin depresif belirtileri azaltabildigi, stres diizeyini
disiirdiigic.  ve  psikolojik  1iyilik  halini  destekledigi
bildirilmektedir. Egzersiz sirasinda salgilanan endorfinler bireyin
ruh halini olumlu ydnde etkileyebilmekte, sosyal katilimin
artmas1 ise yasam kalitesine katki saglayabilmektedir. Bunun
yaninda diizenli egzersizin uyku kalitesini artirabilecegi ve kronik
yorgunluk hissini azaltabilecegi belirtilmektedir.

Postmenopozal donemde uygulanan egzersiz
programlarinin bireyin fiziksel kapasitesi, saglik durumu ve
mevcut semptomlarina uygun sekilde planlanmasi gerekmektedir
(9). Egzersiz regetesi olusturulurken yas, eslik eden hastaliklar,
fiziksel uygunluk diizeyi ve bireysel hedefler dikkate alinmalidir.
Diizenli ve siirdiiriilebilir egzersiz aligkanliginin kazandirilmasi,
uzun doénem saglik sonuglarinin iyilestirilmesi acisindan
Oonemlidir.

Son yillarda yalmizca fiziksel kapasiteyi gelistirmeye
yonelik degil, ayn1 zamanda beden farkindaligini ve zihinsel
tyilik halini destekleyen egzersiz yaklasimlarina olan ilgi
artmigtir. Aerobik egzersizler, direng egzersizleri, esneklik ve
denge egzersizlerinin yani sira yoga ve pilates gibi zihin-beden
temelli uygulamalar postmenopozal kadinlarda yaygin olarak
kullanilmaktadir. Ozellikle pilates egzersizleri; diisiik etkili
yapisi, postiiral kontrolii desteklemesi, kas kuvveti ve esnekligi
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artirabilmesi nedeniyle postmenopozal donemde dikkat c¢eken
egzersiz yontemlerinden biri haline gelmistir (10).

4, POSTMENOPOZAL DONEMDE UYGULANAN
EGZERSIZ YAKLASIMLARI

Postmenopozal donemde goriilen fizyolojik ve psikolojik
degisikliklerin yonetiminde diizenli egzersiz uygulamalar
onemli bir yere sahiptir. Egzersiz programlar bireyin saglk
durumu, fiziksel kapasitesi, semptom siddeti ve fonksiyonel
gereksinimleri dogrultusunda planlanmalidir. Bu donemde
uygulanan egzersiz yaklasimlar1 genel olarak aerobik egzersizler,
direng egzersizleri, esneklik ve denge egzersizleri ile zihin-beden
temelli egzersizler seklinde siniflandirilmaktadir (11).

4.1. Aerobik Egzersizler

Aerobik egzersizler biiyiik kas gruplarmm ritmik ve
strekli sekilde calistirildig1 fiziksel aktiviteleri kapsamaktadir.
Yiiriime, kosu, bisiklet, yiizme ve dans gibi aktiviteler aerobik
egzersizlere ornek olarak gosterilebilmektedir. Postmenopozal
donemde aerobik egzersizlerin kardiyovaskiiler dayaniklilig
artirdi8i, enerji harcamasini destekledigi ve kilo kontroliine katki
sagladig bildirilmektedir.

Diizenli aerobik egzersizin abdominal yaglanmay1
azaltabildigi, lipid profilini iyilestirebildigi ve hipertansiyon
riskini diistirebildigi belirtilmektedir. Bunun yaninda aerobik
egzersizlerin glukoz metabolizmasi {izerinde olumlu etkiler
saglayarak insiilin duyarliligin1 artirabilecegi ifade edilmektedir.
Psikolojik agidan degerlendirildiginde ise diizenli yiiriiylis ve
benzeri aktivitelerin stres diizeyini azaltabildigi, depresif
belirtileri hafifletebildigi ve yasam kalitesini artirabildigi
bildirilmektedir.
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Postmenopozal kadinlarda diisiik ve orta siddetli aerobik
egzersizlerin giivenli ve uygulanabilir oldugu belirtilmektedir.
Ancak egzersiz siddeti ve siiresi bireyin kardiyovaskiiler
kapasitesine gore diizenlenmelidir (12).

4.2. Diren¢ Egzersizleri

Direng egzersizleri kas kuvveti ve kas dayanikliligini
artirmaya yonelik uygulanan egzersizlerdir. Serbest agirliklar,
diren¢ bantlari, makineler veya viicut agirligi kullanilarak
gerceklestirilebilmektedir. Postmenopozal dénemde Ostrojen
diizeyindeki azalmaya bagli olarak kas kiitlesinde ve kas
kuvvetinde azalma meydana gelmektedir. Bu nedenle direng
egzersizleri kas-iskelet sistemi sagligimin korunmasinda énemli
bir yere sahiptir.

Diizenli direng egzersizlerinin kas kuvvetini artirdigi,
fonksiyonel kapasiteyi gelistirdigi ve giinlik yasam
aktivitelerinde bagimsizlig1 destekledigi bildirilmektedir. Ayrica
kemik {iizerine olusturdugu mekanik yiiklenme sayesinde kemik
mineral yogunlugunu destekleyebildigi ve osteoporoz riskini
azaltabildigi belirtilmektedir.

Diren¢ egzersizlerinin metabolik saglik iizerinde de
olumlu etkileri bulunmaktadir. Kas kiitlesindeki artisin bazal
metabolizma hizim1 destekledigi ve viicut kompozisyonunun
tyilestirilmesine katki sagladigi ifade edilmektedir. Bunun
yaninda denge performansini gelistirmesi nedeniyle diisme
riskinin azaltilmasina yardime1 olabilmektedir (13).

4.3. Esneklik ve Denge Egzersizleri

Postmenopozal donemde eklem hareket agikliginda
azalma, postiiral degisiklikler ve denge problemleri
goriilebilmektedir. Esneklik egzersizleri kaslarin elastikiyetini
artirmay1 ve eklem hareket agikligin1 korumay1 amaclamaktadir.
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Germe egzersizleri diizenli uygulandiginda hareket kabiliyetini
artirabilmekte ve kas sertligini azaltabilmektedir (13,14).

Denge egzersizleri ise proprioseptif kontrolii gelistirerek
diisme riskinin azaltilmasina katkida bulunmaktadir. Ozellikle
ileri yasla birlikte diisme riskinin artmasi, denge egitimini
postmenopozal donemde Onemli hale getirmektedir. Tek ayak
durus calismalari, denge tahtasi uygulamalar1 ve koordinasyon
egzersizleri sik kullanilan yontemler arasinda yer almaktadir.

Esneklik ve denge egzersizlerinin gilinlik yasam
aktivitelerinde giivenli hareket etmeyi destekledigi, fonksiyonel
bagimsizligr artirdigit ve yasam Kkalitesine olumlu katkilar
sagladig bildirilmektedir.

4.4. Zihin-Beden Temelli Egzersizler

Zihin-beden temelli egzersizler fiziksel hareketleri nefes
kontrolii, konsantrasyon ve beden farkindaligi ile birlestiren
uygulamalardir. Yoga, tai chi ve pilates bu egzersiz yaklagimlar
arasinda yer almaktadir. Son yillarda postmenopozal kadinlarda
bu yOntemlere olan ilgi giderek artmaktadir.

Bu egzersizlerin yalnizca fiziksel kapasiteyi degil, aym
zamanda psikolojik iyilik halini de destekledigi belirtilmektedir.
Diizenli uygulamalarin stres diizeyini azaltabildigi, gevsemeyi
destekledigi ve uyku kalitesini artirabildigi ifade edilmektedir.
Ayrica denge, postiir, kas kuvveti ve esneklik iizerinde olumlu
etkiler olusturabildigi bildirilmektedir (15).

Zihin-beden egzersizleri arasinda pilates, kontrollii
hareket yapisi ve core stabilizasyonuna odaklanmasi nedeniyle
postmenopozal donemde One ¢ikan uygulamalardan biri haline
gelmistir (16). Mat ve reformer pilates uygulamalarinin bireyin
fiziksel fonksiyonlarin1 gelistirebildigi, postiiral kontrolii
artirabildigi ve menopozal semptomlarin ydnetimine katki
saglayabildigi diisliniilmektedir. Bu nedenle pilates egzersizleri
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postmenopozal donemde giderek daha yaygin sekilde tercih
edilmektedir.

5. PILATES EGZERSIZLERI

Pilates egzersizleri, beden farkindaligin1 artirmaysi,
postiiral kontrolii gelistirmeyi ve kaslar arasinda dengeli bir
aktivasyon saglamay1 amaclayan zihin-beden temelli bir egzersiz
yontemidir. Joseph Pilates tarafindan gelistirilen bu ydntem;
kontrollli hareket, dogru nefes kullanimi ve konsantrasyon
prensiplerine  dayanmaktadir  (17). Giiniimiizde pilates
egzersizleri rehabilitasyon programlarinda, sporcu egitimlerinde
ve saghkli yasam  uygulamalarinda  yaygm  olarak
kullanilmaktadir.

Postmenopozal donemde goriilen kas kuvveti kaybi,
denge problemleri, postiiral degisiklikler ve fiziksel inaktivite goz
oniinde bulunduruldugunda pilates egzersizleri bu dénemde
uygulanabilecek uygun yontemlerden biri olarak
degerlendirilmektedir. Pilates egzersizlerinin diisiik etkili yapisi,
kontrollii  hareketlerden olusmast ve bireysel diizeye
uyarlanabilmesi postmenopozal kadinlarda uygulanabilirligini
artirmaktadir (18).

5.1. Pilatesin Temel Prensipleri

Pilates yontemi belirli temel prensipler {iizerine
kurulmustur. Bu prensipler konsantrasyon, kontrol, merkezleme,
nefes, akicilikk ve hassasiyet olarak tanimlanmaktadir.
Egzersizlerin kontrollii sekilde uygulanmasi hareket kalitesini

artirmakta ve dogru kas gruplarmin  aktivasyonunu
desteklemektedir (18).

Merkezleme prensibi Ozellikle core bolgesi olarak
tanimlanan abdominal, lumbar ve pelvik kaslarin aktivasyonuna
odaklanmaktadir. Core stabilizasyonunun gelistirilmesi postiiral
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kontroliin saglanmasina, omurga stabilitesinin korunmasma ve
fonksiyonel hareketlerin desteklenmesine katkida bulunmaktadir.
Nefes kontrolii ise egzersiz sirasinda kas aktivasyonunu
desteklemekte ve gevsemeyi kolaylastirmaktadir.

Pilates egzersizlerinde hareketlerin yavas, kontrollii ve
bilingli sekilde uygulanmast hedeflenmektedir. Bu durum bireyin
beden farkindaligimni artirirken yaralanma riskinin azaltilmasina
da katki saglayabilmektedir.

5.2. Mat Pilates

Mat pilates, egzersizlerin genellikle minder tizerinde ve
viicut agirhigi kullanilarak uygulandigi pilates tiiriidiir. Bazi
uygulamalarda diren¢ bandi, kiiciik top veya halka gibi yardime1
ekipmanlardan da yararlanilabilmektedir. Mat pilates egzersizleri
core kaslarimi giiclendirmeye, esnekligi artirmaya ve postiiral
kontrolii gelistirmeye yonelik hareketlerden olusmaktadir.

Mat pilatesin postmenopozal kadmlarda kas kuvveti,
denge ve esneklik iizerinde olumlu etkiler saglayabildigi
bildirilmektedir. Diizenli uygulamalarin abdominal bdlge
kaslarin1 destekledigi, omurga stabilizasyonunu artirdigi ve

giinlik yasam  aktivitelerinde  fonksiyonel performansi
gelistirebildigi belirtilmektedir (18,19).

Bunun yaninda mat pilates egzersizlerinin ekipman
gereksiniminin az olmasi ve farkli ortamlarda uygulanabilmesi
erigilebilirligini artirmaktadir. Egzersizlerin bireyin fiziksel
kapasitesine gore modifiye edilebilmesi de 6nemli avantajlar
arasinda yer almaktadir (19).

5.3. Reformer Pilates

Reformer pilates, yayli direng sistemine sahip 0Ozel
ekipmanlar kullanilarak uygulanan pilates yontemidir. Reformer
cihazi hareketlere kontrollii direng saglayarak kas aktivasyonunu
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artirabilmekte ve egzersizlerin farkli zorluk seviyelerinde
uygulanmasina olanak tanimaktadir.

Reformer pilates egzersizleri 6zellikle kas kuvvetinin
gelistirilmesi, postiliral hizalanmanm desteklenmesi ve hareket
kontroliiniin artirilmas1 agisindan etkili olabilmektedir. Yay
sisteminin sagladigi direng sayesinde egzersiz yogunlugu bireysel
ihtiyaglara gore ayarlanabilmektedir. Bu durum postmenopozal
kadinlarda giivenli ve kontrollii egzersiz uygulamalarina olanak
saglamaktadir (20).

Reformer pilatesin denge, koordinasyon ve esneklik
tizerinde olumlu etkiler olusturabilecegi bildirilmektedir. Ayrica
eklem {iizerine binen yiikiin kontrollii olmasi nedeniyle diisiik
etkili bir egzersiz yontemi olarak degerlendirilmektedir. Bu
ozellikleri nedeniyle kas-iskelet sistemi problemleri bulunan
bireylerde de tercih edilebilmektedir (21).

5.4. Pilatesin Fizyolojik ve Psikolojik Etkileri

Pilates egzersizlerinin diizenli uygulanmasinin bir¢ok
fizyolojik ve psikolojik yarar saglayabilecegi belirtilmektedir.
Kas kuvveti, esneklik, denge ve postiir lizerinde olumlu etkiler
olusturmasmm  yam sra  viicut  kompozisyonunun
tyilestirilmesine de katki saglayabilecegi bildirilmektedir.
Ozellikle abdominal bdlge kaslarinimn aktivasyonu sayesinde core
stabilizasyonunun gelistigi ifade edilmektedir (22).

Pilates egzersizlerinin solunum kontroliinii destekledigi,
hareket koordinasyonunu gelistirdigi ve fonksiyonel kapasiteyi
artirabildigi belirtilmektedir. Bunun yaninda beden farkindaligin
artirmasi1 ve kontrollii hareket yapisi sayesinde bireyin kendine
glvenini olumlu yonde etkileyebilmektedir (23).

Psikolojik acidan degerlendirildiginde ise pilates
egzersizlerinin  stres  dilizeyini  azaltabildigi, gevsemeyi
destekledigi ve yasam kalitesini artirabildigi bildirilmektedir.

12
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Diizenli pilates uygulamalarinin depresif belirtiler ve anksiyete
diizeyi 1iizerinde olumlu etkiler olusturabilecegi ifade
edilmektedir. Bu nedenle pilates egzersizleri postmenopozal
donemde hem fiziksel hem de psikolojik sagligin
desteklenmesinde onemli bir yaklasim olarak
degerlendirilmektedir.

6. PILATES EGZERSIZLERININ
POSTMENOPOZAL DONEMDEKI ETKILERI

Postmenopozal donemde goriilen hormonal degisiklikler
kadmlarin fiziksel, metabolik ve psikolojik sagligini 6nemli
Olciide etkileyebilmektedir. Son yillarda pilates egzersizlerinin bu
donemde ortaya cikan semptomlarn yonetiminde etkili bir
yontem  olabilecegi  lizerinde  durulmaktadir.  Pilates
egzersizlerinin disiik etkili yapisi, kontrollii hareketlerden
olusmas1 ve bireyin fiziksel kapasitesine gore uyarlanabilmesi
postmenopozal kadmlarda uygulanabilirligini artirmaktadir (24).

6.1. Menopozal Semptomlar Uzerine Etkileri

Postmenopozal kadinlarda sicak  basmasi, gece
terlemeleri, yorgunluk, uyku problemleri ve emosyonel
degisiklikler sik goriilen semptomlar arasinda yer almaktadir.
Diizenli pilates egzersizlerinin menopozal semptomlarin siddetini
azaltabilecegi bildirilmektedir. Pilates sirasinda uygulanan
kontrollii nefes teknikleri ve ritmik hareketlerin gevsemeyi
destekledigi ve stres diizeyini azaltabildigi ifade edilmektedir
(24,25).

Ayrica diizenli fiziksel aktivitenin dolasim sistemi
tizerinde olumlu etkiler olusturmasinin vazomotor semptomlarin
kontroliine katki saglayabilecegi diistiniilmektedir. Pilates
egzersizlerinin bireyin fiziksel aktivite diizeyini artirarak genel
tyilik halini destekledigi belirtilmektedir.
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6.2. Viicut Kompozisyonu Uzerine Etkileri

Postmenopozal donemde hormonal degisimlere bagh
olarak viicut yag oraninda artig ve 6zellikle abdominal bolgede
yaglanma goriilebilmektedir. Bunun yaninda fiziksel aktivite
diizeyindeki azalma kilo kontroliinii zorlastirabilmektedir. Pilates
egzersizlerinin  enerji harcamasmi destekledigi ve kas
aktivasyonunu artirdigi bildirilmektedir (25).

Diizenli pilates uygulamalarinin viicut agirligi, beden kitle
indeksi ve viicut yag yiizdesi iizerinde olumlu etkiler
olusturabilecegi belirtilmektedir. Ozellikle core bdlgesine yonelik
egzersizlerin abdominal kas aktivasyonunu artirarak postiiral
kontrol ve viicut farkindaligini gelistirebildigi ifade edilmektedir.
Bunun yanmda kas kiitlesinin korunmasina katki saglamasi
metabolik sagligin desteklenmesi agisindan 6nem tagimaktadir.

6.3. Kas Kuvveti ve Esneklik Uzerine Etkileri

Kas kuvvetindeki azalma postmenopozal donemde sik
karsilagilan problemlerden biridir. Pilates egzersizleri kontrollii
direng olusturarak 6zellikle core kaslar1 basta olmak tizere birgok
kas grubunun aktif sekilde ¢aligmasini saglamaktadir. Diizenli
pilates uygulamalarinin alt ekstremite ve govde kas kuvvetini
artirabilecegi bildirilmektedir.

Pilates egzersizlerinin esneklik tizerinde de olumlu
etkileri bulunmaktadir. Egzersizler sirasinda uygulanan kontrollii
germe hareketleri eklem hareket acikligini artirabilmekte ve kas
sertligini azaltabilmektedir. Artan esneklik giinliik yasam
aktivitelerinin ~ daha  rahat  gergeklestirilmesine  katki
saglayabilmektedir (26).

6.4. Denge ve Fonksiyonel Kapasite Uzerine Etkileri

Postmenopozal donemde kas kuvveti kaybi ve
proprioseptif duyuda azalma nedeniyle denge problemleri
goriilebilmektedir. Denge performansindaki azalma diigsme riskini
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artirmakta ve fonksiyonel bagimsizligi olumsuz
etkileyebilmektedir. Pilates egzersizleri kontrollii postiiral
hareketler ve core stabilizasyonuna odaklanmasi nedeniyle denge
gelisimini destekleyebilmektedir.

Diizenli pilates uygulamalarinin statik ve dinamik denge
performansmi artirabilecegi bildirilmektedir. Bunun yaninda
koordinasyonun gelismesine katki saglayarak giinliikk yasam
aktivitelerinde fonksiyonel kapasiteyi artirabilecegi ifade
edilmektedir. Ozellikle reformer pilates uygulamalarinda
kontrolli direng kullanilmasi hareket kontroliiniin
gelistirilmesine yardimci olabilmektedir (26).

6.5. Psikolojik Saglk ve Yasam Kalitesi Uzerine
Etkileri

Postmenopozal donemde depresif belirtiler, anksiyete,
stres ve uyku problemleri yasam kalitesini olumsuz
etkileyebilmektedir. Pilates egzersizlerinin fiziksel yararlarinin
yanm1 sira psikolojik saglik tlizerinde de olumlu etkiler
olusturabilecegi belirtilmektedir.

Pilates swrasinda uygulanan nefes kontroli ve
konsantrasyon teknikleri gevsemeyi desteklemekte ve zihinsel
rahatlama saglayabilmektedir. Diizenli egzersizin endorfin
salinimint  artirarak  bireyin ruh halini  olumlu yonde
etkileyebilecegi ifade edilmektedir. Ayrica grup seklinde
gerceklestirilen pilates uygulamalar sosyal etkilesimi artirarak
psikososyal iyilik haline katki saglayabilmektedir (27).

Yasam kalitesi agisindan degerlendirildiginde pilates
egzersizlerinin fiziksel fonksiyonlar1 destekledigi, agr1 diizeyini
azaltabildigi ve bireyin glinlilk yasam aktivitelerine katilimini
artirabildigi bildirilmektedir. Bu nedenle pilates egzersizleri
postmenopozal donemde saglikli yaglanmay1 destekleyen dnemli
egzersiz yaklagimlarindan biri olarak degerlendirilmektedir.
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7. FIZYOTERAPI VE REHABILITASYON
PERSPEKTIFINDEN PiLATES YAKLASIMI

Postmenopozal dénemde fizyoterapi ve rehabilitasyon
uygulamalarinin temel amaglari; bireyin fonksiyonel kapasitesini
korumak, yasam kalitesini artirmak, kas-iskelet sistemi
problemlerini 6nlemek ve bagimsiz yasami desteklemektir. Bu
slirecte egzersiz programlarmin bireysel 0Ozelliklere gore
planlanmas1 bliylik 6nem tasimaktadir. Yas, fiziksel uygunluk
diizeyi, mevcut saglik problemleri, obezite durumu ve menopozal
semptomlarin siddeti egzersiz planlamasinda dikkate alinmasi
gereken temel faktorler arasinda yer almaktadir.

Pilates egzersizleri, postmenopozal kadinlarda giivenli ve
uygulanabilir bir ydntem olmasi nedeniyle fizyoterapi
programlarinda sik tercih edilen yaklasimlardan biri haline
gelmistir. Kontrollii hareket yapisi sayesinde eklem tizerine asiri
yiik binmesini 6nleyebilmekte ve farkli fiziksel kapasitelere sahip
bireylere uyarlanabilmektedir. Ozellikle diisiik etkili egzersiz
yapisi, osteoporoz riski tasiyan veya eklem problemleri bulunan
kadinlarda 6nemli avantaj saglamaktadir (28).

Fizyoterapistler tarafindan planlanan pilates
programlarinda core stabilizasyonunun gelistirilmesi, postiiral
kontroliin artirilmasi, denge becerilerinin desteklenmesi ve
fonksiyonel hareket kapasitesinin korunmasi hedeflenmektedir.
Bunun yaninda egzersizlerin diizenli ve kontrollii uygulanmasi
bireyin egzersize uyumunu artirabilmekte ve uzun dénem fiziksel
aktivite aligkanliginin kazanilmasma katki saglayabilmektedir

(29).

Postmenopozal kadinlarda egzersiz recetesi
olusturulurken egzersiz sikligy, siiresi ve siddeti bireysel toleransa
uygun sekilde diizenlenmelidir. Ozellikle sedanter bireylerde
diisiik siddetli uygulamalarla baslanmasi ve programin kademeli
olarak ilerletilmesi onerilmektedir. Egzersiz sirasinda dogru nefes
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kontroliiniin saglanmasi, uygun postiiriin  korunmasi ve
hareketlerin kontrollii sekilde uygulanmasi yaralanma riskinin
azaltilmasi agisindan 6nemlidir (30).

Pilates egzersizlerinin aerobik ve direng egzersizleri ile
birlikte kullanilmas1 daha kapsamli sonuglar saglayabilmektedir.
Multidisipliner yaklasim dogrultusunda diizenlenen egzersiz
programlarinin fiziksel sagligin yani sira psikolojik iyilik halini
de destekledigi bildirilmektedir. Bu nedenle pilates uygulamalart
postmenopozal donemde koruyucu ve rehabilite edici yaklagimlar
arasinda 6nemli bir yere sahiptir (31,32).

8. SONUC

Postmenopozal donem, kadinlarda hormonal
degisikliklerle birlikte bir¢ok fizyolojik ve psikolojik problemin
ortaya ¢ikabildigi onemli bir yasam evresidir. Bu donemde
goriilen kas kuvveti kaybi, denge problemleri, obezite,
kardiyovaskiiler risk artisi, uyku bozukluklar1 ve yasam
kalitesindeki azalma bireylerin giinliik yasamini olumsuz
etkileyebilmektedir. Diizenli egzersiz uygulamalari ise bu
problemlerin  Onlenmesi ve yonetilmesinde etkili non-
farmakolojik yaklagimlar arasinda yer almaktadir.

Aerobik egzersizler, direng egzersizleri, esneklik ve denge
caligmalar1 ile zihin-beden temelli egzersizler postmenopozal
donemde yaygm olarak kullanilmaktadir. Bu egzersiz
yaklasimlar1 arasinda pilates, kontrollii hareket yapisi, diisiik
etkili uygulama 0zelligi ve beden farkindaligini artirmasi
nedeniyle dikkat ¢ekmektedir.

Pilates egzersizlerinin kas kuvveti, esneklik, denge, postiir
ve fonksiyonel kapasite iizerinde olumlu etkiler saglayabilecegi;
ayrica menopozal semptomlarin azaltilmasi, psikolojik 1yilik
halinin desteklenmesi ve yasam kalitesinin artirilmasina katkida
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bulunabilecegi bildirilmektedir. Ozellikle mat ve reformer pilates
uygulamalarinin  bireysel ihtiyaclara gore uyarlanabilmesi
postmenopozal kadinlarda uygulanabilirligini artirmaktadir.

Sonu¢ olarak pilates egzersizleri, postmenopozal
donemde kadin saglhiginin korunmasi ve gelistirilmesinde etkili,
giivenli ve  biitlincil bir egzersiz yaklasgimi  olarak
degerlendirilmektedir. Ancak egzersiz programlarinin bireysel
ozellikler dogrultusunda planlanmasi ve wuzman esliginde
uygulanmasi Onem tagimaktadir. Bu alanda yapilacak daha
kapsamli ¢aligmalar pilates egzersizlerinin uzun ddnem
etkilerinin daha iyi anlasilmasina katki saglayacaktir.
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KARPAL TUNEL SENDROMUNDA
GELENEKSEL FiZYOTERAPI
YAKLASIMLARI!

Ummuhan YILMAZ?
Nezahat AKIN3
Ayca ARACI#

Ali CIMBIZ®

1. GIRIS

Karpal tlnel sendromu (KTS), median sinirin el bilegi
seviyesinde karpal tunel icerisinde kronik kompresyonu sonucu
gelisen ve en yaygin periferik sinir tuzak noropatisi olarak kabul
edilen klinik bir tablodur. Toplumda goriilme sikliginin %3-6
arasinda degistigi bildirilmekte olup, ozellikle tekrarlayici el
bilegi hareketleri, bilgisayar kullaniminin artis1 ve ergonomik risk
faktorlerinin yayginlagmasi ile birlikte KTS nin prevalansinda
belirgin bir artis gdzlenmektedir (Huisstede et al., 2018). Klinik
olarak hastalar siklikla parestezi, uyusma, gece artan agri ve
kavrama giiclinde azalma gibi semptomlarla bagvurmakta; bu
durum bireyin fonksiyonel kapasitesini, is performansini ve

1 Bu Kitap Boliimii Rumeli Universitesi, Fizyoterapi ve Rehabilitasyon Anabilim
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ORCID:0000-0003-1395-2767.
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yasam Kkalitesini O6nemli Ol¢lide etkilemektedir. KTS’nin
patofizyolojisi yalnizca lokal sinir basist ile sinirli olmayip;
tendonlar, sinovyal dokular, fasyal yapilar, mikrovaskiiler
dolasim ve norodinamik mekanizmalarin etkilesimini i¢eren
kompleks ve ¢ok boyutlu bir siirectir. Artan intratiinel basing,
sinir kan akiminda azalma, aksonal iletimde bozulma ve periferal
sensitizasyon gibi mekanizmalar, klinik semptomlarin ortaya
¢ikmasinda temel rol oynamaktadir (Huisstede et al., 2018).
Bununla birlikte, median sinirin servikal bolgeden baslayarak
brakial pleksus ve Ust ekstremite boyunca uzanan anatomik ve
fasyal siirekliligi dikkate alindiginda, patolojinin yalnizca lokal
diizeyde degerlendirilmesinin yetersiz kalabilecegi giderek daha
fazla kabul gérmektedir. Bu baglamda, son yillarda KTS’nin
degerlendirme ve tedavisinde “biitiinciil yaklagim” kavrami 6n
plana gikmaktadir. Ozellikle nérodinamik disfonksiyonlar, fasyal
kisitliliklar ve proksimal segmentlerdeki mekanik ytliklenmelerin
distal sinir kompresyonunu etkileyebilecegi gosterilmistir. Bu
durum, tedavi yaklasimlarinin yalnizca karpal tiinel bolgesine
odaklanmak yerine, sinirin tim seyri boyunca ele alinmasi
gerektigini ortaya koymaktadir (Basson et al., 2017). Konservatif
tedavi yontemleri, Ozellikle hafif ve orta siddetteki KTS
olgularinda ilk basamak yaklasim olarak onerilmektedir. Giincel
sistematik  derlemeler ve meta-analizler, cerrahi dis1
yaklagimlarin semptomlarin azaltilmasinda ve fonksiyonel
iyilesmenin saglanmasinda etkili olabilecegini gdstermektedir
(O’Connor et al., 2022; Moran et al., 2023). Bu kapsamda
fizyoterapi  uygulamalar;; manuel terapi, ndrodinamik
mobilizasyon teknikleri, tendon ve sinir kaydirma egzersizleri,
miyofasyal gevsetme yaklasimlar1 ve invaziv olmayan
tamamlayict yontemleri igeren genis bir miidahale yelpazesini
kapsamaktadir. Ozellikle norodinamik mobilizasyon
tekniklerinin sinir kayganligini artirarak intrandral basinci
azaltt1ig1, manuel terapi uygulamalarinin ise hem mekanik hem de
norofizyolojik diizeyde iyilesme sagladigi bildirilmektedir
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(Basson et al., 2017; Moran et al., 2023). Bununla birlikte klinik
uygulamada 6nemli bir sorun, tedavi yaklagimlarinin ¢ogunlukla
lokal ve semptom odakli olarak ele alinmasidir. Oysa median
sinirin servikal bolgeden baglayarak iist ekstremite boyunca
uzanan anatomik, fasyal ve noérodinamik iliskisi dikkate
alindiginda, tedavi stratejilerinin de bu biitiinciil yap1 lizerinden
planlanmasi gerekmektedir. Bu yaklasim, yalnizca semptomlarin
azaltilmasini degil, ayn1 zamanda altta yatan biyomekanik ve
norofizyolojik  mekanizmalarin  hedeflenmesini  miimkiin
kilmaktadir. Bu bolimiin amaci, karpal tiinel sendromunda
kullanilan geleneksel fizyoterapi yontemlerini giincel bilimsel
kanitlar 15181inda kapsamli bir sekilde ele almak, uygulama
prensiplerini  detaylandirmak ve bu yaklagimlarin etki
mekanizmalarmi biitiinciil bir bakis agistyla tartigmaktir. Ayrica
farkli tedavi yoOntemlerinin birbirleriyle olan etkilesimleri ve
kombine kullanimimin klinik sonuglara potansiyel katkilar1 da
degerlendirilecektir.

2. UYGULAMALAR
2.1. Akupunktur

Ilk olarak 7. yy’da Cinli doktor Sun Ssu-Mo tarafindan
yapilmis ve igneleri Ah-Shi noktalari olarak isimlendirilen agrili
noktalara uygulamistir. Avrupa’ya tedavi amaglh igneleme 17.
yy’da gelmis olup 19. yy’da akupunktur ile ilgili kitaplar
yaymlamaya baslamistir (Srbely, J. Z., 2010; Baldry, P., 2002).
Geleneksel Cin Akupunkturu meridyen felsefesine dayanarak
viicuttaki enerji akisini diizenleme felsefesine dayanmaktadir.
Cin tibb1 enerji akisinin bloklanmasi ile hastaliklarin bagladigini
ve bunun i¢in uygun noktalara igne yerlestirerek enerji akisinin
yeniden saglanmasi gerektigini diisinmektedir (Chou, L. W.,
Kao, M. J., & Lin, J. G., 2012). KTS’de akupunktur tedavisinde
lokal noktalar tedavi edilir. Ozellikle panik atak g¢alismasi
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yapilir.El bilegi seviyesinde Ht7,Lu9,P6,P7,dirsek seviyesinde
ise medialde P3(Perikart 3) akupunktur noktalarina igneleme
yapilir.Ayrica lokal noktalara ek olarak uzak noktalar olan omuz
agri noktalari; TH14,Li4,Lil5 ve hormon noktalar1 da
eklenebilir.Hormon noktalari; servical bolgede Gb20(Cl
seviyesinde),BI10  (C2  seviyesinde), kulakta shenmen

noktasi,basta yintang noktasina igneleme yapilabilir. (Cimbiz,
A.,2023)

Seklil.a. Seklil.b.

Sekil 1.c.

Sekil 1.d. Sekil 1.e.
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Sekil 1. KTS’de uygulanan akapunktur noktalari. Omuz
agr1 noktalar1 (uzak noktalar) (a),Panik atak calismasi
(Ht7,Lu9,P6,P7) (b), Perikart 3 noktasi(medial epikondilde) (c),
Yintang noktasi(Hormon noktasi) (d), Shenmen ve Gb20-
Bl110(Hormon noktalar1)(e).

2.2. Kuru Igneleme Yéntemi

Kuru igneleme terapisi (KIT) ndromiiskiiler agri
sendromlarin  tedavisi amaciyla kas, ligament, tendon,
subkutenedzfasia, skar dokusu, perferal sinirlere veya gergin
neurovaskiiler aglar {izerine yapilan akupuntur igneleri olarak
bilinen monoflamentler kalinliginda ignelerin herhangi bir ilag
verilmeden tedavide kullanilmasidir (Casanueva, B. ve digerleri,
2014; Lewit, K., 1979)

Kuru igneleme ile lokal ve yansiyan agrida azalma ile
birlikte aktif hareket agikliginda artis, periferal/santral
hiperaljezide azalma ve aktif tetik noktanin kimyasal ¢evresinde
duzelme gozlenir (Ozgil, A., 2014).

Kuru ignelemenin tedavi edici etkisi, belirli tetik
noktalarinin mekanik olarak hasarlanmasina bagli oldugu
belirtilmektedir. Bu ignelenme sonrasinda agrinin azalmasi veya
gecmesine "igne etkisi" denir. En agrili noktaya uygulanan kuru
igne en giclii sekilde agr1 kesici etkisine sahip olur. Kuru
igneleme teknigi oldukca basit bir yontem olup igneler ¢ok ince
ve paslanmaz celikten yapilmustir. ince ignelerin kullamlmasi
coklu girisime olanak saglamaktadir. Spazm gelismis bir kasa
giren igne direngle karsilagir. Fibrotik bir dokuya girerse bu
diren¢ daha fazla olur. Spazm gelismis bir kasa girildiginde kasta
fasikiilasyon ve ardindan gevseme meydana gelir. Coziilmeyen
spazmlar igneyi tutar (igne geri c¢ekilirken bu rahatlikla
hissedilir). Bu sekilde tutulan igneyi bir siire daha kasin icinde
birakmak (10-20 dakika) genellikle kasin gevseyerek igneyi
birakmasini ( ignenin kas i¢inden kolayca geri ¢ekilebilmesini)
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saglar. En iyi sonu¢ gergin bantlar i¢indeki hassas ve agrili
noktalara girilmesi ile alinir (Gunn, C. C., & Wall, P. D., 1996;
Ozkiris, S., 2004).

Igneleme ile agrinin  azalmasi hiperstimiilasyon
mekanizmasi ile agiklanmaktadir. Olusan gii¢lii uyar1 dorsal kok
hiicrelerinde duysal imput girisine sebep olur ve bu imputlar TN
nosiseptorlerinden gelen agrili uyaranlarin yine spinal kordda
bloke edilmesine sebep olur (Hong, C. Z., 2011).

Deriye temas eden igne sinir sitemini uyarmakta
seratonin, oksitonin ve melatonin gibi 6nemli hormonlarin
salgilanmsini saglamaktadir (Gunn, C. C., & Wall, P. D., 1996).
Biyo-mekanik, kimyasal ve vaskuler etkilerine ek olarak
subkuteneus(non-muskuler) veya derin etkileri oldugu
bilinmektedir (Langevin, H. M., ve digerleri, 2006; Tough, E. A.
ve digerleri, 2009). Kas i¢indeki genel kan akimini artirdigi
gbzlemlenmistir (Loaiza, L.A. ve digerleri,2002; Sandberg, M. ve
digerleri, 2003; Shinbara, H. ve digerleri, 2008)

Myofasiyal agri sendromu (MAS) agri, kas spazmi, asiri
duyarhilik, sertlik, hareket kisitliligi, gligsiizlik ve bazen
otonomik bozukluktan olusan, bir veya daha fazla kas ve/veya
kas1 saran bag dokusu i¢inde tetik noktalar adi verilen asir1 duyarl
noktalarin  varhigiyla karakterizedir (Cirpanli, G., 1997).
Tanimdanda anlagildigi gibi MAS'daki belirti ve bulgularin
kaynag1 gergin kas bandi i¢inde yer alan tetik noktalardir. Tetik
noktalarin  inaktivasyonu ve gergin kas  bantlarinin
gevsetilmesinde bir¢ok yontem uygulanmaktadir (Kruse, R. A.,
& Christiansen, J. A., 1992; Rosen, N.B., 1993). igneleme
yontemleri MAS tedavisinde en etkili yontem olarak kabul
edilmektedir (Borg, S. J., & Simons, D., 2002; Wheeler, A. H.,
2004)

TN’ya yiizeyel ve derin olarak iki sekilde igneleme
yapilabilir. Yiizeyel uygulamada TN iizerinde 5-10 mm kadar
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igne doku icine ilerletilir. Derin uygulamada ise direk TN
icerisine girilerek, lokal seyirme yaniti i¢in igne iceredeyken
manipiile edilmelidir. Baldry yiizeyel kuru ignelemeyi
komplikasyonlardan kag¢inmak adina daha c¢ok Onermektedir
(Bubnov, R.V., 2010).

KIT Ugulama Sekli ve Siiresi: KIT uygulama suresi
farklilik gostermektedir. Tetik nokta ugulamalarinda lokal
seyirme elde etmek onemlidir ve bunun suresi birka¢ dakika
stirmektedir. Genel oalrak uygulamalarda siire 5 ile 40 dk arasidur.
Ortopedik vakalarda giin agir1 olacak sekilde 5 ile 10 seans tedavi
programi planlanir (Gunn, C. C., & Wall, P. D., 1996; Dunnig, J.
ve digerleri, 2014).

2.2.1. Kuru Ignelemede Palpasyon

Karpal tlinel sendromlu hastada kuru igneleme
yapilmadan 6nce median sinirin izledgi yol boyunca palpasyon
yapilir. Tetik nokta ve gergin olan noktalar tespit edilir.
Palpasyon yapilan yerler:

* Boyun boélgesinde(C5-T1)(Scalen kaslar)
* Pectoral kaslar

* Biceps brachi

* Pronotor teres

* Membrana interossea

* Flexor retinakulum

* Parmaklar(6zellikle tenar bolge(Cimbiz A, 2023)
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Sekil 2. Median sinirin st ekstremite boyunca palpasyon
noktalari

2.2.1.1. Karpal Tiinel Sendromun’da Kuru igneleme
Uygulamasi

Palpasyon ile tespit edilen tetik noktalara igneleme
yapilir. Her bolge icin igne boyutlar1 faklidir.

Sekil 3. Median sinirin Ust ekstremitede seyri boyunca tim tetik
noktalarin ignelenmis hali.

* Servikal bolgedeki Scalen kaslar ve Multifideus kaslari
gibi kaslar iizerine 25 mm’lik veya 40 mm’lik igne kullanilir.

* Pectoral kas tizerine igneleme yapilirken 25 mm’lik igne
kullanilir  (pnémotoraks riskinden dolayi). Dinamik de
calisilabilir.
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Sekil 4. Servikal bolge ve pectoral kas tetik nokta kuru ignelemesi

* Biceps kasina 25 - 40 mm’lik igne ile uygulama yapilir.

e
Sekil 5.Biceps tetik nokta kuru ignelemesi
* Pronator teres kasina 25 mm’lik igne ile uygulama yapilir

(Eger medial epikondil etrafinda bir hassasiyet varsa 13 mm’lik
ignelerle ¢icek seklinde igneleme yapilabilir).

* Membran lizerine 25 mm’lik veya 40 mm’lik igne ile
(sinir ve damarlara dikkat ederek) igneleme yapilabilir.

Sekil 6. Pronator teres ve membrana interossea tetik nokta kuru
ignelemesi

* Flexor retinakulum iizerine igneleme yapilirken medain
sinire denk gelmemesi i¢in bilek orta hattan kaginarak yanalara
dogru egik sekilde igneleme yapilir. Uygulama esnasinda 13
mm’lik igne kullanilir.
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* Elin tenar bolgesi basta olmak {izere atrofik ve hassas
bolgelere 13’lik igne ile uygulama yapilir.

Sekil 7. KT ve tenar bolge kuru igneleme

KTS’de kuru igneleme, myofasyal release teknikleri
boyundan baglayarak yapilmalidir. Buna biitiinciil osteopatik
manuel tedavi denir.(Cimbiz, A., 2023)

2.3. Karpal Tunel Sendromunda Myofasiyal Release
Uygulamasi

Agr azaltmak, fonksiyonlar1 iyilestirmek, miyofasyal
kompleks gerginligini azaltmak amagli farkli tekniklerle
uygulanan diisiik siddetli uzun siireli germe iglemleridir. Hafif
basingla birlikte cilt iizerinden fasyal gevsetmeler yapilmak
istenmektedir. Bu yontemlerle miyofasyal kisalik ve gerginlikler
ortadan kaldirilarak sinir, kan damarlar1 gibi yapilar iizerindeki

basinct diizenlenebildigi savunulmaktadir (Ajimsha, M. S,
Chithra, S., & Thulasyammal, R. P., 2012)

Kuru igneleme sonrasi spazm olmus kaslar1 gevsetmek
icin myofasial release teknigi kullanilir. Bunun i¢in cilt dokusunu
alerji etmeyecek bir yag kullanilir.

Boyun bolgesinden (sinirin ¢iktig1 yerden ) trapez kasina
dogru myofasiyal germe yapilarak baslanir.Daha sonra pectoral
kas tizerine omza dogru olacak sekilde yapilir.(Hastadan hafif
horizantal abduksiyon —adduksiyon istenir.)Biceps brachi tizerine
gecilir,Hasta dirsek flexiyon-ekstensiyon hareketini yaparken
dirsege dogru myofasiyal uygulama yapilir.Daha sonra hasta el
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biegi fleksiyon-ekstensiyon hareketi yaparken pronotor teres ve
elin i¢ ylizeyine bilege dogru myofasiyal uygulama yapilir.Sonra
el bilegi ekstensiyona getirilip gergin tutulup 6nkol iizerinde
proksimale dogru ‘median sinir sagma ‘yapilir.Flexor
retinakulum {izerinde orta hattan kenarlara dogru agma
yapilir,avug i¢inden bilege dogru sinir sagma uygulanir.En son
parmaklara myofasiyal yapilarak bitirlir.

Myofasiyal uygulama; her bolge i¢cin dokuda kizariklik
olusana dek 1-3 dk aras1 ugulanir (Cimbiz, A., 2023).

2.4. Osteopatik Manuel Terapi

Kelime anlami olarak elle yapilan tedavi anlamina gelen
manuel terapi; kas iskelet sistemi bozukluklarini ve agriy1 tedavi
etmek amaciyla kullanilmaktadir. Manuel terapi farkli
basin¢larda uygulanan el hareketleri ve manevralardan olusan bir
tedavi yaklagimidir (Burke, J. Ve digerleri, 2007).

Manuel tedavi, eklemlere farkli hizda ve genlikte
uygulanan mobilizasyon ve manipiilasyonlaridir. Yumugak doku
(kas, ligament, fasya) mobilizasyonlarimi ve germelerini,
norodinamik teknikler olarak adlandirilan sinir kaydirma ve
germe tekniklerini, kas-enerji teknikleri gibi pasif veya aktif
bircok tedavi teknigini icermektedir. Manuel terapi,
fizyoterapistler tarafindan tek basina ya da diger tedaviler ile
birlikte uygulanmaktadir (Ceylan, ., 2021; Cook, C., 2011).

KTS tedavisinde osteopatik manuel tedavinin amaci;
median sinirin servikal bolgeden ¢iktig1 yerden itibaren ele kadar
izledigi yol iizerindeki kas dokusunun iizerindeki fasyayi
gevseterek, median sinirin mobilize olmasini saglamaktir.

Myofasyal tedavi yaparken brakial pleksusu takip etmek
gerekir.
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Sekil 8. Brakial Pleksusun Fasyadaki Dagiliminin Gésterilmesi

Pektoral kaslarinin omuzdaki fonksiyonlart disinda
Ozellikle brakial pleksusu koruma gorevi de bulunmaktadir.

Sekil 9. Pektoral Kaslar ve Brakial Pleksus iliskisinin Gosterilmesi

Kadavrada da goriildiigii gibi pektoral mindrisin kasinin
fasyasi ile brakial pleksusun fasyasi i¢e i¢ge girmis durumdadir.
Pektoralis minor kas1 brakial pleksus i¢in iyi bir yatak, koruma ve
sinirin yeterince kaymasi uygun bir ortam olusturmaktadir.
Bunun beraberinde pektoral kasi brakial pleksusun asit dengesini
diizenledigini diisiiniilmektedir.
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Sinir sisteminin fasyasi pektoralis kasinin altindan devam
ederken kola dogru hareket etmektedir. Burada klavikula kemigi
ciddi bir iist koruma kalkani olusturmaktadir. Bu koruma bazen
bir sikistirmada meydana getirebilmektedir.

Sekil 10. Klavikula Kemigi ve Brakial Pleksus iliskisinin
Gosterilmesi

Kadavrada da gortldiigi gibi klavikula brakial pleksusla
cok yakin iligkide bulunmaktadir. Kadavrada brakial pleksusu
gorebilmek icin klavikulay1 kaldirmaniz gerekmektedir. Bir¢ok
terapist iist ekstremite boyun problemlerinde klavikulay:r ihmal
eder. Pektoral kaslarmin fasyasinin mobilizasyonu kadar
klavikula kemigininde mobilize edilmesi gerekmektedir.

Sinir ve kaslarin fasyasi deltoid ve bisepse dogru
ilerlemektedir. Aksillanin altindan biseps ve triceps kaslari
arasinda yol almaktadir. Mobilizasyonumuza bu fasyalarla devam
etmeliyiz.

Median sinir 0n kola girerken kadavra resminde
goriildiigii gibi pronator teres kasinin altindan gecer. Tedavi de
bu kasin da mobilizasyonu yapilmalidir.
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Sekil 11. Median sinirn dirsek eklemi ve pronator teres kasindan
gectigi kisimlar.
Asagidaki kadavra resminde gosterildigi gibi median sinir
el-el bilegi seviyesinde karpal tiinelden gecerek parmaklarda son

bulur. Tedavi de en son karpal tiinel ve el volar bolgesi fasya
mobilizasyonu yapilir (Cimbiz, A., 2023).

Sekil 12. Karpal Tunelin Taze Kadavrada Gosterilmesi

Karpal Tunel Sendromu Biitiinciil Tedavi Yaklasimi: Karpal
tiinel sendromu nedeniyle tedaviye gelen bir hastada siklikla
yapilan hata sadece karpal tiinel bdlgesine mobilizasyon, fasya
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mobilizasyonu yapmaktir. Bu ise yaramaz ise karpal tiinele
steroid veya non-steroid enjeksiyonlar yapilmasidir. Son yillarda
iki yontemde ¢ok etkili olmayinca direk fasyanin cerrahiyle
gevsetilmesidir. Bu uygulamalarin hepsi yeterli bir tedavi
degildir. Median sinir ister boyunda sikigsin ister karpal tiinelde
hastanin semptomlar1 benzer olacaktir. Dogru tedavi igin;
oncelikle median sinirin {ist ekstremitedeki seyri sirasinda iliskili
oldugu kemik ve eklemlerin maniplasyon ve mobilizasyonu,
beraberinde “KARPAL TUNEL FASYASI”nin mobilizasyonu
yapilmalidir. Karpal tiinel fasyasi aslinda iist ekstremitenin i¢
(anterior) kisimdaki yiizeyel ve derin kas ve fasyalarin tamamini
olusturan fasyadir.

2.4.1. Karpal Tuinel Sendromun’da Fonksiyonel
Osteopatik Manuel Terapi Uygulamasi:

*  Servikal vertabralarin maniplasyonu (C1 ve C2

maniplasyonundan baglayarak),

Sekil 13. C1 ve C2 maniplasyonu
* Torokal bolge maniplasyonu- Piston Teknigi (Sekil 14 a),
* Takoz teknigi (Sekil 14 b),
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Sekil 14. a.

* Clavicula mobilizasyonu (Sekil 15.a.),
* Acromio-clavicular eklem mobilizasyonu (Sekil 15.b.),

* Sterno-clavicular eklem mobilizasyonu,

Sekil 15.a. Sekil 15.b.
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2.4.2. Karpal Tunel Sendromun’da Myofasyal
Osteopatik Manuel Terapi Uygulamasi

* Skalen, trapez, splenius capitis, SKM kaslarina ve levator
scapula liflerine myofasyal germe,

Sekil 16.a. Sekil 16.b.

Sekil 16. Servikal bolge kaslarina myofasyal germe(a), Trapez
kasimna myofasyal germe(b)

* Sternum Gzerine myofasyal uygulama,

* Truva bolgesinde 6dem var ise nefes ile birlikte kicuk
itme ile lenf dolagimini diizenleme,
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Sekil 17.Truva bélgesine dolasim uygulamasi.

* Pektoralis major ve mindr kaslariin gevsetilmesi,

Sekil 18.a. Sekil 18.b.
Sekil 18. Pectoralis majér mobilizasyonu(a),
Pectoralis mindr mobilizasyonu(b).

*** Buraya kadar yapilan uygulama ayni zamanda torasik
outlet sendromu tedavisinde de kullanilir.

* Deltoid ve biseps kaslar1 mobilizasyonu,
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Sekil 19. Biceps kas1 mobilzasyonu.

* Pronator teres kasinin mobilizasyonu,

Sekil 20.Pronator teres mobilizasyonu.

* Karpal tinel mobilizasyonu ,
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Sekil 21. Karpal tlinel mobilizasyonu.

*Median sinir sagma (el bilegi ekstensiyona giderek),

Sekil 22.Median sinir sagma.

* Parmaklara ve elin tenar ,hipotenar bolgesine myofasyal germe
yapilimalidir.
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Sekil 23.Tenar,hipotenar bélge ve parmaklara myofasyal germe

*#%* Bu sikigma noktalarindan daha ¢ok énemli ve agrinin
en dnemli sebebi olarak membrana interosseanin mutlaka agressif
mobilizasyonu gereklidir. Kadavra ¢alismalarimizda median sinir
onkoldan gecerken membranaya duyu lifi vermesinin diginda
median sinir ile membranin ortak fasyaya sahip oldugunu
gormekteyiz.

Sekil 24. Membrana interosseanin mobilizasyonu
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2.4.3. Karpal Tunel Sendromun’da  Visseral
Osteopatik Manuel Terapi Uygulamasi:

Bilateral karpal tiinel sistemik bir problem oldugunu
gosterir.  Viicutta fazla sivi tutulmakta ve bosluklart su
doldurmaktadir. Hastada ciddi bir bobrek, karaciger veya kalp-
akciger yetmezligi yoksa muhtemelen beslenme problemi vardir.
Diyetisyen ile goriisiilerek asir1 tuzlu ve seker kullanimi, agir1 fast
food tiiketme, asir1 baharathh ve kafein igeren yiyecek ve
iceceklerin kisitlanmasi ve hayvansal gidadan yoksun bir diyet
programi se¢ilmelidir (Cimbiz, A., 2023).

* Karaciger detoksu yapilir. Hafif olgularda 3 giin,daha agir
olgularda 14 giine kadar yapilabilir.Diyet sadece sebze ve meyve
sularindan olusur.

* Karaciger mobilizasyonu,
* Karaciger pompalama,

* Periton mobilizasyonu yapulir.
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PHYSIOTHERAPY AND REHABILITATION IN
TYPE 2 DIABETES: EFFECTS ON
FUNCTIONAL STATUS, GLYCEMIC
CONTROL, AND QUALITY OF LIFE

Mehmet CAKIROGLU!

1. INTRODUCTION

Diabetes is recognized as a major public health concern
due to its association with serious complications and its steadily
increasing global prevalence. The global prevalence of diabetes
has increased substantially since 1990. As of 2022, an estimated
828 million adults worldwide are living with diabetes (NCD Risk
Factor Collaboration (NCD-RisC), 2024). Type 2 diabetes (T2D),
which accounts for a considerable proportion of diabetes cases,
represents one of the principal components of the global burden.
The burden of T2D is not limited to high-income countries. In
recent years, it has increased markedly, particularly in low- and
middle-income countries. Global Burden of Disease data indicate
that mortality and disability-adjusted life years (DALYS)
attributable to T2D increased consistently between 1990 and
2021. Furthermore, it is more pronounced in regions with low and
lower-middle sociodemographic development levels.
Demographic and epidemiological transitions, including
population growth, urbanization, lifestyle changes, and
population aging, are among the primary drivers of the trend.
Current projections also suggest that the burden of T2D will
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continue to rise in the coming years and become increasingly
pronounced among older population groups (He et al., 2024).

The growing burden of the disease highlights the need for
effective treatment strategies. Currently, T2D management relies
on a combination of lifestyle modifications and pharmacological
treatment methods. Various classes of medications, including
metformin, sulfonylureas, glucagon-like peptide-1 (GLP-1)
receptor agonists, and sodium-glucose cotransporter-2 (SGLT-2)
inhibitors, play important roles in achieving glycemic control.
However, the progressive nature of the disease and several
treatment-related limitations increased interest in alternative and
complementary approaches (Tegegne et al., 2024). Although the
medications are effective in improving glycemic control, existing
treatments are primarily aimed at slowing disease progression and
enhancing metabolic regulation. Rather than eliminating the
underlying pathophysiological mechanisms, they address the
disease at a symptomatic level. Reduced long-term efficacy,
adverse effects such as hypoglycemia and weight gain,
gastrointestinal tolerability issues, and interindividual variability
in treatment response are among the major limitations of
conventional therapeutic approaches (Gieroba, Kryska and
Sroka-Bartnicka, 2025; Tegegne et al., 2024). Moreover, T2D is
recognized as a complex disease involving multiple mechanisms,
including insulin resistance, B-cell dysfunction, inflammation,
and vascular complications. Therefore, approaches that focus
solely on pharmacological treatment may be insufficient to
address all dimensions of it (Gieroba et al., 2025).

As these limitations have become increasingly evident,
multidisciplinary approaches have gained prominence in T2D
management. Holistic care models integrating pharmacological
treatment, nutritional interventions, psychological support, and
physical activity provide a more comprehensive response to the
disease. Within these models, physiotherapy and exercise-based
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rehabilitation offer multiple benefits, including improved insulin
sensitivity, enhanced glycemic control, reduced cardiovascular
risk factors, and increased muscle strength and functional
capacity (Goldfarb et al., 2025). Nevertheless, translating this
potential into routine clinical practice is not always
straightforward.  Program  sustainability = depends on
interdisciplinary collaboration, individualized design, social
support, and organizational structures within healthcare systems
(Goldfarb et al., 2025; Nielsen et al., 2025).

The effects of physiotherapy and rehabilitation on
glycemic control, functional status, and quality of life in
individuals with T2D are examined in light of current evidence.
Aerobic exercise, resistance training, combined exercise
protocols, balance and neuromuscular training, and patient
education are addressed separately. The aim is to highlight the
comprehensive  role of physiotherapy in  supporting
multidisciplinary T2D management.

2. PATHOPHYSIOLOGICAL BASIS OF TYPE 2
DIABETES AND RESPONSE TO EXERCISE

Skeletal muscle insulin resistance is a central, although it
is not solely sufficient, component in the pathophysiology of
T2D. In healthy individuals, a substantial proportion of insulin-
stimulated glucose disposal occurs in skeletal muscle. It reaches
approximately 80% under hyperinsulinemic-euglycemic clamp
conditions, in which tissue responsiveness to insulin is directly
measured by maintaining blood glucose at normal levels during a
constant insulin infusion. Following a mixed meal or oral glucose
load, the proportion has been reported to be approximately 50—
66%, as the liver and other tissues also contribute to glucose
utilization under physiological conditions (Hulett, Scalzo, and
Reusch, 2022; Whytock, 2025). Glucose uptake in skeletal
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muscle is regulated by multistep mechanisms. These include
insulin signaling, GLUT4 translocation, tissue perfusion, and
intracellular glucose metabolism. Prolonged excessive caloric
intake and physical inactivity lead to ectopic lipid accumulation
in skeletal muscle. This may reduce insulin sensitivity through
inflammatory responses, oxidative stress, and impaired insulin
signaling. T2D can also adversely affect the microvascular
structure of skeletal muscle. Endothelial dysfunction, reduced
capillary density, and impaired microvascular perfusion may
limit the effective delivery of insulin and glucose to muscle tissue
(Whytock, 2025).

Glucose uptake by skeletal muscle cells largely depends
on the translocation of a transporter protein, called GLUT4, to the
cell membrane. In the resting state, GLUT4 is stored
intracellularly. Upon insulin stimulation or muscle contraction, it
translocates to the cell membrane and facilitates the entry of
glucose into the cell. In T2D, impairments in insulin signaling
may limit GLUT4 translocation to the cell membrane, thereby
reducing skeletal muscle glucose uptake (Ramos-Jiménez et al.,
2026; Whytock, 2025). In contrast, signaling pathways activated
by muscle contraction can stimulate GLUT4 translocation
independently of insulin signaling during exercise (Ramos-
Jiménez, 2026; Peifer-Wei3, Al-Hasani and Chadt, 2024).
Therefore, exercise provides an alternative mechanism capable of
increasing glucose uptake by muscle cells even when insulin-
mediated pathways are impaired. The largely preserved nature of
the mechanism in individuals with T2D is one of the key
molecular rationales explaining the beneficial effects of exercise
on glycemic control in such patient populations (Ramos-Jiménez
et al., 2026; Peifer-Weil et al., 2024; Whytock, 2025).
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3. PHYSIOTHERAPY APPROACHES

In the management of T2D, physiotherapy and
rehabilitation are delivered within a holistic framework. These
interventions aim to support glycemic control, reduce
cardiovascular risk factors, preserve functional capacity, and
improve quality of life. Aerobic exercise is one of the most
commonly utilized physiotherapy approaches in individuals with
T2D. Programs involving rhythmic activities such as walking,
cycling on an ergometer, and swimming are indicated to produce
beneficial effects on glycemic control, cardiovascular fitness, and
overall metabolic health. In particular, findings from systematic
reviews involving older adults demonstrated that regular aerobic
exercise can reduce HbA1c levels, improve fasting blood glucose,
and produce favorable changes in blood pressure as well as the
lipid profiles (Miranda-Tueros, Ramirez-Pefia, Cabanillas-Lazo,
Paz-lbarra and Pinedo-Torres, 2024).

Resistance exercise represents another important
intervention in the management of T2D. Beyond increasing
muscle strength, resistance training may also contribute to
reducing muscle fatigue. A randomized controlled trial conducted
in individuals with T2D reported that moderate-intensity
progressive resistance training performed three times per week
for 12 weeks resulted in significant improvements in upper- and
lower-extremity muscle strength. The same study demonstrated
that resistance training reduced fatigue indicators in the knee
extensor muscles and contributed to improvements in HbAlc
levels (Bhati and Hussain, 2021).

In  recent years, combined exercise programs
incorporating both aerobic and resistance exercise have emerged
as a key area of investigation in T2D management. The combined
exercise approach aims to integrate the physiological benefits of
both exercise modalities within a single program. Recent review
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findings indicate that combined exercise interventions can reduce
HbAlc levels, improve fasting blood glucose, and enhance
insulin sensitivity (Chen, Zhou, Shang, Du, Wu and Chen, 2023,
Lan, Wang, Wu and Lv, 2025). In addition, they reported to exert
beneficial effects on vascular indicators such as endothelial
function and arterial stiffness. The findings suggest that combined
programs may provide not only metabolic but also significant
cardiovascular benefits (Chen et al., 2023).

Physiotherapy interventions are not limited to exercises
aimed solely at metabolic control. Peripheral neuropathy, sensory
loss, and impairments in postural control associated with T2D
may lead to reduced balance performance and an increased risk
of falls. Therefore, balance and neuromuscular training programs
constitute important components of rehabilitation. A randomized
controlled trial demonstrated that progressive balance exercises
improved postural control, increased muscle activation, and
produced significant improvements in balance performance
(Arora, Azharuddin, Parveen, Usman, Sehgal and Noohu, 2025).
Similarly, biofeedback-assisted balance training has been
reported to improve stability indices and reduce fall risk
(Stolarczyk, Jarzemski, Maciag, Radzimowski, Swiercz and
Stolarczyk, 2021). Findings from systematic reviews further
indicate that balance training, proprioceptive training, gait
training, Tai Chi, yoga, and multicomponent rehabilitation
programs can improve balance performance in individuals with
diabetic peripheral neuropathy who are at risk of falling (Alissa,
Shipper, Zilliox and Westlake, 2024).

The success of exercise programs largely depends on an
individual's ability to adhere to the prescribed intervention. Thus,
patient education and self-management strategies became integral
components of contemporary physiotherapy practice. Diabetes
Self-Management Education and Support (DSMES) programs are
indicated to positively influence HbA1c levels, physical activity
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behaviors, perceived health status, and quality of life (Hempler et
al., 2023). Moreover, individuals who demonstrate higher levels
of participation in educational programs tend to achieve more
favorable outcomes (Hempler et al., 2023). Nevertheless,
engagement in physical activity cannot be explained solely by an
individual's level of knowledge about the disease. Recent research
indicates that exercise-related decisions among individuals with
T2D are influenced by numerous factors, including pain,
enjoyment, family responsibilities, daily life priorities, and
personal motivation (Thomsen, Sandbzk and Agergaard, 2024).

4. EFFECTS ON GLYCEMIC CONTROL

Glycemic control is one of the most important clinical
outcomes used to evaluate the effectiveness of exercise
interventions in the management of T2D. Additionally, HbAlc is
the most widely used marker for this purpose. It reflects average
blood glucose levels over the preceding 2-3 months and is
therefore considered a clinically meaningful indicator of
glycemic status. Current evidence indicates that regular aerobic
exercise can produce clinically significant reductions in HbAlc
levels. In particular, moderate- to high-intensity programs are
indicated to produce dose-dependent effects while greater weekly
exercise volumes are associated with more pronounced
improvements (Jayedi, Emadi and Shab-Bidar, 2022). Research
examining the type and dose of physical activity further suggests
that the benefits may vary in magnitude depending on baseline
glycemic control (Gallardo-Gomez et al., 2024).

Although HbA1c provides valuable information on long-
term glycemic control, a comprehensive assessment of daily
glucose regulation requires consideration of additional
parameters such as fasting blood glucose and postprandial
glycemia. Fasting blood glucose reflects hepatic glucose
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production and basal insulin action, whereas postprandial
glycemia provides information on post-meal glucose responses
and glycemic variability throughout the day. A meta-analysis
examining the effects of exercise therapy on blood glucose
regulation reported that different exercise modalities significantly
improved fasting blood glucose, 2-hour postprandial glucose, and
HbALc levels in individuals with T2D. The same study suggested
that combined aerobic and resistance exercise programs may
produce more pronounced improvements in glycemic outcomes
(Liu, Wang and Sun, 2025). Furthermore, exercise performed
after meals tends to reduce postprandial glucose responses and
24-hour mean glucose levels (Kang, Fardman, Ratamess,
Faigenbaum and Bush, 2023).

The clinical improvements are underpinned by significant
changes in insulin sensitivity. Insulin resistance, a hallmark
pathophysiological feature of T2D, is characterized by a reduced
capacity of peripheral tissues to respond to insulin. Regular
physical activity is known to positively influence it by increasing
glucose utilization in skeletal muscle. During and following
exercise, the activation of glucose transporter proteins within
muscle cells is enhanced, facilitating glucose uptake into the cell.
In addition, exercise promotes glucose disposal by supporting
insulin signaling pathways and improving insulin sensitivity
(Stocks and Zierath, 2022).

5. EFFECTS ON FUNCTIONAL STATUS

Although improvements in glycemic indicators are
clinically important, functional outcomes are equally essential
from a physiotherapy perspective. How exercise interventions
translate into an individual's movement capacity and daily life
performance must therefore also be evaluated. In individuals with
T2D, physical function is assessed through multidimensional
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indicators, including walking capacity, muscle strength, balance,
postural control, and participation in activities of daily living.
Therefore, functional status should be regarded not only as an
indirect consequence of disease severity but also as one of the
primary goals of rehabilitation. Declines in physical function are
associated with frailty, dependency, increased fall risk, and
reduced quality of life. Functional status therefore represents a
clinically significant outcome alongside metabolic control in T2D
management.

Walking performance occupies a significant role in the
assessment of functional capacity. Measures such as the six-
minute walk test, gait speed, and the Timed Up and Go (TUG)
test provide valuable information regarding an individual's ability
to sustain movement during daily activities. In individuals with
T2D, reductions in muscle strength, diminished cardiorespiratory
capacity, neuropathic impairments, and physical inactivity may
negatively affect walking performance. Therefore, the effects of
exercise interventions on functional outcomes should not be
considered solely as improvements in exercise capacity but also
as enhancements in an individual’s ability to move independently
and safely within daily life (Ahmad, Sargeant, Yates, Webb and
Davies, 2022).

Muscle strength and muscle mass are important
determinants of physical function in individuals with T2D.
Studies examining the effects of resistance exercise demonstrated
that such interventions can increase muscle strength and lean
body mass in older adults with T2D while also contributing to
improvements in glycemic control and selected metabolic
parameters (Feng et al., 2025). Similarly, resistance training has
been associated with gains in upper-and lower-extremity muscle
strength, increases in muscle mass, and improvements in
indicators of insulin resistance (Wang, Fan and Wang, 2025).
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Balance and postural control are also essential
components of functional status. Peripheral neuropathy,
proprioceptive deficits, and alterations in muscle activation
associated with T2D may adversely affect stability and increase
the risk of falls. Evidence evaluating the effects of exercise
interventions on balance performance indicates that exercise
programs can produce significant improvements in clinical
balance measures, including the Berg Balance Scale (BBS) and
the single-leg stance test, among individuals with T2D (Qin et al.,
2021).

Functional limitations may become more pronounced in
the presence of peripheral neuropathy. Sensory loss and
impairments in postural control can lead to alterations in gait
patterns and reduced confidence during movement. Therefore,
rehabilitation programs should incorporate balance training,
proprioceptive exercises, gait training, and multicomponent
interventions for individuals with diabetic neuropathy or an
elevated risk of falls. Current evidence suggests that physical
rehabilitation approaches can improve balance performance in
individuals with diabetic peripheral neuropathy. However,
findings regarding reductions in fall risk remain variable
depending on the type of intervention and the outcome measures
employed (Alissa et al., 2024).

6. EFFECTS ON QUALITY OF LIFE

Quality of life is a critical outcome measure in evaluating
the effectiveness of exercise interventions in T2D management.
Encompassing physical, psychological, and social domains, it
reflects that exercise is not merely a metabolic intervention.
Rather, it can shape an individual's overall experience of living
with the disease.
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In the physical domain, aerobic and combined exercise
programs are reported to improve quality of life scores (Sabag et
al., 2023). Meta-analytic findings, evaluating multicomponent
programs, indicate that the effects are most pronounced in
subdomains such as vitality, physical function, and general health
perception (Sun et al., 2025). It is suggested that gains in walking
capacity, muscle strength, and balance performance discussed in
previous sections may also be reflected in patients' perceived
health status. Nevertheless, it should be noted that the
improvements appear to be more limited in the mental health
components of quality of life.

In the psychological domain, the effects of exercise extend
beyond reductions in symptoms of depression and anxiety (Tang,
Zhang, Su, Lv, Sun and Yu 2026). Exercise programs were also
associated with positive changes in life satisfaction, sleep quality,
and stress management (Cid et al., 2025). The changes may
further support self-care behaviors and coping ability. Mind-body
exercises such as Baduanjin represent a noteworthy area in this
regard. Through their beneficial effects on psychological well-
being, they contribute to the diversity of available exercise
approaches (Kong, Ren, Fang, He, Zhou and Fang, 2022).

The psychological gains from exercise may be reflected in
an individual's social functioning. Walking has been reported to
be associated with better energy levels and mobility, lower
perceived social burden, and better diabetes control (Abonie,
Ofori-Ampomah, Makinyi and Addo, 2023).

7. CLINICAL RECOMMENDATIONS  AND
PRACTICAL IMPLICATIONS

Exercise-based physiotherapy interventions are integral to
the management of T2D, contributing to glycemic control,
functional status, and quality of life. However, achieving optimal
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clinical outcomes requires

more than the selection of an

appropriate exercise modality. Exercise programs should also be
tailored to individual needs. Therefore, exercise prescription
should be guided by a comprehensive assessment of the patient’s
metabolic status, functional capacity, and diabetes-related
complications. Psychological characteristics and environmental
factors that may influence exercise participation should also be
taken into consideration (Table 1).

Table 1. Clinical Implications of Physiotherapy-Based Exercise
Approaches in Individuals with T2D

Clinical Appropriate Evidence-based Clinical consideration
need/patient physiotherapy expected contribution

profile approach

Elevated HbAlc Aerobic exercise or May improve HbAlc, Intensity and duration
and fasting combined aerobic + fasting glucose, and  should be increased

glucose; general resistance exercise
metabolic control
is targeted

Reduced muscle Progressive
strength, fatigue, resistance exercise
or decreased

physical

performance

Reduced walking Aerobic exercise +
capacity and functional exercises

difficulty in

activities of daily

living

Peripheral Balance,
neuropathy, proprioceptive, and
sensory loss, or  neuromuscular

fall risk training

Anxiety, Regular short-

depression, or  session exercise,

low motivation aerobic exercise, or
mind-body
exercises

Low social Walking programs,

participation; group exercises, or

disease burden  multicomponent

and quality of lifeprograms

are affected

postprandial glycemia according to the
individual’s capacity;
symptoms of
hypoglycemia should be
monitored

May support upper-  Initial load should be

and lower-extremity  kept low; technique,

muscle strength, joint pain, and

muscle mass, and excessive fatigue should

functional performancebe monitored

May support walking Can be monitored using

capacity, the 6-minute walk test,

cardiorespiratory TUG, or gait speed

endurance, and

independent mobility

May improve postural Foot examination,

control, stability, and appropriate footwear, a

balance performance safe environment, and
close supervision are
important

May exert beneficial Patients should be

effects on depression, guided toward activities

anxiety, and they enjoy;
psychological well-  sustainability should be
being prioritized
May contribute to The program should be

energy levels and planned according to
mobility, perceived  the patient’s family
social burden, and responsibilities, daily
overall quality of life
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routine, and social

support
Low adherence toPatient education ~ May support physical Providing information
exercise and self- activity behavior, alone is not sufficient;
management general health goal setting and
support perception, and long- behavioral change
term adherence support are needed

Note. Developed by the author as a practical clinical reference guide, synthesizing
evidence-based physiotherapy approaches for individuals with T2D according to their
clinical profile and rehabilitation needs.

8. CONCLUSION AND FUTURE PERSPECTIVES

Evidence regarding the multidimensional benefits of
physiotherapy and exercise-based rehabilitation in the
management of T2D is increasingly accumulating. Aerobic,
resistance, and combined exercise programs may contribute to
glycemic control, whereas balance and neuromuscular training
approaches may improve functional capacity and movement
safety. In addition, exercise interventions may positively
influence the physical, psychological, and social dimensions of
quality of life. Furthermore, patient education and self-
management strategies are considered important components in
sustaining such gains.

The findings suggest that physiotherapy should not be
conceptualized solely as an intervention targeting metabolic
outcomes. Rather, it should be regarded as an essential
component of care that supports overall health status, functional
ability, and daily living. Nevertheless, a substantial proportion of
the current literature has primarily focused on metabolic
indicators, including HbAlc, fasting blood glucose, and insulin
sensitivity. In contrast, patient-centered outcomes, such as daily
functioning, social participation, movement safety, and long-term
exercise adherence, have been investigated to a more limited
extent.
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Furthermore, it remains unclear which physiotherapy
approaches are most beneficial for individuals with different
clinical characteristics. Future studies should evaluate not only
the physiological effects of exercise but also the extent to which
the effects are reflected in individuals’ daily lives. Greater
emphasis should be placed on outcomes such as functional
independence, social participation, and long-term behavioral
change. Further research focusing on individualized exercise
programs, behavior change strategies, and multidisciplinary
rehabilitation models is warranted. Such research may contribute
to the development of more sustainable and patient-centered
models of diabetes care.
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THE EVOLUTION AND TRANSFORMATION
OF EXOSKELETON APPLICATIONS IN
SPINAL CORD INJURY REHABILITATION
(2000 TO PRESENT): A NARRATIVE REVIEW

Mehmet SONMEZ!

1. INTRODUCTION

Spinal cord injury (SCI) remains a catastrophic
neurological event, resulting in a complex constellation of motor,
sensory, and autonomic impairments that necessitate lifelong
clinical management. The epidemiological burden of SCI is
substantial and growing. In Germany, current surveillance data
indicates approximately 1,200 new traumatic SCI cases annually,
with more than 50% characterized as motor incomplete (Aach et
al., 2014). In Canada, the prevalence is estimated at 86,000
individuals, a figure projected to expand to 121,000 by 2030
(Mclintosh et al., 2020; Noonan et al., 2012). Beyond the primary
loss of motor function, the physiological impact involves
systemic instabilities, including cardiovascular dysfunction,
thermoregulatory failure, and broncho-pulmonary complications
(Mcintosh et al., 2020; Hagen, 2015; Phillips & Krassioukov,
2015).

The clinical imperative for rehabilitation is driven by the
high priority patients place on regaining ambulatory function
(Mcintosh et al., 2020; Van Hedel et al., 2006). For many
individuals, the inability to walk is the most debilitating

1 Erzurum Technical University, Faculty of Health Sciences, Department of
Physiotherapy and Rehabilitation, Erzurum, TURKIYE, ORCID: 0000-0002-3617-
9087.
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consequence of their injury, affecting not only physical
independence but also psychosocial well-being and integration
(Mcintosh et al., 2020; Wyndaele & Wyndaele, 2006).
Historically, the recovery of walking following motor incomplete
SCI (AIS B/C/D) occurs primarily within the first six months,
after which the rate of neurological recovery reaches a plateau
(Aach et al., 2014; Mclntosh et al., 2020; Suzuki et al., 2007).
Conventional therapies, while foundational, are often limited by
the physical capacity of physiotherapists to provide the intensive,
high-repetition, task-specific training required to drive
neuroplasticity (Aach et al., 2014; Colombo et al., 2000).

This narrative review analyzes the transformative shift in
neurorehabilitation from stationary, labor-intensive robotic
systems to mobile, wearable, and intention-driven exoskeletons.
From 2010 to the present, we observe a transition from "passive"
assistance to "cybernic" and brain-controlled paradigms. Our
objective is to evaluate the technical architecture, clinical
feasibility, and physiological outcomes of these systems,
establishing a comprehensive overview of how robotic-assisted
gait training (RAGT) is reshaping the recovery trajectory for
individuals with both acute and chronic SCI.

2. REVIEW
2.1. Search Strategy

A literature search was conducted across four electronic
databases: PubMed/MEDLINE, Scopus, Web of Science, and
IEEE Xplore. The search encompassed records published from
January 2000 to December 2024. The following MeSH terms and
free-text keywords were used in combination: "spinal cord injury"
OR "SCI" AND "exoskeleton” OR "robotic orthosis* OR
"powered orthosis” AND "gait rehabilitation” OR "RAGT";
additionally, device-specific terms including "Hybrid Assistive
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Limb," "HAL,” "Ekso GT," "ReWalk," "Lokomat," "H2
exoskeleton,” "Indego,” "Symbitron,” and "brain-machine
interface” OR "BMI" OR "EEG-controlled exoskeleton™ were
applied. Reference lists of all included full-text articles were
manually screened for additional eligible studies.

2.2. Inclusion and Exclusion Criteria

Studies were included if they: (1) involved human
participants with confirmed traumatic or non-traumatic SCI
classified according to the ASIA Impairment Scale (AIS); (2)
reported the use of a lower- or upper-limb robotic exoskeleton
device; (3) reported at least one clinical, biomechanical,
neurophysiological, or safety outcome; and (4) were published as
full-text peer-reviewed articles in English. Studies were excluded
if they: (1) involved exclusively non-human or in silico models;
(2) were conference abstracts, editorials, or case reports with
fewer than two participants; or (3) reported exclusively on
exoskeleton systems designed for occupational (non-
rehabilitation) use.

2.3. Data Extraction and Synthesis

Data were extracted by the primary author and verified by
a second reviewer. Extracted variables included study design,
participant characteristics (AIS classification, injury chronicity,
lesion level), device specifications (control architecture, degrees
of freedom), training parameters (frequency, duration, session
count), and primary and secondary outcomes. Given the
heterogeneity of study designs, devices, and outcome measures
across the included literature, a narrative synthesis approach was
adopted in lieu of formal meta-analysis. This approach is
consistent with established methodology for narrative reviews in
rehabilitation science.
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2.4. Evolution of Generations: From Stationary to
Mobile Systems

The first generation of robotic-assisted walking relied
heavily on stationary platforms. In the early 2000s, motorized
robotic Driven Gait Orthoses (DGO), exemplified by the
Lokomat, established the paradigm of Body Weight Supported
Treadmill Training (BWSTT) (Aach et al., 2014; Colombo et al.,
2000; Gittler et al., 2002). These systems utilize a weight-
suspension harness and robotic actuators to move the patient's
legs through a pre-defined, reproducible gait cycle on a moving
treadmill (Aach et al., 2014; Finch et al., 1991). While effective
at inducing bilateral leg muscle activation, stationary DGOs are
restricted by their inability to simulate over-ground walking
conditions and their high capital costs (Aach et al., 2014; Lopez-
Larraz et al., 2016; Winchester & Querry, 2006).

The evolution toward mobile, over-ground wearable
exoskeletons (EAW) marks a significant technological leap.
Systems such as the ReWalk, Ekso, and Hybrid Assistive Limb
(HAL) allow for ambulatory movement in ecological
environments (Aach et al., 2014; Mcintosh et al., 2020; Van
Hedel et al., 2006). This shift facilitates "assist-as-needed"
paradigms, where the robotic support is dynamically adjusted to
complement the user's residual motor function, rather than
enforcing a rigid, non-varying pattern (Lopez-Larraz et al., 2016;
Yamawaki et al., 2011; Miller et al., 2016).
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Figure 1. Generational Evolution of Exoskeleton Systems in SCI
Rehabilitation (2000-Present). Systems progress from stationary
robotic platforms to modular, intention-driven, and brain-

controlled wearable devices.

Era System Example Generation Key Feature

Type
Early Lokomat (DGO) Stationary Harness + treadmill; high
2000s BWSTT reproducibility
2008- ReWalk / Ekso (early ~ Mobile EAW Weight-shift trigger; over-
2012 gen.) ground ambulation
2010- HAL (Cybernics Intention-driven Surface EMG-based Cybernic
2014 System) Voluntary Control (CVC)
2014- H2 + EEG-BMI Brain-controlled EEG-decoded ERD/MRCP;
2016 hybrid shared control strategy
2016- Ekso GT/ Indego FDA-cleared Clinical + community use;
2020 mobile EAW variable assist modes
2020- Symbitron / Soft Modular / Soft Full-body/home use; Al-
Present robotics / ReWalk 6.0  robotics adaptive control; textile

Systems

actuators

2.5. Comparative Analysis: Stationary vs. Ambulatory

2.5.1. Stationary Robotic Driven Gait Orthoses (e.g.,
Lokomat)

Advantages: Highly reproducible gait patterns; early

initiation of weight-bearing; significantly reduced physical
burden on clinicians; integrated performance measurement tools
(Aach et al., 2014; Colombo et al., 2000; Finch et al., 1991).

Limitations: High capital investment; lack of motor

substitution for daily life; restricted to a single location; potential
for "slacking™ where the patient becomes passive (Aach et al.,
2014; Gittler et al., 2002; Lépez-Larraz et al., 2016).
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2.5.2. Ambulatory Wearable Exoskeletons (e.g., HAL,
Ekso GT)

Advantages: Portability for over-ground use; facilitation
of natural balance and weight-shift requirements; promotion of
voluntary drive and motor substitution; applicability across acute
and chronic phases (Aach et al., 2014; Mclntosh et al., 2020; Van
Hedel et al., 2006; Kawamoto & Sankai, 2002).

Limitations: Requirements for external stability aids
(walkers/crutches); higher cognitive load for control; risks of
orthostatic instability in early sessions; mechanical limitations in
DOF at the ankle/pelvis (Mclntosh et al., 2020; Lopez-Larraz et
al., 2016; Wan & Krassioukov, 2014).

2.6. Advanced Mobile Systems: Mechanical Design
and Voluntary Drive

A primary technical distinction among modern
exoskeletons lies in their control architecture. While systems like
the ReWalk and early-generation Ekso utilize a passive range of
motion (ROM) paradigm—where movement is triggered by pre-
set weight-shift thresholds or manual clinician inputs—the
Hybrid Assistive Limb (HAL) represents a fundamental shift
toward intention-based control (Aach et al., 2014; Van Hedel et
al., 2006; Stampacchia et al., 2020).

2.6.1. Technical Architecture of the Hybrid Assistive
Limb (HAL)

The HAL system utilizes a unique "Cybernic Voluntary
Control" mode. The architecture consists of DC motors located at
the hip and knee joints, controlled via a processing unit that
integrates bioelectrical signals (BES) (Aach et al., 2014;
Kawamoto & Sankai, 2002). Surface electromyography (EMG)
electrodes are placed over the extensor and flexor muscle regions
(rectus femoris, vastus lateralis, and the gluteus maximus for
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extension; biceps femoris and psoas major for flexion) (Aach et
al., 2014; Van Hedel et al., 2006).

The signal processing chain involves high-gain
amplification and filtering of minimal EMG bursts that would
otherwise be insufficient to produce movement. This intention-
driven loop ensures that the robotic actuators are only triggered
when the patient attempts a voluntary contraction (Aach et al.,
2014; Wyndaele & Wyndaele, 2006). We observe that this
"Cybernic" loop provides a contingent association between
cortical intention and peripheral mechanical feedback, which is
hypothesized to reinforce spared neural pathways in AIS B and C
patients (Aach et al., 2014; Ldpez-Larraz et al., 2016).

Figure 2. Cybernic Voluntary Control (CVC) Architecture of the
HAL Exoskeleton. Bioelectrical signals (BES) detected by surface
EMG are amplified and processed to drive DC motor actuators,
creating a closed-loop contingent link between cortical intention
and peripheral gait execution.

| 4

Motor Surface HAL  Signal DC  Motor

Cortex EMG Processor Actuation Gait
(Voluntary (BES (Amplification (Hip & Knee Execution
Intention) Detection) & Filtering) Joints)

Sensory Feedback Loop: Proprioception -> Cortical Reinforcement of Spared Neural
Pathways

2.6.2. Differentiating Control Modes
The HAL system offers two primary control modes:

Cybernic Voluntary Control: Actuators provide torque
proportional to the detected BES, allowing for a seamless
integration of human intention and robotic power (Aach et al.,
2014).
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Cybernic Autonomous Control: This mode follows a pre-
defined robotic gait pattern, utilized primarily for patients with
complete denervation where BES is unavailable (Aach et al.,
2014).

2.6.3. System Specifics across Patient Populations

In clinical trials, the efficacy of these systems is often
evaluated based on the ASIA Impairment Scale (AIS). In a
landmark pilot study by Aach et al. (2014), eight patients were
enrolled, representing a heterogeneous cohort: 4 participants with
AIS A (zones of partial preservation L3-S1), 1 with AIS B (motor
ZPP L3-S1), and 3 with AIS C/D (Aach et al., 2014). Despite the
chronic nature of their injuries (1 to 19 years post-trauma), all
patients demonstrated significant gains in walking speed and
distance after 90 days of HAL training. Notably, one AIS B
patient experienced a conversion to AIS C, highlighting the
potential for motor recovery long after the subacute window has
closed (Aach et al., 2014). Other systems, such as the Symbitron,
focus on modularity, allowing for the addition of pelvic or ankle
actuators to tailor the mechanical framework to the specific
deficits of the individual (Aach et al., 2014; Mclintosh et al., 2020;
Yamawaki et al., 2011).

2.7. Hybrid and BMI-Controlled Systems: The Neural
Frontier

The integration of Brain-Machine Interfaces (BMI) with
ambulatory exoskeletons addresses the needs of patients who lack
the residual EMG signals required for HAL-style control. BMI
systems decode gait intention directly from the motor cortex,
bypassing the damaged spinal cord (Lépez-Larraz et al., 2016).

78



Fizyoterapi ve Rehabilitasyon Alaninda Akademik Tartismalar

Figure 3. BMI-Controlled Exoskeleton Signal Processing
Architecture (LOpez-Larraz etal., 2016)). The shared control
strategy integrates EEG-decoded motor intention with onboard
exoskeleton safety systems. ERD = Event-Related
Desynchronization; MRCP = Movement-Related Cortical

Potentials.

EEG Signal BMI Temporal H2

9 Spatial Filter Window
(Motor Decoder . Exoskeleton

(Small . (Gait
Cortex Laplaciar) (High-Level Tricger & (Low-Level
ERD/MRCP) P Controller) 99 Control)
Safety)

Shared Control Strategy: BMI manages movement initiation; onboard sensors manage
trajectory stability. Temporal windowing reduces false activations from ~40.5% to
<10% of trials (LOpez-Larraz et al., 2016).

2.7.1. Decoding Gait Intention via EEG

The neural correlates of gait are primarily decoded using
non-invasive Electroencephalography (EEG). Research by
Lopez-Larraz et al. (2016) focused on two specific signals:

Event-Related Desynchronization (ERD): We observe a
power decrease in the mu (8-13 Hz) and beta (13-30 Hz)
frequency bands over the sensorimotor cortex during the planning
and execution of gait (Lopez-Larraz et al., 2016; Behrman et al.,
2006).

Movement-Related Cortical Potentials (MRCP): These
are low-frequency, slow-wave potentials (often called the
Bereitschaftspotential) that precede the onset of movement
(LOpez-Larraz et al., 2016).

The technical challenge in BMI-controlled walking is the
presence of motion artifacts; electromagnetic interference and
mechanical electrode shifts that can masquerade as neural
activity. Sophisticated spatial filters, such as the Small Laplacian,
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are employed to isolate task-relevant cortical signals from
background noise (LOpez-Larraz et al., 2016).

2.7.2.The Shared Control Strategy and Temporal
Windowing

To ensure safety during BMI-controlled ambulation, the
authors posit that a "shared control™ strategy is essential. In this
architecture, the BMI is the high-level controller that initiates the
gait cycle, while the exoskeleton’s internal sensors act as the low-
level controller for stability and trajectory execution (LOpez-
Larraz et al., 2016).

A critical component of this strategy is temporal
windowing. The system is designed to only allow the BMI to
trigger movement during specific, biologically plausible windows
(e.g., when the user is standing still and prompted to move). This
prevents false positives—accidental activations that could result
in falls. Evidence suggests that without this shared control, SCI
patients would experience false positives in 40.45% of trials,
compared to a significantly lower rate when windowing is active
(LOpez-Larraz et al., 2016).

2.7.3. Clinical Feasibility of BMI-H2 Systems

Trials involving the H2 exoskeleton have demonstrated
that SCI patients can achieve an average decoding performance
of 77.61% (LOpez-Larraz et al., 2016). This feasibility is
remarkable given the cortical reorganization that often follows
paralysis. By establishing a closed-loop system where "thinking
to walk" results in actual over-ground movement, these hybrid
systems facilitate the simultaneous activation of the motor cortex
and the delivery of sensory feedback to the spinal cord (Lopez-
Larraz et al, 2016; Behrman et al., 2006; Jackson &
Zimmermann, 2012).
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2.8. Upper Limb Rehabilitation: Robotics for Fine
Motor Recovery

While lower-limb ambulation is a primary goal, cervical
SCI patients often prioritize the recovery of hand and wrist
function (Mclntosh et al., 2020; Hagen, 2015; Stampacchia et al.,
2020). Robotics for upper limb rehabilitation must address the
high degrees of freedom (DoF) and the complexity of fine motor
manipulation.

2.8.1. The RiceWrist-S

The RiceWrist-Sis a robotic exoskeleton designed
specifically for forearm and wrist rehabilitation. It typically
provides 4 DoF, allowing for guided movements in wrist
flexion/extension,  ulnar/radial  deviation, and forearm
pronation/supination. The device utilizes an "assist-as-needed"
impedance control, which encourages the patient to initiate
movement while the robot provides just enough force to complete
the trajectory. This targeted intervention is crucial for patients
regaining the ability to perform activities of daily living (ADLS),
such as feeding or grooming (Gittler et al., 2002; Stampacchia et
al., 2020; Eng et al., 2007).

2.8.2. The HERO Glove

Complementing  rigid  exoskeletons,  the HERO
Glove represents the soft robotics approach. Using tendon-driven
mechanisms or pneumatic actuators, the HERO Glove provides
grip assistance and finger extension support. Unlike rigid
systems, the soft glove format is lightweight and portable, making
it suitable for home-based therapy or as an assistive tool for motor
substitution (Jackson & Zimmermann, 2012; Eng et al., 2007).
The integration of these upper-limb devices with lower-limb
exoskeletons provides a holistic approach to neurorehabilitation,
addressing the full spectrum of functional deficits in the SCI
population.
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2.9. Dosage, Clinical Protocols, and Feasibility

The therapeutic efficacy of RAGT is fundamentally tied
to training dosage—defined by frequency, intensity, and duration.
Our analysis of the literature reveals two distinct protocols
tailored to different recovery phases.

Table 1. Comparison of Robotic Training Protocols and
Feasibility

Parameter

HAL Chronic Protocol
[1]

Ekso Acute Protocol [2]

Recovery Phase

Chronic (1-19 years post-

Acute (<6 months post-

injury) injury)
Inclusion Criteria AIS A (with ZPP),B,C,D AISA,B,C,D
Frequency 5 sessions/week 3 sessions/week
Session Duration 90 minutes 60 minutes

Total Sessions
Supervision

~52 (mean) over 90 days
Doctor + Physiotherapist

Up to 25 sessions
Research Physiotherapist

Retention/Attendance

High (8 participants
completed)

90% attendance; 1 screen
failure*

*Screen failure was due to leg length discrepancy and ROM limitations (Mclntosh et
al., 2020).

Table 2. Comparative Overview of Upper Limb Robotic
Rehabilitation Devices in SCI.

RiceWrist- | Rigid exoskeleton; | 4 DoF (wrist Assist-as- Cervical SCI,
S impedance control F/E,U/Rdev, needed stroke
pro/sup)
HERO Soft robotics; 5 DoF (finger Motor Incomplete
Glove tendon-driven / flex/ext + substitution; cervical SCI,
pneumatic grip) home use hand paresis
actuators

2.9.1.Safety and Hemodynamic Management in Acute
SCI

Initiating EAW in the acute phase (<6 months post-injury)
requires meticulous management of the autonomic system.
Individuals with lesions at or above T6 are particularly prone to
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orthostatic hypotension (OH). In the Ekso acute trials, BP
typically decreased during the initial sit-to-stand transition (mean
drop of 11/8 mmHg for lesions above T6) but increased during
the actual walking phase (Mcintosh et al., 2020; Behrman et al.,
2006).

Crucially, autonomic  dysreflexia (AD) was not
identified in any session, even though 40% of the participants had
lesions at or above T6 (Mclntosh et al., 2020). This suggests that
the rhythmic exercise provided by the exoskeleton may actually
serve as a stabilizing factor for the cardiovascular system. Heart
rate responses remained within safe limits (mean 110 BPM),
never exceeding 85% of the target heart rate (Mcintosh et al.,
2020; Miller et al., 2016).

2.10. Mechanisms of Neuroplasticity and
Physiological Outcomes

The theoretical foundation of robotic rehabilitation is the
"contingent link™ theory, which suggests that neuroplasticity is
maximized when cortical intention and peripheral feedback are
temporally and spatially synchronized (Lopez-Larraz et al., 2016;
Behrman et al., 2006; Dietz et al., 1998).

2.10.1. Molecular Biomarkers: BDNF and mTOR

Rhythmic, reciprocal gait stimulation of the spinal Central
Pattern Generators (CPG) is thought to trigger the release of
neurotrophic factors.

Brain-Derived Neurotrophic Factor (BDNF): We observe
that weight-bearing gait exercise increases BDNF levels, which
promotes axonal sprouting and survival of spared neural circuits
(Aach et al., 2014; Behrman et al., 2006; Dietz et al., 1998).

mTOR Pathway: This signaling pathway is critical for
protein synthesis and synaptic plasticity. By engaging in
intensive, voluntary-driven exoskeleton training, we stimulate the
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mTOR pathway, facilitating the reorganization of the
corticospinal tract and other descending motor pathways (Lopez-
Larraz et al., 2016; Behrman et al., 2006).

2.10.2. Ambulation Outcomes: AIS A vs. AISC

The evidence suggests that the baseline AIS classification
is a significant predictor of the magnitude of recovery. Mcintosh
et al. (2020) documented that while all participants improved,
those with incomplete injuries (AIS C) showed greater gains in
gait speed (0.44 m/s) compared to those with complete injuries
(AIS A) who improved to 0.33 m/s. This difference underscores
the importance of residual neural architecture in determining the
ceiling of functional recovery.

2.10.3. Secondary Physiological Outcomes

Robotic-assisted walking produces systemic benefits
beyond simple locomotion:

Trophic Muscle Effects: Following 90 days of HAL
training, chronic patients showed a significant increase in lower
limb circumference, ranging from 5mm to 50mm, indicating a
reversal of disuse atrophy (Aach et al., 2014).

Motor Score Gains: Mean LEMS scores in HAL users
increased from 21.75 to 24.38 (Aach et al., 2014).

Spasticity Reduction: We observe significant
improvements on the Modified Ashworth Scale (MAS). In one
documented case, extensor spasticity was reduced from a score of
4 (high resistance) to a 2 (mild resistance) following training,
with effects lasting up to eight hours (Aach et al., 2014; Wan &
Krassioukov, 2014; Waters et al., 1994).

Bladder and Bowel Function: Participants in acute trials
reported improved visceral regulation and pain control (MclIntosh
et al., 2020).
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Figure 4. Comparative Clinical Outcomes: HAL Chronic vs. Ekso
GT Acute Rehabilitation Protocols. Data synthesized from
primary studies; HAL data from Aach et al., (2014) and Ekso data
from Mcintosh et al., 2020.

Outcome HAL Chronic Protocol [1] Ekso GT Acute Protocol [2]
Measure

Walking Speed Significant increase across all AIS C: +0.44 m/s; AIS A: +0.33
Gain AIS subgroups m/s

Muscle +5 to +50 mm (lower limb) Not specifically reported

Circumference

LEMS Score 21.75 -> 24.38 (mean) Documented improvements
Change observed
Spasticity (MAS) Reduced 4->2 (lasting ~8 Not primary endpoint
hours post-session)
Hemodynamic No serious adverse events BP drop: -11/8 mmHg (sit-to-
Events reported stand); No AD events
AIS Conversion 1 patient: B->C (chronic, 4 yrs  Not reported in acute phase
post-injury)
Visceral Function Not primary endpoint Improved bladder/bowel control
reported

2.11. Qualitative Insights: Patient and Clinician
Perspectives

The integration of advanced robotics into the clinical
environment requires an understanding of the psychosocial
impact and the changing roles of the healthcare team.

2.11.1. Psychosocial Impact and User Motivation

Participant feedback is consistently positive. The
transition from a wheelchair-bound state to an upright,
ambulatory posture provides a significant psychological boost.
Patients cite improvements in mood, mental state, and physical
strength (Mclntosh et al., 2020). The excitement generated by
family members observing the patient's first steps in the
exoskeleton serves as a powerful motivational catalyst, fostering
higher adherence to intensive protocols (Mclntosh et al., 2020;
Finch et al., 1991).
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2.11.2. Usability and Cognitive Load

Despite the technical complexity of BMI and HAL
systems, user satisfaction remains high. In BMI-controlled trials,
patients rated the experience highly, even while acknowledging
the significant cognitive load required to maintain the focus
necessary for neural decoding (Lopez-Larraz et al., 2016). The
intuitive nature of intention-based control is valued more highly
than the passive robotic movement of older systems.

2.11.3. Reduction in Clinician Physical Burden

From a robotics engineering perspective, the automation
of gait training is a major clinical advantage. Traditional over-
ground training often requires three or more therapists to stabilize
the patient's torso and manually move the legs (Aach et al., 2014;
Colombo et al., 2000; Finch et al., 1991). Exoskeletons automate
this manual labor, allowing the physiotherapist to transition from
a "physical laborer" to a data analyst and gait quality specialist
(Aach et al., 2014; Winchester & Querry, 2006). This shift not
only reduces the risk of clinician injury but also allows for longer,
more productive rehabilitation sessions.

3. CONCLUSION

The evolution of exoskeleton technology from 2000 to the
present has demonstrated that robotic-assisted gait training is
safe, feasible, and effective across the entire continuum of SCI
care. From the hyper-acute phase where we manage orthostatic
stability and prevent secondary complications to the chronic
phase where we leverage neuroplasticity to drive AIS conversion,
these systems offer a transformative toolset for
neurorehabilitation.

We observe that assist-as-needed and voluntary-driven
paradigms are superior to passive systems for promoting motor
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recovery. The 10-meter walk test (LOMWT) and 6-minute walk
test (6MWT) results consistently show that intensive EAW leads
to clinically significant improvements in walking speed and
endurance. However, critical gaps remain. The field urgently
requires large-scale randomized controlled trials (RCTs) that
compare intention-based (HAL) or brain-controlled (BMI)
systems directly against conventional over-ground training.

The future of this technology lies in the transition from
clinical tools to daily-use assistive devices. As actuators become
more efficient, sensors more integrated, and control algorithms
more intuitive, the exoskeleton will evolve from a rehabilitation
machine into a seamless extension of the human body, offering
functional compensation for those with permanent SCI and
fundamentally redefining the limits of human mobility.
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POLYENDOCRINE METABOLIC OVARY
SYNDROME AND EXERCISES

Naciye Dilruba TEKTAS GULBIL!

1. INTRODUCTION

Polyendocrine Metabolic Ovary Syndrome (PMOQOS) is
one of the most common endocrine disorders in women of
reproductive age, and it has a complex and multifactorial
pathophysiology. First described by Stein and Leventhal in 1935,
the disease initially presented with amenorrhea, infertility,
obesity, and bilateral polycystic It was initially considered a
syndrome characterized by ovarian abnormalities. However,
today PMOS is recognized not only as a disease affecting the
ovaries, but also as a systemic health problem with metabolic,
cardiovascular, and psychological consequences (Azziz et al .,
2016) .

1.1. What Is Polyendocrine Metabolic Ovary
Syndrome (PMOQS)?

The most prominent features of PMOS are
hyperandrogenism, ovulation disorders, and polycystic ovaries.
This refers to ovarian morphology. However, the clinical
presentation can vary significantly between individuals. Some
women have metabolic abnormalities. While symptoms are
prominent, in some individual’s reproductive problems or
dermatological manifestations due to hyperandrogenism may be
dominant. Because of this heterogeneous structure, PCOS is

1 Assoc. Prof. Dr. Istanbul Beykent University, Faculty of Health Sciences,
Department of Physiotherapy and Rehabilitation, Istanbul, Turkey, ORCID: 0000
0002 1775 690X.
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considered not as a single disease, but as a syndrome consisting
of different phenotypes (Azziz et al., 2016) .

Recent research indicates that PMOS is not only a
condition affecting women's health during their reproductive
years, but is also associated with lifelong metabolic risks,
particularly type 2 diabetes and metabolic disorders. It has been
reported that women with PMOS have a higher risk of developing
syndrome, hypertension, dyslipidemia, and cardiovascular
disease. Furthermore, psychological consequences such as
depression, anxiety, and decreased quality of life are also
significant components of the disorder (Teede et al., 2023) .

It has become a multidisciplinary health problem
addressed by different disciplines such as endocrinology,
cardiology, psychiatry, nutrition, and physiotherapy (Teede et al.,
2023) .

1.2. Epidemiology And Clinical Significance

PMOS is a common health problem affecting a significant
proportion of women of reproductive age worldwide. The
prevalence of the condition varies depending on the diagnostic
criteria used, age group, ethnic characteristics, and the population
in which the study is conducted. Current data indicate that the
prevalence of PMOS is approximately between 8% and 13%. In
some populations, this rate has been reported to reach up to 20%
(Teede et al., 2023) .

PMOS does not stem solely from its high incidence. The
disease predisposes women to various health problems at
different stages of their lives. While menstrual irregularities and
hyperandrogenic symptoms are prominent during adolescence,
insulin resistance, type 2 diabetes, and cardiovascular disease risk
become more pronounced in later years. Furthermore, it is of great
importance from a reproductive health perspective as it is one of
the most common causes of infertility (Bozdag et al., 2016) .
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1.3. Polyendocrine Pathophysiology Of Metabolic
Ovary Syndrome

Polyendocrine Metabolic Ovary Syndrome Although its
pathophysiology is not yet fully understood, it is accepted that the
disease arises from the interaction of genetic predisposition,
environmental factors, hormonal imbalances, and metabolic
disorders. While PMOS was considered solely an ovarian disease
for many years, current research suggests that the syndrome is a
combination of factors. Studies show that PMOS is a multi-
system disorder involving the hypothalamus -pituitary- ovarian
axis, insulin metabolism, adipose tissue function, and
inflammatory processes. Therefore, it is not possible to explain
the development of PMOS with a single mechanism. The disease
arises as a result of various pathophysiological processes that
trigger and reinforce each other (Dumesic et al., 2015; Teede et
al., 2026) .

One of the key features of PMQOS is hyperandrogenism.
Hyperandrogenism refers to the presence of higher than normal
levels of androgen hormones in women. Increased levels of
testosterone and androstenedione, in particular, are responsible
for a significant portion of the clinical symptoms of PMOS. The
theca cells in the ovaries are the primary source of androgen
synthesis. In women with PMQOS, it has been shown that the
sensitivity of these cells to luteinizing hormone (LH) is increased,
leading to increased androgen production. Increased androgen
levels negatively affect follicle development, preventing the
formation of a dominant follicle and causing chronic anovulation.
As a result, ovulation does not occur, and numerous small,
underdeveloped follicles accumulate in the ovaries. Polycystic
ovaries are seen on ultrasonography. This process underlies the
appearance of ovaries ( Azziz et al ., 2016; Dumesic et al., 2015).
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Insulin resistance plays a significant role in the
development of hyperandrogenism, not only through ovarian
mechanisms but also through other factors. Currently, insulin
resistance is considered one of the fundamental metabolic
disorders at the heart of PMOS (postoperative middle syndrome).
Insulin resistance results from decreased insulin sensitivity in
target tissues, causing the pancreas to secrete more insulin to
maintain normal glucose metabolism. This condition is called
hyperinsulinemia (Goodarzi et al., 2011; Rojas et al., 2014) .

Hyperinsulinemia has multifaceted effects on PMOS
pathophysiology. Primarily, insulin affects the ovaries. It directly
increases androgen synthesis in the theca cells. It also reduces
levels of sex hormone-binding globulin (SHBG) synthesized in
the liver. The decrease in SHBG increases the amount of
circulating free testosterone and leads to the exacerbation of
hyperandrogenism. Thus, a vicious cycle is created between
insulin resistance and hyperandrogenism. Increased androgen
levels increase abdominal fat, while increased fat further worsens
insulin resistance (Goodarzi et al., 2011; Rojas et al., 2014) .

A significant portion of the metabolic disorders seen in
PMOS are associated with changes in adipose tissue. In
particular, an increase in visceral fat tissue is a metabolic
component of the disease. It plays a critical role in the
development of complications. Adipose tissue is not merely a
passive structure that stores energy; it is considered an active
endocrine organ that secretes numerous hormones and cytokines.
In women with PMOS, increased visceral adipose tissue, leptin,
resistin, and various inflammatory hormones are present. While
cytokine release increases, adiponectin levels, which enhance
insulin sensitivity, decrease. These changes contribute to the
progression of insulin resistance (Fitz et al., 2024; Goodarzi et al.,
2011; Rojas et al., 2014) .
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Oxidative stress also plays an important role in the
pathophysiology of PMOS. Oxidative stress arises from an
imbalance between the production of reactive oxygen species and
antioxidant defense mechanisms. Elevated oxidative stress
markers and decreased antioxidant capacity have been reported in
women with PMQOS. This is thought to negatively affect oocyte
quality, disrupt follicle development, and increase the risk of
infertility. Furthermore, there is a bidirectional relationship
between oxidative stress and inflammation. Increased
inflammation. While oxidative stress increases, oxidative stress
can also strengthen the inflammatory response (S. Lim et al.,
2019) .

Recent studies on gut microbiota have also provided new
contributions to the understanding of PMOS. Gut microbiota in
healthy individuals metabolic While playing a crucial role in
maintaining homeostasis, decreased microbiota diversity and
imbalances, known as dysbiosis, have been reported in women
with PMOS. These changes in the microbiota are thought to
potentially increase inflammation, contribute to insulin
resistance, and affect hormonal balance. Although research in this
area is still in its developmental stages, it is predicted that gut
microbiota could be a significant target in the treatment of PMOS
in the future (Hong, 2025) .

When all these mechanisms are considered together, it is
clear that PMOS is not just a reproductive system disease.
Hyperandrogenism, insulin resistance, chronic inflammation,
oxidative stress, and adipose tissue dysfunction form a complex
network that interacts with each other. Therefore, current
treatment approaches are not solely hormonal. It focuses not only
on symptom relief but also on controlling metabolic and
inflammatory processes. The main reason why lifestyle
interventions and exercise programs are becoming increasingly
important in PMOS treatment is their potential to affect a large
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number of these pathophysiological mechanisms simultaneously
(Hong, 2025; Teede et al ., 2023) .

2. MECHANISMS OF ACTION OF EXERCISE ON
PMOS

Polyendocrine Given the complex pathophysiological
nature of Metabolic Ovary Syndrome (PCOS), treatment
approaches should focus not only on symptom control but also on
correcting the underlying mechanisms of the disease. In recent
years, exercise has been considered in PCOS management not
only as a lifestyle component supporting weight loss but also as a
powerful therapeutic tool that can directly influence the
metabolic, hormonal, and inflammatory processes of the disease.
In particular, the effects of regular physical activity on insulin
sensitivity, androgen metabolism, inflammatory response,
oxidative stress, and cardiometabolic health have made exercise
a key component of PCOS treatment (Harrison et al., 2011) .

2.1. Exercise and Regulation of Insulin Sensitivity

Insulin resistance is central to the metabolic disorders seen
in PCOS. Insulin resistance not only affects glucose metabolism
but also contributes to the development and maintenance of
hyperandrogenism. Therefore, improving insulin sensitivity is
considered one of the key goals of PCOS treatment (Harrison et
al., 2011; SS Lim et al., 2019) .

Structural changes in muscle tissue resulting from regular
exercise also contribute to improved insulin sensitivity. An
increase in mitochondrial number, elevated oxidative enzyme
activity, and improved fatty acid oxidation allow for more
efficient glucose metabolism. As a result of these adaptations,
circulating insulin levels decrease, and the metabolic burden
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associated with hyperinsulinemia is reduced (Harrison et al.,
2011; S. Limetal., 2019) .

An important point is that the positive effects of exercise
on insulin sensitivity cannot be explained solely by weight loss.
Several studies show that regular exercise can lead to significant
improvements in insulin resistance even without a noticeable
change in body weight. This is important because it demonstrates
that exercise has direct effects at the cellular and molecular level
(Nusaibah, 2025; Patten et al., 2020) .

2.2. The Relationship Between Exercise And
Hyperandrogenism

Exercise on hyperandrogenism occur largely through
improvements in insulin metabolism. With the reduction of
hyperinsulinemia, the ovaries. The mechanisms that stimulate
androgen production in theca cells are suppressed. In addition,
exercise contributes to increased synthesis of sex hormone-
binding globulin (SHBG) in the liver. The increase in SHBG
levels reduces the amount of circulating free testosterone, thus
lowering the levels of biologically active androgens (Patten et al.,
2020; Randeva et al., 2012) .

With PMOS who participate in regular exercise programs
experience a decrease in free testosterone levels and hormonal
improvements. This shows that improvements can be seen in the
profile. As a result of these changes, it is possible to improve
menstrual regularity, increase ovulation frequency, and alleviate
some hyperandrogenic symptoms (Randeva et al., 2012) .

Hyperandrogenism also has positive effects on fat
distribution. The decrease in abdominal fat associated with
androgen excess contributes to further improvement in insulin
sensitivity, creating a positive feedback mechanism (S. Lim et al.,
2019; Patten et al., 2020) .
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2.3. Exercise and Reducing Chronic Inflammation

Now widely accepted that PMOS is associated with
chronic low-grade inflammation. Inflammatory fluids are
released from adipose tissue. Cytokines play a significant role in
the development and progression of metabolic disorders.
Elevated levels of inflammatory markers, particularly TNF-a., IL-
6, and CRP, are associated with PMOS. Exercise is closely
associated with the cardiometabolic risk profile (Harrison et al.,
2011) . Although exercise was considered for many years only as
an activity that improves physical performance, it is now
recognized as an important anti-inflammatory intervention.
Regular physical activity can suppress systemic inflammation by
reducing inflammatory markers (Randeva et al., 2012) . In this
process , skeletal muscle functions not only as an organ that
provides movement but also as an endocrine organ. Myokines
released from muscle tissue during exercise produce anti-
inflammatory effects. In particular, exercise-induced IL-6 release
contributes to the activation of anti-inflammatory responses,
unlike the inflammatory IL-6 effects seen under resting
conditions (Randeva et al., 2012) .

Regular exercise also reduces visceral fat tissue and
inflammation. It alters the biological activity of adipose tissue,
one of the primary sources of cytokines. This contributes to a
reduction in systemic inflammation and an improvement in
metabolic health (Harrison et al., 2011) .

2.4. Exercise and Oxidative Stress

In PMOS It is known that oxidative stress levels increase,
negatively impacting both metabolic and reproductive functions.
Excessive production of reactive oxygen species can lead to
cellular damage, negatively affect oocyte quality, and strengthen
inflammatory processes (Hiirriyetoglu et al., 2025) .
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Regular exercise might initially seem like a factor that
increases oxidative stress due to its increased oxygen
consumption, in the long run it actually strengthens antioxidant
defense systems. Exercise-induced adaptations result in a
reduction in superoxide levels. dismutase, catalase and
glutathione The activity of antioxidant enzymes such as
peroxidase increases. Thus, the organism becomes more resistant
to oxidative stress (Hiirriyetoglu et al., 2025) . Studies in women
with PMOS show that regular exercise can reduce oxidative stress
markers and increase antioxidant capacity. This is important not
only for metabolic health but also for the preservation of ovarian
function (Harrison et al., 2011) .

2.5. Exercise and Gut Microbiota

The gut microbiota has become an increasingly important
area of study in PMOS research in recent years. Women with
PMOS have been reported to have reduced gut microbial diversity
and imbalances in certain bacterial groups. These changes are
thought to be related to inflammation, insulin resistance, and
hormonal imbalances (O'Sullivan et al., 2015) . Regular physical
activity has been shown to have positive effects on the gut
microbiota. Exercise can increase microbial diversity and
promote the growth of beneficial bacteria that produce short-
chain fatty acids. These changes can contribute to the
maintenance of intestinal barrier function, reduced inflammation,
and improved metabolic health. Although the mechanisms
explaining the relationship between PMOS and the gut
microbiota are not yet fully elucidated, current findings suggest
that exercise may also have positive effects through this system
(Patten et al., 2020) .
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3. EXERCISE IN PMOS TREATMENT: CURRENT
EVIDENCE, TYPES OF EXERCISE, AND
CLINICAL PRESCRIPTION

Polyendocrine Due to the heterogeneous nature of
Metabolic Ovary Syndrome (PMOS), the treatment approach
must also be multifaceted. While pharmacological methods
currently used in PMOS treatment are effective in controlling
symptoms, they cannot completely eliminate the underlying
metabolic disorders. Therefore, in recent years, lifestyle
interventions, especially exercise, have become a fundamental
component of treatment. International guidelines recommend
regular physical activity for all women with PMOS, regardless of
body weight. (Shele et al., 2020) . This approach is based on the
understanding that exercise is not only a method that supports
weight loss, but also has direct effects on insulin resistance,
hyperandrogenism, inflammation, and cardiometabolic risk
factors. In PMOS treatment, the goal of exercise is not simply to
increase energy expenditure. From a broader perspective,
exercise serves numerous goals, including improving metabolic
functions,  supporting  ovulatory  functions,  reducing
cardiovascular risk, increasing psychological well-being, and
improving quality of life. Therefore, exercise programs should be
planned taking into account the individual's clinical
characteristics, physical fitness level, and treatment goals
(Benham et al., 2018; Patten et al., 2020; Shele et al., 2020) .

3.1. Aerobic Exercise And PMOS

Aerobic exercise is one of the most frequently studied and
evidence-backed types of exercise in PMOS. Brisk walking,
running, cycling, swimming, and elliptical training are all
considered in this group. The rhythmic and continuous work of
large muscle groups during aerobic activities increases energy
expenditure and creates significant adaptations in the
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cardiovascular system. Studies show that regular aerobic exercise
increases insulin sensitivity, reduces fasting insulin levels, and
improves glucose metabolism in women with PMOS. In addition,
aerobic exercise reduces visceral fat tissue, thus reducing
abdominal fat. It is known to help control obesity. The reduction
in visceral fat contributes to the suppression of inflammatory
processes and the improvement of the cardiometabolic risk
profile (Benham et al., 2018; Shele et al., 2020) .

From a reproductive health perspective, aerobic exercise
is reported to help improve menstrual regularity and increase
ovulation frequency. These effects are largely thought to be
related to a decrease in insulin resistance and positive changes in
hormonal balance. The effects of aerobic exercise on
psychological health are also noteworthy. Women with PMOS
who engage in regular physical activity have been shown to
experience reduced symptoms of depression, lower anxiety
levels, and improved quality of life. This represents a significant
advantage in ensuring long-term treatment adherence (Harrison
etal., 2011; Nusaibah, 2025) .

3.2. Resistance Exercises And PMOS

Resistance exercises consist of exercises aimed at
increasing muscle strength and muscle mass. These include
exercises performed using free weights, resistance machines,
elastic bands, and bodyweight. While aerobic exercises were
previously given more importance in PMQOS treatment, resistance
exercises have recently become a focus of attention due to their
effects on metabolic health . Skeletal muscle is one of the most
important target tissues for glucose metabolism and is responsible
for a large portion of total glucose utilization. Increased muscle
mass creates a greater metabolic capacity for glucose storage and
utilization, thus contributing to improved insulin sensitivity
(Harrison et al., 2011; Patten et al., 2020).
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Resistance training also has positive effects on basal
metabolic rate. Increased muscle tissue helps improve body
composition by raising daily energy expenditure. In addition,
resistance exercises are known to have positive effects on bone
mineral density, postural control, and functional capacity. Studies
in women with PMOS show that resistance exercises can lead to
a decrease in insulin resistance, an increase in lean body mass,
and an improvement in metabolic parameters. Therefore, current
guidelines recommend not only aerobic activities but also regular
resistance exercises as an integral part of the treatment program
(Nusaibah, 2025) .

3.3. High-Intensity Interval Training (Hiit)

High-intensity interval training Interval Training (HIIT) is
based on alternating periods of short bursts of high-intensity
exertion with active or passive rest periods. In recent years, the
effectiveness of HIIT in the treatment of PMOS has been
increasingly investigated. One of the main advantages of HIIT is
its ability to create significant physiological adaptations in a
shorter time. It is considered a viable option, especially for
individuals who cannot exercise regularly due to time constraints.
Studies show that HIT applications can provide significant
increases in cardiorespiratory fitness levels (Mohammani et al.,
2023; Santos et al., 2021) .

In addition, high-intensity exercise affects mitochondria.
It is thought to have a higher potential for stimulating biogenesis.
Improvements in mitochondrial function increase fat oxidation
and can positively affect insulin sensitivity. Some studies report
that HIIT can provide results similar to, or even superior to,
traditional aerobic exercise in some metabolic parameters.
However, the individual's current physical capacity should be
considered when implementing HIIT programs. Especially in
individuals with a sedentary lifestyle, it is important to gradually
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increase the intensity of exercise (Mohammani et al., 2023;
Santos et al., 2021) .

3.4. Combined Exercise Approach

Current literature shows that the strongest results are
obtained with programs that combine aerobic and resistance
exercises. The combined exercise approach brings together the
physiological advantages provided by different types of exercise.
Aerobic exercises are effective on cardio metabolic health and fat
loss, while resistance exercises contribute to the preservation of
muscle mass and the increase of metabolic capacity. Therefore,
combined programs can provide positive results on numerous
parameters such as body composition, insulin sensitivity,
cardiorespiratory fitness, and quality of life (Colombo et al.,
2023; Dos). Santos et al., 2020) .

The current trend in PMOS management is towards using
multi-component programs tailored to individual characteristics,
rather than focusing on a single type of exercise.

3.5. Exercise Prescription And Clinical
Recommendations

For PMOS, the individual's age, body composition, cardio
metabolic risk factors, physical fitness level, and personal
preferences should be considered. Sustainability should be a key
priority for long-term success. The 2023 International PMOS
Guidelines state that the recommended physical activity targets
for the general population also apply to women with PMOS.
Accordingly, it is recommended that adult individuals perform at
least 150 to 300 minutes of moderate-intensity aerobic activity or
75 to 150 minutes of high-intensity physical activity per week. In
addition, it is recommended that resistance exercises aimed at
improving muscle strength be included in the program at least two
days a week. (Harrison et al., 2011; Patten et al., 2020)
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Integrate into their lifestyle should be preferred over short,
intensive  programs. Behavioral ~modification strategies,
motivational interviewing techniques, and individualized goal-
setting methods can play a significant role in improving exercise
adherence (Harrison et al., 2011; Patten et al., 2020).

3.6. Future Perspectives

Technological advancements are adding new dimensions
to exercise management in PMOS. Wearable activity trackers,
mobile health applications, and remote exercise counseling
systems facilitate the monitoring of individuals' physical activity
levels. Furthermore, Al-supported approaches to developing
personalized exercise programs are seen as a significant area of
research in the future. In addition, studies examining the effects
of exercise on epigenetic mechanisms, gut microbiota, and
molecular signaling pathways have increased in recent years.
These studies reveal that the effects of exercise on PMOS are far
more comprehensive than can be explained solely by energy
balance (Jeslin et al., 2026) .

4. CONCLUSION

Polyendocrine Metabolic Ovary Syndrome (PMQOS) is a
complex health problem involving reproductive, metabolic, and
psychological components. Exercise is one of the rare treatment
approaches capable of influencing a significant portion of the
fundamental pathophysiological mechanisms of this syndrome.
Due to its multifaceted effects, such as increased insulin
sensitivity, reduced hyperandrogenism, suppression  of
inflammation, and improved quality of life, exercise is currently
considered a cornerstone of PMOS treatment. Current scientific
evidence suggests that a combination of aerobic and resistance
exercise is the most effective approach. Future studies will further
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elucidate the molecular effects of exercise, contributing to the
development of personalized treatment strategies.
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WELL-BEING AND PHYSICAL ACTIVITY

Naciye Dilruba TEKTAS GULBIL!

1. INTRODUCTION

While the concept of health was historically largely
defined as the absence of disease and disability, today it is
considered to be a state of complete physical, mental, and social
well-being. This approach includes not only protection from
disease but also life satisfaction, productivity, and active
participation in social life. Today, the acceleration of
technological advancements, the widespread use of
transportation, and changes in working life have led to a
significant decrease in physical activity levels, making sedentary
lifestyles a global public health problem. The World Health
Organization identifies insufficient physical activity as one of the
key risk factors increasing mortality and morbidity . Regular
physical activity has been shown to improve not only physical
health indicators but also psychological well-being, life
satisfaction, and overall well-being (Kim et al., 2017; Marquez ,
Aguifiaga , Vasquez , Conroy , Erickson , Hillman , Stillman ,
Ballard , Sheppard , & Petruzzello , 2020) .

The relationship between well-being and physical activity
has been extensively researched in recent years across the fields
of health sciences, psychology, sports science, and rehabilitation.
The increasing prevalence of chronic diseases, the rise in mental
health problems, and the recognition of quality of life as a
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significant health outcome have further enhanced the importance
of this relationship (Kim et al., 2017; McAuley & Rudolph,
1995).

1.1. The Concept of Well-Being

Well-being is defined as an individual's positive
evaluation of their life, feeling adequate physically and
psychologically, and experiencing overall satisfaction with their
life. In the literature, the concept of well-being is often used in
relation to subjective well-being, quality of life, and
psychological ~ well-being. However, well-being is a
multidimensional construct that encompasses not only the feeling
of happiness but also the individual's ability to find meaning in
their life and realize their potential. (Topp et al., 2015) .

Approaches developed in the field of positive psychology
have shown that well-being cannot be explained solely by the
absence of negative emotions. Accordingly, life satisfaction,
frequency of experiencing positive emotions, social relationships,
personal growth, and sense of purpose are considered
fundamental components of well-being. Research shows that
individuals with high levels of well-being exhibit healthier
lifestyle behaviors, cope more effectively with stress, and have a
higher quality of life (Bech et al., 2003) .

Well-being consists of physical, psychological, and social
dimensions. Physical well-being is related to an individual's
possession of a healthy body and their ability to independently
perform daily living activities. Psychological well-being is
explained by a person feeling valuable, being able to manage their
emotions, and being satisfied with their life, while social well-
being refers to the quality of the relationships an individual
establishes with society. It is accepted that these dimensions are
constantly interacting with each other (Schramme, 2023) .
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2. THE CONCEPT OF PHYSICAL ACTIVITY

Physical activity refers to all body movements that require
energy expenditure as a result of skeletal muscle contractions.
Daily living activities, walking, climbing stairs, housework,
movements in the workplace, and planned exercise practices are
considered within the scope of physical activity. Exercise, on the
other hand, is a planned, structured, and repetitive form of
physical activity aimed at specific goals (World Health
Organization, 2020) .

The World Health Organization recommends that adults
engage in at least 150-300 minutes of moderate-intensity aerobic
activity or 75-150 minutes of high-intensity aerobic activity per
week. In addition, it is recommended to perform strength training
exercises targeting large muscle groups at least two days a week.
Regular physical activity is reported to reduce the risk of
cardiovascular diseases, diabetes, hypertension, and some types
of cancer (Chaput et al., 2020) .

Today, the most important reasons for the decrease in
physical activity levels include technological addiction, sedentary
work systems, increased use of motor vehicles, and increased
screen time. The prevalence of sedentary lifestyles leads to an
increase in physical health problems as well as psychological and
social problems (DiPietro et al., 2020) .

2.1. Physical Activity and Physical Well-Being

One of the most significant effects of physical activity on
well-being is reflected in physical health indicators. Individuals
who exercise regularly show significant improvements in
cardiovascular endurance, muscle strength, flexibility, and
balance performance. In addition, reduced risk of obesity ,
improved metabolic health, and strengthened immune system are
among the important outcomes of physical activity (Marquez ,
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Aguifiaga , Vasquez , Conroy , Erickson , Hillman , Stillman ,
Ballard , Sheppard , & Petruzzello , 2020) .

Studies show that physical activity prolongs lifespan and
reduces the risk of premature death. Individuals who engage in
regular physical activity are reported to have a lower incidence of
hypertension, type 2 diabetes, and coronary artery disease.
Furthermore, physical activity is said to improve sleep quality,
reduce chronic fatigue, and support independence in daily living
activities (Rodriguez-Fernandez et al., 2017) .

exhibit a more positive psychological profile. (Rodriguez-
Ferndndez et al., 2017) .

2.2. Physical Activity and Psychological Well-Being

Recent studies have shown that physical activity has
powerful effects on psychological well-being. Individuals who
engage in regular physical activity report reduced symptoms of
depression and anxiety , lower stress levels, and increased life
satisfaction. Neurochemicals such as endorphins , serotonin , and
dopamine released during physical activity contribute to
increased positive emotions (Mahindru et al., 2023) .

Life satisfaction, a key indicator of psychological well-
being, shows a positive correlation with physical activity level.
Meta-analysis results indicate a significant and positive
relationship between physical activity and subjective well-being.
It is reported that as participation in physical activity increases,
individuals feel happier, more energetic, and more satisfied with
their lives (Rodriguez-Fernandez et al., 2017) .

Exercise also contributes to the development of self-
confidence. Observing progress in physical performance and
achieving set goals strengthens the individual's sense of self-
efficacy. This, in turn, increases the person's capacity to cope with
challenges in daily life (Biddle et al., 2000) .
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2.3. Physical Activity and Social Well-Being

One of the important components of well-being is social
well-being. Social well-being encompasses an individual's
participation in social life, interpersonal relationships, and social
support systems. Physical activity, especially in group-based
activities, increases social interaction. Sports clubs, walking
groups, fitness centers, and team sports enable individuals to
establish new social relationships. Strengthening social support
mechanisms increases an individual's sense of belonging and
reduces feelings of loneliness. This is a significant advantage,
particularly for elderly individuals and those with chronic
illnesses. (Chen et al., 2021; Gothe et al., 2020) .

Community-based physical activity programs have been
shown to increase individuals' social integration and promote
community participation. This improvement in social well-being
also has positive effects on psychological well-being (Chen et al.,
2021) .

2.4. Mechanisms By Which Physical Activity Affects
Well-Being

Several biological and psychological mechanisms have
been proposed to explain the relationship between physical
activity and well-being. From a biological perspective,
neurochemical changes that occur during exercise positively
affect an individual's mood. Increased endorphin release
promotes feelings of happiness, while changes in serotonin and
dopamine levels contribute to a reduction in depressive symptoms
(Mahindru et al., 2023) .

brain-derived neurotrophic factor supports nervous
system functions and improves cognitive performance. In
addition, regular physical activity is reported to reduce cortisol
levels, known as the stress hormone (Marquez , Aguifiaga ,
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Vasquez , Conroy , Erickson , Hillman , Stillman , Ballard ,
Sheppard , Petruzzello , et al., 2020) .

From a psychological perspective, physical activity
strengthens an individual's sense of accomplishment, improves
body image, and increases feelings of self-efficacy. From a social
perspective, exercise environments strengthen individuals' social
relationships, contributing to the development of social support
mechanisms (Netz et al., 2005) .

2.5. Physical Activity and Well-Being in Special
Populations

The positive effects of physical activity on well-being are
observed across different age and patient groups. In children and
adolescents, regular physical activity supports cognitive
performance, academic achievement, and mental health. The
World Health Organization recommends that children and
adolescents engage in an average of 60 minutes of moderate-to-
vigorous physical activity daily. (Rodriguez-Ayllon et al., 2019).

Increased physical activity levels among university
students are associated with stress management, academic
achievement, and life satisfaction. In older individuals, physical
activity contributes to maintaining functional independence and
improving quality of life (Rodriguez-Ayllon et al., 2019) .

Fibromyalgia, osteoarthritis, diabetes, and cardiovascular
diseases. It has also been shown to significantly improve quality
of life and overall well-being (Lee & Park, 2010) .

2.6. Current Approaches to Promoting Physical
Activity

Recent advancements in digital technologies have created
new opportunities for monitoring, evaluating, and promoting
physical activity. Smartphones, wearable technologies, and
online exercise platforms allow individuals to track their physical
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activity behaviors more closely. Digital applications are reported
to have a motivational effect, particularly on individuals with low
levels of physical activity (Hohberg et al., 2022) .

Smartwatches and activity trackers can measure many
parameters such as daily step count, energy expenditure, heart
rate, and sleep patterns. The feedback obtained from these devices
helps individuals set physical activity goals and develop
behavioral changes. According to behavioral change theories, the
ability to monitor one's own performance is a crucial factor in
maintaining a sustainable physical activity habit. (Ferguson et al.,
2022) .

The COVID-19 pandemic has led to a significant increase
in remote healthcare services and tele- rehabilitation applications.
Online exercise programs allow individuals to participate in
physical activity at home and receive remote support from
healthcare professionals. This has particularly contributed to
maintaining exercise adherence in individuals with chronic
diseases (Ding et al., 2020) .

Al-powered health applications are also increasingly used
in the field of physical activity. Systems that provide exercise
recommendations based on individual characteristics allow for
the creation of programs tailored to the needs of individuals. It is
thought that these technologies will play an even more effective
role in increasing physical activity behaviors in the future
(Yousefi et al., 2025) .

Despite the advantages offered by digital technologies,
individuals' level of access to technology, digital literacy skills,
and long-term motivation for use should be considered.
Technological tools should be evaluated as a supportive element
for physical activity, but should not replace individuals
developing active lifestyle habits (Hohberg et al., 2022) .
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3. INDIVIDUAL AND SOCIETAL STRATEGIES
FOR INCREASING PHYSICAL ACTIVITY

Increasing physical activity levels is possible not only
through individual efforts but also through environmental and
societal adjustments. Many countries today are developing public
health policies aimed at promoting physical activity. The main
goal of these policies is to encourage individuals to adopt a more
active lifestyle in their daily lives (Pratt et al., 2015) .

Motivational support are important strategies in
establishing physical activity habits at the individual level .
Setting achievable short-term goals increases the individual's
sense of accomplishment and raises the likelihood of continuing
to exercise. Providing regular feedback and monitoring the
individual's progress also contributes to maintaining behavioral
change (Pratt et al., 2015) .

Family support plays a significant role in developing
physical activity habits. Individuals who grow up in physically
active family environments during childhood are reported to have
higher levels of physical activity in adulthood. Similarly, peer
support and group exercises can also positively influence
participation in physical activity (Ball et al., 2015) .

At the societal level, creating safe walking areas,
expanding bicycle paths, and increasing parks and recreational
areas are among the environmental factors that support physical
activity behavior. Planning urban design approaches that
encourage active living can lead to significant increases in
physical activity levels (Stevens et al., 2017) .

Educational institutions and workplaces also have
important responsibilities in promoting physical activity.
Encouraging exercise programs in universities and work
environments, expanding active break practices, and facilitating
access to sports facilities can increase individuals' physical
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activity levels. Reducing prolonged sitting, especially in
individuals who work at desks, contributes to maintaining
physical and psychological well-being (Yel et al., 2024) .

Community-based intervention programs developed in
recent years are considered effective methods for increasing
physical activity. These programs include social support and
environmental adjustments in addition to individual behavioral
changes. Thus, physical activity ceases to be merely a personal
choice and becomes a part of the overall health culture of the
community. (Yel etal., 2024) .

3.1. Future Perspective

One of the main goals of global health policies is to
increase life expectancy as well as healthy life expectancy. In this
context, physical activity is considered one of the most cost-
effective and efficient interventions for improving well-being. In
the future, it is expected that the biological, psychological, and
social mechanisms of the relationship between physical activity
and well-being will be explained in more detail (Titze et al.,
2022).

Particularly with wearable technologies, artificial
intelligence applications, telehealth systems, and big data
analytics, it will be possible to evaluate individuals' physical
activity behaviors more precisely. However, future research
should focus not only on the amount of physical activity, but also
on the type, duration, intensity of physical activity, and its
interaction with individual characteristics (Schulenkorf et al.,
2021) .

Therefore, increasing multidisciplinary research that
evaluates the effects of physical activity on well-being with a
holistic approach will make significant contributions to both the
development of scientific knowledge and the improvement of
public health (Schulenkorf et al., 2021) .
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4. CONCLUSION

Well-being is a multifaceted concept encompassing an
individual's physical, psychological, and social health. Physical
activity is a powerful health behavior that can influence all of
these dimensions. Current scientific evidence shows that regular
physical activity improves quality of life, supports psychological
well-being, strengthens social inclusion, and enhances overall
well-being. Therefore, promoting physical activity at both
individual and societal levels is crucial not only for disease
prevention but also for achieving a higher quality of life.
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KRONIiK BOYUN AGRISINDA KONSERVATIF
REHABILITASYON STRATEJILERI:
STABILIZASYON EGZERSIZLERI, KINEZYO
BANTLAMA VE MASAJ

Abdullah SARI!

1. GIRIS

Konik boyun agrisi, diinya genelinde kas-iskelet sistemi
rahatsizliklar1 arasinda en yaygm olanlardan biridir. Geng
yetigskinlerde goriilme sikligimnin %42 ile %67 arasinda degistigi
bildirilmektedir. Boyun agrisi, yetiskin bireylerin ¢ogunun
yasamlarinin bir donemini etkilemektedir; nitekim yetigkin
popiilasyonun yaklasik %20'si tekrarlayan veya kronik/israrci
boyun agrisina maruz kalmaktadir. Literatirde cerrahi tedavi
bulunmakla birlikte, konservatif tedavi tedavinin ilk basamagi
olmalidir. Konservatif tedavi stratejilerinde ise egzersiz terapisi,

masaj uygulamalari ve bantlama miidahaleleri 6ne ¢ikmaktadir.

2. KRONIK BOYUN AGRISI TANIMI

Kronik boyun agrisi, anatomik olarak oksipital ve {ist
torasik bolgeler arasinda yer alan servikal bdlgede hissedilen,
mekanik kokenli ve herhangi bir spesifik yapisal patolojiye,
maligniteye, sistemik hastaliga, enfeksiyona veya radikiilopatiye
atfedilemeyen agri i¢in kullanilan klinik bir terimdir. Literatiirde
bu durum siklikla postiir bozukluklari, kas-tendon gerilmeleri,
derin servikal fleksér veya ekstansor stabilizator kas

L Qpgr. Gor., Trabzon Universitesi, Tonya Meslek Yiiksekokulu, Fizyoterapi Boliimii,
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yetersizlikleri ve kronik mikrotravmalarla iliskilendirilmektedir.
Bu klinik tablo; semptomlarm siddetinin servikal bolgeye binen
mekanik yiiklere bagli olarak degisebildigi, ¢ok faktorli bir
bozukluk olarak kabul edilmektedir (Goode, Freburger, Carey, &
research, 2010; Misailidou, Malliou, Beneka, Karagiannidis, &
Godolias, 2010).

3. KRONIK BOYUN AGRISI RiSK FAKTORLERI

Kronik boyun agrisinin etiyolojisi, biyomekanik,
ergonomik ve psikososyal faktorlerin karmagik bir etkilesimini
iceren ¢ok faktdrlii bir yapiya sahiptir. Literatiirde, 6zellikle geng
yetiskin  popiilasyonlarda gézlemlenen yiiksek prevalans
oranlarinin ardindaki temel risk faktorleri olarak, uzun sireli
statik postiiral stres ve yetersiz ergonomik c¢aligma kosullar1 6ne
¢ikarilmaktadir(Goode et al., 2010; Kazeminasab et al., 2022).

Bilgisayar ve mobil cihaz kullanimindaki artisin
tetikledigi basin 6ne dogru egik durusu, servikal omurganin
mekanik  yliklenme diizenini degistirerek derin  boyun
fleksorlerinin inhibisyonuna ve yiizeysel kaslarda telafi edici asirt
aktiviteye yol acar. Bu biyomekanik mikro travmalarla birlikte;
yliksek is stresi, anksiyete, diisiik is tatmini ve diisiik uyku kalitesi
gibi psikososyal parametrelerin, merkezi mekanizmalar yoluyla
agn algisin etkiledigi ve kas tonusunu artirarak bu durumun
kroniklesmesinde Onemli bir rol oynadigi bilinmektedir. Bu
nedenle, kronik boyun agrisinin gelisimsel patolojisi, sadece
omurganin kinematik sapmalartyla degil, ayn1 zamanda bireyin
yasam tarzi ve biligsel yiikiiyle de dogrudan iliskilidir (Goode et
al., 2010; Kazeminasab et al., 2022).
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4. KRONIK BOYUN AGRISI VE SARI
BAYRAKLAR

Literatiirde “Sar1  Bayraklar” olarak adlandirilan
psikososyal faktorler, biyomekanik unsurlar gibi, boyun agrisinin
kroniklesmesinde ve islevselligin giderek azalmasinda kritik bir
rol oynayan biligsel, duygusal ve gevresel risk faktorleridir. Bunu
besleyen en temel biligsel bilegenlerden biri kinezyofobidir. Bu
durum; bireyin agriy1 ciddi bir yaralanmanin isareti olarak
algilamasi, hareketten kaginmasi ve caresizlik i¢inde durumu
abartarak zihinsel olarak felaket senaryolar1 kurmasi anlamina
gelir(Cohen & Hooten, 2017).

Duygusal dlizeyde ise anksiyete, depresif ruh hali ve
kronik stres, merkezi sinir sisteminin agr1 diizenleme
mekanizmalarini1 bozarak somatosensoriyel duyarliligt artirir ve
boyun ile omuz kusaginda kas tonusunu siirekli yiiksek tutar.
Cevresel ve mesleki dlizeyde, yiiksek is yiikii veya ders yiiki,
zaman baskisi, diisiik is tatmini ve yOnetimsel/sosyal destegin
eksikligi gibi stres faktorleri bilissel yiikii artirirken, diisiik uyku
kalitesi ve hareketsiz yasam tarzi gibi davranigsal faktorler

kaslarin fizyolojik yenilenme siirecini zayiflatir.(Elbinoune et al.,
2016)

Sonug olarak, sar1 bayraklar sinir sistemini asir1 duyarl
hale getirerek (merkezi duyarlilik) agri-korku-yetersizlik seklinde
bir kisir dongii yaratir ve akut mekanik semptomlarin kronik ve
tekrarlayan bir patolojiye donligmesine zemin hazirlar.

5. KRONIK BOYUN AGRISI VE KIRMIZI
BAYRAKLAR

Kronik boyun agrisinin  klinik degerlendirmesinde
“Kirmiz1 Bayraklar”, agrinin mekanik bir nedenden ziyade acil
tibbi miidahale, ileri tetkik veya cerrahi konsiiltasyon gerektiren
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ciddi, sistemik veya yapisal bir altta yatan duruma bagli oldugunu
gosteren uyart isaretleri ve semptomlardir. Bu gostergelerin
ortaya cikmasiyla birlikte, list ekstremitelerde ilerleyici motor
kayip (kas atrofisi, belirgin gii¢siizlik) ve yliriime/denge
bozukluklar1 veya kauda ekinaya benzer sfinkter kontrolii kayb1
(idrar/bagirsak kontrolii) seklinde kendini gosteren servikal
miyelopati stiphesi goriiliir(Childress & Stuek, 2020).

Kanser Oykiisii, aciklanamayan kilo kaybi, gece
terlemeleri ve dinlenirken bile ge¢gmeyen inat¢1 gece agrilari,
malignite (timdr veya metastaz) olasiligini kuvvetle akla getirir.
Buna eslik eden yiiksek ates, titreme, yakin zamanda gegirilmis
enfeksiyonlar ve immiinosiipresif ilag kullanimi1 servikal
enfeksiyonu diisiindiiriirken, yakin zamanda gecirilmis yliksek
enerjili travma, diisme veya trafik kazalar potansiyel instabilite
veya servikal omurga kirigini isaret eder(Glndiz & Balta, 2017;
Ylinen, 2007).

Ayrica, boyun agrisi, bas donmesi, nistagmus (istemsiz
g0z segirmesi), yutma giicligii (disfaji) veya dizartri gibi
semptomlarin eslik ettigi siddetli, ani baslangich bas agrilar1 da
servikal arter diseksiyonu gibi hayati tehdit eden vaskiiler
patolojilere isaret edebilir(Ylinen, 2007).

6. KRONIK BOYUN AGRISI VE KONSERVATIF
TEDAVISi

Kronik boyun agrisinin konservatif tedavisi; cerrahi veya
invaziv miidahalelere gerek kalmadan semptomlar1 azaltmayi,
servikal kinematigi diizeltmeyi ve islevselligi iyilestirmeyi
amaclayan kapsamli, kanita dayali, cok yonlii bir yaklasimi ifade
eder. Bu tedavi stratejisinin temelinde, agriy1 hafifletmek ve
inflemasyonu kontrol altina almak i¢in kullanilan non-steroid
antiinflamatuar ilaglar (NSAID'ler) ve kas gevseticiler gibi
farmakolojik ajanlar ile agriya bagl kinezofobiyi azaltmak i¢in
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tasarlanmis kapsamli hasta egitimi ve ergonomik diizenlemeler
yer alir(Gross et al., 2007).

Klinik yonetimde, manuel terapi teknikleri (servikal ve
torasik mobilizasyon ve manipiilasyon) ve tetik noktalarin
hedefleyen yumusak doku teknikleri, hareket agikligini (ROM)
artirmada, mekanik kisitlamalar1 gidermede ve agr1 esigini
yukseltmede 6énemli rol oynar.

Konservatif tedavinin en dinamik ve uzun stireli bilesenini
olusturan egzersiz programlari, derin boyun fleksdrlerinin
aktivasyonunu, skapular stabilizasyonu, postiiral farkindalig1 ve
ilerleyici diren¢ antrenmanini igerir. Ayrica, akut veya subakut
fazda proprioseptif girdiyi desteklemek, mekanik yiki optimize
etmek ve hastanin hareket sirasindaki konforunu artirmak igin
kinezyolojik veya dinamik bantlama teknikleri kullanilabilir.
Yumusak dokularda agr1 esigini yiikseltmek i¢in masaj teknikleri
kullanilir(Gross et al., 2007).

7. KRONIK BOYUN AGRISI VE
STABILIiZASYON EGZERSIZLERI

Kronik boyun agrisi, servikal omurgadaki patofizyolojik
stireclerin mekanik smirlar1 asmasi sonucu, merkezi duyarlilagsma
ve noromiiskiiler yeniden diizenlenme mekanizmalar1 yoluyla
kroniklesmeye yol acan ve biyomekanik ile bilissel bilesenlerin
i¢ ice gectigi karmasik bir klinik durumdur(Dusunceli, Ozturk,
Atamaz, Hepguler, & Durmaz, 2009).

Bu durumun etiyolojisi ve devamliligindaki temel
faktorler arasinda dejeneratif yapisal degisikliklerin yani sira,
servikal segmentlerin mikromekanik stabilitesinden sorumlu
derin stabilizator kaslarin (6zellikle longus colli, longus capitis ve
multifidus kaslar1) bozulmus motor kontrol mekanizmalari yer
alir. (Dusunceli et al., 2009)

129



Fizvoterapi ve Rehabilitasyon Alaninda Akademik Tartismalar

Derin stabilizator sistem icindeki bu fonksiyonel
inhibisyon ve gecikmis aktivasyon Orilintiileri, omurganin
segmental diizeyde segmental notr bdlgeyi koruma yetenegini
zayiflatir; bu yetersizligi telafi etmek i¢in sternokleidomastoid,
trapezius ve diger kaslar devreye girer. Bu durum, genel
mobilizatér gorevi goren skalen kaslar1 gibi yiizeysel kas
gruplarinda asir1 aktiviteye (hiperaktivite) ve artan sertlige yol
acabilecegi diisiiniilmektedir(Dusunceli et al., 2009).

Yiizeyel kaslarin siirekli ve verimsiz asir1 yliklenmesi, kas
ici basinci artirarak lokal iskemiye, miyofasiyal tetik noktalarmin
olusumuna ve sinir sistemi boyunca nosiseptif afferent girdilerin
stirekli uyarilmasmma yol a¢maktadir(Griffiths, Dziedzic,
Waterfield, & Sim, 2009).

Bu patofizyolojik donglye 6zel olarak midahale eden
servikal stabilizasyon egzersizleri, kranioservikal fleksiyon (¢ene
iceri cekme) gibi spesifik, diisiik yiik motor kontrol yaklagimlar
kullanarak, lokal stabilizasyon kaslarini izole olarak yeniden
aktive etmeyi ve global kaslarin asir1 hiperaktivitesini noéral
diizeyde inhibe etmeyi amagclar(Griffiths et al., 2009).

Zamanla kademeli olarak skapulotorasik stabilizasyon ve
Kinetik zincir entegrasyonu yoluyla ilerleyen bu egzersiz
protokolleri, kaslarin mekanik destegini ve yik tasima
kapasitesini artirmakla beraber ayni zamanda merkezi sinir
sistemindeki bozulmus viicut semasmi da (kortikal yeniden
yapilanma) restore eder(Griffiths et al., 2009).

Sonug¢ olarak, kronik boyun agrisimda kanita dayali
stabilizasyon egzersizlerinin nihai klinik amaci, mekanik
dengesizligi ortadan kaldirmak ve agri algisini diizenlemek,
hastanin hareket korkusunu (kinezyofobi) hem biligsel hem de
fiziksel diizeyde kirmak ve boylece kronik agr1 — fonksiyon kaybi
— yetersiz motor kontrolii kisir dongiisiinii kalic1 olarak kirmay1
amagclamaktadir.
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8. KRONIK BOYUN AGRISI VE KiNEZYO BANT
UYUGULAMASI

Kronik boyun agrisinin ¢ok yonlii konservatif tedavisinde,
kinezyo bantlama, proprioseptif girdiyi artirmayi, mekanik
yuklemeyi optimize etmeyi ve agr1 modiilasyonunu desteklemeyi
amaclayan, yaygin olarak kullanilan bir norosensoriyel ve
mekanik destek stratejisidir. Kronik servikal patolojilerde,
bozulmus afferent (duyusal) sinyaller ve azalmis mekanoreseptor
duyarlilig1, eklem pozisyon hissinin kaybina ve telafi edici
postiiral sapmalara yol agar; kinezyo bandin cilde uygulanmasiyla
olusan mikroskobik kivrimlar (katlar), somatosensoriyel sistemi
uyarir, g0z i¢i basincini azaltir, lokal kan ve lenf dolagimini artirir
ve nosiseptorler Gzerindeki kimyasal ve mekanik stresi hafifletir.

Klinik uygulamada, kronik siirecte asir1 aktif ve gergin
olan trapezius ve sternokleidomastoid kaslari {izerinde,
Sternokleidomastoideus gibi yuzeysel mobilizatér kaslara
inhibisyon teknikleri (Kas gevsemesini uyarmak icin eklem
yerinden kokenine dogru diisiik gerilimle) uygulandiginda
asagidaki yontemler kullanilir: Sternokleidomastoideus kas
gevsemesi; Atrofiye ugramis ve aktivasyonu gecikmis derin
servikal ve skapular stabilizatér kas gruplart i¢in, kas
aktivasyonunu desteklemek amaciyla kolaylastirma teknikleri
tercih edilir(Saavedra-Hernandez et al., 2012).

Ek olarak, 6ne egik bas durusu gibi kronik biyomekanik
yanlig hizalanmalar1 diizeltmek, servikal faset eklemlerindeki
statik yUkleri azaltmak ve hastaya dokunsal postiral
biyofeedback saglamak i¢in mekanik veya diizeltici bantlama
kombinasyonlar1 kullanilir. Literatiir, kinezyo bantlamanin kendi
basina kalic1 bir terapotik etkiye sahip olmadigini, bunun yerine
ozellikle agrili donemlerde akut analjezik etkisi ve artan hareket
kolaylig1 sayesinde hastanin kinezyofobisini ortadan kaldiran ve
boylece hastanin aktif egzersiz ve stabilizasyon programlaria
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daha erken ve daha uyumlu bir sekilde katilmasini saglayan
fonksiyonel bir kolaylastirici olarak genel kabul gordiiglinii
gostermektedir(Alahmari et al., 2020; Saavedra-Hernandez et al.,
2012).

9. KRONIK BOYUN AGRISI VE MASAJ
UYGULAMALARI

Kronik boyun agrismin konservatif rehabilitasyonunda
masaj teknikleri, ndéromuskiler, vaskiler ve psikososyal
mekanizmalar yoluyla doku mobilizasyonunu ve agri
modiilasyonunu hedefleyen, geleneksel ve kanita dayali bir
tamamlayic1 klinik stratejidir. Servikal boélgedeki kronik kas
hiperaktivitesi ve iskemi, kas i¢i basincin artmasina yol acarak
miyofasiyal tetik noktalarinin olusumuna ve fibrotik doku
degisikliklerine neden olur. Derin doku masaji, siirtlinme ve tetik
noktast kompresyonu gibi bu patolojiyi hedef alan spesifik
manuel teknikler, lokal mikrosirkiilasyonu ve lenfatik drenaji
tyilestirerek, iskemi ile iligkili birikmis nosiseptif metabolitlerin
atilmasin1 kolaylastirir.(Qing et al., 2021)

Norofizyolojik diizeyde masaj, “Agri Kapist Kontrol
Teorisi”’ne uygun olarak, cilde uygulanan mekanik stimilasyon
yoluyla genis ¢capli A-beta afferent liflerini aktive ederek omurilik
diizeyinde agrn sinyallerini bastirirken, ayni zamanda
parasempatik sinir sistemini uyarir, kortizol diizeylerini diistiriir
ve genel kas tonusunda gevseme saglar ve boylece iyilesme
yoniinde olumlu katkilar sunar(Saha et al.,, 2017; Sherman,
Cherkin, Hawkes, Miglioretti, & Deyo, 2009).

Masaj, kronik agri ile iligkili anksiyete ve stres gibi
psikososyal bilesenleri (sar1 bayraklar) ele alarak, degismis agri
algisini olumlu yonelimli bir modiile doniistiiriir. Ancak literatiir,
masajin tek basmna kalici, uzun siireli veya biyomekanik
dizeltmeler saglamadigint vurgulamaktadir; bu nedenle masaj,
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gegici analjezik ve kas gevsetici etkiler yoluyla servikal uzuvlarin
hareket acikligini (ROM) artirarak aktif stabilizasyon ve egzersiz
protokollerine daha erken ve daha rahat bir sekilde hazirlanmay1
saglayan pasif bir kolaylastirici olarak ¢ok modlu bir tedavi
planina entegre edilir(Kang & Kim, 2022).

10. SONUC

Kronik boyun agrisi yalnizca lokal bir kas-iskelet sistemi
sorunu degildir; Dbirbiriyle i¢ ige ge¢mis biyomekanik
yetersizlikler, ciddi stabilizator kas disfonksiyonlar1 ve
psikososyal faktorleri (sar1 bayraklar) iceren ¢ok boyutlu bir
patolojidir. Klinik tedavide, masaj ve kinezyo bantlama gibi pasif
yontemler, akut agr1 giderimi ve hareket rahathgi saglayarak
hastay1 tedaviye hazirlayan 6nemli yardimci unsurlardir; ancak
kalic1 iyilesme ve niikslerin 6nlenmesi, hastayi siirecin merkezine
yerlestiren kanita dayali aktif stabilizasyon ve motor kontrol
egzersizlerinin uzun vadeli rehabilitasyon protokollerine entegre
edilmesi yoluyla mumkuandur.
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