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Ortopedi ve Travmatolojide Biyolojik Onarim ve
Rejeneratif Tedavi Stratejilerinde Giincel Egilimler

Beytullah Unat’
1. GIRiS

Ortopedi ve travmatoloji pratigi son yillarda énemli bir paradigma degisimi
gecirmistir. Bu doniisiimiin temelinde, yalnizca mekanik onarimin degil,
biyolojik iyilesmenin de saglanmasi gerektigi anlayisi yer almaktadir. Geleneksel
cerrahi yontemler sabit stabilite saglarken, rejeneratif tip bu yaklagima hiicre,
biyomateryal ve biiylime faktdrlerinin etkilesimini dahil etmistir (Lopa &
Colombini, 2023).

Rejeneratif ortopedinin ana hedefi, hasarli dokunun sadece anatomik yapisin
degil, aym zamanda fonksiyonel ve biyomekanik biitiinliiglinii yeniden
kazandirmaktir (Trompet & Maes, 2024). Bu nedenle disiplin, hiicresel tedaviler,
genetik mithendisligi, doku miihendisligi ve biyoteknolojik gelismeleri entegre
eden multidisipliner bir alan haline gelmistir (Hernigou & Poignard, 2022).

2. Hiicresel Rejenerasyonun Biyolojik Temelleri
2.1. Mezenkimal Kok Hiicreler

Mezenkimal kok hiicreler (MKH), kemik iligi, adipoz doku, sinoviyal
membran, umbilikal kordon ve dental pulpa gibi birgok kaynaktan elde edilebilir
(Wyles et al., 2023). MKH’ler osteojenik, kondrojenik, miyojenik ve tenojenik
farklilagma yetenekleriyle kemik, kikirdak ve tendon rejenerasyonunda temel rol
oynarlar (Trompet & Maes, 2024).

Bu hiicrelerin terapotik etkisi yalnizca farklilasma ile sinirli degildir; parakrin
mekanizmalar araciligiyla da doku iyilesmesini desteklerler. MKH kaynakli
eksozomlar, anti-inflamatuar etki gdstererek hiicre disi matriksin yeniden
diizenlenmesini kolaylagtirir (Zhang et al., 2024).

2.2. indiiklenmis Pluripotent Kok Hiicreler

Indiiklenmis pluripotent kok hiicreler (iPSC’ler), somatik hiicrelerin genetik
yeniden programlanmasiyla elde edilir (Yamashita et al., 2023). iPSC teknolojisi,
etik acidan avantajli bir alternatif sunmakta olup osteokondral doku
mithendisliginde umut verici sonuglar elde edilmistir (Shi et al., 2022). Ancak
farklilagma kontrolii ve tiimorigenite riski hala dnemli zorluklar arasindadir.

! Ortopedi ve Travmatoloji Béliimii, T1p Fakiiltesi, Gaziantep islam Bilim ve Teknoloji
Universitesi, Gaziantep/TURKiYE, ORCID: 0009-0006-1036-6710
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3. Biyoaktif Molekiiller ve Bilyiime Faktorleri
3.1. Trombositten Zengin Plazma (PRP)

PRP, otolog kanin santrifiij edilmesiyle elde edilir ve TGF-p, PDGF, VEGF,
IGF gibi biiylime faktorlerinden zengindir (Everts et al., 2023). Randomize
caligmalar, PRP’nin lateral epikondilit, Asil tendinopatisi ve erken osteoartritte
agriy1 azalttigini gostermektedir (Filardo et al., 2023). Ancak hazirlama
protokollerindeki farkliliklar sonuglarin heterojen olmasina neden olmaktadir.

3.2. Kemik Morfojenik Proteinler (BMP’ler)

BMP-2 ve BMP-7 gibi proteinler osteoindiiktif etki gostererek kemik
olusumunu destekler (Fernandez de Grado et al., 2018). Ozellikle BMP-2, spinal
flizyon ve acgik kiriklarin tedavisinde etkinligini kanitlamistir (Sohn & Oh, 2019).

3.3. Eksozomlar ve Hiicre Dis1 Vezikiiller

Eksozomlar, kok hiicre kaynakli mikrovezikiiller olup inflamasyonu azaltir ve
anjiyogenezi uyarir (Zhang et al., 2024). Giiniimiizde preklinik calismalar bu
tedavinin osteoartrit ve tendon onariminda umut vadettigini gostermektedir
(Furuta et al., 2023).

4. Biyomateryal Teknolojilerinde Gelismeler
4.1. Akillh Scaffold Sistemleri

Biyomateryaller, hiicrelerin tutunmasi ve farklilagsmasi i¢in ii¢ boyutlu
ortamlar sunar. Akilli scaffoldlar, hiicresel sinyallere yanit veren, kontrollii
bozunabilen ve biyokimyasal uyaranlar saglayan yapilardir (Naseem et al., 2021).
Polilaktik asit (PLA), hidroksiapatit (HA) ve kollajen bazli hibrit scaffoldlar en
sik kullanilanlardir (Acta Biomater, 2024).

4.2. Nanoteknoloji ve Biyoaktif Camlar

Nanoteknolojik modifikasyonlar hiicre-materyal etkilesimini artirir, biyoaktif
cam partikiilleri ise osteokondiiktif etkinlik saglar (Crovace et al., 2023).
Nanofiber yiizey kaplamalar1 6zellikle MKH adezyonunu artirarak osteojenik
farklilasmay1 hizlandirmaktadir (Haque et al., 2024).

5. Klinik Uygulamalar
5.1. Kemik Rejenerasyonu

Kritik boyutlu kemik defektlerinde Masquelet teknigi, otolog kemik greftleri
ve 3D biyobaski yontemleri siklikla kullanilmaktadir (Alford et al., 2021).
Masquelet membranimin yiiksek VEGF ve BMP ekspresyonu, greftin osteojenik
kapasitesini artirir (Schmidt, 2021).



5.2. Kikirdak Onarmm

Kikirdak rejenerasyonu zordur ¢iinkii dokunun avaskiiler yapisi sinirlayicidir.
Mikrokirik, MACI ve MKH enjeksiyonu yontemleri klinikte sik kullanilir
(Mistry et al., 2017). MKH tedavileriyle WOMAC skorlarinda %40’a kadar
iyilesme ve MRG’de kikirdak kalinliginda artis rapor edilmistir (Takahashi et al.,
2023).

5.3. Tendon ve Bag Onarimi

PRP ve SVF uygulamalari, kronik tendinopatilerde doku iyilesmesini
hizlandirir (Kaux et al.,, 2022). Fibrin bazli hidrojel destekleri, hiicre
infiltrasyonunu artirarak iyilesmeyi destekler (Ahmad et al., 2023).

6. Klinik Kanitlar ve Meta-Analizler

Son yillarda yapilan sistematik derlemeler, PRP ve MKH tedavilerinin
etkinligini gostermektedir (Everts et al., 2023; Wyles et al., 2023). MKH
tedavileri, avaskiiler nekroz olgularinda radyolojik progresyonu yavaslatmakta
ve kemik kaynamama olgularinda basar1 oranim1 %80’in iizerine ¢ikarmaktadir
(Hernigou & Poignard, 2022).

Yakin gelecekte rejeneratif ortopedi, kisisellestirilmis tedavilerle daha ileri bir
boyuta taginacaktir. 3D biyobaski ile hasta spesifik scaffold iiretimi, gen
tedavileriyle lokal BMP ve VEGF ekspresyonunun artirilmasi ve yapay zeka
destekli biyomiihendislik sistemleri 6n plandadir (Lopa & Colombini, 2023;
Zhang et al., 2024).

7. Sonug¢

Rejeneratif tip, ortopedinin gelecegini sekillendiren giiclii bir paradigma
degisimidir. Hiicresel tedaviler, biyomateryaller ve biiylime faktorlerinin entegre
edilmesiyle fonksiyonel doku onarimi hedeflenmektedir. Ancak uzun dénem
klinik sonuglarin standardizasyonu, maliyet etkinligi ve regiilatuvar gergevelerin
netlesmesi halen 6nemini korumaktadir (Wyles et al., 2023).
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Gonartroz

Murat Mert’
1.GIRIS
Gonartroz ,diz eklemin kire¢lenmesi yada osteoartritini ifade ede. Diz eklem
kikirdaginin ilerleyici dejenerasyonudur.

Kikirdagin parcalanmasi ve alttaki kemikte degisiklikler ve sinovyal
inflamasyonla karakterize dejeneratif bir eklem hastaligidir .Agriya, islevsel
kisitlamalara ve sertlige yol acar. Karmasik bir etiyolojisi ve bireylerin yagsam
kalitesi iizerinde derin etkileriyle karakterize, diinya capinda yaygin bir sakatlik
nedenidir. .Ozellikle yash yetiskinler arasinda giinliik aktiviteleri ve genel yasam
kalitesini dnemli 6l¢iide bozar. (1)

Genel olarak Kalga artrozu ile birlikte diinyada en sik goriilen eklem
rahatsizligidir. ozellikle 55 yas iistii bireylerde olduk¢a yaygindir , ciddi bir
sosyoekonomik sorun olusturmaktadir. Bu durum 2000 yilindan bu yana
yaklasik iki katina ¢ikmistir. Ayrica tedavide total eklem replasmani gibi cerrahi
miidahaleleri tiim hastalarin yaklasik %70'ini olusturur. gorilme siklig
artmaktadir. Bat1 toplumlarinda yetigkinlerde agri, fonksiyon kaybi ve sakatligin
en sik nedenlerinden biridir . (2)

Kikirdagin mekanik asinmasinin yani sira sinovyum, meniskiis ,periartikiiler
bag ve subkondral kemik de dahil olmak iizere tiim eklemde eslik eden yapisal
ve islevsel degisiklikleri de iceren inflamatuar degisiklikler ortaya cikar.

Yiiksek maliyet yiikili ve mevcut hastaligi modifiye edici tedavisi olmamasi
nedeniyle en zorlu artritik rahatsizlik olmaya devam etmektedir. Semptomatik
erken evre gonartozun , birinci basamak saglik hizmetlerinde erken tanisi ile
egitim, egzersiz ve kilo yonetimi ve hastaligin ilerlemesi i¢in yasam tarziyla
iligkili risk faktorlerini ele alarak uygun idaresi ile hastalik yiikiinde 6nemli
Olciide azaltma saglar. (1,3)

! Dog.Dr, Yeniyiizy1l Universitesi ,T1p Fakiiltesi, Ortopedi ve Travmatoloji Anabilim
Dali,. ORCID: 0000-0002-1972-9518
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2. ETYOLOJi

Klasik olarak Gonartroz etyolojisi 2 gurupta toplanir.
Primer gonartroz : Herhangi bir neden ve anatomik bozukluk olmaksizin; yasla
birlikte diz eklemi aginmasi ile ortaya ¢ikar..

1. Sekonder gonartroz :Cesitli varolan risk faktdrleri sonucu olusur,
romatizmal hastaliklar, tranma ve kiriklar , cesitli kan hastaliklari, ilag
kullanimina ve diger etkenlere bagli olarak ortaya ¢ikar.

3. SINIFLAMA

Gonartroz radyolojik simiflamasinda ; Kellgren and Lawrence siniflamasi
yaygin olarak kullanilmaktadir:

0.Derece (normal): Osteoartritin rontgen bulgusu yok.

1.Derece (siipheli): Siipheli eklem araligi daralmasi ve olas1 osteofit

2.Derece (hafif): osteofitler ve eklem araligi daralmasi

3.Derece (orta): Orta diizeyde coklu osteofitler, eklem araliginda belirgin
daralma, skleroz ve kemik deformitesi

4.Derece 4(agir): Biiylik osteofitler, eklem aralifinda belirgin daralma,
siddetli skleroz ve ileri deformite

2. derece'den itibaren gonartroz olarak kabul edilmektedir.(4)
Tutulum yerine gore ise su sekilde siiflanabilir.

1. Tek kompartmanli, bikompartmanli ve trikompartmanl
2. 1 zole medial tibiofemoral, izole lateral tibiofemoral, izole patellofemoral,
kombine iki lompartiman ve {i¢ kompartmanli.

Yapilan c¢alismalarda; tek kompartimanli %50 . bikompartmanhi %33 ,
trikompartmanli ise yalmzca %17 olarak bulunmustur.Siklik olarak sirasiyla
;zole medial tibiofemoral %27, izole patellofemoral %18 ,kombine medial
tibiofemoral ve patellofemoral %23, oraninda goriilmiistiir. Lateral tibiofemoral
kompartmani tutulumu daha az yaygindir .(5)

4.PATOGENEZ

Diz Osteoartriti, kronik bir hastalik olup,en yaygin ortopedik rahatsizliklardan
biridir. Bu patolojinin altinda yatan patogenetik mekanizmalarin tam olarak
anlagilmasi esastir. Artrozun inflamatuvar siireci, hem humoral hem de hiicresel
medyatorleri iceren bagisiklik sisteminin aktivasyonuyla sinovyal membranda
baslar.
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Eklem diizeyinde, bir¢ok diz yapisi saglikli bir eklemi korumak i¢in belirli bir
diizeyde mekanik ve fonksiyonel destek saglar. Subkondral kemik , eklem
kikirdagimin eklem hareketi i¢in bir yiizey saglamasimna yardimeci olur.
Meniskiisler, su, proteoglikan ve kolajenden olusan yapilar1 nedeniyle mekanik
kuvvetlerin azaltilmasinda onemli bir rol oynar. Eklem boslugunu
kayganlastiran, sinovyal membran tarafindan iiretilen sinovyal siv1 ,hyaluronik
asit ve kayganlastirici proteoglikan’dan olusur yiizeysel tabakanin erken hasar
gbérmesi su icerigini degistirir ve bu nedenle kikirdagin yiik tagima 6zelliklerini
azaltir . Gonartrozun erken evrelerinde, kollajen ve proteoglikanlarin yapisindaki
degisiklikler ve meniskiis yapisindaki dejeneratif degisiklikler ortaya
cikar.Sitokinlerin proinflamatuar rolii, erken evrede eklem hasarimin temel bir
mekanizmasidir. Kikirdak hasari sonucu, kondrositler kikirdak yikimini ilerleten
inflamatuar medyatérler iiretir. inflamatuar medyatorler diger eklem yapilarina
yayilarak sinovyal dokuda ve subkondral kemikte degisikliklere neden olarak
kemik sklerozuna ve sinovyal membran ile kapsiil yapilarin kalinligini artar .
Kikirdak ylizeyinde bosluklar olusur ve serbest kikirdak parcalar1 sinovyal
inflamasyonu arttirir.(6)

5.GORULME SIKLIGI VE RiSK FAKTORLERI

Yapilan ¢aligmalarda , yetiskinlerin yaklasik %30'unda radyolojik diz ve kalca
artroz belirtileri gozlenlenmistir. Orta yas ve iistiinde %8’ler civarinda yaygin
klinik olarak anlamli gonartoz oranlar bildirilmektedir.

Kadinlarda daha fazla goriilmektedir. Tahmini yasam boyu risk erkeklerde
yaklasik %40 iken, kadinlarda ise %47'dir .Yash popiilasyonda prevalansinin
artmas1 beklenmektedir; bu nedenle, gonartroz'lu hastalarin sonuglarini
iyilestirmek ve artroplasti yiikiinii azaltmak i¢in konservatif tedaviler oncelikle
planlanmalidir.(3)

Bu tedavilerle . gesitli egzersiz programlariin agri, fiziksel fonksiyon,
hareketlilik ve yasam kalitesini iyilestirmede etkili oldugu gosterilmistir ve bu
programlar artroplasti ihtiyacini ve bekleme siirelerini azaltmistir.(7)

Onemli risk faktorleri arasinda yas, obezite ve dnceki diz yaralanmalar1 yer
almaktadir. Mevcut risk faktorleri, eklem fonksiyonunu bozan mekanik,
inflamatuar ve metabolik patogenez ile karmasik bir sekilde baglantilidir.
Farmakolojik olmayan miidahalelere odaklanan erken ve proaktif tedavi,
semptomlar1 hafifletmeyi ve eklem fonksiyonunu iyilestirmeyi ve erken tani,
kisiye 6zel tedavi planlar1 ve rehabilitasyon degerlendirme amaglayan tedavinin
temelini olugturur.(2)
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Obezite, viicut kitle indeksi fazlaligi, dnceki diz travmasi, ileri yas ve kadin
cinsiyeti progresyon igin iyi bilinen bir risk faktorleridlr . Zayiflamanin gonartroz
agrisini azalttig1 ve uzun vadede yasam kalitesini iyilestirdigi gosterilmistir. (8))

Sigara kullanimi, mesleki ve agir fiziksel aktivite diger risk faktorleridir.
Ozellikle radyolojik bulgular hastamin  klinik durumunu tam olarak
yansitamadigindan; bazi hastalarda konservatif tedavi gerekirken, cerrahi
yapilabilmektedir. (2)

Artan calisma temposu, kotii beslenme aliskanliklari ve cevresel faktorler gibi
nedenlerle obezitenin diinya ¢apinda goriilme siklig1 biiyiik dl¢lide artmustir .
Obezitenin diz osteoartriti icin onemli bir risk faktorii oldugu bilinmektedir. Son
yillarda, bircok obez ve/veya morbid obez, orta yash hasta diz osteoartriti ile
ortopedi polikliniklerine bagvurmaya baglamistir. (9)

6.TANI

Osteoartrit tanisi, spesifik fiziksel ve laboratuvar bulgularinin olmamasi
nedeniyle karmagiktir. Tani ,agirlikli olarak klinik degerlendirmeye dayanir ve
sonrasinda gerek goriildiigiinde radyolojik degerlendirme yapilir.

1986 Amerikan Romatoloji Koleji (ACR) diz osteoartroz tanmi kriterleri ;
gonartroz tani ve siniflamasinda yaygin olarak kullanilmaktadir.(10)

Gonartroz tani kriterleri
1. Klinik ve laboratuvar:
Diz agris1 ve 9 maddeden en az 5'i:

Yas >50
Tutukluk <30 dakika
Krepitasyon
Kemik hassasiyeti
Kemik biiyiimesi
Elle hissedilebilen sicaklik yok
SED <40 mm/saat
RF <1:40
Artroz sinovyal sivisi (berrak, viskoz, beyaz kan hiicresi <2000/mm3)

2. Klinik ve radyografik:
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Diz agris1 ve 3 maddeden en az 1'i:
Yas >50
Tutukluk <30 dakika
Krepitasyon
VE
Osteofitler

3. Klinik

Diz agris1 ve 6 maddeden en az 3'ii:
Yas >50
Sertlik <30 dakika

Krepitasyon
Kemik hassasiyeti
Kemik biiyiimesi
Elle hissedilebilen sicaklik yok

Klinik muayene bulgular1 6zetle; kronik diz agris1 (6 haftadan uzun siiren) ,
yas iistii olmak, 30 dakikaya kadar siiren sabah diz tutuklugu, aktif hareketle
birlikte krepitasyon ,palpasyonla kemik iizerinde hassasiyet, Kemiklerde
deformasyon ve palpasyonda lokal 1s1 artisidir.(7)

7.TEDAVi

Osteoartrit tedavisi, agriy1 hafifletmeyi, mekanik hizalanma bozuklugunu
diizeltmeye caligmay1r ve eklem instabilitesinin belirtilerini tanimlayip
diizeltmeyi igerir. Cerrahi islemler, ileri gonartroz i¢in son ¢aredir.(3,7)

Tedavi stratejileri ¢esitlidir ve hasta egitimi, egzersiz ve kilo yonetimi gibi
farmakolojik olmayan &nlemlere oncelik verirken, farmakolojik miidahaleler
yardimc1 tedavi olarak kabul edilir. Konvansiyonel tedavinin yetersiz kaldig
durumlarda eklem i¢i enjeksiyonlar ve cerrahi segenekler diistiniilmektedir.(8)

Tedavi: konservatif ve cerrahi tedavi olarak iki ana baglik altinda toplanir.
1-Konservatif tedavi,

1.ilag dis1 tedavi: Egitim, aktivite ydnetimi, egzersiz ve kilo verme, yiiriime
destegi i¢in baston ve ortez, fizik tedavi.
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2.0la¢ tedavisi: Opioidler, parasetamol, topikal veya nonsteroid
antiinflamatuar ilaglar (NSAIF)

Ozetle; eklem igi kortikosteroid ve diger enjeksiyon tedavileri.
Alt ekstremite kas giiclendirme, egzersizler ve uygun fiziksel programlari ve
aktivite egitimi
Hareket acikligi, giiclendirme ve aerobik egzersiz programlarini iceren fizik
tedavi; uygun yiiriime destekleri kullanimi; noromiiskiiler egitim
Menteseli dizlik ve yiiriime cihazlari,

Non-steroid antiinflamatuar ilaglar (oral veya topikal),

Inat¢i agr1 icin narkotik ilaglar (oral veya transkutanéz opioidler): diger
tedavilerle birlikte izlenen, aralikll veya diisiik doz Tramadol Asetaminofen,

Eklem i¢i enjeksiyonlar.(11)

2-Cerrahi tedavi.

1. Artroskopi

2. Dizeltici osteotomi ( femoral veya tibial osteotomi).
3. tek kompartmanli(Unilateral) diz artroplastisi

4. total diz artroplastisi

7.1. Cerrahi Olmayan Tedavi Secenekleri

Diz osteoartrozu igin ,en yaygin cerrahi disi tedavi secenekleri arasinda hasta
egitimi, diistik etkili acrobik, diz giiclendirme egzersizleri, viicut kitle indeksi 25
veya lizeri olan hastalarda kilo verme, korse, baston, oral nonsteroid
antiinflamatuar ilaglar (NSAIiF'lar), topikal NSAIF'lar, oral asetaminofen ve
eklem ici enjeksiyonlar yer alir.Eklem i¢i enjeksiyonlar arasinda
kortikosteroidler, hyaluronik asit , kok hiicreler ve trombositten zengin plazma
(PRP) bulunabilir.Genellikle, cerrahi olmayan segeneklerin bir kombinasyonu
semptomatik iyilesme i¢in en iyi sonucu verir.(12)

1.Fizik tedavi:Farkli kas gii¢clendirici egzersizler, yani izometrik,izokinetik
ve izotonik kas giiclendirmenin gonartrozlu hastalarda agri, fonksiyon ,diz
ekstansiyon torkunu azaltmada ve kuadriseps kas giicli tizerinde faydali
olmaktadir. izokinetik kas egsersizlerin digerlerine gore daha etkili oldugu
bildirilmistir.(13)
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2.Eklem ici enjeksiyonlar: .Eklem ici kortikosteroid, hyaluronik asit , kok
hiicre ve trombositten zengin plazma uygulamasi; semptomlara, radyolojik
derecesine gore yapilmaktadir.

7.2.Cerrahi Tedavi Secenekleri

Amerikan Ortopedi Cerrahlar1 Akademisi, Diz Osteoartritinin Cerrahi
Tedavisinde , hasta bakimini iyilestirmek ve en iyi sonuclari elde etmek igin
Uygun Kullanim Kriterleri gelistirmistir . (14)

Semptomatik gonartroz i¢in en yaygin cerrahi tedavi secenekleri genikiiler
sinir radyofrekans ablasyonu (RFA), diz artroskopisi, yiiksek tibial osteotomi
,unikompartmental diz artroplastisi ve total diz artroplastisidir.(12)

1Artroskopi: Artroskopik parsiyel menisektomi ,serbest cisim ¢ikarilmasi ve
eklem debritman1 semptomlar1 azaltarak, progresyonu yavaslatip, kism, ¢6ziim
saglar.

2.Yiiksek tibial osteotomi,:Gonartrozda semptomatik varus deformitesini
tedavi etmek i¢in giiclii bir teknik olup, uygun endikasyonlarda basarilidir. medial
kompartman osteoartritli varus dizilim bozuklugunda, eklemin korunmasi i¢in
kalic1 bir ¢6ziim sunar.(15)

3. Diz Artoplastisi:

Gonartrozlu hastalarda, rontgen bulgularinin derecesi ile total diz artroplastisi
sonrasi hasta agrisi, fonksiyonu ve memnuniyeti arasindaki iligki tartismalidir.
Yapilan meta-analiz ¢aligmalarinda; Hafif radyografik osteoartriti olan
hastalarin, klinik olarak agr1, fonksiyon kaybi ve giinliik aktivite kaybinin siddetli
olan hastalara kiyasla total diz artroplastisinden daha az fayda gordiigii ifade
edilmistir. Bu durum da klinik ve radyolojik bulgularin birlikte degerlendirilerek,
hastalarin preop beklentilerine gore karar verilmesi gerekliligini ortaya
koymaktadir. Ameliyattan o6nce bu riskler hakkinda bilgilendirme
yapilmazsa,.kronik  agri  ve  memnuniyetsizlik ciddi  bir  sorun
olusturabilmektedir.(16)

Gonartrozlu hastalarda, dortte iliglinde trikompartmantal tutulum yoktur. Bu
durum, gilinlimiizde yapilmakta olan unikompartmantel ve total diz
artroplastilerinin kullanim sikligin1 yansitmamaktadir.

Diz osteoartroz’lu kisilerin en az dortte iiciinde trikompartmental hastalik
yoktur. Bu durum, total diz artroplastisi oraniyla zitlik olusturmaktadir. Birgok
hasta i¢in saglikli kikirdak, bag ve kemik kaybina yol agmasi mimkiindiir.
Sadece tek ve iki kompartmanli osteoartrit tedavileri yeterli olabilmektedir.(5)
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Bilateral total diz protezi tartigmali bir konu olmakla birlikte , saglik durumu
iyi olan kisilerde;uygun endikasyonlarda Spesifik olmayan komplikasyon
riskinin daha yiiksek oldugu bildirilmistir. Iyi fonksiyonel sonuglar
almabilnektedir.. Temel sorun, hastanin genel saglik durumunun ve diz
eklemlerinin durumunun bireysel olarak degerlendirilmesinden sonra bu
prosediir i¢in dogru endikasyonu belirlemektir. (17)

Ozellikle radyolojik bulgular hastanin klinik durumunu tam olarak
yansitamadigindan ;bazi hastalarda konservatif tedavi gerekirken, cerrahi
yapilabilmektedir.

Diz osteoartriti tedavi kararlarini etkileyebilecek iyi bilinen risk faktorleriyle
karmagik ve ¢ok faktorlii bir yapiya sahiptir. konservatif tedavi géren hastalar ile
total diz protezi yapilan hastalar arasinda karsilastirmalarda;.artroplasti
uygulanan hastalarda, konservatif tedavi goren hastalara benzer radyolojik
bulgulara sahip olmalarina ragmen, klinik ve agr skorlarinda, belirgin sekilde
daha kétii basglangi¢ klinik sonuglart goriilmesi, cerrahi miidahaleyi belirlemede
fonksiyonel ve semptomatik Ol¢iimlerin radyolojik bulgulardan daha degerli
oldugumu gostermektedir.(2)

Ayrica, gbzlenen cinsiyete bagl ozellikle kadinlarda daha yiiksek agr ve
fonksiyonel bozukluk skorlari, tedavi planlamasinda gézoniine alinmalidir.

Hastaligin ilerlemesine gore alti klinik fenotip belirlenmistir: kronik agri,
inflamasyon, metabolik sendrom, kemik ve kikirdak metabolizmasi, mekanik
asir1 yiiklenme ve minimal eklem hastalig1 .Bu fenotiplere gore siniflandirarak,
progresyon ve tedavi endikasyonu daha iyi belirlenebilir.

Somug olarak ; konservatif tedavi, tavsiye ve bilgilendirme, lokal kas
giiclendirme ve aerobik egzersiz, asir1 kilolu hastalarda kilo kaybi, agr1 kesici
ilaglar, yasam tarzi Onerileri ve eklem i¢i infiltrasyonlar gibi temel tedavi
Onerilerini kapsar. Cerrahi miidahalede , son agama , total diz artroplastisini igerir.
Klinik degerlendirme ; total diz artroplasti endikasyonu i¢in radyolojik bulgu ve
geleneksel risk faktorlerine kiyasla daha etkilidir.(2)

Hastalarin  %20'ye varan kismu , total diz artroplastisi sonrasi
memnuniyetsizlik yasamaktadir. Ameliyat 6ncesi radyolojik derecesi ,hastalarin
bildirdigi agr1 ve fonksiyonu igeren artroz siddeti ile ameliyat sonrasi sonrasi
memnuniyet arasindaki iliskiyi vardir. Mevcut arastirmalarin incelenmesi, total
diz protezinin agriy1, fonksiyonu ve memnuniyeti iyilestirdigini gostermektedir.

Ameliyat oncesi yakinmasi daha siddetli olan hastalarin memnun olma
olasilig1 daha yiiksektir.. Ameliyat 6ncesi radyolojik olarak daha siddetli artrozu
olanlar en ¢ok fayday1 gormektedir.(18)
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Total diz artroplastisinin temel amaci, agriy1 azaltmak , diz harekett agikligim
ve fonksiyonunu geri kazandirmaktir. Artroplaside basarisizliklarin ¢ ana
nedeni ;aginma, gevseme ve instabilite ile iligkilidir, dengesizlik ve hizalama
bozuklugundan kaynaklanmaktadir.. navigasyon sistemi kullanilmasinin cerrahin
kinematik ve hizalama degerlendirmesini kolayca yapmasina olanak saglayarak,
basari oraninn artmasinda faydali olabilmektedir

Ozellikle, ameliyatin planlanmasinda ,radyolojik goriintiileme yazilimlar1 da
kullanilarak, kesme prosediirlerinin optimizasyonunda, eklem kinematiginin
intraoperatif  degerlendirilmesinde veya biyomekanik degerlendirmede
kullanilabilir. Ayrica, revizyon cerrahisi durumunda, navigasyon kullanimi,
cerrahin kemik defektlerinde , eklem hattin1 kontrol etmesini saglayarak dogru
implantasyon i¢in bliylik bir destek saglar.(19)
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Digital Health in Orthopedics: Current
Applications and Future Perspectives

Omer Esmez' & Gulnihal Deniz’

1. Introduction

The field of orthopedics, traditionally reliant on in-person diagnostics and
hands-on interventions, is undergoing a paradigm shift with the rise of digital
health technologies. Digital health encompasses many tools, including
telemedicine platforms, wearable devices, mobile applications, electronic health
records (EHRs), blockchain technology, augmented and virtual reality systems,
Internet of Things (IoT)-enabled prosthetics, and Al-driven decision support
systems (Youssef et al., 2024). As musculoskeletal conditions represent a
significant burden on healthcare systems globally, adopting digital innovations in
orthopedics offers an opportunity to enhance patient-centered care, optimize
clinical workflows, and facilitate data-driven decision-making.

2. Applications Of Digital Health In Orthopedics
2.1 Telemedicine

Telemedicine is a cornerstone of digital health, enabling remote consultations,
monitoring, and rehabilitation. In orthopedics, telemedicine has gained
significant traction, particularly in the wake of the COVID-19 pandemic, which
accelerated its adoption (Kuhn & Knitza, 2024; Windsor et al., 2021).
Telemedicine platforms allow orthopedic surgeons to conduct virtual
consultations, reducing the need for in-person visits and improving access to care
for patients with restricted mobility (Windsor et al., 2021). This is particularly
beneficial for postoperative follow-ups and rehabilitation monitoring, where
remote assessments can ensure continuity of care without hospital visits (Kuhn
& Knitza, 2024; Windsor et al., 2021).

One of the key advantages of telemedicine in orthopedics is its ability to
facilitate telerehabilitation. Virtual reality (VR) and augmented reality (AR)
technologies are increasingly being integrated into telemedicine platforms to
provide immersive rehabilitation experiences. These tools enable patients to
perform exercises in a virtual environment, with real-time feedback from
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physiotherapists, enhancing adherence to rehabilitation protocols (Youssef et al.,
2024). Telemedicine platforms often incorporate wearable sensors and mobile
apps, allowing remote patient progress monitoring and timely interventions
(Reina, 2019; Windsor et al., 2021).

Despite its benefits, telemedicine in orthopedics faces challenges such as the
inability to perform physical examinations remotely and regulatory barriers,
including issues related to insurance reimbursement and data privacy (Reina,
2019; Windsor et al., 2021). However, the advantages of telemedicine, including
cost savings, increased patient satisfaction, and improved access to care, make it
a valuable tool in the orthopedic arsenal (Windsor et al., 2021).

2.2 E-Pulse

The rapid development of digital health technologies in recent years has led
to radical changes in individuals' access to health services and the management
of health data. An important example of this digital transformation in Turkey is
the E-Nabiz Personal Health System launched by the Ministry of Health in 2015.
E-Nabiz allows individuals to securely access their personal health data such as
laboratory results, imaging reports, prescription information, examination
summaries and chronic disease follow-up information, and to share these data
with health professionals they authorise (Figure 1) , (Ministry of Health, 2024).
This structure supports patient-centred healthcare service delivery and
encourages the active participation of individuals in diagnosis, treatment and
follow-up processes. In addition, it contributes to the development of national
health policies, epidemiological monitoring activities and more efficient use of
health resources thanks to big data analytics and central data management
facilities (Yorulmaz et al., 2018). In the E-Nabiz system, data security and
personal privacy are ensured by multi-layered security measures developed in
line with national legislation and international standards, and individual data
rights are respected (Ministry of Health, 2024).
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Figure 1 : E-Pulse Health System (T.C. Ministry of Health, 2024)

2.3 Wearable Devices in Orthopedics

Wearable devices have become integral to the digital health landscape,
offering a means to continuously monitor patients' physiological and
biomechanical data. In orthopedics, wearables are used for a variety of
applications, including postoperative pain management, rehabilitation
monitoring, and predicting surgical outcomes (Morimoto et al., 2024; Ramkumar
etal., 2019)

One of the most promising applications of wearable devices in orthopedics is
in the realm of postoperative pain management. A study demonstrated that data
from a smart ring could predict poor pain alleviation in orthopedic surgery
patients with an accuracy of 70% (Morimoto et al., 2024). This technology has
the potential to enable early interventions, reducing the risk of prolonged
recovery and opioid dependence (Morimoto et al., 2024).

Wearable devices are also being used to monitor patients' motor activity
during rehabilitation. For instance, a system developed for remote orthopedic
rehabilitation uses wearable sensors to track patients' exercises and provides real-
time feedback through a gaming interface (Tacconi et al., 2013). This approach
not only enhances patient engagement but also allows physiotherapists to
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remotely monitor progress and adjust treatment plans accordingly (Tacconi et al.,
2013).

Moreover, wearable devices are being integrated with machine learning
algorithms to predict treatment strategies for conditions such as hip osteoarthritis.
By analyzing data from digital history-taking questionnaires, machine learning
models can predict whether a patient is likely to require conservative or surgical
treatment, enabling more personalized care (van der Weegen et al., 2024).

2.4 Artificial Intelligence in Orthopedics

Artificial intelligence (AI) is transforming orthopedics by enhancing
diagnostic accuracy, improving surgical precision, and personalizing treatment
plans. Al applications in orthopedics span a wide range of areas, from predictive
analytics and medical image analysis to robotic-assisted surgery and
rehabilitation (Habuza et al., 2021; Nathan & Muthusamy, 2024; Youssef et al.,
2024).

One of the most significant contributions of Al in orthopedics is in the realm
of predictive analytics. Al algorithms can analyze large datasets, including patient
demographics, medical histories, and imaging data, to predict surgical outcomes
and potential complications (Habuza et al., 2021; Nathan & Muthusamy, 2024).
For example, Al-powered predictive models have been used to forecast the
likelihood of complications following joint replacement surgeries, enabling
clinicians to develop more effective treatment strategies (Ramkumar et al., 2019).

Al is also playing a crucial role in enhancing surgical precision. Robotic-
assisted surgeries, guided by Al algorithms, have become increasingly common
in orthopedics, particularly in procedures such as knee and hip replacements.
These systems enable surgeons to perform operations with greater accuracy,
reducing operative times and improving patient outcomes (Liang et al., 2024).

In addition to its applications in surgery, Al is being used to develop
personalized rehabilitation programs. Al-driven systems can analyze patient data
to create customized exercise regimens, providing real-time feedback and
adapting to individual progress (Arseniev et al., 2024). This approach not only
enhances the effectiveness of rehabilitation but also increases patient
engagement, leading to better adherence to treatment plans (Mikotajewska et al.,
2025).

2.5 Blockchain Technology

Blockchain technology has emerged as a transformative solution for
enhancing data security and privacy in healthcare, particularly in managing
orthopedic digital health records. Its decentralized, immutable, and transparent
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nature makes it an ideal framework for addressing the challenges of patient data
management and consent tracking.

Blockchain technology offers robust security features that protect orthopedic
digital health records from unauthorized access and tampering. Using
cryptographic methods, blockchain ensures that only authorized individuals can
access sensitive patient data (Adeghe et al., 2024; Hamela et al., 2024). The
decentralized nature of blockchain eliminates the risk of a single point of failure,
which is often a vulnerability in centralized systems (Rovere et al., 2024;
Westphal & Seitz, 2021). Furthermore, using smart contracts in blockchain
systems can automate compliance with regulations such as HIPAA and GDPR,
ensuring that patient data is handled securely and in accordance with legal
standards (Hamela et al., 2024; Naik et al., 2022). Integrating blockchain with
other technologies, such as deep learning models, can further enhance health data
security. For instance, the combination of blockchain and Long Short-Term
Memory (LSTM) models has achieved high accuracy in securing health data
sharing and consent management (Deepthika et al., 2024). This integration
improves data security and enables dynamic consent management, empowering
patients to have more control over their data (Deepthika et al., 2024).

Blockchain technology can revolutionize patient data management in
orthopedics by providing a secure and transparent platform for storing and
sharing patient records. The decentralized nature of blockchain ensures that
patient data is not stored in a single location, reducing the risk of data breaches
(Rovere et al., 2024; Westphal & Seitz, 2021). Additionally, blockchain's
immutability ensures that any modifications to patient records are recorded and
verifiable, maintaining the integrity of the data (Adeghe et al., 2024; Zhang et al.,
2021). The use of blockchain in orthopedics also facilitates the integration of
Internet of Things (IoT) devices, enabling real-time data collection and analysis
(Rovere et al., 2024). This can lead to more accurate diagnoses and treatment
recommendations, particularly when combined with artificial intelligence (Al)
and machine learning algorithms (Kshetri et al., 2023; Rovere et al., 2024).
Moreover, blockchain enables secure and efficient data sharing among healthcare
stakeholders and improves collaboration and patient outcomes (Huang & Lee,
2020; Westphal & Seitz, 2021).

2.6. Augmented And Virtual Reality Systems

Integrating AR and VR technologies into orthopedics has revolutionized
various aspects of the field, including surgical training, patient rehabilitation, and
pre-operative planning. These technologies provide immersive, interactive, and
patient-specific solutions that enhance precision, reduce complications, and
improve patient outcomes (Garg et al., 2024). AR and VR technologies have
created immersive simulation environments that allow orthopedic surgeons to
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practice and refine their skills in a risk-free setting. These environments replicate
real-world surgical scenarios, enabling trainees to perform virtual procedures and
receive real-time feedback on their performance. For instance, immersive VR has
been successfully used to simulate complex spinal surgeries, such as pedicle
screw placement and deformity correction, allowing trainees to enhance their
spatial awareness and dexterity (Combalia et al., 2024; Garg et al., 2024). Studies
have demonstrated that VR training improves surgical precision and reduces
errors. In shoulder arthroplasty, mixed reality (MR) training has been shown to
enhance the accuracy of glenoid guidewire placement, with trainees achieving
significant improvements in version and inclination alignment compared to
freehand placement (Erickson et al., 2024). Similarly, AR has been used to
provide real-time guidance during surgical training, enabling trainees to
understand anatomical structures better and improve their technical skills
(Charles et al., 2023; Innocente et al., 2022).

The COVID-19 pandemic has accelerated the adoption of remote training
technologies in orthopedics. AR and VR enable surgeons to collaborate and train
remotely, with virtual environments allowing for sharing surgical techniques and
real-time feedback. (McKnight et al., 2020). Also, VR has become a powerful
tool in patient rehabilitation, particularly in orthopedics. Immersive VR
environments facilitate motor learning and functional recovery by providing
interactive and engaging exercises tailored to individual patient needs. For
example, VR-based programs have improved balance, range of motion, and
strength in post-surgical rehabilitation patients (Combalia et al., 2024; Gupta &
Ambade, 2022). Virtual reality has also enhanced patient engagement and
adherence to rehabilitation programs. By creating a sense of virtual embodiment,
VR environments can motivate patients to participate actively in their recovery
process. Additionally, VR has been shown to reduce pain and anxiety during
rehabilitation by distracting patients and providing a sense of control over their
environment (Combalia et al., 2024; Zhang et al., 2023). Integrating AR and VR
into remote rehabilitation programs has expanded access to care, particularly for
patients with limited mobility or those living in remote areas. These technologies
enable clinicians to monitor patient progress remotely and provide personalized
feedback, ensuring continuous and effective rehabilitation (Youssef et al., 2024).

2.7 The Integration of Internet of Things (IoT) Technology

Integrating IoT technology into prosthetics has revolutionized the field of
digital health orthopedics, offering significant advancements in academic
research and practical applications. loT-enabled prosthetics leverage wearable
sensors, wireless communication, and advanced data analytics to improve patient
outcomes, enhance rehabilitation processes, and provide personalized care. [oT-
enabled prosthetics incorporate wearable sensors that monitor physiological and

29



mechanical parameters such as temperature, pressure, gait, and muscle activity.
These sensors enable real-time monitoring of the residual limb and prosthetic
device, allowing for early detection of potential issues like pressure ulcers or
improper fit. For instance, a wearable platform developed for lower limb
amputees uses Arduino-based sensors to monitor tissue viability and transmit data
to a central health authority via Bluetooth (Mathur et al., 2016). The data
collected by wearable sensors is often stored and analyzed in the cloud, where
machine learning algorithms process the information to extract clinically relevant
insights. For example, machine learning models can identify biomarkers for
tissue deterioration or assess the impact of clinical interventions (Mathur et al.,
2016). Cloud-based systems also facilitate remote monitoring, enabling
healthcare providers to track patient progress and intervene when necessary. loT-
enabled prosthetics utilize wireless communication technologies such as
Bluetooth, Wi-Fi, and cellular networks to ensure seamless data transmission
between devices and healthcare systems. Messaging protocols like MQTT are
commonly employed for efficient data exchange (Behmanesh et al., 2020). The
integration of Al with [oT has further enhanced the capabilities of prosthetics. Al
algorithms can classify sensor data to recognize patterns, enabling personalized
rehabilitation therapies and improving the adaptability of prosthetic devices. For
example, Al-powered systems can analyze gait patterns to optimize prosthetic
performance (Coser et al., 2024). Edge computing has emerged as a critical
technology for loT-enabled prosthetics, allowing real-time data processing on the
device rather than relying solely on cloud services. This approach reduces
latency, conserves bandwidth, and enhances privacy by processing sensitive data
locally (Faliagka et al., 2023).

2.8 Robot-Assisted Arthroplasty

Robotic surgery has been increasing in recent years and offers many
advantages to orthopedic surgeons when performing prosthetic surgery. It allows
the operation to be performed more precisely (Kouyoumdjian et al., 2020 ;
Tarwala & Dorr, 2011). It allows many measurements to be made before and
during surgery. More accurate placement of the implant is provided and bone
tissue loss is minimized(figure 2), (Kouyoumdjian et al., 2020; Pagkalos et al.,
2014; Chen et al., 2018; Tsai et al., 2016).
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Figure 2: Robot-Assisted Knee Prosthesis Preparation Process (Tandogan et al., 2022)

3. Conclusion

This review has comprehensively examined the integration of digital health
technologies within orthopedic practice, highlighting their transformative impact
on patient care, surgical precision, and rehabilitation outcomes. Adopting
telemedicine, e-Pulse, wearable devices, Al, blockchain, AR/VR, IoT-enabled
prosthetics and robot assisted arthroplasty has significantly reshaped clinical
workflows, enhanced patient engagement, and advanced research methodologies.

Telemedicine has facilitated remote consultations and telerehabilitation,
improving access to care, particularly in underserved regions. Wearable
technologies have enabled continuous monitoring and predictive analytics,
providing more personalized postoperative care. Al applications have enhanced
diagnostic accuracy, surgical planning, and individualized rehabilitation
programs. Blockchain technology has provided robust solutions for data security
and patient consent management. AR/VR systems have revolutionized surgical
training and remote rehabilitation, while loT-enabled prosthetics have improved
patient-specific monitoring and adaptive therapy.

E-pulse reduces costs by reducing unnecessary radiological imaging. Robot-
assisted surgeries allow for more accurate implant placement by taking many
measurements before and during surgery.

Despite these advancements, implementing digital health solutions in
orthopedics faces several challenges, including ethical considerations, regulatory
compliance, technical interoperability issues, and disparities in digital access.
Addressing these challenges requires multidisciplinary collaboration, rigorous
clinical validation, and patient-centered innovation.
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Future research should focus on developing standardized protocols, ensuring
equitable access to digital health technologies, and evaluating long-term
outcomes to realize their full potential. By strategically overcoming existing
barriers and fostering technological advancement, digital health can deliver a
more accessible, efficient, and high-quality orthopedic care model, ultimately
enhancing patient outcomes and transforming the future of musculoskeletal
healthcare.
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