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BOLUM 1

Adolesan Idiyopatik Skolyozda (AIS) Korse Tedavisi:
Korse Tipleri, Tasarim-Prensipleri, Uygulama ve
zlem

Seyde Biisra KODAK!

Giris
Korse tedavisi, adolesan idiyopatik skolyozun (AIS)
konservatif yonetiminde en giliclii kanita sahip miidahalelerden
biridir ve biiylime devam ederken progresyon riski tasiyan egrilerde
cerrahiye gidisi azaltma hedefiyle uygulanir. Bracing in Adolescent
Idiopathic Scoliosis Trial (BrAIST), korsenin dogal seyir ile
karsilastirildiginda egrinin 50° cerrahi esigine ilerlemesini anlamli
bicimde azalttigin1 gdstermis ve korse kullanim siiresi ile basari
arasinda belirgin bir doz-yanit iligkisine dikkat ¢cekmistir (Weinstein
ve ark., 2013). Bu calisma, uzun yillar siiren “korse gergekten ise

yartyor mu?” tartigmalarini biiylik dl¢lide sonlandiran bir kilometre
tas1 olarak kabul edilmektedir.

' Ogr. Goér., Kirsehir Ahi Evran Universitesi, Saglk Hizmetleri Meslek
Yiiksekokulu, Tibbi Hizmetler ve Teknikler Boliimii, Orcid: 0000-0003-2226-
6056
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BrAIST’in klinik 6nemi yalnizca istatistiksel bir “etki
gosterimi” degildir; ayni zamanda tedavinin nasil uygulanmasi
gerektigine dair pratik mesajlar tasir. Arastirma, farkli merkezlerin
kendi rutinlerinde kullandig: rijit TLSO tasarimlarini i¢cermis ve bu
tasarimlarin, uygun hasta se¢imi ve yeterli giyme siiresi ile etkili
olabilecegini ortaya koymustur. Bdylece, korse tedavisi “tek bir
marka veya modelin basarisi” degil, iyi tasarlanmis bir korse
programinin basarisi olarak okunmalidir.

Ancak korsenin “etkili” olmasi, yalnizca hastaya bir ortoz
verilmesiyle smirli degildir. Basarty1 belirleyen faktorler; uygun
endikasyon se¢imi, egri paternine gore dogru korse tipi ve tasarimi,
yeterli in-brace diizeltme, diizenli takip ve en Onemlisi hasta
uyumudur. Bu faktorlerin her biri “zincirin halkalar1” gibidir; bir
halkanin zayiflamas: tiim tedavi degerini diigiirebilir. Uluslararasi
rehber ve konsensiis belgeleri, doktor—fizyoterapist—ortez/protez
uzmani-hasta—aile arasinda 1iyi organize edilmis bir ekip
yaklagiminin korse tedavisinin omurgasini olusturdugunu vurgular
(Negrini ve ark., 2018; Roye ve ark., 2020).

Klinik uygulamada korse tedavisi, 0zellikle hizli biiylime
donemlerinde progresyon riskinin arttig1 “kritik pencere”yi hedefler.
Bu pencere kacirildiginda, ayni egri derecesi eriskinlige dogru hizla
cerrahi sinirlarina yaklasabilir. Bu nedenle korseyi, yalnizca bir
cihaz olarak degil; biiylime biyolojisi, aile egitimi ve davranigsal
uyum yOnetimini igeren ¢ok boyutlu bir tedavi siireci olarak
tanimlamak daha dogru olacaktir.

Bu boliimde amag; AIS’te korse tedavisinin klinik
hedeflerini, endikasyon—kontrendikasyon cercevesini, glincel korse
simiflamasi ve tiplerini, tasarim ile liretim ilkelerini ve klinik takip
stratejilerini biitiinclil bir anlat1 ile sunmaktir. Metin, Ozellikle
klinikte sik karsilasilan “hangi egriye hangi korse?”, “korse nasil
tasarlanmali ve nasil prova edilmeli?”, “gece korseleri ne kadar
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giivenilir?” ve “korse kullanimini nasil siirdiiriilebilir kilarim?”
sorularina pratik bir zemin saglamay1 hedefler.

Korse Tedavisinin Hedefleri ve Tedavi Mantig1

AlS’te korse tedavisinin ana hedefi, biiyiime doneminde
egrinin ilerlemesini durdurmak veya klinik a¢idan anlamsiz
seviyelerde tutmaktir. Bu hedef, ¢ogu zaman “tam diizeltme” degil
“progresyonu Onleme” seklinde tanimlanir ve ozellikle 25°-45°
araligindaki, iskelet olgunlugu tamamlanmamis bireylerde anlam
kazanir (Kaelin, 2020; Canavese & Kaelin, 2011).

Korse ile elde edilen diizeltmenin iki boyutu vardir: akut in-
brace diizeltme ve uzun dénem biiylime yonlendirmesi. Akut
diizeltme, ilk in-brace radyografide goriilen Cobb azalmasi ile
Olciiliir. Bu 0Ol¢lim, korsenin mekanik kalitesinin bir “anlik
fotografi”dir. Uzun donem etkisi ise bilylime boyunca egrinin cerrahi
esige ilerleyip ilerlemedigi ile degerlendirilir Bu noktada,
BrAIST’in ortaya koydugu doz-yanit iliskisi, mekanik etkinligin
davranigsal uyumla birlesmeden kalici  klinik  basariya
donlisemeyecegini gosterir (Weinstein ve ark., 2013).

Klinik hedefler {i¢ ana diizleme ayrilabilir:

1. Radyografik hedef: Cobb acisinda progresyonu
engellemek ve cerrahi esige (genellikle 45°-50°)
ulasmay1 onlemek (Weinstein ve ark., 2013; Kaelin,
2020).

2. Uc boyutlu gdvde dengesi: Koronal diizlemde lateral
deviasyonu azaltirken rotasyon ve sagittal profili
gozetmek; ozellikle torasik hipokifozu derinlestirmemek
veya uygun tasarimla desteklemek (Rigo, 2017).

3. Fonksiyonel/psikososyal hedef: Bedensel imaj, aktivite
katilimi, agr1 ve yasam kalitesi lizerindeki olas1 negatif
etkileri en aza indirmek; hasta uyumunu artiracak
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egitim ve izlem modellerini olusturmak (Roye ve ark., 2020).

Bu hedefler arasindaki denge, klinik kararin merkezinde yer alir.
Omegin agresif bir diizeltme stratejisi, bazi hastalarda estetik
kazanim saglarken uyumu zorlastirabilir. Tam tersine asir1 “konfor”
odakli bir yaklasim, in-brace diizeltmeyi yetersiz birakabilir. Bu
nedenle modern korse yaklasimi, mekanik etkinligi ve addlesanin
yasam gergekligini ayni potada bulusturan kisisellestirilmis bir
tedavi anlayisina dayanir.

Endikasyonlar, Kontrendikasyonlar ve Risk Degerlendirmesi

Korse tedavisine karar verme siireci, biiylime potansiyeli ile
egri siddetinin kesistigi noktada sekillenir. Literatiir ve klinik
rehberler, genel olarak asagidaki klinik cercevede birlesmektedir:

e Cobb agis1 25°—40° (baz1 kaynaklarda 20°-45°), iskelet
olgunlugu devam eden (Risser 0—2/3) olgular korse i¢in
temel aday grubu olarak kabul edilir (Canavese & Kaelin,
2011; Kaelin, 2020; Negrini ve ark., 2018).

e Cobb acist 20°-25° olup kisa siirede >5° progresyon
gosteren veya yliksek risk faktorleri tagiyan hastalarda da
korse diisiiniilebilir (Kaelin, 2020).

e Daha biiyiik egrilerde (40°—45°) korse, 6zellikle cerrahiyi
geciktirme veya secilmis olgularda progresyonu
yavaglatma amaciyla giindeme gelebilir; ancak basari
olasiliginin, korse tasarim kalitesi ve uyumla siki bigimde
iligkili oldugu unutulmamalidir (Kaelin, 2020).

Klinik risk degerlendirmesinde; yas, pubertal evre, menars,
Risser, Sanders kemik yas1 ve son 6 ay i¢indeki boy uzamasi gibi
parametreler birlikte ele alinabilir. Rehberler, yiiksek progresyon
riskinin bulundugu hizli biiylime donemlerinde korse baslanmasi
veya giyme siiresinin artirilmasi gerektigini vurgular (Negrini ve

ark., 2018; Roye ve ark., 2020).
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Kontrendikasyonlar daha siirlt ve klinik karara dayalidir.
Ileri derecede rijit egriler, korse ile anlamli in-brace diizeltmenin
saglanamadigi durumlar veya biiylime potansiyelinin belirgin
sekilde azaldig1 olgular korse tedavisinden beklenen fayday1
disiirebilir (Kaelin, 2020; Negrini ve ark., 2018). Ayrica ciddi cilt
hastaliklari, korse kullanimimi fiziksel olarak engelleyen
toraks/abdomen problemleri veya hasta-aile is  birliginin
kurulamadigt  durumlar da  pratik anlamda  “islevsel
kontrendikasyon” olarak kabul edilebilir.

Ozetle, endikasyon belirlemek yalnizca bir Cobb aralig
secmek degildir. Ayn1 Cobb degerine sahip iki adolesan, biliylime
egrisi ve motivasyon profili farkliysa bambagska tedavi stratejilerine
ihtiyag¢ duyabilir.

Korse Siniflamasi ve Klinik Anlami

Korse literatiiriindeki en Onemli sorunlardan biri, farkl
tasarimlarin tarithsel adlarla anilmasi ve bu nedenle bilimsel
sonuclarin karsilastirilmasimnin giiclesmesidir. Bu ihtiyaca yanit
olarak SOSORT ve SRS’nin de yer aldig1 uluslararasi calisma
gruplari, korse siniflamasii standardize etmeye yoOnelik kapsamli
bir terminoloji ve siiflama sistemi onermistir. Bu ¢ergevede korse;
anatomik kapsami (CTLSO, TLSO, LSO), rijitligi, primer diizeltme
diizlemi, yapim/kapama tipi ve temel aksiyon prensibi gibi bagliklara
gore tanimlanir (Negrini ve ark., 2022). Bu yaklasim, “Boston mi1
Chéneau mii?” tartigmasinin Gtesinde, her korsenin hangi
biyomekanik hedefe hizmet ettigini daha goriiniir hale getirir.

Klinik agidan pratik bir siniflama su sekilde 6zetlenebilir:

a. Tam zamanli rijit korseler (full-time rigid braces):
Genellikle 1823 saat/giin kullanim hedeflenir. Boston ve
Wilmington gibi klasik TLSO’lar ile Chéneau/Rigo-
Chéneau tabanl {i¢ boyutlu korseler bu grupta yer alir
(Kaelin, 2020; Rigo, 2017).
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b. Gece korseleri (night-time braces): Charleston bending
ve Providence gibi tasarimlar, siireyi 8—10 saatlik uyku
periyoduna indirerek uyumu artirmay1 amagclar (Yrjonen
ve ark., 2006; Simony ve ark., 2019).

c. Dinamik/yumusak veya hibrit tasarimlar: SpineCor gibi
elastik/dinamik sistemler veya giincel hibrit modeller,
rijit korselere alternatif veya tamamlayici bir yaklasim
sunmay1 hedefler; ancak kanit diizeyi ve endikasyon
secimi i¢in dikkatli degerlendirme gerekir (Coillard ve
ark., 2007).

Bu siniflama pratikte iki kritik soruyu kolaylastirir: (1) Egri
paterni i¢in en uygun anatomik kapsama hangisidir? (TLSO mu
CTLSO mu?) (2) Bu hastada asil sorun koronal ilerleme mi, rotasyon
baskinligi m1, yoksa sagittal profil kaybr m? Ozellikle ii¢ boyutlu
tasarimlar, bu ikinci soruya daha entegre bir yanit sunmay1 hedefler.

Biyomekanik Prensipler: 3 Nokta Baskidan 3D Diizeltmeye

AIS’in li¢ boyutlu deformite dogasi, korse tasariminin da ii¢
boyutlu diisiiniilmesini zorunlu kilar. Geleneksel {ic nokta basing
sistemi, koronal diizlem kontroliiniin omurgasidir; ancak tek basina
yeterli degildir. Rotasyonel deformiteye karsi derotasyon padleri,
govdeyi “konkaviteyi agma ve konveksiteyi bosaltma” prensibi ile
yonlendiren ekspansiyon alanlar1 ve biiyiime boyunca kontrollii
elongasyon stratejileri, modern korse biyomekaniginin tamamlayici
unsurlaridir (Rigo, 2017).

Ozellikle Chéneau/Rigo-Chéneau ailesinde pad—
ekspansiyon ciftlerinin “nefesle biiyiiyen diizeltme” anlayisiyla
planlandig1r ve diizeltmenin yalnizca pasif bir itme degil, gévde
dokularinin hareketine alan agan aktif bir yeniden sekillenme siireci
olarak tasarlandig1 vurgulanir (Rigo, 2017). Bu yaklasim, sagittal
profilin korunmasi agisindan da 6nemlidir; zira literatiir, baz1 klasik
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TLSO tasarimlarinda torasik hipokifozun derinlesebilecegine isaret
eder (Rigo, 2017).

Klinik olarak bu biyomekanik ¢ercevenin pratige yansimasi,
“her egriye ayn1 pad haritas1” yerine, egri paternine 6zgii modiiler
tasarim diisiincesidir. Bu nedenle ortotistin egri siniflamasi bilgisi ve
klinik ekip ile iletisimi, korsenin nihai basarisini belirleyen temel
degiskenler arasinda sayilabilir.

Tam Zamanh Rijit Korseler: Tipler ve Ozellikler

Boston korsesi ve klasik TLSO yaklasimi

Boston korsesi, “underarm TLSO” konseptinin en yaygin
bilinen temsilcisidir. Termoplastik malzemeden iiretilen bu sistem,
iic nokta basing prensibi ve segmental pad yerlesimleri ile koronal
diizlemde kontrol saglamay1 hedefler. Tarihsel olarak genis hasta
serilerinde kabul edilebilir progresyon kontrol oranlar1 bildirilmis;
modern donemde ise BrAIST gibi yiiksek kanitli calismalarin klinik
basarisinin  6nemli bir kismi bu tip rijit TLSO’lar iizerinden
yorumlanmistir (Weinstein ve ark., 2013; Kaelin, 2020). Boston
yaklasimi bugiin de bir¢ok merkezde ‘“standart referans TLSO”
olarak kullanilmaktadir.

Wilmington korsesi

Wilmington korsesi, hastanin gévde kalib1 lizerinden kisiye
ozel bicimde iiretilen, daha “custom” bir TLSO yaklagimini temsil
eder. Klasik serilerde 20°-39° arasi idiopatik egrilerde dogal seyri
olumlu yonde degistirebildigi gosterilmistir (Bassett ve ark., 1986).
Bu korse tipinin avantaji, kisiye 6zel uyum ve basing dagilimini daha
hassas diizenleyebilme potansiyelidir.

Milwaukee korsesi (CTLSO)

Milwaukee korsesi, artik daha az kullanilsa da 6zellikle tist
torasik egrilerde veya TLSO ile yeterli kontrol saglanamayan
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proksimal egrilerde 6nemli bir segenektir. Giincel derlemeler, {iist
torasik ve servikal bilesenli egrilerde CTLSO konseptinin halen
klinik bir gereklilige karsilik geldigini belirtmektedir (Del Prete ve
ark., 2023).

Lyon ve diger bolgesel tarihsel tasarimlar

Avrupa’da farkli iilke ve ekollere 6zgii tarihsel TLSO
tasarimlar1 da (6r. Lyon) literatiirde yer almakta; ancak giincel
siiflama yaklasimi bu korseleri de anatomik kapsam ve diizeltme
prensipleri  ilizerinden ortak bir terminolojiye  oturtmayi
amaclamaktadir (Negrini ve ark., 2022).

U¢ boyutlu “Chéneau ailesi” ve Rigo-Chéneau yaklagimi

Chéneau tipi korseler, AIS’in ii¢ boyutlu dogasina yanit
vermek lizere gelistirilmis; pad bolgeleri ile genis ekspansiyon
alanlarim1 birlikte kullanarak defleksiyon—derotasyon ve sagittal
profilin daha fizyolojik korunmasi hedeflenmistir. Rigo-Chéneau
yaklagimi, egri paternine gore Ozgiil tasarim prensiplerini daha
sistematik bi¢cimde tanimlayan ve modern Avrupa pratiginde
yayginlagan bir alt ekol olarak 6ne ¢ikar (Rigo, 2017). Bu ailedeki
korselerde hedeflenen in-brace diizeltme diizeylerinin yiiksek
olabildigine dair klinik gbzlemler ve yayinlar artmaktadir.

Korse secimini etkileyen pratik kriterler

Tam zamanli korselerin se¢iminde; egrinin apeksi,
major/minor egri iliskisi, torasik—lomber bileske, sagittal profil ve
hastanin gévde morfolojisi esastir. Iyi tasarlanmus bir korsede ilk in-
brace radyografide en az %40-50 diizeltme hedefi, sik kullanilan bir
kalite gostergesidir (Kaelin, 2020). Bu oran, yalnizca mekanik bir
say1 degil; ortotist—hekim iletisiminin ve kalip/tasarim kalitesinin
somut bir ¢iktisi olarak da okunabilir.

Gece Korseleri ve Part-Time Yaklasimlar
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AIS yonetiminde hasta uyumu, tedavi basarisinin en kritik
belirleyicilerinden biridir. Ozellikle tam zamanli korselerde okul,
sosyal yasam ve beden imaj1 lizerindeki etkiler, baz1 adélesanlarda
uyumu  zorlagtirabilir.  Bu  gergeklik, gece korselerinin
gelistirilmesine zemin hazirlamistir.

Charleston bending korsesi

Charleston korsesi, hastayr gece boyunca asir1 diizeltme
(overcorrection) pozisyonunda tutarak koronal diizlemde giiclii bir
diizeltme saglamay1 hedefleyen rijit bir gece korsesidir. Klasik
karsilastirmali ¢aligmalarda Boston korsesinin 6zellikle orta—ytiksek
dereceli egrilerde Charleston’a gore daha etkili olabildigi
bildirilmistir (Katz ve ark., 1997). Bununla birlikte Charleston,
secilmis tek major egrilerde ve iyi fleksibilite gdsteren olgularda,
yiiksek in-brace diizeltme potansiyeliyle klinik repertuvarda yerini
korumaktadir.

Providence gece korsesi

Providence korsesi, Ozellikle torakolomber ve lomber
egrilerde gece boyunca yliksek diizeltme saglamay1 amaglar. Daha
yeni bir kohort caligmasi, 20°—45° araliginda gece korsesi ile
yaklasik %89 basar1 orani rapor etmis ve part-time bracing
diistiniilecekse en az %70 in-brace diizeltme hedefinin 6nemini
vurgulamistir (Simony ve ark., 2019). Bu bulgu, gece tedavisinde

mekanik kalitenin “siire kisaligi”n1 kompanse etmesi gerektigini
diistindiiriir.

Gece korseleri icin kanitin yorumu

Gece korseleri ile ilgili literatiir genislese de, hasta se¢imi ve
egri paternine bagl heterojenlik nedeniyle sonuglarin genellenmesi
dikkat gerektirir. Bu nedenle gece korseleri, 6zellikle yasam tarzi
gereklilikleri nedeniyle tam zamanli korseye uyumu diisiik
olabilecek ancak biiyiime potansiyeli ve egri fleksibilitesi uygun
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hastalarda, “uyum odakli bir ara ¢oziim” veya stratejik secenek
olarak degerlendirilebilir.

Klinik karar algoritmasi

Pratikte gece korsesi diisiiniilen hastalarda su basamaklar
onerilebilir:

e Egri paterninin gece korse konseptine uygunlugu (tek
major, belirgin esneklik)

e Ilk in-brace diizeltmenin yiiksek olmas1

e 4-6 aylik araliklarla yakin izlem

e Progresyon bulgusunda tam zamanli korseye gecis plani

Bu algoritma, gece korselerinin dogru endikasyonla etkili bir
secenek olabilecegini; ancak “varsayilan kolay yol” olarak
goriilmemesi gerektigini hatirlatir.

Dinamik ve Giincel Korse Yaklasimlari

SpineCor ve dinamik korse konsepti

SpineCor, elastik bant sistemleri ile govdeyi “dinamik” bir
diizeltme icinde yonlendirmeyi amaglayan rijit olmayan bir
yaklagimdir. Erken donem calismalarda, SRS kriterlerine dayali
secilmis olgularda stabilizasyon elde edilebildigi rapor edilmistir
(Coillard ve ark., 2007). Bununla birlikte literatiirde rijit TLSO’larla
karsilagtirmali uzun donem sonuglar halen tartismalidir. Bu nedenle
SpineCor ve benzeri dinamik sistemler, merkez deneyimi ve hasta
secimi agisindan dikkatli bir klinik degerlendirme gerektirir.

Hibrit ve yeni nesil tasarimlar

Son yillarda rijit ve dinamik prensipleri birlestirmeyi
hedefleyen hibrit modeller ile {i¢ boyutlu diizeltmeyi optimize
etmeye ¢alisan yeni tasarimlar literatlirde goriiniir hale gelmistir. Bu
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alandaki kanit taban1 gelismekle birlikte, standardizasyon ihtiyaci
stirmektedir. Yeni tasarimlarin basarisi, biiyiik 6lgiide mevcut korse
prensiplerinden sapmadan, onlar1 daha iyi “uygulanabilir ve kabul
edilebilir” hale getirme kapasitesine baghdir.

Klinik mesaj

Dinamik/hibrit tasarimlar, uyumu artirma ve fonksiyonel
hareketi daha az kisitlama hedefi tasisa da, bugiin i¢in en giiclii
kanitin halen uygun endikasyonla uygulanan rijit TLSO ve 3D
korseler lehine oldugu unutulmamalidir (Weinstein ve ark., 2013;
Negrini ve ark., 2018).

Korse Regetesi, Kullanim Siiresi ve Uyum Yonetimi

Korse regetesi, ortozun tipi kadar kullanim protokoliinii de
kapsar. BrAIST g¢aligmasinda hastalara en az 18 saat/giin kullanim
hedefi verilmis ve 1s1 sensorleri ile gercek kullanim siiresi objektif
bicimde izlenmistir (Weinstein ve ark., 2013). Bu veri, ideal
recetenin yalnizca “Onerilen saat” degil, ayni zamanda “izlenen saat”
oldugunu gostermistir. Uyum o6l¢iimii, klinik gorligmenin 6tesinde
objektif araclarla desteklendiginde, hasta-aile ile kurulan giliven
iligkisinin de giiclendigi bildirilmistir.

Giinliik kullamim siiresi

Klinik pratikte tam zamanl korseler i¢in 18-23 saat/giin,
part-time/gece korseleri icin yaklasik 8—10 saat/glin hedefleri sik
kullanilir. Fakat pratikte daha gercekei olan, “hedef-saat bandi”ni
hasta yasamina uygun bigimde planlamaktir. BrAIST bulgulari,
belirli bir saat esigi yerine artan saatlerle artan basari olasiligim
isaret eder (Weinstein ve ark., 2013). Bu nedenle klinisyenler, tedavi
planini kat1 bir sayidan ¢ok, artan uyumu odiillendiren bir hedefleme
diliyle kurabilir.

Uyum (compliance) stratejileri
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Korse uyumunu artirmak igin:

e Ik haftalarda kademeli alisma protokolii,

e (ilt bakimi1 ve basing noktas1 yonetimi,

e Okul ve sosyal yasam planlamasi,

e Aileye ve adolesana giiclii egitim materyali sunulmasi,

e Gerektiginde psikososyal destek ve motivasyon
gorlismeleri

onerilmektedir (Roye ve ark., 2020).

Spor ve fiziksel aktivite

Konsensiis belgeleri, bracing alan adolesanlarin miimkiin
oldugunca aktif kalmasi gerektigini; korsenin, saglik ve sosyal
katilim1 tamamen kisitlayan bir “yasaklama araci”na donligmemesi
gerektigini vurgular (Roye ve ark., 2020). Bu cercevede korse ile
veya korsesiz yapilacak aktiviteler, egri siddeti, konfor ve giivenlik
iizerinden bireysellestirilebilir.

PSSE ile birlikte kullanim

SOSORT rehberleri, uygun olgularda korse tedavisinin
fizyoterapotik skolyoz spesifik egzersizler (PSSE) ile entegre
edilmesini Onerir. PSSE ile korse arasindaki sinerji; govde
farkindaligi, konkavite genisletme stratejileri ve solunum-pelvis
kontrolii iizerinden aciklanir (Negrini ve ark., 2018). Klinik pratikte
bu entegrasyon, ozellikle weaning doneminde stabiliteyi korumaya
yardimei olabilir.

Izlem siklig1 ve radyografiler

Korse baslandiktan sonra erken donemde “in-brace”
radyografi ile diizeltme diizeyi kontrol edilir. Ardindan biiylime
hizina ve risk seviyesine gore 4—6 ay araliklarla klinik ve radyografik
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izlem planlanabilir. Bu yaklagim, gereksiz radyasyon maruziyetini
azaltma ve progresyonu erken yakalama arasinda dengeli bir cerceve
sunar (Roye ve ark., 2020; Kaelin, 2020).

Korse Tasarim ve Uretim Siireci: Klinik-Pratik Adimlar

Korse iiretimi, teknik bir siire¢ olmasmin Otesinde, egri
paternine ve hastanin gévde morfolojisine 6zgii klinik bir “tasarim
problemidir.” Modern yaklagimlarda iki ana dretim hatti
bulunmaktadir: klasik al¢1 kalip temelli yontemler ve CAD/CAM
tabanli dijital tasarim—iretim hatlart (Kaelin, 2020). Her iki
yontemde de hedef; klinik veriyi dogru okuyan ve bunu mekanik
diizeltmeye doniistiiren bir tasarim stratejisi olugturmaktir.

Klinik degerlendirme ve tasarim oncesi veri toplama

e Egri paterninin dogrulanmasi (torasik, torakolomber,
lomber, ¢ift major vb.)

e Apeks seviyelerinin ve rotasyonun belirlenmesi
e Sagittal profilin analizi (torasik kifoz, lomber lordoz)

e Govde simetrisi, pelvis dengesi ve omuz kusagi
degerlendirmesi

e Biiylime potansiyeli parametreleri (Risser, menars, boy
uzama hizi)

Bu veriler, korse tipinin se¢imi ve pad/ekspansiyon
alanlarinin planlanmasi i¢in temel olusturur (Rigo, 2017; Negrini ve
ark., 2022).

Kalip alma ve dijital model

Klasik metodda hastanin govdesinden negatif kalip alinir,
ardindan pozitif kalip tizerinde diizeltme bolgeleri olusturulur.
Chéneau/Rigo-Chéneau gibi 3D tasarimlarda, pad alanlariin oldugu
kadar genis ekspansiyon odalarinin yaratilmasi da kritik bir ilkedir
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(Rigo, 2017). CAD/CAM yaklagimi ise {i¢ boyutlu tarama verilerine
dayali daha tekrarlanabilir bir tasarim siireci sunabilir; ancak klinik
biyomekanik bilgi ve deneyimli ortotist katkis1 hala belirleyicidir.

Pad yerlesimi ve diizeltme prensipleri

Korse tasariminda en yaygin biyomekanik c¢erceve; {i¢ nokta
basing sistemi, derotasyon unsurlar1 ve longitudinal elongasyon
hedeflerinin kombinasyonudur. 3D korselerde 6zellikle rotasyon
kontroliiniin, koronal diizeltmenin ayrilmaz pargast oldugu
vurgulanir (Rigo, 2017). Bu nedenle pad yerlesimi yalnizca
“konveksiteye basi” mantigiyla degil, konkaviteye dogru doku
migrasyonuna alan acan bir karsi-geometri ile planlanmalidir.

Malzeme secimi ve konfor

Termoplastik malzemeler, sekillendirilebilirlik ve hafiflik
acisindan  yaygindir.  Korse  kenarlarimin  yumusatilmasi,
havalandirma pencerelerinin uygun kullanimi ve i¢ ylizey
kaplamalari, ozellikle wuzun saatler kullannom hedeflenen
programlarda uyumu artirabilir (Roye ve ark., 2020).

Prova, adaptasyon ve ince ayar

Ik prova; cilt toleransi, solunum konforu, oturma—ayakta
durma fonksiyonlar1 ve omuz/pelvis dengesi agisindan ayrintili
degerlendirilmelidir. Basin¢ noktalarinda kizariklik, uyusma veya
agr1 olugmast halinde pad boyutlari, korse kenarlar1 ve kapama
sistemleri yeniden diizenlenir. Basaril1 bir korse programu, ilk birkag
haftada yapilan kiigiik ama kritik diizeltmelerin toplamindan olusur
(Roye ve ark., 2020).

Ilk in-brace radyografi

Korse ile ilk radyografi, tasarimin klinik hedefi yakalayip
yakalamadigini gostermek agisindan vazgegilmezdir. Tam zamanl
korselerde yaklasik %40-50 diizeltme hedefi, klinik kalite gostergesi

--14--



olarak siklikla anilir; part-time/gece korselerinde daha yiiksek
diizeltme oranlar1 beklenebilir (Kaelin, 2020; Simony ve ark., 2019).

Multidisipliner Yaklasim ve Klinik Is Akis1

Korse tedavisinde multidisipliner ekip yaklagimi bir “iyi
niyet” Onerisi degil, basarty1 dogrudan etkileyen yapisal bir
gerekliliktir. Hekim, korse endikasyonunu ve takip planini
olustururken; ortotist/ortez-protez uzmani bu plan1 biyomekanik
diizeltmeye doniistiiriir. Fizyoterapist ise 6zellikle PSSE ile govde
kontroliinii, solunum mekanigini ve fonksiyonel adaptasyonu
destekleyerek tedavinin “kas-iskelet davranisini”  gii¢clendirir
(Negrini ve ark., 2018; Roye ve ark., 2020).

Bu ekip dinamiginde ortak bir dil kullanilmasi 6nemlidir.
Negrini ve ark. (2022) tarafindan Onerilen smiflama yaklagima,
merkezler arasi konusulabilir bir terminoloji sunarak ekip igi
iletisimi de kolaylastirir. Ozellikle egitim hastaneleri veya iiniversite
kliniklerinde, 6grenci ve asistan egitiminde bu terminoloji, tedavi
standardizasyonu agisindan degerli bir iskelet olusturur.

Klinik pratikte ekip koordinasyonunu artirmak icin kisa
kontrol listeleri, hasta egitim brosiirleri ve standart takip formalar
kullanilabilir. Bu araglar, korse tedavisinin sadece “randevu bazli”
degil, “slire¢ bazl1” bir yonetim modeli ile yiiriitiilmesine yardimc1
olur.

Izlem, Ayarlama ve Korse Birakma Siireci

Korse tedavisinde takip, iki temel soruya yanit arar: “Egri
kontrol altinda m1?” ve “Hasta program siirdiirebiliyor mu?” Bu iki
alanin birlikte degerlendirilmedigi izlem modellerinde, teknik olarak
iyi bir korse bile klinik basarisizliga doniisebilir.

Klinik takip parametreleri
e Boy ve agirlik degisimleri
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e (ilt bulgular1 ve basing noktalari
e Agr, yorgunluk, aktivite toleransi
e Govde dengesi ve estetik alg1

e Psikososyal uyum

Bu parametreler, teknik ayarlarla ayni derecede onemlidir
(Roye ve ark., 2020).

Radyografik izlem

Standart yaklasim, korse i¢inde erken kontrol, ardindan korse
dis1 takip radyografileri ile biilylime doneminde progresyonun
izlenmesidir. Izlem sikligi  hastanin risk profiline gére
kisisellestirilmelidir (Negrini ve ark., 2018).

Korse birakma (weaning)

Korse kesilmesi, ani bir karar yerine kademeli bir azaltma
stireci olarak planlanmalidir. Biiyiime hizinin yavaslamasi, Risser
evresinin ilerlemesi ve klinik stabilite, weaning i¢in temel biyolojik
isaretler olarak kabul edilir (Roye ve ark., 2020). Kademeli azaltma
sirasinda egri stabilitesinin korunmasi hedeflenir ve gerekirse PSSE
programi daha aktif bigimde devreye alinir.

Basarinin tanim

Klinik aragtirmalarda basar1 genellikle Cobb progresyonunun
<5° olmast ve cerrahi esige ulagsmama {izerinden tanimlanir. Bu
olgiitler, gilinliik klinik uygulamada da hasta-aile ile hedef konugmast
yapilirken kullanilabilir; boylece tedavi beklentileri daha gercekei ve
oOlciilebilir hale gelir (Kaelin, 2020).

Yan Etkiler, Uyum Sorunlari ve Klinik Yonetim
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Korse tedavisi genel olarak giivenli bir konservatif yontem
kabul edilse de, dogru yonetilmezse uyum diisiikliigline yol
acabilecek yan etkiler ortaya ¢ikabilir.

Sik karsilasilan sorunlar
e (Cilt irritasyonu, basi yaralari
e Solunum konforunda azalma hissi
e Termal rahatsizlik/terleme
e Okul ve sosyal yasama uyum gii¢liigii
e Beden imaj1 ve psikolojik stres
Onleyici ve diizeltici stratejiler

Cilt sorunlarinda erken miidahale; korse kenarlarinin
yumusatilmasi, pad alanlariin yeniden konumlandirilmasi ve uygun
i¢c giyim secimi ile saglanabilir. Korse kullanimima bagli agn
sikayetleri, cogunlukla yanlis pad yerlesimi veya asir1 lokal basi ile
iliskilidir ve erken diizeltme ile hizla gerileyebilir. Psikososyal
sorunlarda ise addlesanin tedavi siirecine karar verici olarak dahil
edilmesi, hedeflerin agik bigimde anlatilmasi ve kisa donem basari
gostergelerinin paylasilmasi etkili olabilir (Roye ve ark., 2020).

“Basarisizhik” kavrammin yonetimi

Korse basarisizlig1 cogu zaman tek bir nedene bagh degildir.
Yetersiz in-brace diizeltme, rijit egri, hizli bliyiime atag1 ve diisiik
uyum bir araya geldiginde risk artar. Bu nedenle korse
programlarinda erken donemde kalite kontrolii yapilmasi,
gerekiyorsa korse modifikasyonu veya korse tipinin degisimi ile
tedavinin yeniden optimize edilmesi 6nemlidir (Kaelin, 2020).

Gelecek Perspektifi
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AIS  korse tedavisi, klasik termoplastik TLSO
paradigmasinin dtesine gegerek ii¢ boyutlu tasarim optimizasyonu,
dijital iretim ve kisisellestirilmis risk yOnetimi yOniinde
evrilmektedir. Bu doniislimiin {i¢ 6nemli ekseni vardir:

4. Standart terminoloji ve smiflama

Korselerin ortak bir dille tanimlanmasi, farkli merkezlerden
gelen sonuglarin  karsilagtirilmasini ve meta-analiz kalitesinin
artmasini saglayacaktir (Negrini ve ark., 2022).

5. Dijitallesme ve tiretim teknolojileri

CAD/CAM temelli tasarim, 3D tarama ve gelecekte 3D baski1
cozlimleri; tiretimin tekrarlanabilirligini artirabilir ve hastaya 6zgii
optimizasyonu  kolaylastirabilir. ~ Bununla  birlikte  klinik
biyomekanik bilgisinin ve prova siirecindeki deneyimli géziin yerini
hi¢bir teknolojinin biitliniiyle alamayacag: agiktir.

6. Uyum izleme ve davranissal destek

BrAIST ile goriiniir hale gelen doz-yamt iligkisi, akill
sensorler, mobil uygulamalar ve davranigsal miidahalelerin tedavi
basarisina dogrudan katki saglayabilecegini diisiindiirmektedir
(Weinstein ve ark., 2013). Gelecekte ‘“korse siiresi + PSSE +
psikososyal destek” iicliisiiniin kisisellestirilmis algoritmalarla
yoOnetilmesi, konservatif tedavide yeni bir standarda doniisebilir
(Negrini ve ark., 2018; Roye ve ark., 2020).

Sonug¢

Korse tedavisi, AIS’in biliylime donemindeki progresyon
riskini azaltmada giiglii kanitlarla desteklenen bir konservatif
yaklagimdir. BrAIST calismasi, Ozellikle yiiksek riskli egrilerde
korsenin cerrahi esige ilerlemeyi azalttigin1 ve kullanim siiresi
arttikca basariin yiikseldigini ortaya koymustur (Weinstein ve ark.,
2013). Bu veri, klinik pratikte “dogru hasta + dogru korse + dogru
uyum” {i¢liisiiniin 6nemini tartlsmgsm bicimde giiclendirmistir.



Korse secimi ve tasarimi, tek bir “isim” lizerinden degil, egri
paternine 6zgii biyomekanik hedefler {izerinden yapilmalidir. Boston
ve Wilmington gibi klasik TLSO’lar ile Rigo-Chéneau temelli ii¢
boyutlu korseler; uygun endikasyonla kullanildiginda temel
konservatif araclar1 olusturur (Kaelin, 2020; Rigo, 2017). Gece
korseleri ise uyumu artirma potansiyeli nedeniyle secilmis olgularda
degerli bir alternatif olabilir; ancak yiiksek in-brace diizeltme hedefi
ve yakin izlem bu yaklagimin kritik kosullaridir (Simony ve ark.,
2019).

Sonug olarak, AIS korse tedavisinin basaris1 multidisipliner
ekip isleyisi, standardize klinik karar siiregleri ve hasta merkezli
uyum yonetimi ile dogrudan iligkilidir. Giincel SOSORT rehberleri
ve uluslararast best-practice konsensiisleri, bu biitiinciil yaklasimi
AIS’in modern konservatif yonetiminin temel standardi olarak isaret
etmektedir (Negrini ve ark., 2018; Roye ve ark., 2020).

Kaynak¢a

Bassett, G. S., Bunnell, W. P., & MacEwen, G. D. (1986). Treatment
of idiopathic scoliosis with the Wilmington brace. The Journal of
Bone and Joint Surgery. American Volume, 68(4), 552-559.

Canavese, F., & Kaelin, A. (2011). Adolescent idiopathic scoliosis:
Indications and efficacy of nonoperative treatment. Indian Journal
of Orthopaedics, 45(1), 7-14.

Coillard, C., Leroux, M. A., Zabjek, K., & Rivard, C. H. (2007).
Effectiveness of the SpineCor brace based on the new standardized
criteria proposed by the SRS for adolescent idiopathic scoliosis.
Journal of Pediatric Orthopaedics, 27(4), 375-379.

Del Prete, C. M., et al. (2023). Spinal orthosis in adolescent
idiopathic scoliosis. Medicina, 60(1), 3.

--10--



Katz, D. E., Durrani, A. A., Milner, J. D., & et al. (1997). A
comparison between the Boston brace and the Charleston bending
brace in adolescent idiopathic scoliosis. Spine, 22(12), 1302—-1312.

Kaelin, A. J. (2020). Adolescent idiopathic scoliosis: Indications for
bracing and conservative treatments. Annals of Translational
Medicine, 8(2), 28.

Negrini, S., Donzelli, S., Aulisa, A. G., et al. (2018). 2016 SOSORT
guidelines: Orthopaedic and rehabilitation treatment of idiopathic
scoliosis during growth. Scoliosis and Scoliosis and Spinal
Disorders, 13, 3.

Negrini, S., et al. (2022). The classification of scoliosis braces
developed by SOSORT with SRS, ISPO, and POSNA and approved
by ESPRM. European Spine Journal, 31(4), 980-989.

Rigo, M. (2017). Brace technology thematic series: The 3D Rigo
Chéneau-type brace. Scoliosis and Spinal Disorders, 12, 10.

Roye, B. D., et al. (2020). Establishing consensus on the best practice
guidelines for the use of bracing in adolescent idiopathic scoliosis.
Spine Deformity, 8, 597-604.

Simony, A., Beuschau, 1., Quisth, L., Jespersen, S. M., Carreon, L.
Y., & Andersen, M. O. (2019). Providence nighttime bracing is
effective in treatment for adolescent idiopathic scoliosis even in
curves larger than 35°. European Spine Journal, 28(9), 2020-2026.

Weinstein, S. L., Dolan, L. A., Wright, J. G., & Dobbs, M. B. (2013).
Effects of bracing in adolescents with idiopathic scoliosis. The New
England Journal of Medicine, 369(16), 1512—1521.

Yrjonen, T., Ylikoski, M., Schlenzka, D., Kinnunen, R., & Poussa,
M. (2006). Effectiveness of the Providence nighttime bracing in
adolescent idiopathic scoliosis: A comparative study of 36 females.

Spine, 31(14), 1579-1584.
--20--



BOLUM 2

Adolesan idiyopatik Skolyoz (AIS): Tamim, Genetik ve
Epigenetik Etyoloji, Patomekanizma

Seyde Biisra KODAK!
Fatih OZYURT?

Giris
Adolesan 1idiyopatik skolyoz (AIS), c¢ocukluk—ergenlik
doneminde goriilen skolyoz spektrumu i¢inde klinik olarak en sik
karsilagilan ve en ¢ok izlem gerektiren alt tiplerden biridir.
“Idiyopatik” ifadesi, deformitenin ortaya ¢ikisin1 agiklayan tek,
belirgin bir nedene ¢ogu vakada ulagilamamasini anlatir. Bu durum
AIS’1 hem bilimsel agidan hem de klinik yonetim agisindan merak
uyandirict bir hastalik modeli haline getirir. Ergenlikte biiyliimenin
hizlandig1 kisa zaman penceresinde baslayan ve kademeli bigimde
belirginlesen egrilikler, yalnizca omurganin koronal diizlemdeki
lateral deviasyonu olarak degil; ayn1 zamanda vertebral rotasyon ve
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sagittal profil degisiklikleri ile sekillenen {i¢ boyutlu bir deformite
olarak ele alinmalidir (Choudhry et al., 2016; Addai et al., 2020).

AIS’in klinik 6neminin merkezinde “progresyon” olgusu yer
alir. Ayn1 baglangi¢ agisina sahip iki adélesanin seyri, bilylime hizi,
iskelet olgunlugu, egri paterni ve biyolojik yatkinlik farkliliklar:
nedeniyle belirgin bi¢imde ayrisabilir. Bu nedenle AIS, statik bir
postiiral bozukluktan ziyade biliyiime biyolojisi ile dinamik etkilesim
icinde gelisen bir deformite olarak goriilmelidir. Giincel
epidemiyolojik  veriler, c¢ocuk ve addlesanlarda skolyoz
prevalansinin yaklasik %3 civarinda oldugunu; idiopatik skolyozun
da bu yiikiin 6nemli kismin1 olusturdugunu gostermektedir (Li et al.,
2024). Klinik olarak anlamli egrilerde kizlarda progresyon riskinin
daha yiiksek olmasi ise cinsiyetin yalnizca demografik bir degisken
degil; bliylime, hormonal diizenleme ve genetik/epigenetik aglarla
etkilesim  halinde bir biyolojik  belirleyici  olabilecegini
diisiindiirmektedir. (Mohamed et al., 2020; Liang et al., 2021).

Son on bes yilda hiz kazanan genom ¢apinda iligkilendirme
caligmalar1 (GWAS), AIS’in poligenik bir yatkinlik zeminine sahip
oldugunu giiclii bicimde desteklemistir. LBX1 yakinindaki
varyantlarin ilk kez tanimlanmasi, bu alanda doniim noktasi kabul
edilir (Takahashi et al., 2011). Bunu izleyen c¢alismalarda
GPR126/ADGRG6, BNC2 ve PAX1 gibi lokuslar farkli kohortlarda
dogrulanmis; ayrica Cinli ve Japon Orneklemlerden gelen genis
meta-analizlerin duyarlilik lokus havuzunu genislettigi gosterilmistir
(Kou et al., 2013; Ogura et al., 2015; Sharma et al., 2015; Zhu et al.,
2015; Kou et al., 2019). Insan genetigindeki bu sinyallerin, deneysel
modellerle desteklenmesi, 6zellikle kikirdak biyolojisi ve omurga
gelisiminde rol alan yolaklarin AIS patogenezine katkisini daha
goriniir kilmistir (Karner et al., 2015).

Bununla birlikte, genetik varyantlarin tek basina AIS’in
klinik cesitliligini ve progresyon desenlerini agiklamakta siirh

kaldig1; epigenetik diizenleme, doku-6zgiill gen ekspresyonu,
2.



ndromiiskiiler kontrol ve c¢evresel/biyomekanik etkenlerin fenotipi
sekillendirmede kritik ortak oyuncular oldugu anlasilmaktadir
(Pérez-Machado et al., 2020; Sun et al., 2023). Ornegin PITX1
promotor metilasyonundaki artisin egri siddetiyle iliskisi, DNA
metilasyonunun yalnizca etiyoloji agisindan degil, ilerleyisi anlama
ve ongdrme agisindan da 6nemli olabilecegini diislindliirmiistiir (Shi
et al., 2018). Yakin donemde monozigotik ikizlerde egri siddeti
farkliligin1 agiklamaya yonelik genom-genis metilasyon caligsmalari
da epigenetik sinyallerin klinik 6nemine yeni bir katman eklemistir
(Wu et al., 2025).

Bu bolimiin amaci; AIS’in tanim ve klinik ¢ergevesini,
giincel epidemiyolojik ve dogal seyir bilgileriyle birlikte 6zetlemek;
ardindan genetik ve epigenetik literatiirii kavramsal bir biitiinliik
icinde sunmak ve bu biyolojik altyapinin biiytime biyolojisi, doku
ozellikleri ve biyomekanik siireclerle birlestigi patomekanik
modelleri tartigmaktir. Boylece hem klinik izlemde risk kavrayisini
giiclendiren bir “biiylik resim” sunulmasi hem de konservatif ve
cerrahi dis1 yaklasimlarin bilimsel arka planinin anlasilmasina katki
saglanmas1 hedeflenmistir.

Tanim ve Klinik Cerceve

AIS, 10 yasindan iskelet olgunluguna kadar olan donemde
ortaya ¢ikan; altta yatan belirgin noromiiskiiler, konjenital,
sendromik veya travmatik bir nedenin saptanamadigi yapisal
skolyoz formudur. Scoliosis Research Society (SRS) ve birgok klinik
rehber, tanisal esik olarak ayakta c¢ekilmis 6n-arka radyografilerde
koronal planda Cobb agisinin >10° olmasin1 ve vertebral rotasyon
bulgulariin eslik etmesini benimser (Choudhry et al., 2016; Addai
et al., 2020).

Klinik bakis agisindan AIS, omurganin ii¢ boyutlu bir
deformitesidir.  Koronal diizlemdeki egrilik, vertebralarin
longitudinal eksen boyunca rotasyonu ve sagittal profildeki
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(6zellikle torasik kifoz ve lomber lordoz) degisiklikler eszamanli
olarak degerlendirilmelidir. Bu ii¢ boyutlu karakter, govde kiitle
merkezinin yer degistirmesi, paraspinal kas aktivasyon paternleri ve
govde stabilitesi lizerinde ikinci dereceden etkiler dogurabilir. Bu
nedenle AIS’in klinik 6nemi yalnizca Cobb agis1 artisiyla sinirh
degildir; beden imaj1, aktivite katilim1 ve yasam kalitesi gibi alanlara
uzanan genis bir sonug yelpazesine sahiptir (Choudhry et al., 2016;
Mohamed et al., 2020).

Tanisal siiregte Oykii ve fizik muayene ile baglayan
degerlendirme, Adams 6ne egilme testi ve skoliometre dlglimleriyle
desteklenir. Radyografik inceleme, egri paterninin (torasik,
torakolomber, lomber, ¢ift major vb.) tanimlanmasi ve izlem
kararlarinin sekillenmesi agisindan temel aragtir. Ayrica iskelet
olgunlugunun (6rn. Risser evresi ve diger maturasyon isaretleri)
degerlendirilmesi, progresyon riskinin klinik yorumlanmasinda
kritik bir basamaktir.

Epidemiyoloji ve Dogal Seyir

AIS’in toplum i¢indeki yiikiinii anlamaya yonelik tarama ve
meta-analiz ¢aligmalari; kullanilan tani kriterleri, yas araliklar1 ve
cografi dagilima bagl olarak degisken sonuclar bildirse de, genel
olarak ¢ocuk ve addlesanlarda skolyoz prevalansinin yaklasik %3
diizeyinde seyrettigini ortaya koymaktadir. Biiyiik bir meta-analiz,
cocuk ve addlesanlarda genel skolyoz prevalansini %3,1; idiopatik
skolyoz prevalansini ise %1,7 civarinda rapor etmistir (Li et al.,
2024). Klinik pratige yansiyan énemli bir gercek ise, kiigiik acilarin
cogunun stabil kalabildigi, ancak belirli bir alt grubun biiylime
doneminde hizli progresyon gosterebildigidir.

Cinsiyet dagilimi incelendiginde, diisiik dereceli egrilerde
kiz—erkek orani nispeten dengeli seyrederken, daha biiytik agili ve
tedavi gerektiren egrilerde kizlarda belirgin bir iistiinliik goriiliir. Bu
oran, egri biiylikliigli arttikca dramatik bicimde yiikselme egilimi
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gosterir (Mohamed et al., 2020). Bu olgu, AIS’in patogenezinde
bliyime hizina duyarli biyolojik mekanizmalarin ve olasi
hormonal/epigenetik diizenlemelerin 6nemli olabilecegine isaret
eder (Liang et al., 2021).

Dogal seyir agisindan en kritik donem pubertal biiyiime
atagidir. Biliylime hizinin artmasi, omurlar ve intervertebral disk
iizerindeki yiik dagilimini degistirebilir; bu da var olan asimetrinin
bliylime ile pekistigi “bliylime modiilasyonu” hipoteziyle
uyumludur. Iskelet olgunluguna yaklasildikca egrilerin progresyon
hiz1 azalir; ancak daha biiyiik baglangic agilarina sahip bazi egrilerde
olgunluk sonrasinda da yavas ilerleme goriilebilir. Bu nedenle AIS
yoOnetiminde, yas ve iskelet olgunlugu kadar giristeki egri paterni ve
siddetinin bir arada degerlendirilmesi 6nem tagir (Choudhry et al.,
2016; Addai et al., 2020).

Etiyolojiye Genel Yaklasim

AlIS’in etiyolojisi bugiin hala “tek nedenli” bir agiklamaya
indirgenemeyen, ¢ok diizlemli bir tartisma alanidir. Tarihsel olarak
noromiiskiiler kontrol anomalileri, biiylime asimetrileri, bag dokusu
ve kas oOzellikleri, endokrin degiskenler ve ¢evresel/biyomekanik
etkenler tek tek Onerilmis; ancak hi¢bir hipotez tiim klinik ¢esitliligi
tek basma agiklayamamistir. Bu nedenle giincel yaklagim, AIS’i
poligenik yatkinli§in {izerine binen epigenetik, gelisimsel ve
cevresel etkilerle sekillenen kompleks bir fenotip olarak
degerlendirir (Kouwenhoven & Castelein, 2008; Pérez-Machado et
al., 2020).

Bu ¢cergevede genetik faktorler, hastaliga yatkinligin olusumu
ve bazi fenotiplerin ortaya ¢ikisi acisindan temel bir “zemin” sunar.
Epigenetik diizenleme ise ayni genetik zemin {izerinde bireyler
arasinda gozlenen fenotip farkliliklarini, 6zellikle de progresyon
hizindaki heterojenligi agiklamada potansiyel bir koprii rolii tistlenir
(Sun et al., 2023; Wu et al., 2025).
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Klinik agidan bunun 6nemli sonucu sudur: AIS’i “tek bir
patoloji” olarak degil, benzer klinik gdriiniim altinda birden fazla
biyolojik alt tipe sahip olabilecek bir sendromlar kiimesi olarak
diisinmek giderek daha anlamli hale gelmektedir. Bu bakis,
kisisellestirilmis  izlem  araliklari,  konservatif = miidahale
zamanlamas1 ve ileride molekiiler biyobelirteclere dayali risk
siiflamasi gibi alanlarda yeni ufuklar acabilir.

Genetik Altyap:

AIS’in genetik altyapisina iliskin kanitlar, aile kiimelenmesi
gozlemlerinden genis Ol¢ekli genom analizlerine uzanan ¢ok
katmanli bir literatiirle desteklenir. Aile ¢alismalarinda AIS’li
bireylerin birinci derece akrabalarinda hastalik goriilme olasiliginin
arttigl; farkli ailelerde farkli kalitim paternlerinin izlenebildigi
bildirilmistir. Bu durum, tek-genli Mendeliyen bir kaliimdan ¢ok,
coklu genlerin kiiciik etkilerle katki sundugu poligenik bir mimariyi
distindiiriir (Kouwenhoven & Castelein, 2008; Pérez-Machado et
al., 2020).

Aday gen ve erken donem iliskilendirme calismalar:

Erken donem calismalar, bag dokusu proteinleri, biiylime-
kikirdak matriksi, hormonal reseptorler ve néromiiskiiler kontrol ile
iliskili genler iizerinde yogunlasmustir. Ornegin strojen reseptor
genleri lizerine yapilan c¢aligmalar, Ozellikle kizlardaki cinsiyet
farkliligin1 agiklama arayisinin bir pargasi olarak literatlirde yer
bulmustur; ancak bu polimorfizmlerin AIS riskindeki rolii ile ilgili
bulgular tutarsizdir ve popiilasyonlar arasi farkliliklar saatli bir
yorum gerektirir (Wu et al., 2006; Zhao et al., 2017). Bu 6rnek, AIS
genetiginde tek bir aday genin “anahtar” rol iistlenmesinden ¢ok,
coklu yolaklarin  etkilesim icinde olabilecegi  goriisiinii
giiclendirmistir.

GWAS bulgular ve dogrulanan duyarhhk lokuslar:
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Modern AIS genetiginin omurgasint GWAS ¢alismalari
olusturur. Ilk biiyilk doniim noktasi, Japon kohortunda LBX1
yakinindaki varyantlarin AIS ile iligkili bulunmasidir (Takahashi et
al., 2011). LBX1’in omurga ¢evresi kas ve sinir gelisimi ile iliskili
biyolojik rolleri gbz oniine alindiginda, bu bulgu AIS’in yalnizca
doku mekanigi degil, gelisimsel néromiiskiiler aglarla da iliskili
olabilecegini diistindliirmiistiir.

Bunu izleyen ¢alismalarda GPR126/ADGRG6 lokusu ikinci
giiclii sinyal olarak ortaya ¢ikmis ve farkli popiilasyonlarda
dogrulanmistir (Kou et al., 2013). ADGRG6’nin kikirdak biyolojisi
ve iskelet gelisimindeki rolii, deneysel modellerle desteklenmis;
Gpr126/Adgrg6’nin  kikirdak hiicrelerinde kosullu silinmesinin
insan AIS’ine benzer postnatal baslangicli egrilerle sonuglandigi
gosterilmistir (Karner et al., 2015). Bu sonug, insan genetik
sinyallerinin mekanistik biyolojiye baglanmasi acisindan giiclii bir
ornek olusturur.

Diger 6nemli lokuslar arasinda BNC2 ve PAX1 6ne cikar.
BNC2 ile iliskili fonksiyonel SNP’nin enhancer aktivitesini
etkileyerek gen ekspresyonunu artirabilecegi; bu etkinin AIS
etiyolojisinde rol oynayabilecegi bildirilmistir (Ogura et al., 2015).
PAX1 enhancer bolgesi ile AIS duyarliligi arasindaki iliski ise
ozellikle kadinlarda daha belirgin bir sinyal olarak raporlanmis ve
cinsiyetle iligkili gen-regiilasyon hipotezlerine kapi aralamistir
(Sharma et al., 2015).

Cinli kiz kohortunda yiiriitiilen biiyiik 6l¢ekli analizler de
yeni  duyarhilik  lokuslar1  tanimlamis, bdylece  AIS’in
etnik/popiilasyon temelli genetik heterojenligi daha goriiniir hale
gelmistir (Zhu et al., 2015). Japon popiilasyonunda yapilan meta-
analiz ise 20 lokusu anlamli diizeyde dogrulayarak genetik

mimarinin ¢ok odakli1 yapisini bir kez daha vurgulamistir (Kou et al.,
2019).
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Poligenik mimari ve biitiinciil genom yaklasimlari

GWAS bulgulari, AIS’in kalitsal bileseninin bir kismini
aciklasa da, tek tek lokuslarin etkisi sinirlidir. Bu nedenle giincel
egilim, poligenik risk skorlar1 ve c¢oklu-omik yaklagimlarla
duyarhilik ve progresyon riskini daha iyi agiklamaya yoneliktir
(Pérez-Machado et al., 2020; Sun et al., 2023). Cok yakin tarihli bir
biitiin-genom dizileme (WGS) calismasi, AIS’te hem kodlayic1 hem
de kodlayici olmayan bolgelerde, yapisal varyantlari da igeren genis
bir aday varyant yelpazesine isaret ederek hastalifin biyolojik
heterojenligini  desteklemistir (Tuncay et al., 2025). Bu tiir
caligmalar, AIS’in “tek yolakli” bir hastalik olmadigini; farkli
bireylerde  farkli  biyolojik  yollarin  baskinlasabilecegini
distindiirmektedir.

Epigenetik Mekanizmalar

Genetik yatkinlik AIS’in “baslangi¢ esigi ni belirleyen temel
bir katman gibi gortinse de, klinik pratikte asil sorun, hangi egrilerin
ilerleyecegini  Ongorebilmektir.  Bu  baglamda  epigenetik
mekanizmalar, genetik varyantlarin ¢evresel ve gelisimsel
sinyallerle nasil “okundugunu” agiklayan 6nemli bir arayiiz sunar
(Pérez-Machado et al., 2020). Epigenetik; DNA metilasyonu, histon
modifikasyonlar1 ve kodlamayan RNA’lar (6zellikle miRNA’lar)
araciligtyla gen ekspresyonunu degistiren, ancak DNA dizisini
dogrudan degistirmeyen diizenleyici siireglerdir.

DNA metilasyonu

AlIS’te DNA metilasyonuna dair klinik acidan dikkat cekici
bulgulardan biri PITX1 promotor bdlgesindeki hipermetilasyondur.
PITX1 ekspresyonunun azalmasi ile iligkili oldugu diisliniilen bu
metilasyon artisinin, daha biiylik Cobb agilartyla iligkili bulunmas;
epigenetik degisikliklerin egri siddeti ve olas1 progresyon ile
baglantili olabilecegini diistindiirmiistiir (Shi et al., 2018).
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Daha ileri diizeyde kanitlar, monozigotik ikizlerde egri
siddeti ~ farkliligin1  inceleyen = genom-genis  metilasyon
caligmalarindan gelmektedir. Genetik dizileri ayni olan bireylerde
fenotip farkliliginin epigenetik imzalarla agiklanabilir olmasi, AIS te
cevresel ve gelisimsel etkilerin molekiiler diizeyde “iz”
birakabilecegine dair giiclii bir ipucu sunar (Wu et al., 2025). Bu
alandaki literatiir halen gelismekte olsa da, progresyon 6ngoriisiinde
epigenetik biyobelirteclere dayali klinik modellerin ileride énem

kazanmasi olasidir.

miRNA ve kodlamayan RNA’lar

Kikirdak ve kemik metabolizmasini, kas farklilasmasini ve
inflamatuar yanitlar1 etkileyen miRNA aglarinin AIS ile iliskili
olabilecegi One siiriilmiistiir. Plazma ve doku 6rneklerinde degismis
miRNA profillerinin bildirilmesi, epigenetik diizenlemenin yalnizca
lokal doku biyolojisi degil, sistemik biyobelirteg gelistirme
acisindan da potansiyel tasidigini diisiindiirmektedir (Sun et al.,
2023). Ancak mevcut ¢alismalarda 6rneklem biiyiikliikleri ve doku-
0zgiil dogrulama ihtiyaci nedeniyle sonuglarin klinik rutine aktarimi
icin daha genis ve standardize arastirmalara ihtiya¢ vardir.

Epigenetik bulgularin klinik anlam

Epigenetik literatiiriin en 6nemli katkisi, AIS’in heterojen
klinik seyrini agiklamak icin “genetik + ¢evre + biiylime biyolojisi”
ticliistinli ortak bir modelde bulusturmasidir. Bugiin i¢in epigenetik
testlerin klinik karar siireglerinde rutin kullanimi1 erken asamadadir;
ancak ¢ok merkezli dogrulama ¢aligmalar1 ve prospektif kohortlar ile
bu alanm oniimiizdeki yillarda giiclenmesi beklenmektedir (Sun et
al., 2023; Wu et al., 2025).

Patomekanizma: Genetikten Biyomekanige Entegre Model

AIS patomekanizmasi, genetik ve epigenetik yatkinligin
biiylime biyolojisi, doku 6zellikleri ve biyomekanik yiiklenme ile
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birlestigi ¢ok katmanli bir ¢ergevede ele alinmalidir. Bu ¢ergeve, tek
bir “baslatic1” olaydan cok, biiyiime doneminde artan mekanik ve
biyolojik streslerin omurgada asimetrik adaptasyonlara yol actig1 bir
stire¢ modeli Onerir.

Biiyiime modiilasyonu ve doku biyolojisi

Omurga biiylimesi sirasinda asimetrik yiiklenme, biiyiime
plaklarinda ve vertebral govdede farklilasmis biiyiime hizlaria
neden olabilir. Bu durum, “Hueter—Volkmann” prensibiyle uyumlu
bicimde, kompresyonun biiylimeyi baskilayip tensiyonun biiyiimeyi
artirdigr asimetrik bir biiyiime dongiisiini tetikleyebilir. Bu
biyomekanik c¢ergevenin, kikirdak biyolojisini etkileyen genetik
sinyallerle  birlestiginde AIS  fenotipini  gliglendirebilecegi
distiniilmektedir (Kou et al., 2013; Karner et al., 2015).

Noromiiskiiler kontrol ve kas asimetrisi

AlS’te paraspinal kaslarda lif tipi dagilimi, kas kalinlig1 ve
aktivasyon paternleri ac¢isindan asimetri bildirilmistir. Bu
asimetrinin primer neden mi yoksa deformiteye ikincil bir
adaptasyon mu oldugu tartigmali olsa da, LBX1 ve Wnt/B-katenin
yolu gibi gelisimsel aglarin kas ve iskelet etkilesimine dair ipuglari,
noromiiskiiler katki hipotezlerini destekler niteliktedir (Takahashi et
al., 2011; Zhu et al., 2017). Insan paraspinal kas dokularinda Wnt/p-
katenin yoluna ait genlerin bilateral asimetrik ekspresyonunun
gosterilmesi, genetik sinyallerin doku diizeyinde fonksiyonel
karsiliklar1 olabilecegini diistindliirmiistiir (Zhu et al., 2017).

Endokrin ve biiyiime ile iliskili diizenleyiciler

AIS’in pubertal biiyiime atag ile eszamanli ortaya ¢ikmasi,
melatonin, leptin, bliytime hormonu-IGF ekseni ve seks hormonlari
gibi endokrin diizenleyicilerin patogenezde modiilatér rol
oynayabilecegi fikrini dogurmustur. Giincel bir derleme, melatonin
diizey ve ritmindeki degisikliklere dair bulgularin varligini1 kabul
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etmekle birlikte, dogrudan neden—sonug iliskisini kuracak kanitlarin
sinirlt oldugunu vurgular (Gargano et al., 2022). Leptin biyolojisi
iizerine yapilan ¢aligmalar ve meta-analizler, AIS’li kizlarda leptin
reseptoril veya leptin duyarlilig: ile iliskili farkliliklara isaret eden
bulgular sunmustur; ancak bu bulgularin klinik fenotip ile iliskisinin
netlesmesi i¢in daha genis caligmalara ihtiyag vardir (Bae et al.,
2020; Liang et al., 2021).

Entegre biyomekanik-genetik model

Mevcut kanitlar, AIS’in en iyi sekilde “coklu etkenlerin
eszamanlt ve kademeli etkilesimi” iizerinden agiklanabilecegini
diisiindiirmektedir: (i) poligenik yatkinlik, (ii) biiyiime déneminde
artan mekanik ylik ve doku uyarlanmasi, (ii1) ndromiiskiiler kontrol
ve kas-iskelet koordinasyonundaki olas1 asimetriler ve (iv)
epigenetik  diizenleme ile g¢evresel faktorlerin  fenotipi
sekillendirmesi. Bu model, neden baz1 bireylerde kii¢lik egrilerin
stabil kalirken, bazilarinda hizli progresyon gelisebildigini
aciklamada daha islevsel bir ¢er¢eve sunar (Pérez-Machado et al.,
2020; Sun et al., 2023; Tuncay et al., 2025).

Klinik Cikarimlar ve Gelecek Perspektifi

Genetik ve epigenetik bulgularin klinik yonetim agisindan en
onemli c¢iktisi, AIS’in risk degerlendirmesini daha rafine hale
getirme potansiyelidir. Bugiin  klinikte progresyon riskini
belirlemede temel parametreler; baslangic Cobb agisi, egri paterni,
yas, cinsiyet ve iskelet olgunlugu gostergeleridir. Molekiiler diizeyde
risk smiflamasina yonelik ¢aligmalar ise heniiz rutin uygulama
diizeyine ulasmamis olsa da, ozellikle poligenik risk skorlar1 ve
epigenetik  biyobelirteclerin  bu klasik klinik parametrelerle
birlestirildigi modellerin gelecekte izlem araliklarini ve erken
konservatif miidahale zamanlamasini kisisellestirme potansiyeli
tagidig1 diistiniilmektedir (Pérez-Machado et al., 2020; Sun et al.,
2023).
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Ote yandan genetik heterojenligin belirgin olmasi, “tek bir
biyobelirte¢” yerine coklu parametrelerin birlikte degerlendirilecegi
kompozit risk modellerinin daha gercek¢i  olabilecegini
gostermektedir. WGS gibi kapsamli genom analizlerinin farkli
biyolojik yolaklarda kiimelenen aday varyantlar1 isaret etmesi,
AIS’in farkli biyolojik alt tipler barindirabilecegi hipotezini
giiclendirir (Tuncay et al., 2025). Bu yaklasim, gelecekte brace
karari, egzersiz odakli rehabilitasyon stratejileri ve cerrahiye
yonlendirme esigi gibi kritik klinik kararlarda daha kisisellestirilmis
bir ¢er¢eve sunabilir.

Sonug¢

AIS, ergenlik doneminin hizli biiylime biyolojisi icinde
sekillenen, poligenik ve ¢ok faktdrli bir omurga deformitesidir.
LBX1, GPR126/ADGRG6, BNC2 ve PAXI1 gibi duyarhilik
lokuslari, hastalifin genetik zeminini aydinlatmada temel kilometre
taglaridir (Takahashi et al., 2011; Kou et al., 2013; Ogura et al., 2015;
Sharma et al., 2015). Bu genetik sinyallerin deneysel modeller ve
doku biyolojisi ¢alismalariyla desteklenmesi, kikirdak gelisimi ve
noromiiskiiler aglarin patogenezdeki roliinii daha goriiniir hale
getirmistir (Karner et al., 2015; Zhu et al., 2017).

Bununla birlikte, klinik heterojenlik ve progresyon ¢esitliligi,
epigenetik diizenleme ve g¢evresel/biyomekanik etkilerin dnemini
vurgular. PITX1 metilasyonu ve monozigotik ikiz metilasyon
caligmalari, epigenetik isaretlerin egri siddeti ve ilerleyisle baglantili
olabilecegine dair gii¢lii ipuglar1 sunmaktadir (Shi et al., 2018; Wu
et al., 2025). En giincel biitiin-genom yaklagimlar1 ise AIS’in ¢ok
sayida biyolojik yolak iizerinden gelisebilen heterojen bir hastalik
kiimesi olabilecegi goriistinii giiclendirmektedir (Kou et al., 2019;
Tuncay et al., 2025).

Sonu¢ olarak AIS’in etiyoloji ve patomekanizmasini
anlamada en islevsel yaklasim, genetik ve epigenetik yatkinligin
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biliylime biyolojisi, doku 6zellikleri ve biyomekanik yiiklenme ile
birlestigi entegre modelleri benimsemektir. Bu perspektif, gelecekte
daha kisisellestirilmis izlem ve konservatif tedavi stratejilerinin
gelistirilmesine bilimsel bir zemin saglayacaktir.
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YASLIFRFIN BLoJisi

Recep AKKAYA!
Ahmet Kemal FILIZ?

Giris

Yaslilik, insan yasaminin dogal bir evresi olup, hiicre, doku ve organ sistemlerinde geri
donltsimsuz degisikliklerin meydana geldigi bir stiregtir. Bu degisiklikler, genetik faktorler, cevresel
etkenler ve yasam tarzi gibi unsurlarla sekillenir. Yaslanma, fonksiyonel kapasitenin azalmasiyla
sonuglanir ve gesitli hastaliklarin riskini artirir. Dlinyada hem yasli niifus sayisi hem de beklenen
yasam omriiniin artmasi ile beraber yashlik fizyolojisini anlamak, saglk hizmetlerini iyilestirmek igin
kritik 6Gneme sahiptir.

Bu bolimde, yaslanmanin temel teorileri, hiicresel ve molekiiler mekanizmalari ile organ
sistemlerindeki degisiklikler ele alinacaktir. Ayrica, bu degisikliklerin glinlik yasama etkileri ve
potansiyel miidahaleler tartisilacaktir.

A) Yaslanmanin Teorileri

Yaslanma siirecini agiklayan cesitli teoriler vardir. Bunlar genellikle programlanmis (genetik)
ve hasar birikimi (stokastik) teoriler olarak siniflandirilir. Programlanmis teorilere gére, yaslanma bir
genetik saat tarafindan yonetilir; 6rnegin, telomer kisalmasi hiicre bélinme sinirini belirler (Hayflick
siniri).

I.Hasar birikimi teorileri

Ozellikle serbest radikallerin (ROS) DNA, protein ve lipidlere zarar vermesi gibi cevresel
hasarlari vurgular.

Il.Hormonal teori,

Endokrin sistemdeki degisiklikleri (6rnegin, bliyiime hormonu azalmasi); immn teori,
bagisiklik sisteminin yaslanmasini (imminosenesans); telomer teorisi, kromozom uglarinin
kisalmasini; serbest radikal teorisi ise oksidatif stresi merkeze alir.

Tilm bu teorileri birlikte degerlendirdigimizde ; bu teorilerin birbirini tamamladigini ve
multifaktoryel bir stireg oldugunu belirtmek gerekir.

B) Hiicresel ve Molekiiler Degisiklikler

Yaslanmanin temelinde hiicresel diizeyde degisiklikler yatar. Hiicre senesansi, hiicrelerin
cogalma yeteneginin kalici kaybi olup, telomer kisalmasi, DNA hasari ve p53/p21 yolaklari ile
tetiklenir.
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Senesent hicreler, SASP (senesans iliskili salgi fenotipi) yoluyla proinflammatory sitokinler (IL-
6, IL-8) salgilar ve kronik inflamasyonu (inflammaging) tetikler. Mitokondriyal disfonksiyon, ROS
Gretimini artirir ve enerji metabolizmasini bozar; mtDNA mutasyonlari, oksidatif fosforilasyon
kusurlari ve mitofaji azalmasi gorilir.

Epigenetik degisiklikler (DNA metilasyonu azalmasi, histon modifikasyonlari) gen
ekspresyonunu degistirir. Proteostaz kaybi, protein katlanma ve degradasyon mekanizmalarinin
(otofaji, ubikitin-proteazom sistemi) bozulmasiyla agregasyonlara (6rnegin, Alzheimer'da beta-
amiloid) yol acar. Kok hiicre tikenmesi, doku yenilenmesini engeller.

C) Organ Sistemlerindeki Degisiklikler

Yaslanma, tiim organ sistemlerini etkiler ve fonksiyonel rezervleri azaltir. Asagida, baslica
sistemler incelenmistir.

Kardiyovaskiiler Sistem

Kardiyovaskiler sistemde, damar duvarlarinin kalinlagsmasi ve elastikiyet kaybi sistolik kan
basincini artirir. Kardiyak debi ve strok volim azalir; miyokard fibrozisi, valviler kalsifikasyon ve
aritmiler siklasir. Beta-adrenerjik yanitin azalmasi egzersiz toleransini dislirtir. Ateroskleroz ve
hipertansiyon riski yiikselir; postural hipotansiyon, venéz tromboz gibi komplikasyonlar gorilir.

Solunum Sistemi

Solunum sisteminde, g6gls kafesi rijiditesi artar ve akciger elastikiyeti azalir; solunum kas glicii
zayiflar, ventilasyon/perfiizyon dengesi bozulur. Rezidiel voliim artar, fonksiyonel rezidiiel kapasite
ylkselir; gaz degisimi azalir. Enfeksiyon riski (pnémoni, aspirasyon) immin yanit gerilemesi nedeniyle
artar.

Gastrointestinal Sistem

Sindirim yavaslar; dis kaybi, tiklrik salgisi azalmasi, tat/koku duyusu kaybi beslenmeyi etkiler. Mide
asit salgisi azalir, B12, kalsiyum emilimi yetersizlesir; konstipasyon kroniklesir. Karaciger
metabolizmasi diiser, ilag klirensi azalir; divertikiiler hastalik ve konstipasyon riski artar.

Endokrin Sistem

Hormon salgisi azalir; menopozda 6strojen kaybi osteoporoz ve kardiyovaskiiler riski artirir.
Erkeklerde testosteron azalmasi hipogonadizme yol acar. insiilin direnci ve glukoz metabolizmasi
bozuklugu diyabet riskini ylikseltir; tiroid hormonlari azalir, metabolizma yavaslar.

Nérolojik Sistem

Beyin kan akimi %20 azalir; néron kaybi, serebral atrofi gorilir. Hafiza ve islem hizi diiser; Parkinson,
Alzheimer riski artar. Duyu kaybi (isitme, gérme) dengeyi bozar, diisme riskini artirir.

iskelet Sistemi

Kas kitlesi (sarkopeni) ve kemik yogunlugu (osteoporoz) azalir; hormonal degisiklikler ve hareketsizlik
rol oynar. Kirik riski artar; propriyosepsiyon kaybi diismelere neden olur.

DOC. DR. AHMET KEMAL FiLiz, SIVAS CUMHURIYET UNIVERSITESI
TIP FAKULTESI FiZYOLOJi ANABILIM DALI

--37--



Duyu Sistemleri

Gorme keskinligi azalir (katarakt, glokom); isitme kaybi (presbiyakuzi) frekans ayrimini bozar.
Tat/koku duyusu diser, istahsizliga yol agar.

Deri ve Uriner Sistem

Deri incelir, elastikiyet azalir; yara iyilesmesi yavaslar. Bobrek glomeril sayisi azalir, filtrasyon hizi
duser; sivi dengesi bozulur.

Sonug¢

Yaslilik fizyolojisi, kompleks bir siiregtir. Dlinyada artan yash niifus nedeniyle {lkelerin sosyal giivenlik
harcamalarinda ciddi bir yik olusturmaktadir. Bu nedenle devletlerin saglikli yaslanmayi tesvik etmek
icin egzersiz, beslenme ve erken miidahaleler gibi konularda yasl insanlara gerekli egitimlerin verilip
psikolojik ve fiziksel anlamda da tiim desteklemeleri saglamasi dnerilebilir. Bolgesel ve yoresel
yaklasimlar 6n planda olmalidir. Aksi halde hizla yaslanan nifus ve artan yasam sireleri ile beraber
altindan kalkilmasi ¢ok zor olan maliyetlerle karsilasilabilir. Senolitikler, antioksidanlar gibi yeni
tedaviler umut vadeder. Gelecek arastirmalar, kisisellestirilmis yaklasimlara odaklanmalidir.

Kaynaklar

1. Hall,J. E., & Hall, M. E. (Cev. Ed.: B. C. Yegen, i. Alican, Z. Solakoglu). (Yil). Guyton Tibbi
Fizyoloji (14. Baski). Ankara: Giines Tip Kitabevleri

2. Widmaier, E. P., Raff, H., & Strang, K. T. (Cev. Ed.: T. Ozgiinen, Z. Solakoglu). (Yil). Vander
insan Fizyolojisi. Ankara: Giines Tip Kitabevleri

3. Barrett, K. E., Barman, S. M., Boitano, S., & Brooks, H. L. (Cev. Ed.: U. isoglu-Alkag). (Yil).
Ganong’un Tibbi Fizyolojisi (25. Baski). Ankara: Nobel Tip Kitabevleri.

4. Jameson, J. L., Fauci, A. S., Kasper, D. L., Hauser, S. L., Longo, D. L., & Loscalzo, J. (Cev. Ed.:
ilgili editérler). (Yil). Harrison i¢ Hastaliklari ilke ve Uygulamalari (20. Baski). istanbul:
Nobel Tip Kitabevleri

5. Yashlarda Ortaya Cikan Fizyolojik Degisiklikler. DergiPark.
https://dergipark.org.tr/tr/download/article-file/1148748 dergipark.org.tr 6.Yaslanma ve

Fizyolojik Degisiklikler. ATUDER.

http://file.atuder.org.tr/ atuder.org/fileUpload/I17i7|GIThLbi.pdf file.atuder.org.tr

6. Yaslanmadaki Fizyolojik ve Anatomik Degisiklikler.
https://www.solunum.org.tr/TusadData/Book/677/17102018112959-003.pdf
solunum.org.tr

7. Yaslanma ile Meydana Gelen Fizyolojik Degisiklikler.
http://ichastaliklaridergisi.org/managete/fu folder/2007-01/htm|/2007-14-1-018-
026.htm ichastaliklaridergisi.org.tr

8. YASLI FiZYOLOJiSi. ResearchGate.
https://www.researchgate.net/publication/395993563 YASLI FIZYOLOJISI
researchgate.net

DOC. DR. AHMET KEMAL FiLiz, SIVAS CUMHURIYET UNIVERSITESI
TIP FAKULTESI FiZYOLOJi ANABILIM DALI

--38--


https://dergipark.org.tr/tr/download/article-file/1148748
http://file.atuder.org.tr/_atuder.org/fileUpload/l7i7jGlThLbi.pdf
https://www.solunum.org.tr/TusadData/Book/677/17102018112959-003.pdf
http://ichastaliklaridergisi.org/managete/fu_folder/2007-01/html/2007-14-1-018-026.htm
http://ichastaliklaridergisi.org/managete/fu_folder/2007-01/html/2007-14-1-018-026.htm
https://www.researchgate.net/publication/395993563_YASLI_FIZYOLOJISI

9. YASLILIK FiZYOLOJISINDE GUNCEL YAKLASIMLAR. https://www.sabded.org/wp-
content/uploads/Yaslilik-Dizilmis-Hali-35-43.pdf sabded.org

10. Yaslilik Fizyolojisi ve Yaslilik Gelisimindeki Teoriler. Turkiye Klinikleri.
https://www.turkiyeklinikleri.com/article/en-yaslilik-fizyolojisi-ve-yaslilik-gelisimindeki-
teoriler-55716.html turkiyeklinikleri.com

11. Physiology, Aging. NCBI. https://www.ncbi.nlm.nih.gov/books/NBK556106/
ncbi.nlm.nih.gov

12. Aging and aging-related diseases. Nature. https://www.nature.com/articles/s41392-022-
01251-0

nature.com

DOC. DR. AHMET KEMAL FiLiz, SIVAS CUMHURIYET UNIVERSITESI
TIP FAKULTESI FiZYOLOJi ANABILIM DALI

--39--


https://www.sabded.org/wp-content/uploads/Yaslilik-Dizilmis-Hali-35-43.pdf
https://www.sabded.org/wp-content/uploads/Yaslilik-Dizilmis-Hali-35-43.pdf
https://www.turkiyeklinikleri.com/article/en-yaslilik-fizyolojisi-ve-yaslilik-gelisimindeki-teoriler-55716.html
https://www.turkiyeklinikleri.com/article/en-yaslilik-fizyolojisi-ve-yaslilik-gelisimindeki-teoriler-55716.html
https://www.ncbi.nlm.nih.gov/books/NBK556106/
https://www.nature.com/articles/s41392-022-01251-0
https://www.nature.com/articles/s41392-022-01251-0

NEUROPATHIC PAIN: BANGSiSs, MECHANISMS, AND
TREATMENT STRATEGIES

Noropatik Agri: Tani, Mekanizmalar ve Tedavi Yaklasimlar:

Deniz OKE'

1. INTRODUCTION

Pain is defined as an unpleasant sensory and emotional experience associated with actual or
potential tissue damage [1]. George Riddoch, an English neurologist, wrote in his article: ‘Pain is only
experienced periodically in the lives of healthy individuals; the neural mechanisms remain dormant but
awaken when body tissues are threatened [2]. As a result, it has been proven that pain is a warning
system in which specific receptors and fiber systems signal tissue damage from the periphery to the
brain. When the normal signaling system is damaged, pain and functional impairment or loss are
observed immediately afterwards in the early stages. However, in some cases, a type of pain develops
as a result of the lesion that is difficult to control and limit, which is referred to as neuropathic pain.

Neuropathic pain, which develops as a result of lesions affecting the somatosensory nervous
system in the peripheral or central nervous system, is defined as ‘pain caused by a lesion or disease in
the somatosensory system ’according to the current definition revised by the International Association
for the Study of Pain (IASP) Neuropathic Pain Special Interest Group (NeuPSIG). ‘pain caused by a
lesion or disease in the somatosensory system [3]. The primary cause of neuropathic pain may stem
from damage to the nerve pathways at any point from the cortical neurons in the brain to the terminals
of peripheral nociceptors [4]. This definition indicates that neuropathic pain has a broad clinical
classification based on anatomical (e.g., peripheral and central) and etiological (e.g., degenerative,
traumatic, infectious, metabolic, and toxic) factors. However, recent changes to this definition include
the presence of dysfunction and neuronal lesions. In the new definition of neuropathic pain, dysfunction
is no longer accepted as a criterion, as it is difficult to accept it as a criterion if symptoms and soft tissue
signs cannot be objectively confirmed.

The symptoms, mechanism, and treatment management of neuropathic pain differ from those
of nociceptive pain [5]. Neuropathic pain is classified as central or peripheral. Central neuropathic pain
results from damage to the cortex, thalamus, cerebellum, and spinal cord; peripheral neuropathic pain
results from damage to the peripheral nerves, plexus, dorsal root ganglion, and nerve root.

The etiology of neuropathic pain may be related to several different causes. It is more common
in individuals over the age of 50, affecting approximately 7% of the general population. While the
etiology provides information about damage to the nervous system, classification can also be based on
etiology (Table 1.) [6].

Positive manifestations of neuropathic pain encompass both spontaneous sensations occurring
without an external trigger and stimulus-evoked symptoms, such as pain and abnormal tingling
sensations (paresthesia) [7]. In contrast, negative clinical findings are characterized by sensory deficits,
motor weakness, and diminished or absent deep tendon reflexes within the distribution of the affected
nerve. Neuropathic pain may present as either episodic or persistent and is often described using a wide
range of qualitative pain descriptors [5,8]. Pain induced by stimuli includes allodynia, defined as pain
caused by a stimulus that normally does not cause pain (e.g., clothing touching the skin), and
hyperalgesia, defined as pain that is more intense than the normal response to a painful stimulus. These
dermatomal sensory abnormalities can lead to misdiagnosis of a functional or psychosomatic disorder.
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The wide variety of clinical presentations makes it difficult to define the epidemiology of
neuropathic pain. However, the validity of many assessment tools for identifying pain with neuropathic
features has been demonstrated, facilitating epidemiological studies showing that the prevalence of
neuropathic pain is around 7-8% of the general population [3,8-10]. Furthermore, studies measuring
quality of life assess the impact of the pain experienced by patients and reveal the relationship between
neuropathic pain and depression, sleep disorders, and physical dysfunction [11,12].

Table 1. Etiological and Anatomical Classification of Neuropathic Pain.

Peripheral Nervous

Etiology System Spinal Cord Central Nervous System

Hereditary Fabry-related neuropathy Syringomyelia Brainstem syringobulbia

Metabolic Diabetic painful Myelopathy due to vitamin

disorders neuropathy Bi2 deficiency

Trauma-related Peripheral nerve damage Tra}umatic spinal cord Demyelina}ting diseasg
lesion (e.g., multiple sclerosis)

Neuropathy secondary to

Vascular causes Ischemic spinal cord injury Cerebral infarction

vasculitis

Neoplastic Compression of peripheral Tumor-related spinal Intracranial tumor

involvement nerves by tumors compression compression
Inflammatory

Immune- S , . . . .

. Guillain—Barré syndrome demyelination (multiple Multiple sclerosis

mediated .
sclerosis)

Infectious HIV-associated . Infectious myelitis Encephalitis

agents neuropathy, Lyme disease

. Chemotherapy-associated
Toxic exposure — —
neuropathy

2. MECHANISMS OF NEUROPATHIC PAIN RELATED TO DIAGNOSIS AND
TREATMENT

A clear understanding of the biological processes underlying pain signaling and modulation is essential
for accurate clinical evaluation and for designing effective therapeutic strategies. Advances in
preclinical pain models—ranging from experimental injury to peripheral or central neurons, such as
surgical models, to disease-based models like streptozotocin-induced diabetic neuropathy—have
enabled detailed investigation of mechanisms that were previously poorly understood. These models
have substantially expanded current knowledge of the cellular and molecular pathways involved in the
development of neuropathic pain [13,14]. In addition, insights into the fundamental mechanisms of
neuropathic pain—such as heightened sensitization and dysfunction of descending inhibitory
pathways—have been derived from human studies employing a combination of clinical evaluations,
quantitative sensory testing, electrophysiological assessments, nerve and skin biopsy analyses, and
functional neuroimaging techniques [15,16]. Several clearly defined pathophysiological processes have
been identified as central contributors to neuropathic pain, including ectopic neuronal firing, increased
sensitivity of peripheral nociceptors, amplification of pain signaling within central pathways, disruption
of endogenous inhibitory control mechanisms, and activation of microglial cells [17].

The classification of neuropathic pain based on its mechanism is still not possible. This is
because the pain mechanism cannot be defined in detail for every case. Furthermore, a single mechanism
may be responsible for many different symptoms, and the same symptom may arise in different patients
due to different mechanisms. Therefore, different types of pain may coexist.

Painful diabetic neuropathy, a common complication of Type 1 or Type 2 diabetes, is one of the
frequently encountered pain syndromes. Diabetes-related nerve damage can occur in all nerve fibers
(sensory, motor, and autonomic). This damage may present clinically as mononeuropathy or
polyneuropathy. The nature of pain in diabetic neuropathy can be nociceptive, neuropathic, or mixed. It
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is commonly perceived by patients as burning, electric shock, tingling, or stabbing. It may go unnoticed
by both the patient and the doctor for a long time. It may begin with superficial and deep sensory
disturbances, followed by pain, distal muscle weakness, decreased/absent deep tendon reflexes, skin
lesions, and muscle atrophy [18,19].

Trigeminal neuralgia is the most common type of facial neuralgia, but its incidence is low. It is
mostly unilateral, characterized by sharp, deep, episodic facial pain similar to an electric shock. Even a
light touch can trigger paroxysmal pain. It is often misdiagnosed as a dental problem because it usually
affects the lower two branches of the trigeminal nerve [18,19].

Trigeminal neuralgia represents a neuropathic pain disorder with clinical features that differ
from other neuropathic syndromes and, as a result, demonstrates a distinct response pattern to
pharmacological therapies [20]. There are numerous positive RCTs on carbamazepine and the better-
tolerated oxcarbazepine in trigeminal neuralgia [21-23]. In patients who fail to respond adequately to
pharmacological therapy, surgical options—including gamma knife radiosurgical ablation of the nerve
root and microvascular decompression—may be considered; however, the supporting evidence remains
limited, and clinical outcomes show considerable variability [24,25].

Peripheral nerve damage associated with Herpes Zoster infection (shingles) is referred to as
postherpetic neuralgia (PHN). It is caused by the reactivation of the Varicella-Zoster virus, which is
dormant in the sensory ganglion [26]. PHN is unilateral (one-sided) pain lasting longer than 3 months
after the onset of infection or skin lesions, located in the dermatome affected by the viral infection. It is
a continuous or intermittent (paroxysmal), electric shock-like, burning-like, severe, sudden, and sharp
pain. Sometimes it may be described by patients as an intense itching sensation. This condition may be
accompanied by symptoms such as tingling, numbness, dysesthesia, paresthesia, hyperalgesia,
hyperesthesia, and allodynia. It often worsens in the evening and at night and is exacerbated by factors
such as cold weather and stress. While pain resolves spontaneously within a few months in some
patients, it may persist throughout life in others [27,28].

Persistent pain following surgery/trauma; this is chronic, neuropathic pain resulting from
damage to the peripheral nervous system following a surgical procedure (such as thoracic surgery,
thoracotomy, or limb amputation) or trauma. There is no pathology that explains the character, location,
or intensity of the pain. The application of nerve-sparing minimally invasive techniques significantly
reduces the duration and intensity of pain [29].

Complex regional pain syndrome (CRPS); is a chronic regional pain, usually in the distal part
of the upper or lower extremities, starting spontaneously or after minor trauma [30]. There are two
subtypes: CRPS type 1 without evidence of nerve damage and CRPS type 2 with evidence of nerve
damage. The core components of CRPS are the presence of sensory, autonomic, and motor symptoms,
which distinguish it from other chronic pains [31,32]. The duration and intensity of the pain are
disproportionate to the pain that might be expected after tissue trauma. Clinical manifestations may
include hyperalgesia and allodynia affecting the involved limb, along with alterations in skin
temperature and coloration, abnormal sweating patterns compared with the contralateral side, edema,
and trophic changes involving the skin, hair, and nails. Patients may also exhibit reduced limb
endurance, disturbances in proprioception—such as difficulty accurately positioning the affected
extremity—and, in rare cases, joint contractures. The constellation and severity of these findings differ
between individuals and may evolve over time. During the acute stage, the affected limb is typically
intensely painful, warm, erythematous, and swollen, whereas in the chronic stage pain often persists
despite a cooler limb temperature, pale and atrophic skin appearance, and the emergence of motor
abnormalities including dystonia and tremor.

Central pain is one type of pain caused by a lesion or disease within the somatosensory system
of the central nervous system [33]. Diseases that cause central neuropathic pain include stroke, multiple
sclerosis, syringomyelia in the spinal cord/brain stem, and spinal cord injury. It has been suggested that
pain in patients with Parkinson's disease is neuropathic in origin.

Central post-stroke pain, formerly known as thalamic pain, is not uncommon and occurs in 7-
8% of stroke patients [34,35]. Following spinal cord injury, patients may experience a combination of
nociceptive and neuropathic pain components. Evidence from a recent prospective investigation
indicated that, among individuals with neuropathic pain after spinal cord injury, approximately 60%
exhibited pain attributable to lesions within the central nervous system [36]. Despite their different
etiologies, certain clinical features are present: (1) Development of hypersensitivity in body regions
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receiving abnormal somatosensory information due to the CNS lesion and (2) partial or complete loss
of spinothalamic functions (sensation of temperature and pinprick) [37]. In addition to these basic
mechanisms, patients exhibit negative and positive signs and symptoms. Negative neurological findings
reflect underlying central nervous system injury and are typically manifested as partial or complete loss
of sensation and numbness within the territory of the affected nerve. In contrast, positive sensory
phenomena—such as dysesthesia, heightened pain sensitivity, or pain elicited by normally innocuous
stimuli—frequently coexist as part of the overall clinical presentation [38]. Central neuropathic pain
may be spontaneous or evoked. It may present as a combination of burning, stabbing, sharp, icy, tearing,
cutting, and squeezing sensations. Nevertheless, no single clinical sign can be considered
pathognomonic for the diagnosis of central pain. In cases related to central nervous system lesions, pain
may be influenced by additional contributing factors such as headache, shoulder or musculoskeletal
pain, and painful spasticity. Moreover, these clinical presentations are frequently accompanied by
functional comorbidities, including depressive symptoms, anxiety, and disturbances in sleep patterns
[35]. This further complicates the clinical picture of central neuropathic pain.

2.1. Ectopic Activity

Following neural injury, heightened excitability of sensory neurons leads to the emergence of ectopic
action potentials within primary afferent pathways and their central extensions. This pathological
electrical signaling is recognized as a major contributor to spontaneous, stimulus-independent pain and
to abnormal sensory experiences, including paresthesia and dysesthesia [39]. This mechanism may
occur in different temporal forms, such as paroxysmal, intermittent, or constant. There is evidence of
various molecular changes in voltage-gated sodium (e.g., Navl.3, Navl.6, and Nav1.9) channels,
voltage-gated potassium (e.g., KCNQ, Kv7) channels, and cyclic nucleotide-gated (e.g., HCN2)
channels may contribute to post-injury ectopic activity [40].

2.2. Peripheral Sensitization

Peripheral sensitization arises as a result of hyperexcitability and a decrease in the activation threshold
of primary afferent neurons and is an important mechanism in the development of hyperalgesia and
allodynia following nerve injury [13]. Changes in the TRPV 1-associated transient receptor potential ion
channel and other members of this ion channel family following injury are thought to contribute to
peripheral sensitization. This theory has led to the clinical evaluation and therapeutic use of the TRPV1
agonist capsaicin [41].

2.3. Central Sensitization

Animal studies have demonstrated that nerve injury can trigger central sensitization by inducing
neuroplasticity in spinal and supraspinal areas via peripheral nociceptive stimuli [42]. Central
sensitization refers to a sustained enhancement of neuronal responsiveness and synaptic transmission
within central pain-processing pathways, persisting over time despite being reversible in nature. This
phenomenon manifests clinically as pain elicited by normally innocuous stimuli (allodynia), an
exaggerated response to noxious inputs (hyperalgesia), progressive amplification of pain with repeated
identical stimulation (enhanced temporal summation), and the extension of pain sensitivity beyond the
original nerve territory, known as secondary hyperalgesia [42]. Nerve injury—induced alterations in A-
beta mechanoreceptive fibers have been proposed as one of the mechanisms contributing to the
development of central sensitization. These changes are associated with increased expression of
neuropeptides, including calcitonin gene-related peptide and substance P, along with enhanced
excitatory amino acid signaling, particularly through N-methyl-D-aspartate (NMDA) receptor—-mediated
pathways [43]. While this mechanism supports the theoretical use of excitatory amino acid antagonists
in the management of neuropathic pain, no compounds with an acceptable balance of efficacy and safety
have yet been successfully developed for clinical use [6].

2.4. Impaired Inhibition Modulation

Beyond processes that amplify nociceptive transmission, nerve injury has also been shown to
compromise intrinsic inhibitory mechanisms involved in pain regulation. Experimental studies suggest
that increased excitatory neurotransmission after neural damage may lead to apoptotic degeneration of
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GABAergic inhibitory interneurons within the spinal cord. The resulting reduction in inhibitory control
weakens pain modulation and contributes to heightened pain sensitivity [13].

2.5. Microglia Activation

Over the last two decades, growing evidence has indicated that neuropathic pain and related pain states
are closely linked to the activation of glial cells and other non-neuronal elements within the central
nervous system. Alterations in glial cell activity are thought to play a key role in the development and
maintenance of central sensitization. Following neural damage, activation of glial cells initiates a series
of molecular processes that amplify pain responsiveness. These mechanisms encompass activation of
mitogen-activated protein kinase—dependent signaling pathways, enhanced expression of chemokine
receptors, and augmented secretion of pro-inflammatory cytokines together with a range of growth
factors [33]. Multiple mechanisms or pain phenotypes may be observed in individuals with neuropathic
pain; a single condition (e.g., postherpetic neuralgia) generally encompasses a population consisting of
heterogeneous patient subgroups with different mechanisms [44]. For instance, certain individuals with
postherpetic neuralgia exhibit little or no sensory deficit, yet display pronounced hyperalgesia and/or
allodynia, a presentation attributed to peripheral sensitization involving so-called “irritable nociceptors.”
In contrast, another patient subgroup demonstrates impaired thermal perception due to deafferentation
of small nociceptive fibers, accompanied by marked allodynia driven predominantly by central
sensitization processes. A further clinical phenotype is characterized by sensory loss in the absence of
hyperalgesia or allodynia, but with severe spontaneous pain, likely arising from ectopic firing in
deafferented central neurons and/or maladaptive central neuronal reorganization. These distinct
presentations underscore the need for individualized treatment strategies and highlight that multiple pain
mechanisms may coexist within a single patient [44].

3. DIAGNOSIS AND CLINICAL ASSESSMENT OF NEUROPATHIC PAIN

3.1. Initial Approach to the Assessment of Neuropathic Pain

In the clinical assessment of a patient presenting with suspected neuropathic pain, a detailed history,
thorough physical examination, and specific laboratory tests assist in establishing the differential
diagnosis of the current problem [45]. It guides the selection of appropriate treatment and enables
monitoring of individual responses to the treatment regimen [6]. Comprehensive and careful assessment
of patients with neuropathic pain is extremely important, and specific tests are helpful in supporting the
diagnosis [46]. Clinical assessment is important for establishing the correct diagnosis, ensuring
treatment success, identifying treatable conditions (e.g. spinal cord injury, neoplasm) and determining
the defining characteristics for personalizing treatment (e.g. insomnia and autonomic neuropathy). As
with all chronic pain conditions, it is important to determine the location (peripheral or central origin),
intensity, nature, and temporal variation of neuropathic pain, as well as the extent of functional
impairment caused by the pain. It also includes steps to assess the psychosocial impact and possible
comorbidities (such as disturbed sleep patterns, anxiety, depression, and dysfunction in work, family,
and social life). The impact on mood, sleep patterns, and daily life activities should be evaluated.
Responses to previously tried treatments and factors such as previous or ongoing alcohol or substance
dependence should be evaluated.

3.2. Characteristic Signs and Symptoms of Neuropathic Pain

It is more accurate to conceptualize neuropathic pain not as a singular disease entity, but rather as a
clinical syndrome. Studies have demonstrated that establishing a definitive diagnosis of neuropathic
pain through a single diagnostic procedure is not feasible [28]. While no individual clinical feature can
be regarded as definitive for the diagnosis of neuropathic pain, evidence accumulated over the last
decade and a half has delineated a characteristic pattern of sensory abnormalities that is far more
frequently associated with neuropathic pain syndromes than with non-neuropathic conditions [18,46].
Four principal criteria have been established for the definitive diagnosis of neuropathic pain, enumerated
as follows: Pain with a distribution compatible with a neuroanatomical pattern. A history of a relevant
disease or lesion affecting the somatosensory system, either centrally or peripherally. Demonstration of
positive or negative neurological findings, concordant with the pain distribution, upon neurological
examination and/or confirmatory diagnostic tests. Objective confirmation of the relevant lesion or
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disease by at least one corroborative test. The Neuropathic Pain Special Interest Group (NeuPSIG),
established under the auspices of the European Federation of Neurological Societies (EFNS) and the
International Association for the Study of Pain (IASP), has developed a grading system for this purpose.
According to this system, a diagnosis is categorized as: Definite neuropathic pain if all four criteria are
met. Probable neuropathic pain if criteria 1 and 2 are present, along with either criterion 3 or 4. Possible
neuropathic pain if criteria 1 and 2 are present, but neither 3 nor 4 is fulfilled [47]. Sensory abnormalities
(whether painful or non-painful) are suggestive of neuropathy when their distribution aligns
neuroanatomically with a suspected lesion or disease. It is important to note that neuronal damage is not
invariably the sole etiology of neuropathic pain; underlying psychogenic factors and concurrent
nociceptive pain can significantly exacerbate the clinical presentation [18,44].

Neuropathic pain can manifest in two primary forms: evoked pain (triggered by a stimulus)
and/or spontaneous pain (independent of an identifiable stimulus). Ancillary tests, when applied
appropriately, contribute significantly to the differential diagnosis, selection of optimal treatment
strategies, and monitoring of individual patient responses to therapy [48]. Accordingly, a variety of
validated assessment tools have been created to aid in the identification and evaluation of neuropathic
pain. These instruments include the Michigan Neuropathy Screening Instrument, the Neuropathic Pain
Scale, the Leeds Assessment of Neuropathic Symptoms and Signs (LANSS), the Neuropathic Pain
Questionnaire, and the Neuropathic Pain Symptom Inventory [49].

Additionally, other widely used instruments include the Douleur Neuropathique en 4 Questions
(DN4), painDETECT, the Pain Quality Assessment Scale (PQAS), and the Short-Form McGill Pain
Questionnaire—2 (SF-MPQ-2) [50]. The sensitivity of these instruments has been reported to be
approximately 80%. This 10-20% failure rate underscores both the critical role of clinical expertise in
accurate assessment and the continuing need for the development of more specific diagnostic tools.
Although some differences exist among the various scales, sensory descriptors such as “burning” (or
“warmth”), “tingling” (or “pins and needles” or “stinging”), and “squeezing” (or “electric shock™) are
consistently included across all measurement tools. These three descriptors represent the most
characteristic features of neuropathic pain [51].

Self-report assessment tools—some of which include elements of physical examination—play
an important role in the diagnostic evaluation of neuropathic pain. Beyond their diagnostic utility,
several of these instruments are also capable of distinguishing patient subgroups that may reflect
different underlying pathophysiological mechanisms. In this context, Baron and colleagues performed
a cross-sectional cohort study including 2,100 individuals with painful diabetic neuropathy and
postherpetic neuralgia, in which pain characteristics were assessed using the painDETECT
questionnaire. Analysis of the data from 1,623 patients with painful diabetic neuropathy and 498 patients
with postherpetic neuralgia revealed five distinct sensory symptom profiles identified through this
assessment tool [5].

Moreover, pain quality scales not only assess overall pain intensity but also provide more
detailed insights into treatment effectiveness [5S1]. Secondary evaluations of clinical trial data in
neuropathic pain have shown that pharmacological interventions do not uniformly affect all pain
characteristics; instead, they may markedly alleviate certain sensory qualities while having little or no
impact on others.

3.3. Basic Sensory Examination

A range of clinical approaches is available for the evaluation of sensory disturbances. These include
hypoesthesia, defined as a decreased perception of tactile or thermal stimuli; hypoalgesia, which refers
to a reduced sensitivity to painful stimuli; hyperalgesia, characterized by an exaggerated pain response
to normally painful inputs such as pinprick, pressure, heat, or cold; and allodynia, in which pain is
provoked by stimuli that are ordinarily non-painful [8]. Clinical sensory evaluation involves the
assessment of distinct afferent nerve fiber types. Mechanoreceptive A-beta fibers, which convey tactile
information, are typically examined using light touch stimuli such as fingers, cotton, or a soft brush. A-
delta fibers, responsible for rapid pain transmission, are evaluated with sharp mechanical stimuli,
including a pin or pointed object. In contrast, C fibers, which mediate slow, burning pain sensations, are
commonly tested using thermal stimuli, such as the application of a warm object at approximately 40°C
[52].
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Sensory abnormalities are commonly assessed through subjective comparison of the involved
area with the opposite, clinically unaffected side or with other unaffected regions of the body. A critical
aspect of this evaluation is establishing whether the detected sensory changes are anatomically
consistent with the presumed neurological lesion. For instance, diabetic polyneuropathy most often
manifests as bilateral, distal, and symmetrical sensory impairment in the limbs, whereas focal
neurological disorders—such as lumbar radiculopathy or postherpetic neuralgia—typically produce
sensory disturbances that follow a dermatomal distribution [53].

3.4. Quantitative Sensory Tests
Patients with neuropathic pain may exhibit a wide range of sensory disturbances that can appear in
varying combinations. The processes responsible for pain generation are considered to be closely
associated with these sensory manifestations. Consequently, detailed evaluation of individual
somatosensory symptoms plays a key role in developing mechanism-based therapeutic approaches. For
this reason, it is essential to characterize each patient’s sensory phenotype with the highest possible level
of precision and objectivity. Beyond patient-reported outcome measures, quantitative sensory testing
techniques provide valuable information for defining distinct sensory profiles—often referred to as
“mechanistic clusters”—in neuropathic pain and for anticipating responses to pharmacological
treatment. To support both clinical research and routine practice, a standardized quantitative sensory
testing protocol has been established and disseminated by the German Research Network on
Neuropathic Pain [54]. Sensory stimuli are scaled and evaluated by eliciting a painful or non-painful
sensation in the skin or deep somatic structures. Quantitative sensory tests are assessed using a series of
thermal and mechanical stimuli (quantitative thermal test, pressure algometry, graded von Frey
filaments, and various needle prick stimuli, etc.). It identifies both positive signs (gain of function) and
negative signs (loss of function) in both nociceptive and non-nociceptive afferent nervous systems [55].
Advances in quantitative sensory testing have led to a revised categorization of neuropathic pain
conditions into distinct subgroups. In an approach analogous to oncological staging systems, this
framework stratifies patients based on the functional integrity of large- and small-diameter afferent
nerve fibers, known as the LoGa classification [28]. Demant et al. investigated the analgesic effect of
oxcarbazepine in 72 patients with neuropathic pain due to various causes (postherpetic neuralgia,
surgical or traumatic nerve damage, or polyneuropathy) in a 54 randomized, double-blind, placebo-
controlled study. The study, designed according to the LoGa classification, performed quantitative
sensory tests and divided patients into the following two groups based on their sensory profiles: (1) the
‘irritable nociceptor ’predominant type, characterized by preserved small fiber nerve function with a
predominance of positive symptoms such as ‘functional gain’, and (2) the ‘deafferentation type’,
characterized by sensory loss. This classification, based on dysregulated sodium channels, is based on
the assumption that hyperalgesia (‘irritable nociceptor’) resulting from ectopic activity is primarily
responsible. Therefore, it suggests the hypothesis that oxcarbazepine, a sodium channel blocker, is
effective in these patients [56]. Although oxcarbazepine is recommended as first-line treatment for
trigeminal neuralgia, it has been shown to play a lesser role in the treatment of other neuropathic pain
syndromes. This study demonstrated a positive treatment response depending on the sensory phenotype.
The number needed to treat (NNT) to achieve a 50% reduction in pain for all patients was 6.9. The NNT
was only 3.9 for the group with an “irritable nociceptor phenotype”, whereas the NNT was 13 for the
“non-irritable nociceptor phenotype” [56].

3.5. Other specific tests
Clinical neurophysiological investigations are commonly used to identify peripheral nerve involvement
in patients with suspected neuropathic pain. Nevertheless, because these techniques primarily assess
large-diameter nerve fibers, their diagnostic utility is limited in conditions where small fiber pathology
is predominant. In such cases, additional diagnostic approaches should be considered. Alongside routine
clinical and electrophysiological evaluations, structural assessment methods—including skin biopsy,
sural nerve biopsy, and imaging studies targeting larger peripheral nerves—may provide complementary
information, particularly in patients suspected of having small fiber neuropathy [55].

Functional tests include heart rate variability, sudomotor function testing, contact-evoked
potentials (CHEPs), laser-evoked potentials (LEPs), and quantitative axon reflex measurements. The
earliest neurophysiological abnormality detected in neuropathy is sudomotor nerve dysfunction,
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accompanied by changes in sweat secretion. Various methods are available to determine sudomotor
activity. One commonly used method is the Quantitative Sudomotor Axon Reflex Test (QSART) [57].
This test measures sweat production at rest and skin temperature, along with sweat production stimulated
by iontophoresis. QSART can be used in the diagnosis of small fiber neuropathy, and it is anticipated
that including this test in the diagnostic criteria for small fiber neuropathy will improve the diagnostic
accuracy [57]. Recently developed objective ‘sweat tests "have enabled the measurement of partial
denervation of sweat glands individually and the detection of a decrease in water production at an early
stage [58].

Contact heat-evoked potentials (CHEPs) and laser-evoked potentials (LEPs) assess thermal
information transmitted via A-delta and C fibers [55]. CHEPs stimulate a greater number of nociceptors
in the skin with contact heat stimulation, whereas LEPs selectively activate nociceptors individually
using high-energy lasers [59]. The fact that LEPs do not require skin contact gives them an advantage
over CHEPs, but their disadvantage is that they do not activate the nerve naturally like CHEPs do.
Despite these advantages and disadvantages, both LEPs and CHEPs are accepted as reliable methods
for investigating nociceptive pathways [55]. However, there is no clear correlation between structural
changes such as intraepidermal nerve fiber density and LEPs [55]. This situation indicates that it is not
related to the loss of function of the remaining intact nerve fibers following the loss of nerve fibers. In
a study of 40 patients with Casanova-Molla et al. mixed (small fiber and large fiber) neuropathy and 52
patients with small fiber neuropathy, a significant correlation was reported between intracpidermal nerve
fiber density and the latency and amplitude of LEPs and CHEPs in both subgroups [60]. At present,
punch skin biopsy using a 2-3 mm specimen has become a commonly applied diagnostic method,
offering a rapid, minimally invasive approach with a high diagnostic yield for the evaluation of patients
suspected of having small fiber neuropathy.

Following tissue processing and fixation, biopsy sections are immunolabeled with protein gene
product 9.5 to allow visualization and quantification of nerve fibers extending from the dermis into the
epidermis. Over the past two decades, advances in skin biopsy techniques have enabled more detailed
quantitative analyses, including assessments of intraepidermal nerve fiber length, axonal swellings, and
patterns of sweat gland innervation. One of the principal advantages of skin biopsy is its suitability for
repeated sampling, which permits longitudinal and quantitative monitoring of disease progression.
Additionally, this method can detect alterations in small nerve fibers that may not be apparent on routine
neurological examination. A fully non-invasive alternative introduced by Malik is corneal confocal
microscopy, which allows in vivo quantification of small nerve fibers within the cornea [61]. This
technique has demonstrated high sensitivity, specificity, and reproducibility, both in patients with
clinical evidence of nerve injury and in those lacking detectable neurophysiological abnormalities.
Nevertheless, an important limitation of structural nerve fiber assessments is that they primarily reflect
fiber loss and do not adequately capture the functional status of intact, damaged, or hyperexcitable nerve
fibers.

4. OVERVIEW OF NEUROPATHIC PAIN TREATMENT GOALS AND STRATEGIES
Management of neuropathic pain should extend beyond the control of symptoms and the underlying
disease to include regular clinical reassessment of associated medical conditions and structured patient
education. Clear communication regarding the natural course of neuropathic pain and the inherent
limitations of available therapeutic options is essential for developing an individualized treatment plan
and for aligning patient expectations with realistic outcomes. Given that current interventions are rarely
fully curative and that persistent pain is frequently encountered, a gradual, stepwise treatment strategy
is often preferable. This approach is particularly appropriate as a subset of patients may achieve adequate
symptom relief with less invasive, more cost-effective, and safer therapeutic modalities [62]. However,
the difficulty and complexity of most individual cases often necessitate an intensive treatment alongside
a multi-faceted, multidisciplinary pain management strategy. For example, when pain interferes with a
person's working life and daily activities, support from occupational health services and a physiotherapy
and rehabilitation specialist may be beneficial. Furthermore, early detection of depression, anxiety
and/or substance use disorders accompanying the disecase can facilitate early assessment by
multidisciplinary departments such as psychologists, psychiatrists and/or tertiary pain management
clinics (algology). The responses to primary care pain treatments should be thoroughly evaluated and
documented to guide subsequent management steps.
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5. MEDICATION TREATMENT FOR NEUROPATHIC PAIN

Clinical trials evaluating pharmacological interventions for neuropathic pain of diverse etiologies have
compared a broad range of therapeutic classes—including antidepressants, antiepileptic drugs, local
anesthetics, N-methyl-D-aspartate (NMDA) receptor antagonists, opioids, cannabinoids, botulinum
toxin, and topical capsaicin—against placebo with respect to analgesic efficacy [63]. Notably, many of
these agents were originally developed for other clinical indications, such as epilepsy or mood disorders,
before being repurposed for neuropathic pain management. Evidence synthesized from meta-analyses
and systematic reviews has informed guideline recommendations issued by multiple professional
societies, addressing both treatment effectiveness and safety profiles. Within the framework of the
Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) system, tricyclic
antidepressants, gabapentinoids (gabapentin and pregabalin), and serotonin—norepinephrine reuptake
inhibitors (SNRIs) receive strong recommendations and are regarded as first-line treatment options,
provided that appropriate patient selection and monitoring are undertaken. Conversely, topical lidocaine,
high-concentration capsaicin patches, opioid analgesics, botulinum toxin A, and combination regimens
involving first-line agents are endorsed with weaker levels of recommendation. Levetiracetam and
mexiletine are strongly discouraged due to unfavorable risk—benefit profiles, whereas cannabinoids and
valproate are regarded as weakly contraindicated options [47]. Table 2 outlines the recommended
prescribing information based on current evidence, while Table 3 describes the common side effects,
methods to prevent side effects, and contraindications of first-line neuropathic pain medications [64].
Given the focus of this review, the currently recommended first-line treatments and opioids are
discussed in more detail below.

Table 2. Pharmacological Options and Therapeutic Hierarchy in Neuropathic Pain Management.

Pharmacological Class / Agent  Usual Dose Range and

Administration

1200-3600 mg/day, administered in
three divided doses

Therapeutic Position

Gabapentin Primary option

Gabapentin (extended-release) /  1200-3600 mg/day, given in two Primary option

Gabapentin enacarbil
Pregabalin

Serotonin—norepinephrine
reuptake inhibitors (SNRIs)

Tricyclic antidepressants

High-concentration capsaicin
patch (8%)

Topical lidocaine patch

Tramadol

Botulinum toxin type A

(subcutaneous/intradermal)

Strong opioids

divided doses

300-600 mg/day, divided into two
doses

Duloxetine 60—120 mg/day;
Venlafaxine ER 150-225 mg/day
25-150 mg/day, once daily or in two
divided doses

Application of 1-4 patches to the
affected area for 30—60 min at 3-
month intervals

1-3 patches applied once daily for a
maximum of 12 h

200—400 mg/day, administered as
extended-release (2 doses) or
immediate-release (3 doses)

50-200 units injected into the painful
area every 3 months

Dose individualized according to
clinical response and tolerability

Primary option
Primary option
Primary option

Secondary option
(peripheral neuropathic
pain)

Secondary option
(peripheral neuropathic
pain)

Secondary option

Tertiary option (specialist-
based; peripheral
neuropathic pain)

Tertiary option
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Table 3. Safety Profile and Clinical Considerations of First-Line Agents Used in Neuropathic Pain

Drug Group Common Adverse Effects Essential Clinical Notes

. . . ) Avoid in recent myocardial infarction and
Sedation, anticholinergic v Y

Tricyclic . . significant arrhythmias. Use cautiously in
. effects, orthostatic hypotension, . .
antidepressants ) . . .7 elderly patients. Baseline ECG recommended
weight gain, cardiac conduction X
(TCAs) o (>40 years). Monitor blood pressure and
abnormalities .
weight.
Contraindicated with MAO inhibitors and
SNRIs — Nausea, dry mouth, sweating,  uncontrolled hypertension. Monitor blood
Duloxetine anxiety, sedation pressure, especially early in treatment.
Reduced plasma levels may occur in smokers.
Hypertension, insomnia, Regular blood pressure monitoring required.
SNRIs — : : : : L . Lo
. anxiety, gastrointestinal Avoid combination with MAO inhibitors.
Venlafaxine . . . o
Ssymptoms Caution with serotonergic co-medications.
. Antacids may reduce absorption. Monitor
. Dizziness, somnolence, . : S
Gabapentin ! . . edema and weight, particularly in diabetic
peripheral edema, weight gain .
patients.
. _ Regular weight and edema assessment
. Sedation, dizziness, edema, . . . .
Pregabalin recommended, especially in patients with

weight gain metabolic risk factors.

SNRI = serotonin—norepinephrine reuptake inhibitor; ECG = electrocardiogram; SSRI = selective serotonin
reuptake inhibitor; MAO = monoamine oxidase inhibitor.

5.1. Antidepressants

Various pharmaceutical agents used to treat depression, and therefore referred to as antidepressant
medications, are classified according to their pharmacological mechanisms and/or chemical structures.
The oldest are tricyclic antidepressants (TCAs; e.g. amitriptyline, nortriptyline and imipramine),
selective serotonin reuptake inhibitors (SSRIs; e.g. fluoxetine), SNRIs (e.g. venlafaxine and duloxetine),
monoamine oxidase inhibitors (MAOISs; e.g. moclobemide) and others. Its reduction of chronic pain in
both depressed and non-depressed patients suggests an independent analgesic effect. However, these
drugs have also been found to be useful in the treatment of sleep disorders associated with pain [65].
The possible analgesic effect of antidepressant drugs has been shown to be mediated by increased
supraspinal norepinephrine availability (and strengthened descending inhibitory bulbospinal control),
sodium channel blockade, activation of endogenous d- and m-opioid receptors, and NMDA receptor
inhibition [66,67].

Randomized controlled trials (RCTs) involving TCAs; central pain following stroke has
demonstrated its effectiveness. When examining meta-analyses conducted on these drugs, the number
needed to treat (NNT) for imipramine was estimated to be between 1.7 and 3.2, for desipramine between
1.9 and 4.5, and for amitriptyline between 2.5 and 4.2 [68]. Although evidence suggests that a single
drug may be effective for multiple peripheral neuropathic pain conditions (e.g., postherpetic neuralgia
and diabetic peripheral neuropathy), RCTs have also failed to demonstrate the efficacy of TCAs in
neuropathic pain associated with HIV or following lumbar radiculopathy [30,65]. There are few studies
in the literature regarding the efficacy of serotonin reuptake inhibitors in neuropathic pain; however, the
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estimated NNT is 6.8, and at least one head-to-head comparative study shows that they have lower
efficacy compared to TCAs. More recently, the SNRIs venlafaxine and duloxetine were examined, and
NNT values ranging from 3.4 to 14.70 were found [69,70].

5.2. Antiepileptics (Anticonvulsants)

Although many antiepileptic drug mechanisms have been investigated in neuropathic pain, currently
only gabapentinoids (gabapentin and pregabalin), which act via a29 ligand calcium channel antagonists,
are included/recommended in guidelines as first-line treatment [47,68]. They are designed as GABA
analogues, but have no clinically significant agonist-like effects. Their analgesic effects are thought to
be related to the inhibition of voltage-gated calcium channels and a decrease in activity-dependent
calcium signaling, and consequently the inhibition of excitatory neurotransmitter release and a reduction
in neuronal hyperexcitability [71]. Other effects, such as the effect on glial cells and the expression of
proinflammatory cytokines, may also play a role [72].

In the management of trigeminal neuralgia, certain antiepileptic agents—most notably
carbamazepine and its derivative oxcarbazepine—are widely regarded as first-line therapies due to their
well-established efficacy. Gabapentin has been evaluated in multiple randomized controlled trials
involving patients with diabetic neuropathy, postherpetic neuralgia, and other neuropathic pain
syndromes. Earlier meta-analyses reported favorable analgesic effects for gabapentin, with numbers
needed to treat (NNTs) ranging between 4.3 and 6.4. However, a more recent Cochrane review focusing
on gabapentin at daily doses of 1200 mg or higher in fibromyalgia and neuropathic pain found higher
NNT values, reporting 9.6 for patients rated as “much improved” and 6.1 for those classified as “much
or very much improved” based on overall treatment response [47,68]. Pregabalin, a newer 020 ligand-
based antiepileptic, has been studied in numerous large trials for central pain after stroke, postherpetic
neuralgia, and diabetic neuropathy. A comprehensive systematic review reported that NNTs varied with
daily doses ranging from 300 to 600 mg; this was associated with lower NNTs (i.e., higher efficacy) for
higher doses. NNTs for pregabalin ranged from 5 to 11 for diabetic neuropathy and 3.9 to 5.3 for
postherpetic neuralgia, and ranged from 5.6 for central pain in two RCTs using 600 mg daily [73,74].

5.3. Opioids

In over 30 RCTs involving patients with neuropathic pain originating from both central conditions (post-
stroke central pain) and peripheral conditions (diabetic neuropathy, postherpetic neuralgia), opioid
group drugs, including oxycodone, morphine, tramadol, and many others, have been evaluated [75].
Depending on the inclusion criteria and relevant outcomes used in the studies (e.g., a 30% or 50%
reduction in pain), recent meta-analyses estimate the analgesic efficacy of opioids in neuropathic pain
to have an NNT is estimated to be in the range of 4.0 to 4.7 [47,68].

This level of effect is questioned due to the small size of the groups included in the study, the
short duration of treatment, the dropout rates, and the potential for bias due to the lack of clarity in the
estimates common but non-life-threatening opioid-related side effects reported in these studies include
sedation, constipation, nausea, and vomiting, which often led to discontinuation of the medication
[18,68,75]. In recent consensus reports, due to issues related to opioid misuse/abuse, off-label use, and
potential for dependence, as well as efficacy and tolerability outcomes, opioids are recommended as
second-line therapy in neuropathic pain treatment guidelines or third-line have been recommended as
treatments [49,70,73].

These methods exert their effects by providing general pain modulation and depressing neuronal
activity, rather than targeting the underlying mechanisms. Angiotensin type Il receptor antagonists
developed using distal-to-proximal translational approaches [76]. Substance P receptor NK 1 antagonists
and chemokine receptor 2 antagonists and nicotinic neuronal receptor agonists, few drugs targeting these
novel mechanisms have been successful in clinical trials or have been discontinued due to intolerability
[77]. SCNYA mutations result in loss of Navl.7 function, causing congenital insensitivity to pain.
Therefore, in recent years, interest has increased in developing Nav1.7 blockers as analgesics [78].
Results from randomized controlled trials (RCTs) have been disappointing regarding efficacy via this
pathway, showing no effect on primary outcomes, but a recent study using nociceptor receptors derived
from human iPSCs has shown that some Nav1.7 blockers lack specificity, raising renewed hope in this
regard [78-81].
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5.4. Topical treatments

Topical formulations containing lidocaine are commonly employed in the management of postherpetic
neuralgia and other forms of peripheral neuropathic pain. By blocking voltage-gated sodium channels
in a use-independent manner, lidocaine stabilizes neuronal membranes and suppresses ectopic nerve
firing, thereby reducing pain transmission. Capsaicin, derived from chili peppers, exerts its analgesic
effect through activation of the transient receptor potential vanilloid 1 (TRPV1) receptor. Administration
of a single high-dose application or repeated low-dose treatments results in a reversible reduction of
intraepidermal nerve fiber density, leading to functional desensitization of nociceptors. High-
concentration capsaicin patches (8%) are typically applied for 30-60 minutes, with treatment sessions
repeated at approximately three-month intervals [82].

Botulinum toxin type A (BoNT-A) may be delivered via subcutaneous or intradermal injection
into areas affected by peripheral neuropathic pain at intervals of three months or longer. Although its
precise analgesic mechanisms remain incompletely defined, proposed effects include inhibition of
neuropeptide and neurotransmitter release from primary afferent neurons, attenuation of inflammatory
processes, modulation of sodium and TRPV1 channel activity, and potential central effects mediated by
retrograde axonal transport [83].

6. INTERVENTIONAL TREATMENT OF NEUROPATHIC PAIN

As our treatment goal primarily focuses on pharmacological and non-invasive treatment, interventional
treatment should be considered as a last resort for individuals who do not respond to treatment. Patients
with neuropathic pain often do not respond well to pharmacological or non-pharmacological treatments
alone and are therefore termed refractory [44,47,48,81]. Before continuing long-term pharmacological
treatment that does not provide pain control or causes serious side effects, patients should be informed
about interventional strategies. Interventional approaches to pain management encompass a range of
techniques, including peripheral nerve blocks, spinal cord stimulation, intrathecal drug delivery systems,
and, in selected cases, neurosurgical procedures. The clinical effectiveness of interventional approaches
has been evaluated in a comprehensive systematic review encompassing a wide spectrum of neuropathic
pain disorders, including postherpetic neuralgia secondary to herpes zoster, painful diabetic and other
peripheral neuropathies, neuropathic pain related to spinal cord injury and post-stroke central pain,
radiculopathy, failed back surgery syndrome, complex regional pain syndrome (CRPS), as well as
trigeminal neuralgia and trigeminal neuropathy [55,84]. Overall, the available evidence was found to
provide limited support for the efficacy of interventional techniques in neuropathic pain management,
with approximately 40-60% of patients failing to achieve sustained pain relief, even at a partial level.
As a result, current recommendations for these interventions in chronic neuropathic pain remain weak,
with spinal cord stimulation suggested primarily for selected conditions such as chronic radiculopathy
associated with failed back surgery syndrome and CRPS type 1. Accurate evaluation of interventional
and surgical pain treatments is further complicated by ethical and methodological challenges, including
difficulties with blinding and the implementation of appropriate sham or control procedures. In addition,
limited patient adherence and treatment resistance may contribute to dropout rates, while financial
constraints, logistical barriers to long-term follow-up, and study duration introduce additional sources
of bias. Importantly, a relative paucity of robust efficacy data should not be interpreted as definitive
evidence of ineffectiveness; rather, interventional strategies should be viewed as one component of a
stepwise, multidisciplinary treatment framework for chronic neuropathic pain, integrated with
pharmacological and non-pharmacological therapeutic modalities [55,84].

7. CONCLUSION

Neuropathic pain is a complex condition resulting from a lesion or disease of the nervous system.
Managing this condition remains challenging and continues to represent an unmet medical need.
Neuropathic pain manifests with a range of different symptoms, such as paroxysmal pain, stabbing or
constant burning sensations, and allodynia triggered by cold or touch. Similarly, its pathophysiology is
diverse. It involves a series of molecular mechanisms, including ectopic activity in intact nerves adjacent
to damaged or injured tissue, in the dorsal root ganglion (DRQG), or in central pathways, and in central
and peripheral sensory processing. The underlying mechanisms are only beginning to be elucidated, and
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it is thought that this will shed light on new pharmacological and neurostimulation-based treatment
strategies.

Although substantial progress has been made over the past decade in elucidating the
mechanisms underlying neuropathic pain, these insights have yet to translate into major therapeutic
breakthroughs. The chronic and persistent nature of neuropathic pain underscores the need for more
precise, mechanism-based treatment strategies, along with a clearer recognition of the barriers that
hinder effective long-term management. Advances in patient stratification approaches, high-throughput
genetic sequencing, genome-wide association studies, and the application of human tissue—derived
cultures and induced pluripotent stem cell (iPSC) models are expected to enhance the biological
relevance of experimental findings. In parallel, improved validation of animal models that more
accurately reflect pain-related behaviors, together with the expanding use of cutting-edge molecular
tools such as single-cell sequencing, are likely to deepen our understanding of disease pathophysiology
and ultimately pave the way for novel preventive and therapeutic interventions.
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Ozet

Romatoid artrit (RA),baslica sinoviyal eklem hastalig1 olmakla birlikte viicudun gesitli
organ ve dokularina negatif yonde etki eden otoimmiin inflamatuar nitelikte bir hastaliktir.
RA’da bagisiklik sistemindeki bozulma sonucunda tiim eklemlerde inflamatuar bir tutulum
ortaya ¢ikar ve siklikla bu eklem tutulumlart simetriktir.Calisma i¢in 50 romatoid artritli hasta
ve 50 saglikli kontrol grubu alindi.Hastalarin verilerini toplamak i¢in Standart bir form
kullanilarak tiim hastalarda hastalik siiresi,baslay1s zamani,ilk tutulan eklemin hangisi
oldugu,laboratuvar bulgulari,sabah tutuklulugunun siiresi, agrinin siiresi ve sekli, Ritchie
ayrigma indeksi, Lee fonksiyonel indeksi,hastanin fonksiyonel kapasitesi,hastalik siirecinde
gelisen deformasyonlar ve hastaligin olusum ve gelisimini etkileyen faktorlerin varligi
hakkinda ilgili veriler toplandi.Agri, visuel analog skala (VAS) ile, depresyon diizeyi Beck
depresyon skalasi,Saglik degerlendirme anketi(HAQ), Nottingham Saglik Profili (NHP) ve
Artrit Etki 6l¢iim Olgegi yasam kalitesini dl¢gmek i¢in kullanildi. Hastarda bu 6lgiimler
arasinda anlamli bir fark olup olmadigini gérmek i¢in hasta ve kontrol grubu
karsilastirildi.Daha sonrasinda hastalarin diger verileri de incelenmek iizere tetkik
edildi.Romatoid artrit ile ilgili klinik parametrelere bakilip degerlendirilerek,depresyon
diizeyinin yasam kalitesi skorlari ile korelasyonu degerlendirildi.
Hasta grubu icin yas ortalamasi1 50.04 + 11.14 (25-73), kontrol grubu i¢in 48.40+ 19.67 (22-
76) idi. Hem hasta grubu hem de kontrol grubunda 38 kadin ve 12 erkek vardi. Yas ve
cinsiyet agisindan iki grup arasinda anlamli bir fark tespit edilemedi(p> 0.05). Hasta grubu
icin Beck depresyon dlgegi, HAQ, NHP puanlar1 sirastyla 21.06 += 7.8,1,38 = 0.6 ve 63.42 +
17.0 iken ayni1 siradaki bu puanlar 14.32 +6.3, 0.46.0.5 ve 37.58 = 21.3 idi Hasta grubunda
depresyon diizeyi ile VAS (r = 0.35, p <0.05), Lee fonksiyonel indeks (r = 0.32, p <0.05) ve
NHP skoru (r =0.63, p <0.001) ile anlaml1 korelasyon gdsterdi.

Amac

Romatoid artrit (RA) siklikla goriilen otoimmiin inflamatuar nitelikli bir hastaliktir RA’da
bagisiklik sistemindeki bozulma sonucunda viicut kendine ait dokuyu yabanci gibi algilayip
buna kars1 savunmaya ge¢mesi s0z konusudur.Buna bagli olarak tiim eklemlerde inflamatuar
bir durumun ortaya ¢ikmasi kaginilmazdir.Romatoid artrit hastaligina bagl olarak ortaya
cikan fonksiyonel ve sosyo-psikolojik kayiplar,hastaligin ciddiyetini degerlendirmede kritik
oneme sahiptir(1,2).Ayn1 klinige sahip olan iki farkli hastada,yasam kalitesini farklilik
gosterebilir RA etyolojisinde bir¢ok sebep olmakla birlikte daha siklikla enfeksiyonlar,
genetik faktorler,immiin sistem bozukluklari,travma, stres, cinsiyet faktorii,endokrin faktorler
ve c¢evresel nedenler iizerinde durulmaktadir(3).Ancak immiinolojik faktorler tizerinde daha
sik olarak etyolojik neden olarak goriilmektedir(4).Bu ¢alismadaki amag romatoid artrit’e
bagli olarak ortaya ¢ikan inflamasyon siddetini gosteren laboratuar verileri ile hastaliga bagl
olarak ortaya ¢ikan depresyon diizeyinin yasam kalitesi lizerine etkisini ortaya koymaktir.
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RA’da diz, dirsek, omuz ve kalga gibi bir¢ok eklem, 6zellikle de bilek ve ayak bilegi gibi
kiiciik eklemler simetrik olarak etkilenirler.Eklemlerde agri, sislik,rahat hareket ettirememe
ve eklem fonksiyon kayb1 olusur.Eklem tutulumu ilerleyip tedavide gecikmeler yasandiginda
ise kalic1 sekil bozukluklarina ve fonksiyon kaybina neden olarak yasam kalitesinde azalmalar
ortaya cikar.

RA’da sinovyal yapida ilk donemde 6dem ve anjiyogenez 6n planda olup ileri donemde ise
hiicre hiperplazisi ve sinovit gelisimi sézkonusudur.Inflamasyon basta TNF-alfa ve IL-1
olmak iizere diger sitokinlerin salinmasina neden olur.

TNF-alfa ve IL-1 karsilikl1 etkilesimlere sahiptir.IL-6, karacigerde akut faz reaktanlarinin
tretimini uyarirken TGFise trombosit kokenlidir ve sinovyal fibroblast

hiperplazisine ve anjiyogeneze yol acar(5).

Eklem bulgular1 ortaya ¢ikmadan 6nce yorgunluk ve kilo kaybi gibi spesifik olmayan bulgular
gozlemlenebilir.Goz ile ilgili bulgular eklem disinda en yaygin olanidir.Kuru géz
(Keratokonjunktivitis sikka), RA’da en sik goriilen bulgulardandir.

RA tedavisinde amaglanan hedef, hastaligin ilerlemesinin yavaslatmasi veya durdurulmasi,
eklem ve kaslarin islevlerini korunmasi ve iyilestirmesi, agr1 ve

inflamasyonun kontrol edilmesi, eklemlerin korunarak bireyin kendine yeterli diizeye gelmesi
egitimidir.

Serum RF,CRP diizeyi ve ESR’nin RA hastaliginin 6nemli gostergeleri oldugu agiktir ve
ozellikle RA hastalarinda CRP artis1 eklem erozyonunun gelisiminin erken

evrelerinde ortaya ¢ikan 6nemli bir bulgudur(6).

Materyal ve metod

Calisma grubuna, 1987 ARA kriterine gore RA tanis1 almig 2002-2003 yillar1 arasinda Dicle
Universitesi Tip Fakiiltesi Fiziksel Tip ve Rehabilitasyon Klinigi’nde RA tanis1 konularak
tedavi goren 50 hasta ve 50 saglikli birey dahil edildi.Hastalar 6zellikle poliartikiiler ve
simetrik eklem tutulumu olan bireylerden secildi.
Dislama kriterleri 1- Sistemik hastalig1 olanlar 2- Sekonder romatizmal hastalig1 olanlar 3-
Herhangi bir psikiyatrik hastaligi1 olanlar.Hastalar i¢in standart bir form kullanilarak verileri
toplandi.Hastalarin hastalik stireleri, hastaligin nasil basladigi, hastalig: tetikleyen faktorlerin
varhigi,ilk eklem tutulumu,sabah tutukluk siiresi,VAS(Visiiel Analog scala), Ritche eklem
indeksi, Lee fonksiyonel indeksi, Larsen radoloji skoru, fonksiyonel kapasiteleri,sistemik
tutulum olup olmadig1 ve depresyon 6lcegi ile de yasam kaliteleri degerlendirildi. Sabah
tutukluk siireleri dakika olarak kaydedildi. ESR (Eritrosit sedimentasyon hizi) Westergreen
yontemi ile mm / h olarak 6l¢iildii. RF, lateks agliitinasyon yontemi ile kalitatif olarak
belirlendi. Hastalarin ve kontrol gruplarinin rutin ve biyokimyasal incelemeleri (Ure,
Kreatinin, AST, ALT, Total bilirubin, Total protein, Albiimin, Globulin, Serum Fe, Serum
demir baglama kapasitesi),Tam kan ile de (hemoglobin, hematokrit, 16kosit, trombosit,
sedimantasyon) ve serolojik (CRP, lateks agliitinasyon testi) yapilda.
Fonksiyonel kapasite degerlendirmesi; hasta tiim faaliyetlerini yerine getirirse 1.derece,
giinliik faaliyetlerini asgari kisitlamaya ragmen yerine getirirse 2. derece, bakimini

yapamiyorsa 3. derece, tiim faaliyetler sinirli ise 4. derece olarak siiflandirildi.

Bulgular

Tablo-1 Hasta ve kontrol grubunun fonksiyonel verilerinin karsilastirilmasinda RA’11 hasta
ile kontrol grubunun Lee, Larsen ve Ritchie indeksleri Tablo 1’de gosterilmistir.Her iki
grubun karsilastinlmasinda Lee, Larsen ve Ritchie indexleri arasindaki fark istatistiksel olarak
ileri derecede anlamli idi (P=0,000)
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Grup 1 Grup 2

Mean+SD Mean+SD P
Lee 14,22 +7.1 5,46 +4.7 0,000
Larsen 42,40 £22.3 17,52 +14.9 0.000
Ritchie 12,46 49.3 1,56 £5.6 0.000

Tablo-2 RA hastast ve kontrol grubunun biyokimyasal bulgulari. Trombosit sayist digindaki tiim laboratuvar
bulgular hasta grubunda anlamli olarak yiiksekti.

Grup 1 Grup 2

Mean+SD MeantSD P
Hgb 12,82 +1,7 14,00+1.4 0,0001
Hct 36,82 +4.5 38,8429 0,01

Trombosit 346,96 £139.7 300,04 £116.4 0,071

Sedimantasyon 47,72 £26.6 27,02 £16,1 0,000
CRP 27,50 +41,6 8,24 £5,6 0,002
RF 136,08 +166.3 23.20 £51.8 0,000
Fe 67.00 £27.6 77.48 £24.2 0,047
SfeBK 292,30 £95.5 241,38 £105,3 0,013

Tablo-3 RA’li hasta ve saglikli kontrol grubunun yasam kalitesi ve depresyon yoniinden
karsilagtirllmasinda Ra’li hasta ve saglikli kontrol grubunun VAS, HAQ, Beck ve NHP skala
skorlar1 Tablo 3 de gosterilmistir.Her iki grubun kargilastinlmasinda VAS, Beck, AIMS, HAQ ve

NHP skala sonuglan arasindaki fark istatistiksel olarak ileri derecede anlamli idi (P<0,005)

Grup 1 Grup 2

Mean+SD Mean+SD P
HAQ 1,38 £0,6 0,46 +0,5 0,000
BECK 21,06 +7.8 14,32 +6,3 0,000
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AIMS 4105 3,64 +0,5 0,000

NHP 63,42 £17,0 37,58 £21,3 0,000
VAS Agn skoru 7,08+1,72 5+2,44 0,000
Tartisma

RA’da eklemi ¢evreleyen sinoviyal membran kalinlastik¢a sivi birikimi ile paralel olarak
eklemlerde asinma ve bozulmalar gelisir.Sonucta eklemde sigsme ve sekil bozukluklari ortaya
cikar.ilerleyen dénemlerde eklem yapisinda meydana gelen sekil bozukluklar: giinliik yasam
aktivitelerini etkiledigi gibi kisinin zihinsel durumunun da etkilenmesi
kaginilmazdir.Hastaligin aktif hale gelmesinden pro-inflamatuar sitokinler sorumlu
tutulmaktadir,RA’da inflamasyonun baskilanmasini ve ¢oziilmesini kontrol eden yolaklarin
onemi de klinik olarak da vurgulanmistir (7). Sitokinler ve bunlarin sinyal yolaklari arasindaki
etkilesimler, kiiclik molekiillerin veya biyospesifik antikorlarla yeni strateji gelistirilmesinin
temeli oldugu ve sitokinlerin degerlendirilmesi ile RA tedavisinde biiyiik ilerleme
kaydedildigi bildirilmistir(8).

Eklemler RA’daki inflamasyonun temel etkilenme alanidir, Fibroblast benzeri sinoviyositler
(FLS) ve sinovyal dokunun makrofajlar1 olup, kikirdak ve kemigi bozan enzimlerin

asir1 Uiretimini ve bagisiklik hiicresi infiltrasyonunu tesvik eden sitokinleri saldiklari
kaydedilmistir. RA hastalarinda hem FLS’de hem de makrofajlarda metabolik degisiklikler
oldugu ve bunlarin terapotik olarak hedeflenen odaklar olabilecegi de
bildirilmektedir.Calismamizdaki serum kan degerleri, immiin hiicre infiltrasyonunun
birikimini ve CRP’deki artis1 6nemli 6l¢iide agiklamigtir. Hastaligin zaman igerisindeki
ilerleyisi ile eklemlerdeki agri,sislik hassasiyet,deformite ve diizensizlikler fiziksel engellilige
yol acabilir.Hastalik ilerledik¢e hastanin yasam kalitesindeki diisiis: glincel islerini ve kisisel
bakimini1 yapmakta zorlanmasina ve bagimli hale gelmesine yol agacaktir.Boylece hasta kisi
isine devam isine devam edemeyecek,aile i¢indeki ve sosyal hayattaki gorevlerini yerine
getiremeyen mesleki ve ekonomik olarak engelli bir birey haline gelir(9) NHP ve HAQ gibi
yasam kalitesi degerlendirme degerleri ve depresyon diizeyleri agisindan romatoid artritli
hastalar ile saglikli kontrol grubu arasinda anlamli farklilik oldugu ve romatoid artritli
hastalarin yasam kalitesinin olumsuz etkilendigi de gdzlemlenmektedir.Ayrica ¢alismamizda
depresyon diizeyi ile agri, Lee fonksiyonel indeksi ve NHP arasinda pozitif bir iliski
bulunmustur.

Tiim bu sonuglarin 1s131inda RA hastalarinin depresyon durumu ve yasam kalitesi agisindan
degerlendirilmesi gerekliligini ortaya koymaktadir.

Sonug¢

Kan tetkikleri,sinovyal s1vi incelemeleri, goriintiileme tetkiklerinin sonucunda ortaya
c¢ikan inflamasyon diizeyi hastaligin ayn1 zamanda yasam kalitesinin iizerindeki etkinlik ve
belirleyiciligi gostermektedir. Bilindigi lizere kronik hastaliklarda, mevcut hastaligin seyrinin
zamanla giderek daha kotiiye gitmesi,hastalarda var olan depresyon tani ve tedavisinde de
gecikmelere yol acar(10,11). Guillemin ve ark. RA’da hastalik siiresinin 6zellikle 5 y1l
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lizerinde olan vakalarda gelisen radyolojik bulgular ve fiziksel kayiplar arasinda anlamli iligki
bulundugunu ve erken taninin 6nemini bildirmektedir(12) Radyolojik erozyonlar RA'nin
neden oldugu hasarin bir gostergesidir. RA'da goriilen proliferatif sinovitler tendonlarin
yapisal 6zelliklerini bozarak yirtilmalarina yol acabilir (13). Bu nedenle hastalar radyolojik
olarak da diizenli olarak takip edilmelidir (14).

RA'da hastalik aktivitesindeki artis, eklem iltihabi, sislik,hassasiyet,
deformasyonlar,diizensizlikler fiziksel sakatlia yol agabilir.Boylece hastanin fonksiyonel
durumu,duygusal durumu ve sosyal yasami etkilenerek bireyin yasam kalitesi tamamen
bozulabilir (15) Hastaligin tiim evrelerinde inflamasyon diizeyi ile hastanin depresyon diizeyi
ve yasam kalitesi arasinda belirgin bir korelasyon s6z konusudur. Inflamasyon siddetindeki
artis ile hastalarin tiim parametrelerinde daha kotii bir tablo olusacagi kanaatindeyiz.

Not

Bu calisma 1987 ARA kriterlerine gére RA tanisi alan ve 2002-2003 yillar1 arasinda
Dicle Universitesi Tip Fakiiltesi Fiziksel Tip ve Rehabilitasyon Klinigi’nde tedavi alan 50
hasta ve 50 saglikli birey alinarak yapilan tez calismamiza ait olup ilgili yillarda fiziksel tip ve
rehabilitasyon ana bilim dalinda 6gretim tiyesi olarak bulunan Prof. Dr. Ali Giir hocamiz ile
birlikte yapilmis ve tamamlanmistir.
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