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POPIS OZNAKA | KRATICA

BCRL 1 limfedem povezan s rakom dojke

BISibol ni | ki i nformacijski sustayv

BMI T indeks tjelesne mase

CI7 interval pouzdanosti

COSMINT standardi temeljeni na konsenzusu za odabir mjernih instrumenata u zdravstvu
EQ-5D 1 EuroQol upitnik s 5 dimenzija

HRQoLi kval i teta givota povezana sa zdravljem
ICC 1 intraklasni koeficijent korelacije

OR' omijer izgleda

ICFiMelLunarodna klasifikacija funkcioniranja,
IQR T interkvartilni raspon

ISLiMeLunarodno drugtvo za | imfologiiju

KMO 1 KaiserMeyerOlkin mjera adekvatnosti uzorka

LE T limfedem

LYMQoL-Armiupi tni k kvalitete givota osoba s | i mf
LYMQoL-UL-CRO1 hrvatska verzija upitnika LYMQoL za gornji ekstremitet

MCSiment al na komponenta kvalitete ¢givot a
MKFiMelLunarodna klasifikacija funkcioniranja,
PCSitjelesna komponenta kvalitete givota
PINRSTnumeri |l ka | jestvica intenziteta boli
PROMI mijere ishoda koje prijavljuju pacijenti

RVC1 relativha promjena volumena

SBSi subakromijalni bolni sindrom

SD1 standardna devijacija

SEMist andardna pogregka mjerenja

SF36iT krat ki zdravstveni upitnik s 36 | estica
ULD i disfunkcija gornjeg ekstremiteta
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Rak dojke predstavlja najleglie dijagnost:i
U 2022. godini zabiljegeno je priblokg2so 2, 3
% svih zlolud)Sl iblodresdbr auizajeenwal est al ost i bi
rak doj ke takolwmwrungphagi Premalodpnovijim po
dijagnosticiramasu3293noas | wal agt o | ini oko 26 % svih novec

gena u EByrvat skoj

Epi demi ol ogki trendovi ukazuju slauldaj ¢wna]
uz procjenu da hosil ud mdieyymj iu bsrvajj emaavimogao do
2050. godine akd r enut ni epi demi ol ogk i Ilakobapsalgnt broj o0 st an
oboljelih i umrlih od raka dojke na svjetskoj razini raste, u mnogim visoko razvijenim
zeml jama svijeta biljegi se pad stope smrtn
rizika, kvalitetnijoj pratkg u métodana rapog otkzivamgaiu d ni t
l'ijelen(d4bol esti

Ova bol est i ma slogenu etiologiiju, pri
pojedinal ni | i mbeni k rizika, uz genet sku p
| i mbeni ke. Osobe starije od 50 godinanaline o

i p r ej@ uvelikej osim o stadiju bolesti u trenutkgpostavljanjadijagnoze, kao i o

molekularnom podtipu rakg r i |l emu je rano otkriva®mple kIl ju

Lijelenje raka dojke temelji se na mul tic
sustavne i potporne terapijske pristui@e Napredak wu dijagnosti]l ki
manje invazivnih, ciljano usmjerenih i biolo

8. Zahvaljujuli dhppogebktuti crakaaojke w visokorhziijgnenl e nj u
zeml jama, stopa pet o @ml0%y4.j eg pregivljenja i

Unat ol uspjegno provedbdesmodmrm Ilij ell emjih, owe
suolava se s razlilitim dugotrajnim posljedi
Dostupna literatura navodi kako gotovo® gena i ma kr at ker pbhegkaoh
gest mj elsiejcd| exrajkadn pdroikj anvjlijh jGud tdaiggloa jod i gest
zavr gleitjikeal enj a (11) . Ove potegkoie ukljuluj
funkcional ne, psi hol ogke i socijalne potegko
gi v(6,1Q



S obzirom na dugotrajnost i heterogenost
nakonr aka doj ke nadil azi zavr getak poletnog on
l'ijelenja i givota s promjenjivipmemadr avzyi\edgi
AOd pacij enat alessobelagkbdeni ugrijelazd eregly FromjCancer Patient
to Cancer Survivor: Lost in Transitiomazdobljep r e @njamakgn raka dojke dijekeu tri

faze akutnu, produljenu i trajnu fazu.

Akutna faza obuhvaia razdoblje od post a

Produl j ena rdzdobljgnakork alvv §eh kEhenj agstei jpeloovm dk o jud e

nadzor radi otkrivanja povrata bolesti. Trajna ili dugotrajnafaa pol i nj e pet god
primarnog | ijelenja r aka bdestjshanjuje dti djadeane,s e r i
psi hol ogke i s oc i | arlogubiti poisutael(1jl-E3Q U dugotrajnaj kKaai i da
zdravstvena skrb Vi ge ni j e usmj em&amaao i s k| ]

prepoznavanje, procierits ust avno pralenje posljedica bol e

utjelu na funkcionalnu sposobnost, sudj el ov
givota | i [l#16eni h osoba
SI'ijedom navedenoga, suvremena | iteratura

nakon raka dojke kao zasebnu fazu zdravstvVve
dugor ol ne i i ndi viadumd isamanpovmakmenengyv gleer
onkol ogko(i4, 1618} e| enj a

Rehabilitacij a, u skl adu S MelLunar odn
onesposobljenosti i zdravlja (MKFjend. International Clasification of Functioning

Disability and Health- ICF) i ma kIl jul nu wul ogu wu dijagnosti

psi hologkih i socijalnih posljedica bol esti
skrbi, ukljulujuli i dugorolno r@4&d%»p20) je na
Unat ol tome, postojeile smjernice za skrb o p

te se pri mar no usmjeravaju na pralenje rec
nuspojavama si stemskogkolgitjaenlee nij a] | mfeskoe skio mp
mar ginalno zastupljene il/ obralene &z |jasn
18). Posljedica toga je neintegrirana zdravstvena skrb u kojoj su rehabilitacija i fizikalna

terapija | esto nedovoljno dostupne, Zzakagnj e

pojedinih zdravstvenih djelatnikél6, 19) TakolLer nedostaje jasno



razralen standard z drosohekdjese ne gesak fdofké (14sie c i f i |
18).

Brojna i sukazup ga toalmj as u nelijelene Pl nec
kompli kackpgteamngoginoli mfnog sustava gornjeg
gemajelenih od raka dojke te zahvaliaju znal

pregivljenja. Procjenjuje se da ogranilenje
polovicu |ijelenih gena, smanjenijreazmiigia nue vsi
od petine gena |(21j28)l0eerkontplikazip rijetkas&javljajd iagliréine,
vel | sgto prisutne u rt@meililemumslko meilmuasoibjnaor
pojal avaju, stvarajuli kompl eksan klinilKki
pokretljivogiu, poremelenom funkcijom i pro
akose ne prepoznaju@Wi1imn23) I ijele pravodobno

Funkcional ne posl jedice koje se javljaju
opisuju pojmom disfunkcije gornjeg ekstremit¢eagl. upper limb dysfunctiptLD), koji
obuhvala razlilite poremeliaje funkcije ruke
pokreta, slabost migila, bol , osjetne promj e

korigtenje zahvalenog ekstremiteta mai svako

drugtvenom (ZR)MelLovegpopmabno istile |Iimfedem
mor fol ogkih promjena, |l esto prati osjel aj 1
zahvalenog ekstremiteta, gto moge dovest.i d

izvolLenja odr(@®)kenih aktivnost:i

Stogar ano prepoznavanje i sustkawntao nporgalierjien
sustava, uz pravodobnu primjenu ciljaniftervencijausmjerenihna ol uvanj e f un

predstavlijaju kljulne gelnemenitjee| edwmd&Eld,r@&l nrea ksak

Posebnu klinilku vagnost i maju komplikaciije
subakromijalnog bolnog sindroma te | imfedem
narugi ti funkcional nu sposobnost ,ikasliethj el ov a
givot a.

Unat ol rastulem broju gena u dugotrajnoj
definirane i standardi zirane smjernice za s
rehabilitacijsko zbri nj av apostogpotehaiza dodamimp | i k a
i stragivanjima &koja Ie doprinijet.i bol jem

4



povezanosti te utjecaja na funkcionalnu spos

nakon | ijelenja.

Pol azeavedenitkd i ni | ki h i Zznanst v gosmjerenagaa z ov a,
i stragivanje subakromijalnog bolnog sindr ome
kao funkcional no n ajpavezanihkompiikagija un dugotrajmog fldaai s o b n o

pr e g i makgnraka gope. U tom kontekstailj rada jestdoprinijeti boljem razumijevaniju

klinil kih, ultrazvul ni h i f u mjilkogei povezariostiissh o b i
subjektivnim dogivljajem simptoma i kvalitet

U nastavku su prikazana tri Zznanstvena
perspektive, analiziraju navedene aspekte i

1.1 Povezanost subakromijalnog bolnog sindror

Subakromijalni bolni sindrom (SBSgnd. subacromial pain syndromgdan je od
najlegliih uzroka boli u podfruhjbkrameonal ee |
mi ¢gikiongot ani h poremeliaja. Pojam se koristi za
subakromijalnog prostora i dovode do bofi unk ci onal nog d2agr28)rJi | enj a

l'iteratur.i se | esto kor (et impingemenasyridome®i ndr on
njegova se primjena u novije vrijeme kritizira zbog nedovonp e ci fil i mpeni ce d
obuhvaia razlilite patoanatomske i funkci on

k1 ini| kbeo gslliekgea s e s v euporabaieiména spbakeomiglnibdini j e
sindrom(30, 31)

Subakromijalni bolni sindronsmatrasemu | t i fakt orijalnim porer

nastanak si mptoma moge b i-funkciopamimnerangemam@l).r az | i |

U i teratur.i s e navode | i mbeni ci poput up
subakromijalne burze, sl abosti | Istabilizhtora f un k c
|l opati ce, skralenosti stragnje kapsule gl en

promjena koje mogu dovesti do smanjenja subakromijalnog pro$&&a 32) Prema
zahval eni mraslikuju sesubakronaijairg, unutarnji i subkorakoidni sindrom sraza
rameng(29).

U kontekstu raka dojke nastanak SBB opr i ma dodat nu kgleinrei | k u
koje supr e girakjdeeez| ogene specifilnim rizicima p

5



navedene terapijske metode same po sebi ne n

ramenog zgloba, funkcionalne promjene u kinetici i skapulotorakalnoj koordinaciji mogu

posl jedilno dovest:i do kB2B35).i1 |Bkrio jznn poMeaigmmbee nbi ocl|
slijeaen @ojpart kirur g& dapci izdsdekepapgazuha, radioteram)

postoperativag limfedenat e p o & p p ged prinmere posturei mehanike pokreta
dovodé&ojesapree gi vj elue poal i dmj k é z-a(B6). Brethodnaje v o j a
dokazana vi stoktumihaid teesit ean joss tr a me mpeputuptuetetvég pop ul
supraspinatusa (53%), tenosinovitigetive bicepsa (13.36) te subdetiidnog burzitisa(13.3

%). Navedena struktnao g t e megusppauzdanaletektirai ul t r a@mdijagnostilom

(28,37) MelLut i m, ove tegobe nerijetko ostaju ne

olekivanog oporavka, zbog ipeggaedi mpO®BRNonnd g u

|l ako se u znanstvenoj literaposihjsdiel hagV
izmelLu | ijelenja r ak-a, sslidovrjedkudije koje sel bave tom teraome n u |
rijetke sy, a njihovi nalazl e s tneuvjarljivi (28, 37, 3941). Dosad nije pouzda
ul estal ost simptomatski h i asi mptomatski h o
|l ijel eni h gotdo rparkead sdtogjvklej,a znal aj aneli shaagt valil

provedeni h u ovoj popul acij i ukl juluje mal e
di jagnostil ke pristupe, gto otegava donogen
standardi ziranim i metoddd#3pgki opsegnijim is
12Promjene na | imfnom sustavu nakon | ijelenj

Sekundarni Il i mf edem p o v(englaBreass caricer yelatede nj e m
lymphoedemaBCRL) pr edst avl ja kronilno, progresivno
melLustanilnom tKkivu. Na s t a jdisekckeaaksilamib kmifnjhe d i ¢ a
| vorova il radi ot eroapz g set.oj Ro smg Leydanjezemoi | el

nakupljanja u zahvatihdndmngkad rownlajl inithe pstormj ketnu
t ki va z dirhfederom(#4el®).

Pojavnost BCREa iznosipr i bl i9% maot e2gjik @ precizno odrediti zbog
heterogenosti di jagnosti | kih met oda, terapi
pacijertica(47, 48) Limfedem predstavlja trajnirizikzasees obe koj e su pregi v
te je povezan s brojnim klini] ki m, psi hol ogk
ukl juluju oteklinu, bol , pkagiellmkcinemalgome ep ot

6



2528) . Ove tegobe ne utjelu samo na fizil ku I

narugavaju tjelesnu sudjelokaneu dme girh aktwmastmez dr a v | |

pridonosel. s ma n j(49,n5D) Wsirk toga] BCRIpredstaviiii zvnoatlaa j n o
financijsko optereienje za pacv.jentice, njih
Dodatni je problem gto se |imfedem najl eg
vidljiv, odnosno pkraedpao zsnea trlg ziwiaj,e ikzlriangielnkai o't
tijela(22,26,49,52) Zbog toga aktwual ni model i pral enj
dugotrajnim praienjem rizilnih pacijentica o
bi se omogulilo Qgtmolregpmibjhg eprepozaimvjaamlj &v a

limfedema(23, 26, 27, 49, 53)

l ako se u klinil ko] praksi najlegie kor
ekstremiteta te progj@ pisutnosti simpt o ma , ove metode | esto nis

pouzdane za otkrivanj e ratb#5Y)gS deugelstkahe, pneciznifeo g st

tehnike popuimagnetske rezonancije | i mf osci nti grafije te fluor
i ndoci janinske zelene boje, iako informatiwvn
(49, 58, 59)

Ultrazvul na diah agedkeatoi lodeB@RIaj ul e, neinve
sredstvo za objektivnu procjenu promjena u
polela sust &8m@6l) sVvehignamwatrianije provedenih
usmjerena na obiljegja u@l66. prleldtorvaad v thl nset asdti L
opi suju subklIl i nisd(@d) Ul mf ad e m|moigjud reilpkat z o m
razlilite obrasce pr ognrpeomjenp ehogeniostfi andhegareostii d e n
t ki va, dobivamei sedan uvid u prisutnost edema te
posl jedica kro(bbad®Tpkavodei bobupsti jagnostic
raniju intervenciju, sprijeliti dal jnju proc
givota obol j®&Rih osoba (27, 70



1.3 Kvalitetagi vota obol jelih od |Iimfedema gornjeg
l'ijelenjem raka doj ke

S obzirom na to da I|ijelenje raka doj ke
zahvalaju gornji ekstremitet, ukIljulujuli i
rameni h struktura, smanjen opseg postlagEta I k

kljulna komponenta razumijevanja ukupnog te

poremel aj i r a me m stoddbeosnted. us e b rj @ v k e gjidongse e p | i |
znal ajnim funkcional nim ogr ani |sekofnevma , S ma
aktivnostimanar ugenoj tjelesnoj slici

Upravo zato procjena utiecajaBCRIna svakodosoha Kijvelktenih
dojke zahtf eva pristup Kkoji nadil azi objektivne
iskustvo bolesti(73. Buduli da | imfedem zahvalia tjele
socijalne ,witdseser ji veva | egie koriste upitr
pacijentica (engl. patierreported outcome measures, PROMSs) k 0 j i omogul uj u
percepciju simptoma, psi hol ogki tpevezartusab o | e st
zdravljem(engl. Heatlh related Quolity of LifeHRQoL)(73-75).

lako se u ki ni | koj pr akgene i m&kgu ulportingtciit ikvalidt
Upitnika o zdravstvenom s (emlt SheruForkr3&itderlth f or m
Surve,, SF36) ili EuroQol 5 dimenzija(engl. EuroQol 5 Dimesiors, EQ5D), oni ne
uspijevaj cbuhvatiispeci fi |l ne i zazove,ukdadajals iumk:
ogranil| enj a, promjene tjelesne slike, negat

pogor ganj aeogirmmtidmarj a u dr u(®t ABezbagnogass sud j e |l 0\

razvijeni speci fil ni i nstrument i nami jenjert
subjektivan teret simptoma i nji(bpv) ut j ecaj

Najlegie korigten alat za specifilnu proc
jestupi tni k Kvaliteta ¢imnkai(ead. yrmphddgma Quality obLde | i mf

QuestionnarieArm, LYMQoL-Arm) (78). Upitnik je izvorno razvijen na engleskom jeziku, a
zatim kulturol ogki prilagolen i wvalidiran wu
Ujedinjeno Kraljevstvo, Koreju, Kinu i Nizozemsku. U svim ovim populacijama upitnik je
pokazao s matrjskaa svojsteai tb e dokazao korisnimk | i @ iplakié i

i str a7 NLYMQoLomogul uje detal jnu procjenu s

domenama izgl eda, funkcij e, Ssimpt oma i ras



personaliziranih ikntadrivieentcei jgai viot mo bpmwlvjegzamjeu
gena somB8BRLI pak, postoj e n adzatatiupithikaYMQo pui uj u
ne koreliraju uvijek s objektivnim mjerama
konstrukcijske valjanosti i upuluje na sloge
bolesti(78, 86)

Ov aj i nstrument omoguluje det adomenamapr ocj
izgleda, funkcije, simptomaanivirgasp odeovige mjnal
ustanjepaci j ent i ca k o] &akay pristaposebitolje vijéde jdr padopire.
planiranje personaliziranih intervenctgo mogui uj e praienje promjena

ieval uaciju (2B,dMm8&8ka terapije

Unat ol girokoj melunar odptokalYMQadLoxj &axnlii lii tdiohk
kul turnim i klinilkim okrugenji ma, u Hrvat sk
i nstrument a @ Nédestataks sa BdCaRrLdi zi r anog i kKul tu
alata znalio je da se procjena kvalitete ¢giv

ili instrumente koji nisu bili formalno validirani u hrvatskom jeziku i zdravstvenom sustavu.

Timejepostojalamgui nost smanjene osjetljivosti na s
gene | ijelene |oud uriak a adzdjikkee, uukzldjrtavstveni m j
tijela, emocionalnom dogivljavanju bol esti i

Validacijom ovog instrumentadravstvenim djelatnicima mogul uj e se pre

pacijenticama relevantnija i met odol ogki ut e
gto u konalnici pridonosi kvaliteihishofaecm pl a
rehabilitacdiojpe gena s BCRL

Uzimajuli u obzkogsaoigkenioslti mi gi h nloompl i ka
doj ke te njihov znal ajan utjecaj na funkcio
potreba za integriranim istragi vliake,i ms Ipirk csv nu
funkcionalne pokazatelje bolesti. U tom konteksttadisertacijgeu s mj er ena na i st |

subakromijalnog bolnog sindroma i limfedema gornjeg ekstremiteta te na procjenu njihove
povezanost. s kvalitetom ¢givotumape pranbgenj al e
prepoznavanja komplikacija I razvoja ulinko

zdravstvenom kontekstu.



2ClI LJEVI I HI POTEZE | STRA



21.Ci Il jevi istragivanja
Glavni cilj:

Procijeniti vrijednost sttukhvvokiohh mmiibi e
promjena i ranih oblika limfedema te validirati standardizirani instrument za procjenu kvalitete

givota s ciljem poboljganja dijagnostil kih i

odraka dojke

Specifilni ciljevi

1. Ut vrdi ti ul estal ost [ vristu wultrazvulno
ramena u populaciij.i gena | ijelenih od re
pojavom boli.

2. Procijeniti di jagnosti | kdiebvirjiij rped nkkaden oig t
tkiva za rano prepoznavanje limfedema u usporedbi s konvencionalnim metodama
procjene volumena.

3. Prevesti, Kul turol ogki prilagodit.i i psi
LYMQoL-Ar m za procjenu kvalitete ¢givota ¢gen:

4. |spitati povezanost minimalnih volumnih promjena gornjeg ekstremiteta s dimenzijama
kvalitete ¢givota izmjerenima upitnikom L\
Upper Limb Croatian (LYMQolL-UL-CRO).

2.2.Hipoteze
Hipoteza 1
Ultrazvulnom analizom mogule je pouzdan
podrul ju ramena kod gena | ijelenih od raka

biti povezana s pojavom boli u ramenu.
Hipoteza 2

Ultrazvulna mjepoenkagdeod i kihewjakogano prep
limfedema te mogu detektirati tkivne promjene i u fazi minimalnih volumnih promjena

koje nisu nugno prepoznate konvencionalnim

11



Hipoteza 3

Hrvatska verzija upitnika LYMQOIArm (LYMQoL-UL-CRO) valjan je i pouzdan

mjernii nstrument za procjenu kvalitete givota
Hipoteza 4

Upitnik LYMQoL-UL-CRO osijetljiv jeza otkrivanje minimalrih volumnh promjera
gornjeg ekstremiteta rangm (moigamim)rvalumenskno v at i

povelanjem od zier aarptmenzh k1 i ni | ki

12



3.PREGLED METODOLOGIJE OBJEDINJENIH RADOVA



31Kl inil ki i sociodemografski podac.i i spitan

U sva tri pr osipekrtaigvinvaang ma gsaujdnjae |l oval e s
|l ijel ene oHds piatkan idcogf kssup rboig rea mu kplrj aul | eennjiea ui r
Dnevnoj bolnici za limfedem pri Zavodu za fizikalnu medicinu i rehabilitaciju s

reumatol ogijom Klinilkog bolnilkog centra Sp

Prikupljanje podataka provedeno je u razdoblju od studenoga 2023. do travnja 2024.
godine. Sva mjerenja provedena su na Zavodu za fizikalnu medicinu i rehabilitaciju s
reumatol ogijom te na Kl'inilkom zavodu Z a (

Kl'inilkog bolnil]lkog centra Split.

Podaci O povijesti bol esti prikupljeni S U
pomol st r ukt a Sociodemograjski popacitprikipkeni su od ispitartifgkom
p r o v odstalih jnjarenja putem strukturiranog upitnika.

32Kl inil ka procjena | i mfedema

U sva tri i stragivanja provedena je kIli
temel jena na klasifikaci]j.i M dnternatienal 8atietyoff dr u g
Lymphology - ISL), od strane | ijelnika specijalista f
vigegodignjim iskustvom r ada (87) lpndedemsemat i ma ¢
ovalj nalin opis@lile IBtadiletDi niznati adiaj at anj e
[ opstrukcija |limfnog sustava, al i bez kI

ostaje normalan, mogu biti prisutn@ne promjene tkiva, kao i subjektivni simptomi poput
osjelaja tegine, paeatpzget oB@vtaj, snteddaigiodmogd itr a

godinama prije pojave vidljivog edem&tadij | karakterizira reverzibilno nakupljanje

melustani | ®teklinajeek ud b inleate sesnm&mjnuj e i | i u potopt
elevaciome k st remi teta. U ovom stadiju jog nema z|
|1 obiljegen je nepovratnim promjenama. Ot ek
ekstremiteta. U ranoj fazi suadabfiv dolau kbshijoje d e m
fazi postajeneudubljivz bog f i broze i masni h infiltraci]j ;
promjene koge i potkognog tkiva. Stadi | I 1
karakteriziran i zr ag e nniteta, fibmxre iimasmin promjenaml u me n a
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tetrofilkim promjenama koge, ukl julujuli hip

nabore. Lesto su prisutne ponavl | 668788) i nf ek

Procjena limfedemaa temeljurazlike u opsegu gornjeg ekstremitgtao r ialgab e n

di jagnostil ki Kkriter i provadenaekod svispithn@a®dstraneo m i st
doktorandice, magistre fizioterapije edukacipm i v i @ erg iskdstvennuj radu s

pacijentcama oboljelima od limfedema. Dodatjgkod20% nasumi | no odabrani l
mijerenje proveo drugi educiram magiser fizioterapije kako biscomoguli il a proc

pouzdanosti mjerenjdNajprije je procijenjengpouzdanost mjerenjapega ekstremitetaa
svakog i s pi t(engl.antraxobseneers reliabiity) a zat i m i meLui s
pouzdanost uspor edb o m(engldrtendbgeraer raliakiliy)Pastiipak | s pi t

je detaljno opisan u izvornoms t r a @9).vanj u

U ovoj studiik or i gt eni Su pr etzaomgrenge cikynfererciel pr o

gornjih ekstremiteta. Mj er en jispitanscel s rpkom v e d e n
oslonjenom na podesi vi hi draul i | podlaksconoul , s r
pronacij i na podl ozi (54).tMgetema swprovedenagatueapripdh p ol o
definiranih pet mjernih tolaka na oba gornj
mj er n abilatjf @] keanat omska referenca, stiloidni na:
0). Opsegje mjerenna svakojt o | Kk i uz pomol uske fleksibil
preciznogliu od 1 mm. Na svako] mj er noj t ol k
viijednosti zabiljegen€05W0)N tNaovobandatdiagi van

je definiran primjenom najlegie korigtenog
prema kojem se | imfedem smatra prisutnim Kk
ekstremiteta O 2 c pojediiojmmpenepatohkbi Hagkgpojp
(54, 90) Procjena limfedemaatemeljurazlike u volumenu gornjih ekstremi¢ggt z r aljeunat a
primjeromf or mul e krnjeg stogca, koristeli-l10Omj er e
cm, 1620 cm, 2630 cm i 3640 cm), kako je opisano u literatu®7). Omjer volumena

ekstremiteta z r g dao melativna promjena volume(engl. relative volume change, RVC)

i zme L u zahvalenog i nezahvalenog ekstremi
kontralateralnog ekstremitetgl, 92) KI i ni | ka definicija | imfed.
vrijednost.i RVC O 10 %, gto predstavlja uobi
dok se vrijednost:i i spod tog pr d8a Mel umooigm, |
buduli da je primarni cilj nagih istragivanj

15



dojke,kaoiut j ec aj mi ni malni h razlika u volumenu r
doj ke, dijagnostil ki kriteriji pril agoleni S
koj i o notkgvanjemij @i mal ni h vol umenski h promjena p
limfedema (46, 49, 50, 59)Detaljan opis postupka definiranja limfedema objavljen je u

izvornim i@®%L9%4pgi vanj i ma

33Ul trazvulna procjena struktura ramena

Ul t r azprud mjae n ak omit @inlomo pws tr @bae Ppavog i st
provedena je od strane gwal i j el ni ka specijalista fizikal
vi gegodi gnjiimviod$ne mkdongomame ul trazvulne dijag
provedena uzubbmatohndee@tdreMHz) na urelaju G
Premier V2 (Chicago, lllinois, SADprema standardiziranoprotokolu(95). Podaci potrebni
za i zralun pouzdanosti mjerenja prikupljeni
su provel. i st i str aqiuv alrii .p@iddajogendl.jktea- | e pr

observer reliability) a zatimi me L u i spauezdanosieadl. ktarobserver reliability)

Tiegkompr i kupl janja podataka wultrazvulno su
|l emu su ramena na neoperiranoj stranhbilesl ugil
sukodirane i neovisn@naliziranea svep at ol o g ke pr esudgkemedirare.ulst av nc
slul ajevima granilnih nal ak apiptdezt potgdmeuz | e
dodatnim slikovnim metodama. Sva mjerenja provedena su na kodiranim pohranjenim

ultrazvulnim sni mkama.

Pat ol ogki nal azi rotatorne mangete Kkl asi
tendinopatija te djelomilne il:/ potpune rup
klasificiran je prema st uamrkjol etre diene a(bll g gig,e
subakromijalnesubdeltoidnog burzitiste izljeva, tenosinovitisa ili ruptureetive duge glave
bicepsa96).
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34Ul trazvulna procjena debljine i ehogenost.i

Za potrebe drugog istragi preavedenajetlitjreakzosm | enva
procjena ispitanica u k | j u lpu jewil ie d doj ke, aksilarnih [
ekstremiteta. Ul trazvul na okgfrekveetnejlirearng soade e d e n 8

912 MHz) na ultrazvulnom sustavu Sufer Soni c
Provence, Francuska). Podaci potrebni za izr

dana kao i osnovna mjerenja, a mjerenja su provelissp i t Najpajé¢ je procijenjena

unut ar i sppuzdanost éng)l.kn&ra-observer reliability, a zatimi meLlLui spitiv
pouzdanost €ngl. interobserver reliability . Pregl ed zahvalenog go
proveden je radi procjene debljine i ul trazyv
kontralateral ni, nezahvaleni ekstremitet sl
ispitanice su sjedilesnada kt i com bl ago abduciranom, | akton
supinaciji. Za petu mjernu tol ku i sp@homani ce

stranomMj er ne t ol ke o0oznalene su na pet anat oms
pomolu nerastezljive centimetarske vrpce, u

strana nadlaktice, 7 cm iznad lakatne brazde; medijalna i lateralna straaitiped? cm ispod

|l akatne brazde; te dorzalna povrgina gake u
metakarpofalangealnog zglo@). Uk upno j e analizirano 10 mjer |
na svakom gornjem ekstremitetu. Nakon nanoge

postavljana okomito na povrginu koge uz mini
mjerenih tkivnih § 0 j ev a . Na svakoj mj er noj tol ki zabi
t ki va, izragena u centimetrima te usporelen

ekstremitetu.

Debljina potkognog tkivausti &jgogenegrarsicej e k a

dermisaiprednjee hogene granice duboke migiine fasci|]
obrazac potkognog tkiva, koji je klasificira
jasno definirane granice izmelLu koge i pot

Klasifikaciji (67).
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3.5. Ispitivanja pouzdanosti i valjanosti upitnika LYMQoL -UL-CRO u popul aci j i
|l ijelenih od raka doj ke

Kao gto je dwelsiama inalveda& nmjev & ntar ij ei §terdag
dok je za potrebu trele studije popunj aval
QuestionnairdJpper Limb - Croatian (LYMQoL-UL-CRO) mjereno dvokratno. Prvo
mj erenje pr ovede alkojesuespumle hruatskB Verziju sipgitriika lay MQod
UL-CRO, Upitnik o zdravstvenom statusu-S& (end. Short Form36 Health Surveyje
Numeri |l ku | jestvi cu (eng.PanrineasityNomerical Ratiegee).i t et a
Uz to, provedemek | i ni | ki pregled i mj erenje vol umena

Drugo mjerenj e, -retedpouwdancst, povereng je 10 dana nakert

prvog mjerenja kod 68 ispitanica, kada su ispitapmaeovno ispunile upitnik YMQoL-UL-

CRO. U tom razdobl ju nisu provolene nove te
utjecat. na stanje | i(5%f78,d98)mMameljenh ovih bodataka t et u
napravljena je psihometrijska analiza podatatee t al j no opi sana I obj

izvornom raduy(94).

Upitni k kval it EntfedemamLVYMQolaArmp @rglbLgmphedema
Quality of Life Questionnairérm)razvili su u Engleskoj Keeley i suradnici 2010. godine kao
bol est specifilan instrument za penghétlgakhnu kv a
Related Quality of Life, HRQolu)bolesnika s limfedemom gornjeg ekstremit@®). Ri j el | e
O upitniku za samoprocjenu koji se sastoji (
Il i mf edema na HRQoL k ua@gdedlsimptarai i rdecmehegehymrkc
funkcije obudvaprai |leesmu cjee 1l estica 1 dodatno
(lal h) . Domena i zgl e8,a duckrhg rud ug ierld, téckni@meriae s4t i c
raspol ogenj astoildDdbvaliael est i ca ocjenjuje na |
Likertovoj l jestvici: ni malo (1), mal o (2),
oznal ava l ogi ju kvalitetu gi vot a povezanu
izralunavaju se 2z lardomene | dieffenjeondsgboojerm odgovarenil
| esti ca. Rezultat.i za svaku domenu anali zirz:
|l estica unutar pojedine domene ostalo neodgc

Pod jednja | estica (lestica 21) procjenjuje u

numeri | koj | j estvi ci od 0 do 10, gdje 0 o0zn
i stragivanju primijenjena | e pr evaeuinka i k u
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nazvana Lymphedema Quality of Life Questionndipgper Limb- Croatian (LYMQolL-UL-
CRO)(78, 79, 86)

Procjena kriterijske valjanosti zahtijeva usporedbu s priznatim zlatnim standgmeaom,

| emuu sveel i ni zatastvrrahgui vkeonrjiast i upitni k Kratki z
(engl. Short Form Health Surw§F~36)(79,81) SF3 6 j e melunarodno pri z
za samoprocjenu ople kvalitete ¢givota povez
hrvatska verzijg99).

Upitnik se sastoji od osam zasebnih ljestviCelesnak o mponent a kval ite

(engl. Physical Component Summary, PG| j ul uj e domene tjelesno
|l estica), tjelesne boli (2 lestice), ograni |
percepcije zdravlja (5 |l estica). Ckvaiteted o me n e
givota povezdMeatsad nadkadmlpjoa mengl.MentalCaorhportergt e ¢ i
Summary, MCS)obuhval a vitalnost (dnilrearnjice) 2 3$e&
ogranilenja uloga zbog emocionalnih probl ema
se procjenjuju psihlotyalgikteet e s@icv ¢ tadlggaomde maeme
i stragivanju pr i mi justmkp®~36& Bofoeanjdje pravédesnk premaer z i |
standardiziranom postupku u tri stupnja, u skladu s uputapnaiizr ul ni ka za kori st
verzije(99,100) | zr alunata su dva sageta rezultata
mentalna komponenta (MCS). Konal an rezultat
se u rasponu od 0 do 100. Za razliku watnikaL Y MQo L , vi gi36 upitnikau | t at

oznal akawabaltjed u ¢gi vot a@®Wyezanu sa zdravljer

Za procjenu intenziteta boli ko(nglgPaiena | e
Intensity Numerical Rating Scale, PINRS) r asponom od O do 10, gdj ¢
bol i, azamBlivuba.)spitanicesu zamoljerda procijene intenzitdoli na temelju
vlastitogs ubj ekt i vnogPIldbR)S vjlg agiar oko kori gt en, vV a
kvantificiranje subjektivne percepcije bdk je pdnostavan za primjenu i lako razumljiv
i spitanicima. Vigi rezultat oznalsgtan@eswel i i

pomol u PINRS | | etenus | imaksimalnintepzitehbjoli(1013 |
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36.St atistil|l ke metode

Svi prikupljeni podaci kodirani su, provjereni i pripremlieniga at i sti | ku o

uporabomsoftverskih alata Microsoft Office Excel 2016 (Microsoft Corporation, Redmond,

WA, SAD), |l BM SPSS Statistics (verzija 26),
Prije provedbeanalize provjerenaje potpunost i kvaltetpodat ak a, a nedost a
obraleni su metodom vigestruke i mputaciije, f
podataka kako bi se smanjila pristranost i p

Distribucija kontinuiranih varijabli ispitana je Kolmogor@&mirnovljevim testom
normalnosti. Kontinuirane varijable koje su slijedile normalnu distribuciju prikazane su kao
srednja vrijednost + standardna devijacija (SD), dok su varijable koje nisllslijedmalnu
distribuciju prikazane kao medijan i interkvartilni raspon (IQR). Kategorijske varijable opisane

su apsolutnim i relativnim frekvencijama (broj i postotak).

Usporedbe i zmelu skupi na za -Kvattéeegtanrad )] s k e
test) Razlike u kontinuiranim varijablama analizirane su Studentouiestom za podatke s
normalnom distribucijom, MankVhitney Utestom za podatkkoji nisu slijedili normalru
distribuciju, dok je KruskaWa |l | i sov tpegsporedbor gt ed dvij e sk
analizamau k oj i ma rnejednakdstwarijarecinpemijenjen je Welchotest. Za sve

statistilke analize razinmps0bti stil ke znal a

U prvom radu provedena je deskriptivna i
korigtenjem programa Microsoft Office Excel
prikaz osnovni h demogr af sk ich Kontinukane vaiijabl& i h k a
prikazane su kao medijan i interkvartilni raspon (IQR), dok su kategorijske varijable prikazane
kao br o] i postot ak. Usporedbe i zmelLu skupi
kvadrat testonf 6 | , dokesa fazjike u kontinuiranim vaaiplama analizirane Studentovim t
testom ili ManaWhitney U-testom, ovisno o raspodjeli podataka.

U drugom radu analiza je bila usmjerena na pracjaspodjelgpodataka, usporedbu
skupina te ispitivanje povezanost. ultrazvu
Raspodiela kontinuiranih varijabli ispitana je jeeimorkovanim KolmogorosSmirnovljevim
testom normalnosti. Varijable s normalnom distribucijomkgzane su kao srednja vrijednost
+ standardna devijacija, dok su varijakdége nisu slijedilenormalru distribuciju prikazane kao

medijan i interkvartilni raspon. Kategorijske varijable pdkne su kao frekvencije i postoci.
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Razlike u kontinuiranim varijablama analizirane su Studentoviestom ili ManRWhitney

U-testom, ovisno o raspodjeli podataka.

U okviru analize povezanosti i prediktora
ekstremiteta RVC kategorije) provedene su univarijatne analize radi identifikacije varijabli
znal ajno povezanih s ishodi ma. Varijabl e koj
ukl julene su u vigestruke model e. Zbotg ogr a
(overfittinggd modela primijenjena je LASSO regresija desetostrukomunakrsnom
validacijom zaodabirrelevantnih prediktora. Na temelju odabraprediktora konstruirani su
dobno prilagolLeni vigestruki prikaganiskaoi omnj&rii regr
izgleda (OR) s pripadajulim 95 % intervalim
provedena je neparametrijskitmootstrap postupkom s 1000 ponavljanja radi procjene
stabilnosti regresijskih koeficijenata. Diskriminacijska sposobnost modela procijenjena je
povrginom ispod ROC krivulje (AUC), -dok j

Lemeshowljevim testom dobrog slaganja.

U trelem radu provedena je sveobuhvatna
Interna konzistentnost upitnika procijenjena je Cronbachovim-kdfeficijentom za svaku

pojedinu domenu. Pouzdanost ponovljenog mjerenjargésst pouzdanost) procijenjena je

izralunom intraklasnog koeficijenta kor el ac
slulajnih ulinaka. Kon st rzuoknt i i osrkeal avcailjjaa niozsme
instrumenat a, proi | emu | e Speavarijablenkoje niskoef i ¢

slijedile normalnu distribucijua Pearsonov koeficijent zarijable s norralnom distribucijom.
Faktorska struktura instrumenta ispitana je eksploratornom i/ili konfirmatornom faktorskom
analizom uz Varimax rotaciju. Prikladnost podataka za faktorsku analizu procijenjena je
KaiserMeyer-Olkinovom (KMO) mjerom adekvatnosti uzorka i Bartlettovim testom
sferilnosti. TakolLer su analizirani podni i

kao kriterij prihvatljivosti distribucije odgovora.
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37Etil ka nal el a

Studija iz koje su proizagla sva tri rac
Hel si ngke dekI| aodabciloGtei.|l klos tpodaugjii eviadnf setgvj o |l ni | k
Split (broj protokola: 218147/01/06/LJ.Z2232) 28 . veljale 2023. godi
ukl julivanj a u dobrevblinigigani wnformiraai pristanbkeza sudjelovanje u
studiji, nakon ¢gto su bile u potpunost.i upc

i stragivanj a.
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4.S AGET IIKAZ RREZULTATA OBJEDINJENIH RADOVA



Ova disertacija obuhvala tri vliastita 1is

mi g ikiongot ani h i ' i mfnih promjena nastalih na
kvalitegdgesaji vomt ade mom. |l stragivanja se met o
zajedno prugaju cjelovit wuvid u klinilke, sl

povezanog s rakom dojke (BCRL).

U prvom viastitom istragivanju analizirart
ultrazvulnih nalaza u populaciji gena |ijel e
unut ar i spitivala pokazala je visotlavukr azi nt
pouzdana i objektivna metoda za procjenu palt
izr&kgemi |l ni |l i mfedem, definiran kao razlika

prisutan u 35 % ispitanica.

Najvagnij i nal az ove studije bila je sna
ramenu s prisutnoglu patologkih ultrazvulnnih

Suprotno obkbkiwmlgglgnak @] evnrjst a ki rurgkog zah

|l i mfedema nisu pokazal. znal ajan utjecaj na
Najlegie ultrazvulno identificirane patol
(45 %) i artroza akromioklavi kularnog =zgl ob

ruptura tetive supraspinatusa ( 25uné&pturej ednak
dok su rupture ostalih tetiva bile rijetke.

lijevog i desnog ramena, osim subakromijalh@ bdel t oi dnog burzitisa,
| egl i u deBohusamenu priaelmje62% s pi t ani ca, a patol ogk
bio je prisutan u vige od 90 % dsimptomatskihr a me n
ramena UtvrlLena je jasna povezanost bol i i L

dominantna rukap bi | j egj a onkiolog&eg ki etagkme zahve

l'imfnim | vorovima nisu pokazal:| znal ajan ut |
radu (101).

Drugo vliastito istragivanje bilo je usmj
najranijin promjena u razvoju limfedemaovezanogs | i j em raka jdojke. Analiza
pouzdanost. unutar i izmelu ispitivala pokaz

objektivnost wultrazvulnih mjerenja debljine
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Kl jul ni nal az ovog istragivanja pokazao |
osobito u podeanlajddi akntedre| podl aktice, naj ¢
prisutnost.i [ tegine | imfedednarsaSllkstafijenh uj ul i
|l i mfedema zabiljegene su ztwela¢gi@opoel gemazvi
ehogenosti pot kognog tkiva uViugsepsotrreudkbai Iso gnm
regresijska analiza pokazajla pedldaksiuceazl s k
srednje nadlaktice neovisno povezane s Vi gir

relativnom poveianju volumena ruke O 10 % p

ni geg praghk (oRMVogud i3 a detekciju ranih i sub
Nakon izralLene vigestruke analize i sel ekc
nadlakticeizdvojila 2 kaoj e di ni neovi sni predi ktoruzranog
pri bl i §n o eiigled zapisutnast raned limfedema. Rezultati su ostali stabilni u
analizamaa sj et | ji vosti. Detalji su prikazani u iz
Treie vliastito istragivanje obiuvldaijui | o | e

upitnika LYMQoL-Arm na hrvatski jeziklYMQoL-UL-CRO) k od ®&drakhdojkee!| eni h
Prosjelno vrijeme od zavrgetka onkol ogkog | i
sudionica bila jimkipadyrkdmuitzaho@mg e gnai.

Psihometrijska analiza pokazala je visoku pouzdanost, dobru valjanost i osjetljivost
upitnika na razlike u klinilkom statusu, uz

(engl. COnsensulsased Standards for the selection of health Measurement INstruments)

kriterijima. Sve domene upitnika pokazale su dobru unutakojzistentnosp r i |l emu su
domene Si mpt omi [ Funkcija imale najvige vri
mjerenja bila je umjerena do dobmswnadodru pokaz

osjetljivost instrumenta na promjene.

Val janost upi tni ka  xanstrukcijtkemnmi aiskijimgnativiomi t er i |

anal i zom. Upitni kggpseusapgjledgmnoi masltiuvhboyaom | i
ranom povelanju volumena ruke O 5 %, proi | e
domenama Funkcija, Simptomi i Raspologenje.

i primjerenim,u z  pr o s j e $pongavarja od pke peeminuta. Detaljan prikaz rezultata

objavljen je u izvornom radu (99).
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5.RASPRAVA



Rezultat.i nagi h iingtergadgirvawanj auvprduguwj k1 i n

funkcionalne karakteristike subakromijalnog bolnog sindroma i limfedema gornjeg
ekstremiteta u dugotrajnoj fazi nakon | ijel
i stragi vpoedine ashkettip mo mat r al a i zolirano, ova dis
ultrazvulne, funkcionalne i samoprijavljene
Ucjelini di sertacija donosi tri sredi gnja dorg

ultrazvulno utvrlLene patol ogi j e rot&o orne

asimptomatskeddr ugi doprinos i dentificira ogdijeldji nu k
nadl aktice, kao osjetl | ipovemhihs¢riamfveud enho map rkie ri
vol umenskom pragu ( RV CodnBsi s& %3 validaEiju enistiumenttao pr i n
LYMQoOL-UL-CRO, | i me [ e pr vi put u hrvatskom kontek
procjenu subjektivnog tereta | i mfedema i kv a

Ut vr Lenekongitgainilenopr omj ene, zuaj pddoulsj uulrtarna
verificiranim strukturnim nalazi ma, ukazuju
subj ekti vno (9b)o@yirezlltaticdopenose badljem razumijevanju mehanizama
nastanka simptoma te nagl agayv ajhuehabikitagiskhst pr a

intervencip.

SI'il no tome, dobi vpeontiv rplLoudjauc in joe gloivnuf ekd e nmui
potrebu za osjetljivijim metodama koje omogu
pokazala se korisnim alatoma otkrivanjepromjenau  k opjdt kratkimup prugaj ul i

dodatne informacije u od@®su na standardne Kk

Osim objektivnih klinil kih pokaapankel j a, |

LYMQoL-Arm (LYMQoL-UL-CRO) omoguli ili su pouzdanu pro
bol esti. Analiza odnosa izmelLu objektivnih
rasvijetlila kompleksnu povezanost tjelesnih

bi opsi hosocijalnog pristupa u dWgghpobajeropr sk
nagl asiti da i mi ni mal ne objektivne promj e
simptomi ma i ograd®iglievnljjianvaa j kuojkaao znal aj an

funkcioniranju(94).

U nastavku rasprave rezultatdi e se inte

spoznaj a, uz razmatranje njihovih klinil] kiHh
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rehabilitacijskih protokola. U cjelini, rezultati ukazuju da su bol u ramenu, strukturne promjene

rotatorne manget e, rane promjene u debl jini
povezane, al i ne i l i near no u Zreba kanopreznomj et o v
interpretacijom nalaza, osobito u kontekstu

Jedan od sredignjih nalaza disertacije,
potvrLuju visoku ulestal opdnaplaml loigji ¢ laemjod an
MelLut i m, kl julan doprijhoes| eatalved { ;mas amo ppat
zastupljenostpromjenana operi ranoj | neoperiranoj stran

nastanka boli u ramenu u ovoj populaciji te potrebu za multidisciplinarnim pristupom u

dijagnostici irehabilitacijju koj em wul trazvuk ima vagnu ul og
interpretirati u kontekstu Kk®6). ni |l kog pregl ed
Kronilna bol u ramenu predstavlja jedan c

|l ijelenja raka dojke te moge znal ajno utjec:
|l i j ede@@dh Subakromijal ni bol ni sindrom (SBS)
bol u podr(2B]36,05) r é&&merbaz i rom na vigekomponentn
mogu razviti kao posljedica kombinacije str
gornjeg ekstremiteta, ukl julujuli promjene
sugenj e sulpadtora83In3d9) al nog

U literaturi se navodd a s unakpre mastektomije, disekcigksilarnihlimfnih
| vorova, radi oterapiije i drugi h terapijskih
di sfunkcije gornjeg ekstremiteta, ukljulujul

26). U populacijig e h a j el e ni h sobdkromiglki &olndsmdrdpeprima dodatnu

klinilku vagnost =zbog specifilnih posljedic:
met ode same po sebi ne moraju uzrokovat.i pr
funkcionalne promjene u kinetici i skapulotorakalnoj&kr di naci ji mogu posl j

kKl inil ki znal aj ne bol (33 B6 FO,uldXTakve furkdionalnd o0 gr a
promjene smatraju se jednim od mogul tam mehan
ovoj populaciji(39, 103, 104)

MelLut i m, u nagnein ei sutpovezghiosindanf¢gdema niti vrste
operativnog zahvata sa strukturnim prsemjenart

objasnitipr esj el nim dizajnom studije te heterogen
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ispitanicama. Stoga aaad o n o peundpnghz a k gkqpuolt r ebna prospektivn
koja bi ponmadgwijiel a az v o jiatrukiuonlh promjeharamera i @dnoau n i h

na | i mfedem i druge | i mbeni ke povezane s | i]

U nagem i stragi vanj u tultrazvukothaknienihjsgeuktwrnihs o k a u
promjena u podrulju ramena. Naj|l eglie promjer
dok je osteoartritis akromioklavi kularnog zc¢

<

skladu je s nalazi ma diegenpiratp omel paiojmg.e nie k

osobito m. supraspinatusa, | este i kod osoba
problema s ramenoii28, 37,39,41Vagno j e nagl asiti dtetives u u n
supraspinatsb i | e naj |l egl i pat ol ogki nal apotpune r i | e
rupture.B u d u | iu literaturi jstaknuto kako osobifmp une rupture i maj u Vv
za funkcionalno ogtelenje, ovakvi nal azi mo

potrebnoj@ nt er pr etkilriantiil kuo n@flki6&)m e k st u

Najvagnij i nal az ovog i stlrtaga nadami fjbiiii j est
podjednako zastupl jeni na operiranoj [ neop
ul estal osti I tipu promjena i z melOvajrezaltate na n a

upuluje na to da se pronalene strukturne pr

kirurgkom zahvatu il:9 onkol ogkom | ijelenju,
dobno uvjetovane degenerativpemjene,0sobito u populdcj i srednj e i stari
(40, 105, 106) Dodat no, u znal aj noun tbrraogplam bénsuu | aj ev
prisutni [ u ramenima bez boli, gto potvrLu
rotatorne mangete | esto (A3 1A e Tio KModl ad niommtaa
daultrazvuk iako vrijedan wtkrivanjus t r ukt ur ni h pr omj ena, ne mo
etiologiju boli ni biti jedina osnova za di ]

U nagojkoslt wgpgdianer i sutnom bol i ultrazvul nc

gto sugerira da strukturne promjene u podr ul

MelLut i m, | i nj e n iasimptordasskinj @ mevred i tka kuali eor pokazi
nal aze upuluje na ogranilenu specifilnost S
smislu, subakromijalni bolni sindrontrebapromatrati kaamultifaktorijalno stanjep r i | e mu

klini| ki Si mpt omi mo g u proirzdmjzanna, ilkzi okmenbal
adaptacij a, neuromuskul arne disfunk@d4dy e t e
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St oga se po tzaintdrpretaeijomp lot r ehmaamlun int egr aci j i s Kk

pregledom i funkcionalnom procjenom, a ne izolirano.

U nagem istragivanju nije utvrlena povez
| i mbeni ka urkil Fiukaj ul i v r s t radiotevapije rkentoterspiy, o0 g zat
endokriru terapip, indeks tjelesne mase, dominantoku i prisutnostimfedema. Posebno je
vagno i staknuti da kIl i ni $ek ie s t odj kaogpatensijalni c i r a n
| i mbeni k povezan s disfunkcijom ramena, u
prevalencijom boli(9, 24, 107) |l stodobno, odnos | i mfedema

strukturnih promjena ramena u ovom presjelno

dodatno naglagava potrebu za prospektivnim i

Jedno od moguliih objagnjenja ovakvih nal e
popul aci j i ne proizlaze nugno izravno iz st
dugorol nim adaptacijama nakon | ij el|ladomagca, ukl
kretanja I k 0 mp e rkan@mataterplrsestrane (D08 11@). r Nedalg n ranga
i stragivanja upuluju na moguinost bilateral
moge biti posl jedica sistemskih mehani zama i

rameng110,111) Ovakav koncept dodatno podupire nag

zastupljenost patologkih nalaza na obje stra

Klinil]lka implikacija ovih nalaza |est da
strukturnih promjena, al i ne smij e biti j o
|l nterpretacija nalaza mora biti i ntjengm.i r ana

Drugi rad disertacije usmjeren je na ult

tkiva kao potencijalnih markera za rano prep

dojke. Polazeli od linjenice da msepoziajaenf edem
nakon pojave jasno vidljive otekline zahvale
mo g e | i otkrlti tkivree promjeke u fazi kada standardne volumne i konvencionalne

metode jog ne pokazuj uti(8di2pl jno jasne znakov

Kl j ul ni stodgeljestzla selttaevukommj er | j i va promjena deb
otkriti u ranom stadiju limfedeap osobito kodg e n minirealnim volumnim promjenama
(RVCO5%)koje se u mnogim klinilkim okrugenji m
di jagnosti [BK,89) k ax egaogem auzor ku vigestruka | c
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pokazala je da je povelanje deliehg.uppegarkoge u

medial cutiss t at i st i | ki znal ajno poveza®#dRs49povel a
p=0047), gto ovu mjernu tolku istil|le@BRao pot
Ov aj nal az I ma posebnu kKl inilku wvrijednost
vol umenski izrageni h stadija prema ranim, su

Dobi veni rezul tat.i podupiru koncept da |
progresivan proces obiljegen kontinuiranim g
stadiji bol esti mogu biti pri sut moijeupkiaduyy e p o]
s patofiziol ogkiumpradddrkimma au nkadkjuiprhg anj e melL |
nakon | epgoas tsulpinjiedriazvoj fibroze i (458,185 ene a
113, 114)

Kl'inilka praksa oslanja se na mjerenje O0f
metoda pokazale su da se razliliti kriteri
speci f(54|7h,600%6 115) Posebno je vagno istaknut.i da
razlikuju wuzrok promjene, odnosno ne mogu
nakupljanju tekuline ili o patol ogko]j prol if

pogr egno { rahilu pnanjerai22, 56, 65U t om di j agnostil kom

klasifikacija ostaje vagan klinilki okvir, n
subjektivnu percepciju pacijentice i suptilne promjene koje t egko sWw@mdar di z
smisluul t razvuk moge i mati vagnu ulogu kao obj el
t ki vni h prigpnjtema) nuBrkod, &ié) v u

U nagem uzor k%pokazaase koORViiD odidivahjer ane Kkl i ni | ke
gto je u skl adu smpmr sllaarjéanenmigm anjadimsdjvancijar a g n o s
(50,64,67,93,112) Takoler, u | ipagRY¥Cu® i8eahgaweodiesda
kao konzervativnijikriterij, no takav pristuygmo § e propust i ti rane sl ul
p o | anteavdncig (52, 71, 117)

Nagi rezul tati deuw aulntor aakvawlun ium npamikicazd ti &I
uznapredovalih stadijholesti debljina koge u odrelenim ana
podrul ju medijal ne nadlvadmnhimprenjenama, dok prgmgenep ov e z
pot kogn(odge llkjiivima i ehogenost) vige od49agavaj
50, 53, 67, 89)Time se sugerira potencijalna uloga ultrazvuka ne samo u dijagnostici, nego i
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u pralenju p(Bl67rog 416,1&8) bSotlaensdtair di zaci j a mjer e
preduvj et za g@giru klinilku primjenu ultrazyv
budulih i(&%)ragivanj a

Pronaleni obrazac nalaza 1 ma i anat omsko
predstavlja podrulje |Iimfne drenage koja izr
koj i su |esto zahvaleni k i n70,r1fBkNadaljeuldteranin j anj e
[ i mf ni putevi mogu ostat. ol uvani [ predst:

objasniti zagto | ateralne tol k(#821)mj erenj a ni s

Nagi se rezultati ukl apaju i u ranija i st
| i mfedema | esto manifestiraju kao osjel aj p
volumen ruke ostaje unutar granicanorenal Ti me se potvr Luj e da subj
prethoditi k1l ini]| ki mjerljivim promjenama Vv

slikovnim metodama koje procjenjuju lokalne promjene tkb@, 77, 91, 116)U odnosu ha

dosadagnju | it er atidonadlakti®@p b a e b sheza nare gletelcigli j al n
djelomi|l no odstupa od nekih ranijih ultrazvu
kao pol etno nMoegsutioce tegrreozntjseknea pr oi zI|1 aze iz r az
pragova i heterogenih definicija subklinil!l

met odol o gk ipho sptroojbel | e(dpa72, 22124y at ur i

|l ako ultrazvulni nalazi prugaju objektiva
|l i mfedemom, oni sami po sebi ne obuhvalaju

ut j ecaj na svakodnevno funkci @)76r1aaKle ngelnka k

gledang oVi rezul tat.i podupiru wukl jul igreanmj,e ul
osobitou situacijam&ada swolumenslkepr omj ene mi ni mal ne, ali su

Treli doprmes|oyendisertacije imdv ostruku vrijednost:
omoguluje standardizirano mjerenje kvalitet

uvodi sustavnu procjenu subjektivnog tereta bolesti u rehabilitacijsku praksu. Prvi doprinos

odnosise naprijevod, kulturgjok u pr i Il agodbu i wvalidaciju hrve
Arm (LYMQoL-UL-CRO) Ov a | rad predstavlja kljulnu p C
klinil| kih i sli kovni h nalaza te subjektivno
raka dojke (94). Inst r ument pokazuj e snagna psi home

| et verofaktor sku srtarzulkitkuorvianf @ sp@os$ &b nsotsatd i j .
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omoguluje standardizirana i pacijentici us mj

unaprijedit:i klini|lko pralenje, ol akgat. dor
modelep r a e mjt er v enc i jmezbrinjavasjuggeonrao | maok on | i j el enj
(94).

U suvremenoj rehabilitacijsko]j [ onkol og

integriranjem instrumenata koji mjere samoprijavljene ish¢eegl. Patient Reported
Objective Measures PROM)u  k kui praksi, osobito kod Kkronilnih

limfedem(74). Premda gene poputdE86 mongsut rpurnuegnittii kori sne
o] opl em zdravstvenom statusu, oni | esto
vi gedi menzionalne posljedice | i mfedema, kao

ogranil| enj a, promjene t¢eré@ahpec2s)Upravezbdg e mo C i

toga razvijenisu boless peci f i | ni instr-amekbji pomogulL¥MQ@c

procjenu kvalitete givota povezane s | imfede
LYMQoL upitnik izvorno je razvijen kao bolestpeci f i | an PROM za pro

givota u bolesnika s | imfedemom gornjeg i

instrument je pokazao dobra psihometrijska svojstva u brojnim kulturnim adaptacijama,

ukl jul ujuli ltaliju, Gvedsku, Tursku, Uj edi n
|l emu se konziuejegbma pbitwmrLkp korisng@s8t i st
78, 79, 81, 83, 84, 127) Rezul t at i nageg istragivanja pc

svojstva hrvatske verzile LYMQGUL-CRO. Sve domene upitnikgpokazale su

z a d o v o bdoaisol jinutarnji konzistentnost p r i dbneemewBimptemi i Funkcija

i male najvige vriQle0889st dokCjendambnd RaBpol
testiranju imala negto ni gu,,758kojaseiupastagky e pr |

ponovljenog mjerenja (testet est ) dodatno poboljgala. Dobiv
konstrukta kvalitete ¢§mneovisnoa kufiuonone kosekstugTimne | i mf
j e omogul ena pouzdana usporedi vost rezul ta

i stragivanjdimairaha prismjae@@aru kIl inil|l koj pr a

Analizatestr et est pouzdan os padkazala jerumjgrenmpouzdanasta § i v &
(ICC068073), uz negto ni ¢guuzigded Bmatramo dattakat @zulean e v e

moge biti posl jedica svakodnevnih fluktuaci|j
al i i promjenjive percepcij e izgl eda, koj a
emocionalno stanje te promjene tjelesnikes(73, 79, 81, 91) Dodat no, anal i z:é
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mjerenja pokazala je niske vrijednosti SEM SRD-au svi m domenama, gt o
instrument ima dobru preciznoste moge razl i kovati stvarne pr

funkcionalnom statusu od promjena K¥)je proiz

Strukturna valjanost instrumenta potvrLer
proi | emu j e dobivena | etverofaktorska strukt
koj a obj,8§nukupne sarij@le, uz vrlo dobru prikladnost podataka za faktorsku
analizu (KMO =(089; Bartlettp<® 01) . Ti me se potvrLuje koncep

konstrukta kvalitete ¢givota povezanog s | im
(94).

Konstruktna i kriterijska valjanost doda
generi |l kim i-B6trOmekt oaan&8F domene Funkcija I

negativne korelacije -36 f(RCSkKk,omd&lompenednmem

pokazala umjerenu negativnu korelaciju s mentalnom komponentotB6SMCS). Takav

obrazac korelacija teorijski je konzistental
Simptomat ski teret moraju rezultiraibnanil ogi j @
aspekti |l imfedema i maju i z(738% Domena lzgledmj@ s s
pokazala statistilKki znal a3 éh,e toaoa ebacinoejes

| injenicom da g edowlnoolbkuih vian satj ruu rsepiespiektsileé no e s t
tijela povezane $mfedenom, iakooni|l i ne diiaggainskustva bol esti I
pregivjelb2 7% 82R) doj ke

Posebno znal ajan nalaz ovog rada odnosi S
(77). LYMQOL-UL-CRO wuspjegno j e ¢e aainimamonv\olamesskinm pi ne
povelanjem)(RWConith s klinilki defi®iUanim |
skupini % R&CI IO &geni su statistil ki znal ajn

Si mpt omi i Raspologenj e, dok razl i Kb, 7 dome
85). Ovaj nal az potvrotkiiner dgenonskvamehet mogevc
volumenskpr omj ene rel ativno n®8) e, ali klinil ki r

Nagi rezultati dodatno potvrLlLuju koncept

O objektivnim kI|@W&h8) kUmr pokagatiesii ma ,da se
mj er ena gnetureentonSk36,mi j e znal ajno razlikoval a I

5% i RVoe, OQjt50 svalgnen ekstremitedaanije jedini niti dominantni mb e n i k
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dobrobiti. Naprotiv, simptomipopots j etleajjiane, napetosti, bol i i
mogu i mat.i izragenij i utj ecaj na svakodnevnc
sama mjeravolumer(d29,130) Ovakav nal az naglagava ograni
objektivhe mjere u procjeni ukupnog tereta limfedema te podupire potrebu za integracijom
subjektivnih i objektivnih pokazatelja u moc
73).

U radu se nagl agawanidja joed ptrraagd i RXE0®,nGa |51 0 g

koj i se |esto kiA&diisti kizaewiedémiupravgipkavl i mf ed
konzervativnijipristupmo ge propust i ti rane s(Rw788Bl)eve 1 0c
Takav nalazlodatnona gl agava ogranilenje oslanjanja

procjeni ukupnog tereta limfedente podupire potrebu za integracijom subjektivnih i
objektivnih pokazateliaumodsp r al enj a dgena nak@®n73)l i jelenj a

Kao klinilka i mp |upitkilkkacL¥YNIQoL.-UL-CRQ p udtinskoa nj e
pralenje omoguluje rano prepoznavanje subj el

osobito u stadijima kadaolumenske promjene nisu dominantne, ali su simptomi i

funkcionalna ogranilenja vel prisutni
U kontekstu ove disertacije, rezultati tr
pristupa skrbi za ¢gene koje su pregivjele 1

i stragivanja plk@tzage praomjiegnid nroameana, vioit mf

predstavljaju odvojene entitete, vel melusob
dugorol nih posljedica I|Iijelenja raka doj ke.
promjene | esto koegzistirajuuyl amelvinobnar ugy

svakodnevno f un k dhiodbraka dojren Jtoga s¢ eptinalan moglekskeigan

temeljiti na integraciji slikovnih, funkcionalnih samoprijavljenih pokazatelja, a ne na

i zoliranom oslanjanju na pojedinu dijagnost.i
|l ako dobiveni nal azi prugaju vagne wuvide
njihovu interpretaciju potrebno je sagledat.

i stragival ki h pristupa.

Sva tri i stragivanja ukl j uehgk mrassactiond)i ser t a

di zajn, gto onemoguluje -posmbjgedijlnizmko dnod sk
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l' i jelenja raka doj &rekturnib pramjenazamena,razvojp lonfedemd& e ni h
gornjeg ekstremiteta i promnanmqineabdnostie QJt
promatrani h varijabli, ovakav dizajn ne omog

ni njihovu progresiju kroz vrijeme.

Nadalie,i stragi vanja su provedegha modedagmairki

primjenjivost rezultata na giru. p&Gpelcadij mo

|l okal ne klinil]l ke prakse, rehabilitacijskih
ul estal ost i izragenost wuolenih nalaza. | pa
kriteriji ukl julenja tddjgori nose unutarnjoj Va

Velilina uzorka, iako usporediva ili vela

studija u ovoj popul aci jmanjme giaz|lranjaknante deotba

mul tivarijatnim anali zama i unutar specifiln
i shoda pojedini potencijalno relevantni | i mb
terapije ili vrste aksilarne kirurgije,nisumogl bi ti ukl jul eni u sve sta

od preoptereienja model a.

lako je wultrazvulna dijagnostika pokazal e

vi soku meluispitival ku i unutarispitival ku
i skustvu strulnjaka koji je dizvodi. Unat ol
snimljenih slika od strane iskusnih ispitiuveé
nal aza ne moge se u potpunosti skl juliti

morfologke promjene te ne pglimfgogsustava.avan uvi d

Dijagnostika | imfedema temeljila se na Kk
kriterija i wultrazvulnih pokazatelja. | ako s
jog uvij okppree hwadtemj izl atni standard za ranu

' ijelenjem raka daijkagnoTsa i h&ti é&r okgreintoesrti j a n

rezultata s drugim studijama i utjecati na interpretaciju ranih stadija bolesti.

Procjena kvalitete ¢givota temeljila se n.
pristranosti, ukl julujuli utjecaj trenutalno
socijalnog konteksta. | ako | e kmmentgrézeltati v al i c

kvalitete ¢givotaa nme usw@apujedketviavtnii m k1 i ni | ki m
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Naposl jet ku, di sertacij a nij e ukl juliva
intervencija, zbog lega nije bilo mogulie pro
l'ijelenja, progresiju | imfedema, Ifiutnektcei ogniav a
nakon ciljane rehabilitacije. Ovaj nedostatak ujedno predatagljg an poti caj z a

i stragivanj a
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6.ZAKLJOL



Na temelju provedeni h istragivanja i dob

zakl jul ci

Dugorolne posljedice |lijelenja raka doj ke
zdravstveni probl &m.gt 8t e u Butr wpnwjdernuelijgui | m@ame n a
limfedema gornjeg ekstremitetm ar ugena kvalitet &odge kogetsta | e st

pregivjele Iriarkee ldwg klken o¢ eppeke ¢ 34 0 g klinil]l kog

postterapijskih komplikacija.

Ultrazvul na di j a gpouzdanomlnenvaziverk a plgektisnoms e
metodmz a i denti fi kaciju patologkih promjena wu
doj ke. Naj |l egli nal az bila je patologija te

ultrazvuka u-kprgd @jne mi pmiognj lem@a kodm.pacijenti c

Podjednaka ul estalost patologkih ultrazvul
te njihova prisutnost u dijelu asi mpsgammat s ki
po s ebiobjasait enaogije boliSt oga se sl i kovni nal azi mo
klinil|l kog pregl eda [ funkcional ne procjene

multidisciplinarnim pristupom procjeni i rehabilitaciji bolnog ramena u ovoj populaciji.

Li mfedem povezan s | ijelenjem raka doj ke
strukturi kogmoigufpoetjkeedn o ot kdiewae ktirati ul tr
prije pojave klinilki vidljivog edema. Deblj
predstavlaosj et | ji v wultrazvul ni mar ker rani h st

volumne promjene (RVC O 5 %).

Primjena nigeg volumenskog praga daBjgC O 5
|l i mfedema Kkoje bi prema tradi ci oneprepoznah di j ac
| i me se otvara mogulinost ranijeg zapolinjani

potencijalnog usporavanja progresije bolesti.

Validacijom hrvatske verzije upitnika LYMQeUL-CRO potvr Lena s u
psi hometrijska Svoj stva instrument a, ukIl jo
zadovol j aretesf polzdanost edoliru konstruktivnu valjanost| ji eneomoguli en a
standardi zirana procjena kvalitete ¢givota ge

klinilkom iokrsugeamngjiw.al kom
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Rezultati istragivanja pokazuju da subj eki
stadijima | i mfedema, | ak i kada su obj ekt i\
ul trazvul ne pr ocj eneishodd prijekjenih cod sttameepacigemtieal u a c i
predstavl ja vagan ipgrawadabhiljrehabaitacijskitzpvistupa usmjetepire n i h

na oluvanje funkcije i kvalitete ¢givota gena

Buduia prospektivna i | ongi t u dolj@razjasmia 1 st r
viemensKki slije&dgtamvbja mhii grifinn oh kompl i kac
progresija te wutvrdila ulinkovitostkoesni h di

temeljena kombinaciji objektivnih i subjektivnih pokazatelja.
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8.SAGETAK



Naslov:

Znal aj radi ol ogki h i klinilkih obiljegja pac
za limfedem
Cilj :

Cil j ove doktorske disertacije bio je pr
otkrivanju strukturnihmi ¢ i-kiongot ani h promj ena ramena i rani
ekstremiteta kod ¢gena nakon Ilijelenja raka
upitnika za procjenu kvalitete ¢givot-BL-gena s
CRO).Doda ni cilj bio je ispitati povezanost obj
klinilkim obiljegjima |Iimfedema i subjektiwvn
Metode:

Doktorska disertacija temel]ji se na tri
gena koje su pregivjele rak doj ke. U prvom

potvrlLlLenih strukturnih promjena r amegom te n
i stragivanju ispitana je dijagnostilka vriije
u detekciji |l i mfedema gornjeg ekstremiteta,
povelanjem volumena ruke.riTfeved, shulaggi valng @
i psihometrijsku validaciju hrvatske verzije upitnika LYMQaIL-CRO te analizu

povezanost.i kvalitete ¢givota s klinilkim obi
deskriptivne i i nf erkelnjcuiljuajlunleitnesemesijskesanalizbi kjea me
Rezultati:

Ultrazvulno potvrlLene strukturne promjene

koje su pregivjele rak doj ke, pri | emu su na
supraspinatusna tetiva. Pat ol odpdritanustahualy i nNi s
vige od 90 % bolnih ramena identificirane s

vrijednost ultrazvuka u evaluaciji boli u ramenu.

Ultrazvulno mjerena debljina koge, osobit
snagno povezanom s prisutnogl u i teginom | i
pojave klinilki wvidljive otekl i npgomjethlkdje az v uk

nisu bile prepoznatljive konvencionalnim volumskim i cirkumferencijskim metodama.
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Hrvatskaverzija upitnika LYMQol-UL-CRO pokazala je vrlo dobra psihometrijska

Ssvoj stva. Logi ji i shodi kvalitete ¢givota bil
vol umena ruke, ¢gto upuluje na to da smbjekti
klini|l kim pokazatelji ma.

Zakl jul ak:

Rezultat.i ove doktorske disertacije potvi
doj ke ukljuluju mel-kespgbaonepohiembne migsi hoso
znal ajno utjelu na funkcioniranje dokekvalit:
Ultrazvulna dijagnostika predstavlja vrijeda
strukturnih promjena ramena i limfedema, dok validirani upitnik LYMQ4L-CRO

omoguliuje cjelovitu procjenu s ulbriheskkoviitv nog t

met oda i pacijentima prijavljenih ishoda pr
rehabilitacijskih i pralenih strategija u sk
KI'julnerak jedj ke; pregivjele od raka doj ke;
sindrom; wultrazvulna dijagnostika; rotatorna

koge; kvaliteth-CBO vota; LYMQolL
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LAl LKI SAGET



Rak doj ke danas ima vrlo visoku stopu pregiyv

razvijaju dugotrajne komplikacije koje mogu
najleglim problemima su | i mfedemfrogsustava,s no o
bol [ smanjena funkcija ramena te narugena
prepoznaju dovoljno rano, zbog lega |ijelen]j
Cil j ove doktorske disertacije bio je istr

promjena na gornjem ekstremitetu kod gena |
objektivnih nalaza sa simptomima i kvaliteto
|l stragivanje se temel]|ji na tri povezana znan

ramena pomolu ultrazvuka kod gena koje su na

Rezultati su pokazali da su promjene tetiva i drugih struktura raména vr| est e, al i
uvijek povezane s prisutnogiu boli. To zna
potpunosti objasniti simptome koje pacijent.i
Drugi rad bavio se | imfedemom i mogul nost il
Pokazano je da povelana debljina koge, pos
predstavl jat.i rani znak razvoja | imfedema,
standardnim mjerenjima vol umena ruke. Ti me

jednostavne i neinvazivhe metode za rano prepoznavanje komplikacija.

Trelii rad odnosio se na kvalitetu ¢givota g¢gen
i validiran hrvatski upitnik LYMQOEATr m, speci fi |l an za procjenu
s |imfedemom ruke. Rezultat.i sagpokparaki mgac
funkcionalna ogranil|l enja i emoci onalne poteg
nisu velike.

Gl avni zakl julak disertacije jest da procj e
ukl julivati samo objektivna mjerenj a, nego
kvalitete g¢givot a. Rezultat.i uk azjpovezupa pot
ultrazvul nu dijagnostiku, klini| ku procjenu
prepoznale ranije i omogulila pravodobna reh
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10. SUMMARY



Title:

The Significance of Radiological and Clinical Features in Breast Cancer Patients

Treated in a Lymphedema Day Hospital

Objective:

The aim of this doctoral dissertation was to evaluate the value of ultrasound imaging in
detecting structural musculoskeletal shoulder changes and early stages of upper limb
lymphedema in breast cancer survivors, and to validate the Croatian version of the
Lymphedema Quality of Life Questionndikgpper Limb (LYMQoL-UL-CRO). An additional
objective was to examine the relationship between objective ultrasound findings, shoulder pain,
clinical characteristics of lymphedema, and patreported quality of lifeoutcomes.

Methods:

This doctoral dissertation is based on three esestional studies conducted in a
population of breast cancer survivors. The first study assessed the prevalence and type of
ultrasouneconfirmed structural shoulder abnormalities and their associationshaulder
pain. The second study evaluated the diagnostic value of ultrasound measurements of skin and
subcutaneous tissue thickness in detecting upper limb lymphedema, including early stages
defined by minimal arm volume increase. The third study involivedslation, cultural
adaptation, and psychometric validation of the Croatian version of the LYM®QoL
guestionnaire, as well as analysis of associations between quality of life outcomes and clinical
characteristics of lymphedema. Appropriate descriptind inferential statistical analyses,

including multivariable regression models, were applied.

Results:

Ultrasoundconfirmed structural shoulder abnormalities were highly prevalent among
breast cancer survivors, with rotator cuff tendguasticularly the supraspinatus tendeging
most frequently affected. Pathological findings were not limited to the operated side. Structural
abnormalities were identified in more than%@0of painful shoulders, supporting the clinical
value of ultrasound in shoulder pain evaluation.

Ultrasoundmeasured skin thickness, particularly in the qmggber arm region, showed
a strong association with the presence and severity of lymphedema, including early stages prior
to clinically visible swelling. Ultrasound enabled detection of subclirtisalie changes that

were not identifiable using conventional volume or circumference measurements.
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The Croatian version of the LYMQeUL-CRO demonstrated very good psychometric
properties. Impaired quality of life was observed even in women with minimal arm volume
changes, indicating that subjective disease burden is not solely dependent on obieici@ve cl

measures.

Conclusion:

The findings of this doctoral dissertation demonstrate thattemg consequences of
breast cancer treatment encompass interconnected musculoskeletal, lymphatic, and
psychosocial impairments that substantially affect function and quality of life in loseasr
survivors. Ultrasound imaging represents a valuablejmaasive, and objective tool for early
detection of shoulder pathology and lymphedema, while the validated LYMQeCRO
guestionnaire enables comprehensive assessment of peaperted disase burden.
Integrating objective imaging findings with patigeported outcomes provides a foundation
for the development of personalized, letegm surveillance and rehabilitation strategies in

breast cancer survivorship care.
Keywords: breast cancer; breast cancer survivors; shoulder pain; subacromial pain syndrome;

ultrasound imaging; rotator cuff; upper limb lymphedema; skin thickness; quality of life;
LYMQoL-UL-CRO
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11.PLAIN LANGUAGE SUMMARY



Breast cancer survival rates are very high today; however, many women develbogriong
complications after treatment that cagnificantly affect their daily functioning and quality of

life. Among the most common complications are lymphedema, which is swelling of the arm
caused by damage to the lymphatic system, shoulder pain and dysfunction, and reduced quality
of life. These omplications are often not recognized early enough, which may delay treatment
and rehabilitation.

The aim of this doctoral dissertation was to investigate the role of ultrasound in the early
detection of upper extremity changes in breast caweivors and to examine the relationship

bet ween objective findings, symptoms, and pa
The dissertation is based on three related scientific studies. The first study investigated
ultrasounedetected shoulder changes in breast cancer survivors who developed shoulder pain
after treatment. The results showed that tendon and other shouldemakimes were very
common, but were not always associated with pain. This suggests that structural changes alone
cannot fully explain the symptoms experienced by patients.

The second study focused on breast carelated lymphedema and the possibility of its early
detection using ultrasound. The findings demonstrated that increased skin thickness,
particularly in the medial upper arm region, may represent an early sigmgfiédema, even

before swelling becomes detectable by standard arm volume measurements. These results
support the potential of ultrasound as a simple andmasive method for early identification

of complications.

The third study addressed quality of life in women with lymphedema. As part of the research,
the LYMQoL-Arm questionnaire, a diseaspecific quality of life instrument for arm
lymphedema, was translated and validated for Croatian patients. The resuled shat

women with lymphedema experienced more severe symptoms, functional limitations, and
emotional difficulties, even when objective arm volume changes were relatively small.

The main conclusion of this dissertation is that the assessment of breast cancer survivors should
not rely solely on objective measurements,
subjective experiences of the disease and quality of life. The§iadhighlight the need for an
integrated approach that combines ultrasound assessment, clinical evaluation, and quality of
life measures in order to achieve earlier detection of complications, timely rehabilitation, and

improved patient care and qualityldé.
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13. RADOVI OBJAVLJENI U DOKTORSKOJ DISERTACIJI
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Subacromial Pain Syndrome in Breast Cancer Survivors—Are
Structural Shoulder Changes Verified by Ultrasound
Clinically Relevant?
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1. Introduction

According to cancer statistics published by the World Health Organization (WHO),
breast cancer is the most prevalent cancer among women worldwide and accounts for the
highest mortality rate among cancers [1,2]. However, advancements in targeted treatments
have led to a steady increase in the number of breast cancer survivors (BCSs) [3]. In
high-income countries, the current five-year survival rate for breast cancer has reached
approximately 90% [3].

Despite the benefits of targeted breast cancer treatments, these therapies place sur-
vivors at risk of developing both short- and long-term structural and functional impair-
ments. Such impairments can result in functional disability and a reduced quality of
life [4,5]. Evidence suggests that nearly 90% of breast cancer survivors experience at least
one impairment within six months post-treatment, and 62% continue to report impairments
six years after completing treatment [6].

Given these findings, raising awareness about the challenges faced by survivors is
essential to facilitate timely diagnosis, treatment, and rehabilitation. These considerations
emphasize the critical need for multidisciplinary care across the cancer care continuum.
This need has also been recognized by the WHO in its 2021 Global Breast Cancer Initia-
tive, which advocates for comprehensive, patient-centered approaches to breast cancer
management [7-10].

According to the International Consortium for Health Outcomes Measurement, upper
limb dysfunction (ULD) is one of the most prominent treatment outcomes experienced
by breast cancer survivors [11]. ULD significantly impacts survivors” ability to perform
activities of daily living, often resulting in a loss of independence, reduced capacity to
work, and limitations in participating in social activities with family and friends. These
challenges collectively contribute to a decreased overall quality of life [12-15].

Commonly reported ipsilateral ULDs vary widely in prevalence: shoulder/arm pain
(up to 51%), limited shoulder range of motion (ROM) (up to 50%), decreased arm strength
(25%), and lymphedema (6-52%), with prevalence rates depending on the treatment type
and population studied [16-21]. Risk factors for ULD development include mastectomy,
axillary lymph node dissection (ALND), radiation therapy, and higher body mass index
(BMI) [22-25].

Chronic shoulder pain in breast cancer survivors is often attributed to various
treatment-related factors [26]. Surgical procedures such as mastectomy and axillary lymph
node dissection (ALND) can result in nerve damage, scar tissue formation, and altered
shoulder mechanics, all of which contribute to persistent pain [27,28]. Radiation therapy
may lead to fibrosis, restricting shoulder mobility and causing further discomfort [27]. Ad-
ditionally, lymphedema, if present, can impair shoulder function and exacerbate pain [29].
These treatment-related factors often interact, complicating both diagnosis and manage-
ment of chronic shoulder pain in breast cancer survivors. Therefore, it is crucial to identify
the underlying cause of the pain in order to design an appropriate rehabilitation strategy.

Secondary to the above-mentioned treatment-related factors and ULDs, breast cancer
survivors are considered at increased risk for developing subacromial pain syndrome,
which encompasses various shoulder pathologies. Common conditions include supraspina-
tus tears (53.3%), biceps tenosynovitis (13.3%), and subdeltoid bursitis (13.3%) [27,30].

Timely diagnosis of subacromial pain syndrome (SAPS) in breast cancer survivors can
be effectively facilitated using ultrasound. This imaging technique offers a non-invasive,
cost-effective, and reliable method for assessing shoulder pathologies [31]. Ultrasound
allows for real-time visualization of soft tissue structures, making it particularly valuable
for diagnosing and monitoring the progression of SAPS [31]. Early detection through
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ultrasound is critical for guiding appropriate treatment and preventing long-term functional
impairment in breast cancer survivors [31].

Although there is speculation in the scientific literature regarding a causative correla-
tion between breast cancer treatment, shoulder pain, and subacromial pain syndrome,
imaging studies addressing this topic are scarce, and their findings remain inconclu-
sive [27,28,32-34]. Prevalence of symptomatic or asymptomatic rotator cuff pathology
in breast cancer survivors is yet to be determined.

Notably, scarce small sample studies to date have systematically evaluated shoulder
pathology and pain in breast cancer survivors [32-34].

To address this gap, the present imaging study was conducted to assess the prevalence
of structural bilateral shoulder changes, with the aim of advancing the understanding of
chronic shoulder pain in breast cancer survivors.

2. Materials and Methods
2.1. Study Population

This cross-sectional observational study was conducted over a 6-month period from
December 2023 to April 2024 on the Lymphedema Clinic breast cancer survivor’s cohort at
the University Hospital Split, the second largest tertiary healthcare center in Croatia. This
study included females aged 18 years and older who had completed treatment for unilateral
breast cancer at least 6 months prior to enrollment and had consented to participate.
Exclusion criteria included metastatic breast cancer, cognitive disorders, and a history of
shoulder surgery. Following the application of exclusion criteria, a total of 74 breast cancer
survivors were enrolled in this study (Figure 1).

Assessed for eligibility
(n=79)

Excluded from the study (n=5):

+ Not meeting inclusion criteria
(n=4)

+ Declined to participate (n=1)

v

v

Enrolled in the study
(n=74)

!

Total shoulders analyzed
(n=148)

Excluded from comparison
——— | analysis:
+ Bilateral breast surgery (n=3)

v

Shoulders on the side of breast cancer
(n=71)

Figure 1. Flowchart of participants enrollment.
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This study was approved by the Ethical Committee of the University Hospital Split
(protocol code 2181-147 /01 /06 /L].Z.-23-2), and informed consent was obtained from all
participants prior to enrolment.

2.2. Measurements and Data Collection

Baseline demographic information and comprehensive medical history were collected
through self-administered questionnaires and clinical interviews. Missing data, if any, were
supplemented by reviewing participants’ electronic medical records. Table 1 provides a
summary of demographic and disease-related characteristics of the participants.

Table 1. Participants’ demographics and disease-related characteristics.

Participants n %
Age (Median, IQR) 57 (50-64) 100
BMI !
18.5-24.9 kg /m? 25 33.78
25-29.9 kg/m? 31 41.89
>30 kg/ m?2 18 24.32
Age at BC 2 diagnosis (Median, IQR) 52 (45-57) 100
Time since BC 2 surgery (Median, IQR) 5(2-9) 100
Operated side:
Right 37 50
Left 34 45.95
Both 3 4.05
Type of surgery:
Mastectomy 47 63.51
Breast-conserving 27 36.49
Breast reconstruction:
Yes 20 27.02
No 54 72.97
Lymph node removal:
SLND 3 27 36.49
ALND 4 46 62.16
Operation on a dominant side:
Yes 46 62.16
No 28 37.84
Early postoperative ipsilateral
shoulder pain:
Yes 23 31.08
No 49 66.22
After-surgery complications:
Yes 54 72.97
No 18 24.32
Radiotherapy:
Yes 52 70.27
No 22 29.73
Chemotherapy:
Yes 42 56.80
No 32 43.20
Anti HER2 treatment 12 16.22

Endocrine treatment 53 71.62
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Table 1. Cont.
Participants n %

Any shoulder pain at present:
Yes 46 62.16
No 28 37.84
Self-report of hand swelling:
Yes 40 54.05
No 34 45.94
Established diagnosis of lymphedema
(cm):
Yes 27 35.06
No 57 74.02

! Body mass index, 2 breast cancer, * sentinel lymph node dissection, and * axillary lymph node dissection.

2.2.1. Arm Circumference Measurement

Circumference measurements were performed by an experienced lymphedema ther-
apist. Participants were seated with their arm resting on an adjustable hydraulic table,
flexed at approximately 90° with the forearm pronated. Five measurements were taken
at predetermined points starting at the ulnar styloid process of the wrist (designated as
point 0), with additional measurements taken every 10 cm along the arm. Measurements
were recorded in triplicate at each point using a flexible Juzo tape with 1 mm accuracy, and
average values were documented on a standardized form. A patient was considered to
have lymphedema if the circumference difference between the arms at any of five measured
points was 2 cm or grater [35,36].

2.2.2. Shoulder Ultrasonography

Shoulder ultrasonography was performed by two independent, experienced ultra-
sound specialists who were blinded to each participant’s current pain status and to each
other’s assessments. Intraobserver variability was assessed using the intraclass correla-
tion coefficient (ICC) for repeated measurements of 10% of shoulders, yielding an ICC
of 0.9 (95% CI: 0.85-0.95), indicating excellent agreement. Scans were conducted using a
12 MHz linear probe (General Electrics HealthCare Versana Premier V2, Chicago, Illinois,
USA) according to an established protocol [37]. All pathologies were scanned in two per-
pendicular probe positions. Both shoulders (n = 148) underwent ultrasound examination.
The shoulders on the non-operated side served as controls. Three participants with bilateral
breast surgery were excluded from the inter-shoulder comparison analysis, resulting in
a final sample of 71 participants (Figure 1). The median interval between surgery and
shoulder examination was five years (Table 1). The ultrasound images of shoulders were
anonymized and independently reviewed, with any pathologies documented. For border-
line findings, consensus was reached between the reviewers, and no further imaging was
required. All measurements were taken from the coded, scanned images. Pathological find-
ings in the rotator cuff were classified as tendinosis, calcific tendinopathy, and partial /full
tears. Acromioclavicular joint (AC) arthrosis was graded from mild to severe. The presence
of subacromial-subdeltoid bursitis (SASD), as well as effusion, tenosynovitis, or rupture in
the long head of the biceps tendon (LHBT), was also recorded.

2.3. Statistical Analysis

Data were analyzed using Microsoft Office Excel 2016 32-bit (Microsoft Corporation,
Redmond, WA, USA). Descriptive statistics were applied, with continuous data presented
as medians with interquartile ranges (IQRs), and categorical data were presented as frequen-
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cies and percentages. Comparative analyses of categorical variables were conducted using
the Chi-squared test, while differences in continuous variables were assessed with either
the T-test or Mann—-Whitney test, as appropriate. A significance level of « = 0.05 (p < 0.05)
was used for all statistical tests.

3. Results

3.1. The Prevalence of Ultrasound Pathological Findings Identified in Shoulders of Breast
Cancer Survivors

In the analysis of all shoulders (n = 148), the most frequently observed pathology was
in the supraspinatus tendon (SSP), affecting 45% of all shoulders, followed by acromioclav-
icular (AC) joint arthrosis, observed in 35% of all shoulders. Pathological findings in the
subscapularis (SSC), infraspinatus (ISP), and long head of the biceps tendon (LHBT) were
present in 10-15% of all shoulders (Table 2).

Table 2. Bilateral ultrasound pathological findings in shoulders of breast cancer survivors.

Total (n=74) Operated vs. Control Side (n =71) Operated vs. Control Side (n =71)
L! R? L '-Operated L*-Control R 2-Operated R 2-Control
Structure Tathology type n=74 % n=74 % n=3 % n=38 % n=38 %  n=33 %
no pathology 52 70.3 45 60.8 20 60.6 29 76.3 25 65.8 17 515
AC?joint mild arthrosis 12 16.2 15 203 8 242 4 105 7 184 8 242
>moderate arthrosis 10 13.5 14 189 5 152 5 132 6 15.8 8 242
no pathology 64 85 6 878 3l 939 31 816 34 895 23 848
4 effusion 7 9.5 6 8.1 2 6.1 4 10.5 1 2.6 5 152
LHBT tenosynovitis 2 27 3 41 0 0.0 2 53 3 7.9 0 0.0
rupture 1 14 0 0.0 0 0.0 1 2.6 0 0.0 0 0.0
no pathology 65 87.8 61 824 29 879 33 86.8 33 86.8 25 758
partial tear 1 14 1 14 0 0.0 1 26 1 26 0 0.0
SsC? full tear 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
calcification 4 5.4 6 8.1 2 6.1 2 5.3 2 53 4 121
tendinosis 4 54 6 8.1 2 6.1 2 5.3 2 53 4 12.1
no pathology 41 55.4 40 541 19 576 21 553 18 47.4 20 60.6
partial tear 7 9.5 12 162 1 3.0 4 105 9 23.7 2 6.1
SSpé full tear 10 13.5 8 108 5 152 5 132 5 13.2 3 9.1
calcification 9 12.2 9 122 4 121 5 132 5 13.2 4 12.1
tendinosis 7 9.5 B 6.8 4 121 3 79 1 2.6 4 12:1
no pathology 65 878 66 82 28 848 31 895 34 89.5 ) 879
partial tear 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
1SP7 full tear 1 14 1 14 0 0.0 1 26 1 26 0 0.0
calcification 5 6.8 5 6.8 4 121 1 2.6 3 7.9 2 6.1
tendinosis 3 41 2 27 1 3.0 2 5.3 0 0.0 2 6.1
§ 250 no 66 89.2 53 716 28 848 35 92.1 22 579 28 848
SASD* bursitis yes 8 10.8 21 284 5 152 3 7.9 16 421 5 152

! left (L), 2 right (R),® acromioclavicular joint (AC), * long head of the biceps tendon (LHBT), ® subscapularis tendon
(SSC), ¢ supraspinatus tendon (SSP), 7 infraspinatus tendon (ISP), and # subacromial-subdeltoid bursitis (SASD).

The most common specific pathological finding was a tendon tear, with supraspinatus
tendon tears identified in 37 shoulders (25%). Of these, 19 (12.8%) were partial tears, and
18 (12.2%) were full-thickness tears. Tears in other rotator cuff tendons were rare, observed
in only five shoulders (3.4%) (Table 2).

The second most prevalent pathology was calcific tendinopathy, found in 28 shoulders
(18.9%). Calcifications in multiple tendons were present in nine shoulders (6.1%). The SSP
tendon was the most frequent site for calcifications (n = 18; 12.2%), followed by the ISP and
SSC tendons, each affected in 10 shoulders (6.8%) (Table 2).

Adhesive capsulitis was diagnosed in 3 out of 74 patients, representing approximately
2% of the shoulders analyzed.

The prevalence of pathological ultrasound findings was comparable between right
(n =54, 73%) and left shoulders (n = 53, 72%) (Table 2). No statistically significant differ-
ences were identified in the type or frequency of pathologies between the right and left
shoulders (p-values ranging from 0.4 to 0.76).
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The only statistically significant difference between the right and left shoulders was
the prevalence of SASD bursitis, which was present in 28.4% of right shoulders and 10% of
left shoulders (p < 0.001) (Table 2).

The occurrence of SASD bursitis was not significantly associated with endocrine
therapy (p = 0.427), chemotherapy (p = 0.721), or age (p = 0.344).

The prevalence of pathological findings was similar between operated and non-
operated shoulders, for both the right and left sides (p = 0.3 and p = 0.6, respectively)
(Table 2).

3.2. Prevalence and Ultrasound Characteristics of Painful Shoulders in Breast Cancer Survivors

At the time of ultrasound examination, 62% of participants reported shoulder pain,
either on the operated or non-operated side. Further sub-analysis revealed that 18%
reported pain in the left shoulder, 24% in the right shoulder, and 20% in both shoulders.
Approximately one-third of patients (38%) reported no shoulder pain (Table 1).

Among patients reporting shoulder pain, ultrasound-detected pathology was present
in approximately 90% of cases (91% for the right shoulder and 96% for the left shoulder).
In contrast, non-painful shoulders exhibited pathology in 59% of right shoulders and 57%
of left shoulders. A statistically significant correlation was confirmed between shoulder
pain and pathological findings on ultrasound for both shoulders (p < 0.005).

Endocrine therapy was administered to 71.6% of patients, while anti-HER2 treatment
was given to 16.2% (Table 1). Endocrine therapy was not associated with an increased
prevalence of shoulder pain (p = 0.60). Similarly, breast cancer survivors who underwent
radiotherapy (70%) and chemotherapy (56%) did not exhibit a higher prevalence of shoulder
pain at the time of examination.

Shoulder pain was not significantly associated with body mass index (p = 0.636),
chemotherapy (p = 0.47), radiotherapy (p = 0.571), endocrine therapy (p = 0.241), or domi-
nant hand (p = 0.54).

3.3. Prevalence and Characteristics of Painful vs. Non-Painful Shoulder on the Side of Breast
Surgery in Breast Cancer Survivors

Approximately 30% (n = 23) of participants reported experiencing early postoperative
shoulder pain on the ipsilateral side of the breast surgery (Table 1). At the time of ultrasound
examination, 57.7% (n = 41) participants reported pain in the shoulder on the side of breast
surgery, while 42.2% (n = 30) reported no pain in the ipsilateral shoulder (Table 3). There
was no significant difference between these groups concerning the time elapsed since
surgery (p = 0.633).

In approximately half of the participants with ipsilateral shoulder pain, supraspinatus
(SSP) pathology was identified in 56% of cases, followed by acromioclavicular (AC) joint
pathology in 39% of cases, and subacromial-subdeltoid (SASD) bursitis in 41% of cases;
other diagnoses accounted for the remainder of cases (Table 3).

The type of surgical procedure, whether radical mastectomy or breast-conserving
surgery, as well as the extent of axillary intervention (radical axillary or sentinel lymph
node dissection), did not significantly influence the prevalence of shoulder pain (p = 0.27).

Upper extremity lymphedema was observed in 35% of patients on the operated side
(Table 1), yet it was not associated with an increased prevalence of shoulder pain compared
to the contralateral side (p = 0.795).
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Table 3. Comparison of ultrasound findings in painful vs. non-painful shoulders on the side of breast
surgery in breast cancer survivors.

Painful (n =41) Non-Painful (n = 30)
n % n %
no pathology 25 61% 20 67%
AC joint pathology 16 39% 10 33%
mild arthrosis 11 27% 4 13%
moderate/ sgvere 5 12% 6 20%
arthrosis
no pathology 37 90% 28 94%
LHBT pathology 4 10% 2 6%
effusion 2 5% 1 3%
tenosynovitis 2 5% 1 3%
no pathology 33 80% 29 97%
pathology 8 20% 1 3%
Subscapilans partial tear 1 2% 0 0%
calcific tendinopathy 4 10% 0 0%
tendinosis 3 7% 1 3%
no pathology 14 34% 23 77%
pathology 27 56% 7 23%
Supraspinatus partial tear 9 22% 1 3%
full tear 8 20% 2 7%
calcific tendinopathy 6 15% 3 10%
tendinosis 4 10% 1 3%
no pathology 36 88% 26 87%
pathology 5 12% 4 13%
In ot full tear 1 2% 0 0%
calcific tendinopathy 3 7% 4 11%
tendinosis 1 2% 0 0%
. no 24 59% 26 87%
SASDbTsins yes 17 4% 4 13%
Shoulders with no 33 80% 23 77%
calcification yes 8 20% 7 23%

4. Discussion

The underlying cause of shoulder pain in more than 90% of symptomatic cases is
rotator cuff pathology; however, such pathology has also been identified in 50% of asymp-
tomatic individuals. The most frequently observed lesion involves the supraspinatus (SSP)
tendon, affecting 45% of examined shoulders, followed by acromioclavicular (AC) joint
arthrosis, which was observed in 35% of shoulders. The most common specific pathological
finding was tendon tear, with supraspinatus tendon tears identified in 37 shoulders (25%).
Among these, 19 (12.8%) were partial-thickness tears, and 18 (12.2%) were full-thickness
tears. Khoschnau et al. demonstrated that in the general population, only full-thickness
rotator cuff tears should be prioritized for consideration, as these have a significant poten-
tial to impair shoulder function [38]. Studies have shown that the clinical presentation of
rotator cuff tears exhibits significant variability and may present with or without associated
symptoms [39-41]. Additionally, given that many tears are asymptomatic, there is a recog-
nized risk of these lesions progressing to symptomatic states over time [42]. Consequently,
ultrasound imaging plays a crucial role in the early diagnosis, monitoring, and planning of
appropriate treatment strategies.

Pathological changes, such as acromioclavicular joint osteoarthritis and partial rotator
cuff tears, are generally considered natural, age-related phenomena [38]. This may partially
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account for the observation that 50% of our patients were asymptomatic. Similar rotator cuff
pathology was observed in both the operated and non-operated shoulders, suggesting an
age-related etiology. As previously noted, these findings may be considered nonsignificant
with respect to shoulder function [38].

Additionally, a substantial proportion of our patients (20%) exhibited bilateral pathol-
ogy, consistent with findings from prior research on breast cancer patients [43-45]. Mafu
et al. propose that the involvement of structures not directly affected by cancer treatment,
combined with bilateral pathology, may indicate a systemic cause of the disease [46]. Hun
Kim et al. suggest that bilateral pathology could also result from mechanical overload of
the contralateral shoulder [28]. Similarly, rotator cuff pathology was equally present in
both operated and non-operated shoulders. Which could be age related and, as previously
stated, are nonsignificant findings considering shoulder function [38]. These findings
underscore the importance of regular bilateral shoulder ultrasound examinations for early
detection and comprehensive assessment.

In our study, we did not identify any correlation between known risk factors, such
as cancer treatment, body mass index (BMI), hand dominance, or lymphedema, and the
development of shoulder pain. This finding aligns with previous research by Hun Kim and
Yang et al. (2010) on rotator cuff-related shoulder pain [32-34]. Study design limitations,
including a small sample size and limited sample diversity, have been proposed as potential
explanations for these results [32]. Furthermore, it is important to recognize that shoulder
pain and associated pathologies may not result solely from cancer treatment itself but
rather from its long-term consequences. These may include pectoralis muscle tightness,
fibrosis, neuropathic changes, and misalignment of the shoulder girdle, which collectively
contribute to altered biomechanics and pain [27].

Although ultrasound imaging has been shown to be a valuable diagnostic tool, it
should be taken into account that subacromial pain syndrome is a multifactorial condition,
and reliance solely on pathological findings in the rotator cuff is insufficient for a proper
diagnosis. Other physical and psychological factors may significantly influence the severity
and presentation of the disease, underscoring the importance of a comprehensive clinical
evaluation [47].

Study Limitations

Our study has several limitations that warrant consideration:

Sample size and control group: the study sample was relatively small, and the control
group could be expanded to include healthy women matched by age. This limitation
restricts the generalizability of the findings and highlights the need for a larger, more
representative cohort in future studies.

Cross-sectional design: as a cross-sectional study, we were unable to determine the
temporal relationship between exposure and outcomes since data were collected at a single
time point. This limits our ability to establish causality. Future research should adopt
longitudinal designs with extended follow-ups from diagnosis to at least 2-5 years post-
treatment to assess causality and long-term outcomes of painful shoulder conditions and
rotator cuff pathology.

Despite efforts to maintain blinding during ultrasonography examination, the physical
interaction required during ultrasonography could introduce detection bias.

Characterization of subacromial pain syndrome: in this study, subacromial pain
syndrome was defined primarily by pain, without addressing other critical components
such as limited range of motion, muscle weakness, functional impairments, and quality
of life. Inclusion of these factors in future studies would provide a more comprehensive
understanding of upper limb dysfunction.
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Extrinsic factor analysis: detailed analysis of extrinsic factors such as shoulder girdle
alignment, altered kinematics, and muscle performance was not included in our study.
Future research should explore these aspects to better understand their impact on shoulder
pathology and rehabilitation outcomes.

Addressing these limitations in future studies will enhance the robustness and clinical
applicability of findings in this domain.

5. Conclusions

This study demonstrates a high prevalence of rotator cuff pathology in breast cancer
survivors, regardless of the breast surgery side. The most commonly observed lesions
involved the supraspinatus tendon, followed by acromioclavicular joint arthrosis, with
significant pathology detected in both symptomatic and asymptomatic individuals. The
similar distribution of pathology on both sides suggests that age-related changes may
contribute to these findings, independent of cancer treatment.

The absence of a clear correlation between shoulder pain and known risk factors such
as cancer treatment, BMI, hand dominance, or lymphedema highlights the complexity of
chronic shoulder pain in breast cancer survivors. These findings emphasize that shoulder
dysfunction likely arises from multifactorial causes, including long-term treatment effects,
altered biomechanics, and systemic or mechanical factors.

While ultrasound remains a valuable tool for detecting structural changes, its findings
must be interpreted within a comprehensive clinical context, as subacromial pain syndrome
is a multifactorial condition. A multidisciplinary approach that integrates imaging, physical
examination, and consideration of psychological factors is essential for accurate diagnosis
and effective management of shoulder pain in breast cancer survivors.

Future research with larger and more diverse cohorts is needed to further clarify the un-
derlying mechanisms of shoulder pain in breast cancer survivors and to optimize treatment
strategies aimed at improving functional outcomes and quality of life in this population.
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Abstract: Background/Objectives: Accurate diagnosis of breast cancer-related lym-
phedema remains a clinical challenge. This study evaluated the diagnostic utility of
ultrasound in detecting early lymphedema compared to conventional criteria, includ-
ing the International Society of Lymphology staging and limb volume measurements.
Methods: In this retrospective cross-sectional study, 68 female participants with unilateral
breast cancer, who had completed cancer treatment at least six months before study en-
rolment, underwent both ultrasonographic assessment and standard limb circumference
measurements. Ultrasound was performed bilaterally at five standardized anatomical sites.
Sonographic parameters included assessment of cutaneous and subcutaneous thickness
and echogenicity. Clinical staging and symptom profiles were assessed using ISL criteria
and a structured questionnaire. Volume status was determined by relative volume change
(RVC). Results: Among 68 participants, 36 were classified as ISL stage 0 and 32 as ISL stage
11, 30 had RVC < 5%, while 38 had RVC > 5%. Advanced stages were associated with older
age. Multivariate analysis identified increased skin thickness at the medial upper arm cutis
as significantly correlated with RVC > 5% (OR 1.49, 95% CI: 1.01-2.21, p = 0.047). A similar
trend was observed at the medial forearm (OR 1.3 (95% CI: (0.99, 1.71))). Conclusions: This
study highlights ultrasound’s potential for early breast cancer-related lymphedema detec-
tion, especially in patients with minimal volume changes where conventional methods
fall short. Increased cutaneous thickness in the medial upper arm emerged as a sensitive
marker of early disease, while subcutaneous thickness and echogenicity may reflect in
advanced stages. This distinction underscores the clinical value of cutaneous thickness as
a potential clinical key marker for early lymphedema detection, emphasizing the need for
standardized protocols and defined thresholds to guide timely interventions.

Keywords: lymphedema; breast cancer; diagnostic ultrasound; cross-sectional anatomy;
disease early detection

1. Introduction

Breast cancer-related lymphedema (BCRL) commonly arises from lymphatic system
impairment following lymph node dissection, other surgical intervention, or radiation
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therapy, resulting in disrupted lymphatic flow [1]. This impairment leads to the accu-
mulation of lymphatic fluid, causing structural alterations in the skin and subcutaneous
compartments [2]. Clinically, BCRL may manifest as progressive swelling of the arm, shoul-
der, neck, or torso, often accompanied by discomfort, tightness, and heaviness, ultimately
contributing to functional impairment and diminished quality of life [1,3,4].

The true incidence of BCRL is challenging to ascertain due to variability in diagnostic
methodologies, treatment modalities, and patient-specific factors [5-7]. The reported
incidence of arm BCRL is approximately 21% [6,7]. Although current surveillance models
emphasize early detection, BCRL often remains undiagnosed until pronounced swelling
occurs [8,9]. Delayed diagnosis hampers early intervention, reducing treatment efficacy
and adversely impacting patient functionality and quality of life [10-14].

Preventing BCRL progression is critical and necessitates timely intervention upon
recognition of early signs [15-18]. Prevention strategies include primary prevention, aiming
to avoid disease onset; secondary prevention, focusing on early-stage treatment to inhibit
disease progression; and tertiary prevention, managing advanced-stage BCRL [19,20].
Despite the existence of prevention guidelines, they often rely on anecdotal recommen-
dations lacking robust empirical support, leaving clinicians without proper prevention
strategies [10]. The gold standard rehabilitation strategy of BCRL is complete decongestive
therapy (CDT), which should be individually tailored depending on disease severity and
includes compression therapy, manual lymphatic drainage, exercise, skin care, and patient
education [11-13,15,17-20].

Accurate early diagnosis of BCRL remains challenging due to reliance on subjective
clinical assessment, volumetric measurements, and patient-reported symptoms, which
often lack precision and specificity [6,10,21]. The International Society of Lymphology (ISL)
classifies subclinical BCRL primarily by patient’s perception of swelling [10,22]. Subjective
assessments, such as palpation and patient-reported symptoms, often demonstrate incon-
sistencies, reducing diagnostic reliability [23,24]. Although circumferential and volumetric
measurements are reliable for assessing total limb volume, including bones, muscles, fat,
and other soft tissues, they lack specificity for BCRL [17,24-26]. Volume increases may
reflect fluid accumulation or pathological tissue proliferation, which standard methods
cannot distinguish, risking misinterpretation of underlying skin changes [10,13,23,27,28].

Advanced imaging modalities such as computed tomography, magnetic resonance
imaging, lymphoscintigraphy, and indocyanine green lymphography provide more de-
tailed visualization of lymphatic structures. Still, they are limited by high costs, invasive-
ness, and poor portability [19,24,29].

Effective BCRL management necessitates a simple, accessible diagnostic tool to confirm
subjective findings at the earliest stage, enabling differentiation between subclinical and
clinical BCRL. Emerging research suggests that high-resolution ultrasonography (US) may
be a valuable tool for precise BCRL assessment and accurate management. However, it is
not yet widely implemented in clinical practice [29-39].

Other non-invasive modalities, including bioimpedance spectroscopy (BIS) and tissue
dielectric constant (TDC) measurements, provide advantages in cost, portability, and
effective use but lack the anatomical resolution provided by US. While US requires more
training and operator expertise, it provides superior visualization of subcutaneous tissues
and is particularly valuable in ambiguous cases [40,41].

Previous US studies have primarily focused on advanced-stage BCRL, highlighting
the correlation between subcutaneous echogenicity and disease severity [31,37]. Ultra-
sound effectively distinguishes various progression patterns by identifying variations in
echogenicity and echo-free spaces, therefore providing valuable insights into edema and fi-
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