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1. POPIS OZNAKA | KRATICA



AlIC

HRQoL

ICC

kPa

NDI

PCS

PHQ-9

PROM

RCT

SF-12

SWE

TENS

VAS

Akaike informacijski kriterij (engl. Akaike Information Criterion)

kvaliteta zivota povezana sa zdravstvenim stanjem (engl. Health-Related Quality

of Life)

interklasni koeficijenti korelacije (engl. intraclass correlation coefficient)

kilopaskal

Indeks onesposobljenosti vratne kraljeznice (engl. Neck Disability Index)

Upitnik o katastrofiziranju boli (engl. Pain Catastrophizing Scale)

Upitnik o zdravlju pacijenta-9 (engl. Patient Health Questinnaire-9)

engl. patient reported outcome measure

randomizirano kontrolirani pokus (engl. randomized controlled trial)

upitnik o kvaliteti zivota kratkog oblika (engl. Short Form 12)

elastografija posmi¢nim valom (engl. shear wave elastography)

transkutana elektricna Ziv€ana stimulacija (engl. transcutenous electrical nerve

stimulation)

vizualno-analogna skala



2. POPIS RADOVA NA KOJIMA SE TEMELJI DOKTORSKI RAD
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3.UVvOD



Trzajna ozljeda vrata naj¢esca je ozljeda povezana s prometnim nesrecama (1) te podrazumijeva
mekotkivnu ili koStanu ozljedu koja je nastala naglim naprijed-natrag pokretom glave i vrata (2).
Do trzajne ozljede vrata uglavnom dolazi u prometnim nesrecama i to najéeS¢e udarcem
prednjeg dijela jednog vozila u straznji dio drugog, ali se moze zadobiti i prilikom pada (npr. pad
s bicikla), sportskih ozljeda i ostalih nesre¢a. U razvijenim zemljama procijenjena godiS$nja
incidencija trzajne ozljede vrata iznosi barem 300 na 100 000 stanovnika (3) s viSom
incidencijom kod adolescenata i odraslih od 15. do 64. godine zivota (4). Godisnji tro§kovi zbog
lijeCenja 1 smanjene produktivnosti nakon ozljede su visoki i iznose oko 10 milijardi eura u
SAD-u i Europi (5). S biomehanic¢kog gledista, do ozljede dolazi u inicijalnoj fazi kada se glava i
gornji vratni segment flektiraju, a donji dio vrata ekstendira te se stvara tzv. ,,S oblik vratne
kraljeznice (6). Simptomi nakon ozljede su raznoliki, a vecina ozljedenih inicijalno pati zbog
vratobolje pracene ogranienjem kretnji vrata i ramena, boli u ramenima, glavoboljom,
potesko¢ama sa spavanjem, uko¢enos$¢u vrata, trnjenjem ruku, anksioznosti, vrtoglavicom (2, 7).
Nadalje, vise od tre¢ine ozlijedenih razvije kroni¢nu bol i onesposobljenost, ima ograni¢enja u
radu, socijalnim interakcijama i, posljedicno svemu, ima loSiju kvalitetu Zivota (8, 9). Sve

navedeno pokazuje kako trzajna ozljeda stvara znac¢ajan socioekonomski problem (3).

Kao zlatni standard u procjeni trzajne ozljede, kao i u prognoziranju i pracenju oporavka,
koristimo subjektivne mjere- upitnike za procjenu ishoda koje ispunjavaju bolesnici (engl.
patient-reported outcome measures, skr. PROMs). Kako bi se ujednacili ishodi istrazivanja i
omogucilo njihovo usporedivanje, 2019. godine napravljen je srzni set ishoda za procjenu trzajne
ozljede vrata koji ukljucuje fizi¢ko i psihi¢ko funkcioniranje, subjektivni osjecaj oporavka, radnu
sposobnost i socijalno funkcioniranje, kvalitetu Zivota povezanu sa zdravstvenim stanjem (engl.
Health-related quality of life, skr. HRQoL) i bol (10). Od svih ishoda mjerenih upitnicima,
izdvaja se Indeks onesposobljenosti vratne kraljeZnice (engl. Neck Disability Index, skr. NDI)
koji se pokazao pouzdanim, to¢nim i osjetljivim na promjenu kod osoba nakon trzajne ozljede
vrata (11, 12) te ga sustavni pregledni rad Griffin, Leaver (13) i sur. iz 2021. godine izdvaja kao
najprikladniji za procjenu onesposobljenosti nakon trzajne ozljede vrata. NDI se sastoji od deset
kategorija kojima se ispituju razli¢iti aspekti zdravlja. Dobivenim rezultatom osoba se
kategorizira u jednu od pet razina onesposobljenosti (bez onesposobljenosti, blaga, umjerena,

teska ili potpuna onesposobljenost).



Objektivne metode, kao Sto su slikovne metode vratne kraljeznice (klasi¢na radiografija,
kompjutorizirana tomografija i magnetska rezonancija), istrazivale su se u svrhu procjene tezine

ozljede, prognoze te procjene oporavka, medutim nisu se pokazale kao primjenjive (14).

Ultrazvu¢na elastografija posmi¢nim valom (engl. shear wave elastography, skr. SWE) je
relativno nova radioloSka metoda kojom se mogu analizirati strukturne promjene razlicitih tkiva,
ukljucujuéi misice (15). Ultrazvuk je Siroko dostupan, omogucava brzu procjenu te nije Stetan za
ispitanika. Zbog ovih prednosti ultrazvuka moguénosti primjene ultrazvuéne SWE se u klinickoj
praksi nasiroko istrazuju (16). SWE-om se procjenjuju elasti¢na svojstva mekih tkiva, a dobivene

vrijednosti se izrazavaju u jedinicama tlaka (kilopaskali, skr. kPa) (17).

NaSa grupa autora procjenjivala je mogucnost primjene SWE nakon trzajne ozljede vrata na
razli¢itim miSi¢ima vrata (m. splenius capitis, m. sternocleidomastoideus, m. trapezius). Od
ispitivanih mis$i¢a, jedino se trapezni misSi¢ izdvojio s pravilnom distribucijom napetosti uz
nadenu znacajnu razliku u napetosti trapeznog misi¢a izmedu osoba s trzajnom ozljedom vrata i
op¢e populacije (18). Medutim, ostalo je nepoznato je li SWE trapeznih misi¢a reproducibilna
metoda, kako se elastrografske vrijednosti mijenjaju nakon fizikalne terapije, moze li se koristiti

u prognoziranju ili u prac¢enju oporavka nakon trzajne ozljede vrata.

Konzervativno lijecenje je osnova lijeCenja trzajne ozljede vrata te ukljucuje edukaciju,
terapijske vjezbe, pasivne terapijske procedure kao Sto su transkutana elektricna Zivcana
stimulacija (engl. transcutaneous electrical nerve stimulation, skr. TENS), terapijski ultrazvuk,
laser, magnetoterapija (19), dok se u akutnoj fazi simptomi umanjuju uzimanjem analgetika i
miorelaksansa. Do nedavno su se nasiroko propisivali meki ovratnici i preporu¢alo mirovanje,
Sto se pokazalo neucinkovitim. Danas se poti¢e rani povratak aktivnostima uz primjenu

analgetika kod izrazenih bolova (20).

Edukacija i terapijske vjezbe su se pokazale ucinkovitima u smanjenju dugotrajne
onesposobljenosti i boli nakon trzajne ozljede (21, 22). Ako pogledamo uéinkovitost vjezbi,
Himler, Lee (23) i sur. su u svom radu pokazali kako je utjecaj vjezbi na ishod vratobolje izravno
povezan s razinom adherencije. Medutim, dobro je poznat problem adheriranja bolesnika na
dugotrajnu terapiju. Taj problem je prisutan i kod trzajne ozljede vrata, gdje je osnova lije¢enja

provodenje terapijskih vjezbi kroz duzi vremenski period (24).



Kako bi pokusali poboljsati adherenciju na terapiju 1 tako poboljsati ishode lijeCenja, na polju
fizikalne medicine i rehabilitacije postoji sve veci broj istrazivanja u kojima se ispituje korisnost
digitalnih tehnologija pa tako i mobilnih aplikacija. Tako je sustavni pregledni rad Lang,
McLelland (25) i sur. pokazao kako se digitalnim intervencijama moze povecati adherencija na
provodenje vjezbi kod kuce. Isto tako, Armfield, Elphinston (26) i sur. su u svom radu
prezentirali kako se poticanjem putem mobilnih aplikacija moze poboljsati adherencija na
terapiju. Nije bilo poznato moze li se koristenjem mobilnih aplikacija, putem push notifikacija,
povecati adherencija bolesnika u provodenju terapijskih vjezbi te smanjiti broj onesposobljenih

0soba i tezina onesposobljenosti nakon trzajne ozljede vrata.



4. PREGLED METODOLOGIJE OBJEDINJENIH RADOVA
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4.1 Prvo istrazivanje: Indeks onesposobljenosti vratne kraljeznice je bolji u Kklasifikaciji
oporavka nakon trzajne ozljede vrata u usporedbi s ultrazvu¢nom elastografijom

trapeznog misi¢a posmi¢nim valom

Proveli smo prospektivno opazajno istrazivanje od sijecnja 2020. do veljace 2021. u Zavodu za
fizikalnu medicinu i rehabilitaciju s reumatologijom KBC-a Split. U istrazivanje smo ukljucili
odrasle osobe s trzajnom ozljedom vrata koje su ozljedu zadobile unutar 90 dana u automobilskoj
nesre¢i U kojoj su sudjelovali kao vozaéi ili suvozaci. Dijagnoza je potvrdena od strane
specijalista fizikalne medicine i1 rehabilitacije. Iskljueni su svi koji su u nesre¢i zadobili
kostolom, ozljedu kraljezni¢ke mozdine, koji su lijecili ili lijece malignu bolesti u posljednjih pet
godina od ozljede te oni koji lije¢e teSku mentalnu bolest. Svi ispitanici potpisali su informirani

pristanak prije ukljucivanja u istrazivanje.

Svi sudionici su proveli standardni program fizikalne terapije koji je ukljucivao terapijske
vjezbe, terapijski ultrazvuk i TENS. Program je ukljucivao dva ciklusa fizikalne terapije, svaki
trajanja 2 tjedna, 5x tjedno, uz 3 tjedna pauze izmedu ciklusa. Po zavrSetku programa fizikalne
terapije ispitanici su dobili pisane i slikovne upute o vjezbama koje je potrebno provoditi kod

kuce.

Ishodi su mjereni u dvije vremenske toc¢ke, inicijalno i Sest mjeseci od ozljede. Primarni ishod
bila je napetost trapeznih miSi¢a izmjerena sa SWE. Sekundarni ishodi bili su fizicko

funkcioniranje, psiholosko funkcioniranje i oporavak procijenjen od strane ispitanika.

Dva radiologa izvodila su SWE trapeznih miSi¢a pri ¢emu su koristili  linearnu
multifrekvencijsku sondu (2-10 MHz, Aixplorer Supersonic Ultrasound system, Aix en
Provence, France). Napetost trapeznog misica izraZzena je u kPa. Radiolozi su mjerenja izvodili
neovisno jedan od drugoga i nepoznavajuci status ispitanika. Za svaki trapezni mis$i¢ mjerenje je
ponovljeno tri puta. Hrvatska verzija NDI-a koriStena je u procjeni fizickog funkcioniranja, a
Upitnik o zdravlju pacijenta-9 (engl. Patient Health Questinnaire-9, skr. PHQ-9) za procjenu
psiholoskog funkcioniranja, u procjeni subjektivnog osjecaja oporavka koristena je trostupanjska

Likertova skala (1-potpuni oporavak, 2-parcijalni oporavak, 3-bez ikakvog oporavka).

Temeljem pilot studije (n=14 parova) izraCunata je potrebna veli¢ina uzorka (n=20 parova).

Konac¢ni broj sudionika izraCunat je kao 50% vec¢i od dobivenog analizom snage (n=30). Za
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procjenu pouzdanosti elastografskih mjerenja koristeni su intraklasni koeficijenti korelacije
(engl. intraclass correlation coefficient, skr. 1CC). Prediktivni model oporavka izraunat je

koriSenjem ordinalne logisticke regresije.

4.2 Drugo istrazivanje: Nedostatak objektivhog mjerenja u pocetnom pregledu i pracenju

pacijenata koji prijavljuju trzajnu ozljedu — je li elastografija trapeznog misi¢a rjeSenje?

Napravili smo sekundarnu analizu podataka dobivenih iz naSa dva prethodna istrazivanja koja se
odnose na korisStenje SWE trapeznih miSi¢a kod trzajne ozljede vrata. Sudionici su bili osobe
nakon trzajne ozljede vrata te kontrolna skupina iz opée populacije. Kriteriji ukljucivanja i

isklju¢ivanja sudionika nakon trzajne ozljede vrata opisani su u metodama prvog istrazivanja.

Napetost trapeznih miSica bila je primarni ishod, mjerena sa SWE. Ucinjena je osobama s
trzajnom ozljedom vrata u dvije vremenske tocke, inicijalno i Sest mjeseci nakon ozljede.
Kontrolnoj skupini mjerenje je u¢injeno u jednoj vremenskoj tocki. Drugi ishodi bili su fizicka

onesposobljenost mjerena NDI-om i oporavak procijenjen od strane ispitanika.

Za izraun povezanosti kontinuiranih varijabli koriSten je t-test. Za izracun klasifikacijskih
modela vjerojatnosti pojave trzajne ozljede vrata te izraCun grani¢ne napetosti trapeznih misica

koristena je logisticka regresija.

4.3 Trece istraZivanje: Intervencija putem mobilne aplikacije povecava adherenciju na
provodenje programa vjezbi kod kuée nakon trzajne ozljede vrata — randomizirano

kontrolirani pokus (RCT)

Proveli smo randomizirano kontrolirani pokus (engl. randomized controlled trial, skr. RCT) s
ciljem procjene ucinka dodavanja mobilne aplikacije standardnoj terapiji na adherenciju u
provodenju vjezbi kod kuce te na oporavak nakon trzajne ozljede vrata. IstraZivanje je provedeno
od sijecnja 2023. do kolovoza 2024. godine u Zavodu za Fizikalnu medicinu i rehabilitaciju s
reumatologijom KBC-a Split. Prije pocetka studije protokol istraZzivanja je objavljen na platformi
za prijavu protokola klini¢kih istrazivanja — clinicaltrials.gov (NCT05704023).

12



Ispitanici su bili osobe nakon trzajne ozljede vrata. Kriteriji ukljucivanja i iskljuc¢ivanja opisani
su u metodama prvog istrazivanja uz dodatni kriterij iskljuCivanja — nemogucnost koristenja
mobilnih aplikacija. Svi ispitanici su potpisali informirani pristanak prije ukljuéivanja u
istrazivanje.

Ispitanici su nakon ukljuéivanja u istrazivanje zapoceli program standardne fizikalne terapije ¢iji
je protokol opisan u metodama prvog istrazivanja. Po zavrSetku prvog ciklusa fizikalne terapije,
ispitanici su randomizirani u dvije skupine — intervencijsku i kontrolnu skupinu. Ispitanici u
intervencijskoj skupini su na svoj pametni telefon preuzeli mobilnu aplikaciju koja je posebno
razvijena u ovu svrhu. Svakodnevno su putem push notifikacije u 19:00 sati dobili podsjetnik na
vjezbanje. Takoder, unutar aplikacije dostupne su bile upute o vjezbama. Kontrolna skupina je
po zavrsetku prvog ciklusa fizikalne terapije dobila pisane i usmene upute o nastavku provodenja

vjezbi kod kuce.

Primarni ishod bila je adherencija na vjeZbanje. Sekundarni ishodi bili su fizicka 1 psihi¢ka
onesposobljenost, informacije o radnoj sposobnosti, intenzitet boli, HRQoL te subjektivni osjecaj

oporavka.

Adherenciju na vjezbanje mjerili smo Sest mjeseci od ozljede Likertovom skalom od 4 stupnja
koja se odnosila na tjedno provodenje vjezbi (0d 1-ne vjezbam uopée do 4-vjezbam pet ili vise
puta tjedno). Sekundarni ishodi bili su fizicko funkcioniranje mjereno NDI-om, psiholosko
funkcioniranje mjereno pomocu Upitnika o katastrofiziranju boli (engl. Pain Catastrophizing
Scale, skr. PCS), intenzitet boli mjeren vizualno-analognom skalom (VAS), kvaliteta Zivota
koriStenjem Upitnika o kvaliteti zivota kratkog oblika (engl. Short Form 12, skr. SF-12),
socijalno funkcioniranje (Likertova skala, od 1-neprestano ograni¢enje do 5-nema ograni¢enja),
radna sposobnost (status zaposlenja, izostanak s posla, ogranicenja u radu). Subjektivni osjecaj
oporavka mjerili smo Sest mjeseci od ozljede Likertovom skalom od 3 stupnja (1-potpuni

oporavak, 2-parcijalni oporavak, 3-bez ikakvog oporavka).

Za veli¢inu uzorka koristen je uvrijezeni nacin procjene kako je potrebno 10 do 30 sudionika po
skupini za ovakvu vrstu istrazivanja. Stoga smo planirali u svaku od skupina ukljuciti 30

sudionika.
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Sudionici su randomizirani u intervencijsku ili kontrolnu skupinu koristenjem on-line
randomizacijskog alata (randomizer.org) u omjeru 1:1. Kako bi se osiguralo prikrivanje, jedan

ispitivac je kreirao randomizacijsku listu, a drugi je alocirao ispitanike u skupine.

S obzirom na narav ispitivanja, zaslijepljivanje ispitanika i osoba koje su ocjenjivale ishode nije
bilo moguce. Fizioterapeuti i osoba koja je analizirala podatke bili zaslijepljeni.

Razlike u kontinuiranim varijablama testirane su Moodovim testom, Mann-Whitney testom i t-
testom. Mjere pouzdanosti prikazane su kao veli¢ina ucinka i standardna pogreska, p-vrijednost,

R?, omjer dokaza baziran na Kkorigiranom Akaike informacijskom kriteriju (engl. Akaike

information criterion, skr. AIC). Linearni model je kori$ten za multivarijatnu analizu i korelacije.
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5. SAZETI PREGLED REZULTATA OBJEDINJENIH RADOVA
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5.1 Prvo istrazivanje: Indeks onesposobljenosti vratne kraljeznice je bolji u klasifikaciji
oporavka nakon trzajne ozljede vrata u usporedbi s ultrazvu¢nom elastografijom

trapeznog misi¢a posmi¢nim valom

U prvom istrazivanju analizirali smo podatke dobivene od 24 ispitanika. Prvo smo procijenili
objektivnost elastografije analizom pouzdanosti svakog ispitivac¢a zasebno (engl. intra-observer
reliability) i medusobnim usporedivanjem ispitivaca (engl. inter-observer reliability),
usporedujuc¢i pocetna mjerenja (n=24) i zavrSna mjerenja (n=22). Analizom je utvrdena odli¢na
pouzdanost za svakog pojedinog ispitivaca i medu ispitiva¢ima u obje mjerene tocke I za sve
mjerene misice. Nadalje, nije nadena znacajna razlika u napetosti izmedu lijevog i desnog
trapeznog misi¢a kod prvog mjerenja (A=4.84 kPa; p=0.34; A=7.84 kPa; p=0.053) niti Sest
mjeseci nakon ozljede (A=1.2 kPa; p=0.72; A=0.4 kPa; p=0.89) za oba ispitivac¢a. Mjerenja oba
ispitivaca pokazala su smanjenje napetosti trapeznih miSi¢a Sest mjeseci od ozljede, ali uz

znacajnost samo kod drugog ispitivaca (A8.63 kPa; p=0.07 vs. A=10.1 kPa; p=0.04).

Klasifikacijski model za prognoziranje oporavka koristenjem razli¢itih varijabli (NDI, PHQ-9 i
SWE) pokazao je da je relativna promjena NDI-a kao pojedina¢na varijabla najbolja u procjeni
oporavka. Njome se sa to¢nos¢u od 73,9% moze svrstati osobu u neku od kategorija oporavka
(potpuni oporavak, parcijalni oporavak, bez ikakvog oporavka). Ipak, kada se za prognozu
oporavka koriste dvije varijable, konkretno NDI i SWE trapeznih miSica Sest mjeseci od ozljede,

to¢nost svrstavanja povecava se na 77,3%.

Elastografske vrijednosti trapeznih miSi¢a mjerene Sest mjeseci od ozljede nisu se razlikovale
ovisno o percipiranom statusu oporavka osobe (A=1.45, p=0.81). Za razliku od elastografije,
vrijednosti NDI-a su bile povezane sa statusom oporavka kreiraju¢i znacajni kvadratni trend
(R?=62.5%; p<0.001).

5.2 Drugo istrazivanje: Nedostatak objektivnog mjerenja u pocetnom pregledu i pracenju

pacijenata koji prijavljuju trzajnu ozljedu — je li elastografija trapeznog misi¢a rjeSenje?

U drugom istrazivanju analizirane su elastografske vrijednosti trapeznog misi¢a kod pacijenata
inicijalno nakon trzajne ozljede vrata (n=99) i u kontrolnoj skupini (n=75). Odredena je

prosjecna napetost trapeznog misi¢a osoba nakon trzajne ozljede vrata (82.24+21.11 kPa) i u
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kontrolnoj populaciji (57.47+£13.82 kPa). Utvrdena je grani¢na vrijednost od 75,8kPa, kojom se
0sobu moze svrstati u jednu od dvije skupine s to¢nos¢u od 77% (specificnost 94.7%, osjetljivost
63.6%, p<0.0001) Kada se u obzir uzmu jos i dob i spol osobe, to¢nost se povecava na 82,7% uz
osjetljivost od 74,7% 1 specifi¢nost od 93,3%.

Nadalje, pokazali smo da svako povecanje napetosti trapeznog misi¢a od 1 kPa znaci 1,12 puta
vecu vjerojatnost da osoba ima trzajnu ozljedu vrata. S druge strane, vjerojatnost da osoba ima

trzajnu ozljedu smanjuje se za 0,93 puta sa svakim povecanjem dobi od jedne godine.

5.3 Trede istrazivanje: Intervencija putem mobilne aplikacije poveéava adherenciju na
provodenje programa vjezbi kod kuée nakon trzajne ozljede vrata — randomizirano

kontrolirani pokus

U trec¢em istrazivanju proveli smo RCT gdje je 60 osoba nakon trzajne ozljede vrata podijeljeno
u dvije skupine, intervencijsku (n=30) i kontrolnu (n=30). Analizom smo pokazali kako se
dnevnim koriStenjem push notifikacija poveéava adherencija na provodenje vjezbi kod kuce u
odnosu na kontrolnu skupinu Sest mjeseci nakon trzajne ozljede vrata. Osobe iz intervencijske
skupine prijavile su da vjezbaju 2-4 puta tjedno dok je kontrolna populacija vjezbe provodila
povremeno (median[IQR]; 3 [2-4] vs. 2 [2-4];p=0,005). Takoder, multivarijatnom analizom
varijabli (inicijalni NDI%, inicijalni VAS boli, inicijalni PCS, intervencija mobilnom
aplikacijom) napravljeni su modeli utjecaja pojedinih varijabli na adherenciju. Model koji
ukljucuje intervenciju mobilnom aplikacijom opisuje dobivene podatke 17 puta bolje, nego onaj

bez intervencije.

Kada se pratilo smanjenje fizicke onesposobljenosti (ANDI%; median, IQR), nije nadena
znaCajna razlika izmedu skupina (20 [10-27] vs. 17 [6-25]; p=0.516). Takoder, nije nadena
razlika u prosjecnom smanjenju boli (AVAS) medu skupinama (1.45 + 2.4 vs. 1.45 + 1.95;
p=0.9). Ipak, u intervencijskoj grupi broj osoba koje katastrofiziraju bol (PCS) znacajno se
smanjio Sest mjeseci od ozljede u odnosu na inicijalni broj (12 [41%] vs. 3 [10%]; p=0.01), za
razliku od kontrolne skupine gdje je inicijalno katastrofiziralo 9 osoba (31%), a nakon Sest

mjeseci 4 osobe (13%, p=0.12). U obje skupine se kvaliteta Zivota znacajno poboljsala Sest
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mjeseci nakon ozljede (ASF-12), ali, usporedujuci skupine, zna¢ajno vise u skupini s mobilnom
aplikacijom (20 [6-36] vs. 15 [9-23]; p=0.038).
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6. DISKUSIJA
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U okviru ovog doktorskog rada objavljena su tri znanstvena rada koja se odnose na mogucnost
objektivne inicijalne procjene i procjene oporavka nakon trzajne ozljede vrata koristenjem
elastografije trapeznog misi¢a posmic¢nim valom te moguénost utjecaja na oporavak ucestalijim

provodenjem terapijskih vjezbi.

Inicijalna evaluacija, prognoza i procjena oporavka nakon trzajne ozljede vrata subjektivne su, a
kao zlatni standard koristi se NDI. U tu svrhu smo u prva dva rada ispitali mogu¢nost primjene
SWE trapeznog misi¢a usporedujuci ga S NDI-om. U tre¢em radu istrazivali smo kako ucestalost

vjezbanja kod kuce utjeCe na oporavak nakon trzajne ozljede vrata mjeren NDI-om.

Dijagnoza trzajne ozljede vrata bazira se na mehanizmu ozljede uz prisutne raznolike simptome i
znakove. Procjena upitnicima koje bolesnici ispunjavaju otvara prostor za osobe koje
prvenstveno Zele izvuci financijsku dobit. One tako mogu agravirati simptome i prijavljivati veéu

onesposobljenost (27).

S obzirom da je jedan od najucestalije prijavljivanih simptoma osoba nakon trzajne ozljede
zatezanje miSia vrata, zapocCeli smo ispitivati mogucénost primjene elastografije kako bi
objektivizirali njihovu napetost. Ispitivanje Aljinovi¢, Barisi¢ (18) i sur. pokazalo je kako je od
razli¢itih miSica vrata trapezni misi¢ najpogodniji za procjenu napetosti zbog njezine uniformne

distribucije.

Trapezni miSi¢ Sirok je i1 veliki misi¢ koji pokriva gornji dio leda, vrat i rame. Sva tri dijela
trapeznog misica izuzetno su vazna za funkciju ramena (28). Poznato je da trzajna ozljeda moze
dovesti do oSteenja trapeznog misic¢a (29). Bolesnici tako navode bol, zatezanje, osjetljivost i
ukocenost u podru¢ju vrata i ramena te glavobolju. Nadalje, poremecena funkcija trapeznog
misica uzrokovana trzajnom ozljedom vrata moze dovesti do promjene u funkeciji drugih misic¢a u

tzv. kinetickom lancu uz stvaranje kompenzacija prilikom pokretanja vrata i ramena (30).

S obzirom da je ultrazvuéna SWE relativno nova metoda, u prvom radu smo morali procijeniti
objektivnost same metode. Poznato je kako je u primjeni ultrazvuka izuzetno vazna krivulja
ucenja te se s iskustvom smanjuju greske (31). Stoga je SWE radilo dvoje radiologa s
visegodisnjim iskustvom, neovisno jedan o drugome. Nismo pronasli razliku u mjerenjima
svakog pojedinog ispitivac¢a niti medu ispitiva¢ima te smo pokazali kako je SWE trapeznog

miSi¢a pouzdana metoda.
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Usporedujuc¢i napetost trapeznog miSica elastografijom kod osoba inicijalno nakon trzajne
ozljede vrata i onih iz op¢e populacije, nadeno je kako je napetost trapeznog miSi¢a u skupini
nakon trzajne ozljede vrata u prosjeku veca za oko 25 kPa. Potom smo odredili grani¢nu
vrijednost od 75,8kPa kojom se u gotovo 8 od 10 slucajeva moze odrediti je li osoba pretrpila
trzajnu ozljedu vrata ili nije. Kada smo u Klasifikacijski model poznatim elastografskim
vrijednostima nadodali dob i spol, znac¢ajno smo povecali osjetljivost klasifikacije, sa 63,9% na
74,9%. Tako je elastografijom objektivno pokazano ono §to bolesnici Cesto prijavljuju kao

simptom nakon trzajne ozljede, a to je zatezanje miSica vrata.

Nadalje, povecanjem dobi smanjivala se vjerojatnost za trzajnu ozljedu vrata i to za svaku
godinu 0,93 puta. Starenjem se pojacavaju degenerativne promjene vratne kraljeznice, a one
dovode do smanjene pokretljivosti uz povecanje stabilnosti vratnog segmenta $§to moze biti
razlog za manje ozljeda. Za razliku od dobi, spol se nije pokazao relevatnim za pojavnost trzajne

ozljede.

Nasi rezultati su pokazali da elastografija trapeznog misi¢a posmi¢nim valom ima potencijal u
inicijalnoj diskriminaciji osoba nakon trzajne ozljede vrata. Ipak, kako bi mogli bolje
interpretirati elastografske vrijednosti u okviru ozljede, potrebno je ispitati cimbenike koji utjecu
na normalnu distribuciju napetosti trapeznog misica. Stoga su potrebna daljnja ispitivanja i veci

uzorak, posebice ispitanika iz opée populacije.

Osobe nakon trzajne ozljede vrata Cesto prijavljuju unilateralne simptome. Nasi rezultati nisu
pokazali razlike u napetosti izmedu lijevog i desnog trapeznog misi¢a. Ozljedom dolazi do
povecanja napetosti oba trapezna misi¢a neovisno o prijavljivanju simptoma. To znaci da je u
elastografskoj procjeni vjerojatno dostatno odredivanje napetosti jednog trapeznog misica. Ipak,
jedino procjenom napetosti trapeznih misi¢a kod veceg uzorka, i to u osoba koje prijavljuju

unilateralne simptome, bismo mogli do¢i do kona¢nog zakljucka.

U vise sustavnih preglednih radova i metaanaliza mogucih prognostickih faktora oporavka (14,
32) pokazano je kako je u tu svrhu najbolje koristiti NDI. U nasem prvom istrazivanju smo
koristenjem Kklasifikacijskog modela oporavka ispitali kako su pojedine varijable (NDI, SWE,
PHQ-9) povezane sa subjektivnim osje¢ajem oporavka Sest mjeseci nakon trzajne ozljede. Tako
se NDI pokazao boljim od elastografije jer je s ve¢om to¢nos¢u i manjom greskom Kklasificirao

osobe u kategorije oporavka. Koristenjem relativne promjene NDI-a se najtocnije, u tri od Cetiri
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slu¢aja, moglo procijeniti je li se osoba oporavila ili nije. Koristenjem elastografskih vrijednosti,
bilo inicijalnih ili onih nakon Sest mjeseci od ozljede, dobili smo visoku razinu pogreske u
klasifikaciji oporavka te se one ne mogu koristiti u tu svrhu. Ipak, koriste¢i NDI i napetost
trapeznog misica Sest mjeseci od ozljede, podize se to¢nost klasificiranja na 77%, uz smanjenje
moguce pogreSke. Kada se u obzir uzme sve $to je potrebno za izvodenje elastografije Sest
mjeseci nakon trzajne ozljede vrata (iskusni radiolog, validirani uredaj za elastografiju,
dostupnost vjerojatno radno aktivne osobe), i povecanje to¢nosti Klasifikacije oporavka od svega

3%, upitna je klinicka relevantnost iste.

S obzirom na elastografski povisenu napetost trapeznih miSi¢a nakon trzajne ozljede vrata,
mjerenja smo ponovili i $est mjeseci od ozljede. Zeljeli smo ispitati hoée 1i s oporavkom doéi i
do smanjenja napetosti trapeznog misSi¢a i je li eventualno smanjenje napetosti povezano Sa
statusom oporavka. Premda su oba ispitivaca mjerila manju napetost trapeznih misi¢a u odnosu
na inicijalne vrijednosti, znacajnost je postignuta samo za drugog ispitivaca. Kada smo
elastografske vrijednosti usporedili s percipiranim oporavkom, napetost trapeznog misica se nije
razlikovala izmedu onih koji su se oporavili i onih koji se nisu oporavili. Za razliku od napetosti
trapeznog misica, razina onesposobljenosti mjerena NDI-om pokazala je povezanost sa statusom
oporavka bolesnika $est mjeseci od ozljede. Tako smo ispitali mogucnost koriStenja elastografije
u pracenju osoba nakon trzajne ozljede vrata i pokazali kako SWE nije dobra metoda u pracenju

osoba nakon trzajne ozljede vrata u usporedbi s NDI-om.

Vazno je naglasiti da smo pracenje zavr$ili Sest mjeseci od ozljede. Bol u vratu se prema
vremenu trajanja klasificira kao akutna, subakutna i kroni¢na. Nase pracenje od Sest mjeseci od
ozljede dostatno je da kazemo je li neka osoba razvila kroni¢nu bol i onesposobljenost. S druge
strane, nije poznato koliko je dugo potrebno za promjenu napetosti trapeznog misi¢a. Moguce je
da je za povratak napetosti trapeznog misi¢a na razinu prije ozljede potreban duZzi period, npr.

godinu ili dvije dana.

Kada govorimo o oporavku, on ukljucuje vise aspekata zdravlja. Oporavak nakon trzajne ozljede
vrata podrazumijeva razinu fizickog, psihickog 1 socijalnog funkcioniranja. Jo$ uvijek se U
klasificiranju jaCine ozljede i oporavka ucestalo koristi klasifikacija koju je izradila grupa
Quebec Task Force prije tridesetak godina, a koja ukljucuje razli¢ite simptome i znakove kao $to

su bol u vratu i limitiranost pokreta vratne kraljeznice, iako se nije pokazala vrijednom u procjeni
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oporavka (33). Simptomi kao §to su bol ili zatezanje u vratu osciliraju u vremenu i ovisno o
aktivnostima, a isto vrijedi 1 za opseg pokreta vratne kraljeznice. Nadalje, opseg pokreta vratne
kraljeznice razlikuje se ovisno o dobi te u starijoj dobi o¢ekujemo njegovo smanjenje s obzirom
na razvoj degenerativnih promjena. Nasa je grupa autora 2023. godine utvrdivala prisutnost boli
u vratu i razinu onesposobljenosti kod stomatologa, lije¢nika obiteljske medicine i fizioterapeuta.
Podjednaka prevalencija boli u vratu nadena je kod stomatologa i fizioterapeuta. Medutim,
stomatolozi su od svih imali najmanje ogranicenja u aktivnostima svakodnevnog zivota. Za
razliku od njih, fizioterapeuti su prijavljivali puno veéi nivo onesposobljenosti. Kod
fizioterapeuta je svakodnevni rad fizi¢ki zahtjevan. Cesto se svakodnevno radi sa slabo
pokretnim bolesnicima gdje je neophodna pomo¢ u transferima uz zadrzavanje prisilnih polozaja
vrata sto doprinosi razvoju onesposobljenosti (34). 1z toga je vidljivo da su simptomi kao §to je
bol samo dio onoga $to nazivamo oporavak te nisu dovoljni kako bi se objasnio teret bolest, nego
se trebaju promatrati u kontekstu onesposobljenosti. Isto vrijedi i za napetost trapeznog misica
kao komponentu koja utjece na oporavak te zbog toga nije dobra u prognozi i praé¢enju oporavka

osoba nakon trzajne ozljede vrata, a NDI ostaje najbolji alat u te svrhe.

U trecem istrazivanju Smo ispitivali kako ucestalost provodenja vjezbi utjeCe na oporavak Sest
mjeseci nakon trzajne ozljede vrata. Sve osobe su provele standardnu fizikalnu terapiju uz
preporuku nastavka provodenja vjezbi kod kuce. Poznat je pozitivan ucinak terapijskih vjezbi na
smanjenje onesposobljenosti. Medutim, ako osoba ne provodi vjezbe redovito, mozemo
oc¢ekivati znacCajno smanjenje ucinka terapije. McLean, Burton (35) i sur. su ustvrdili da ne
postoji efikasna strategija za poboljsanje dugoro¢nog adheriranja na terapijske vjezbe. Ipak, u
naSem istrazivanju, osobe koje su dobivale dnevni podsjetnik na vjezbanje putem mobilne
aplikacije znacajno su ucestalije provodile vjezbe kod kuce u odnosu na one koji su dobili
standardne usmene 1 papirnate preporuke kroz Sest mjeseci pracenja. Modelom koji je ukljucivao
incijalnu razinu boli, razinu fizi¢ke i psihicke onesposobljenosti, utvrdili smo kako je od svih

varijabli intervencija mobilnom aplikacijom bila klju¢na u podizanju razine adherencije.

U Zelji da se bolje razumiju razlozi neadheriranja i kako bi se moglo na njih utjecati, opisani su
razni ¢imbenici. Od opisanih negativnih ¢imbenika o0sobe cesto navode zaboravljivost i
nedostatak vremena za provodenje terapijskih vjezbi. Uz to, motiviranost za provodenje terapije
smanjuje se kroz vrijeme jer se ucinak vjezbi ne vidi odmah (36). U novije vrijeme, velika

dostupnost i jednostavna primjena mobilnih aplikacija uz moguénost interveniranja u realnom
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vremenu ucinio ih je pogodnima kako bi utjecale na poboljsanje adheriranja na terapiju (26). U
nasem istrazivanju, dnevnim podsje¢anjem na provodenje vjezbi vjerojatno smo utjecali na gore

navedene uzroke neadheriranja.

Kao sto je navedeno ranije, terapijske vjezbe osnova su lijeCenja trzajne ozljede vrata te mogu
utjecati na razinu boli i onesposobljenosti (21). Za ocekivati bi bilo da ¢e ucestalije vjezbanje
dovesti do manje onesposobljenosti i boljeg oporavka, $to nije bio slu¢aj u nasem istrazivanju.
Rezultati su pokazali da je ucestalost provodenja vjezbi kod osoba koje su imale inicijalno visu
razinu onesposobljenosti bila visoka u obje skupine, dok je u intervencijskoj skupini poveéana
adherencija kod osoba s nizom inicijalnom razinom onesposobljenosti koje su ionako imale

dobru prognozu oporavka.

Medutim, iako NDI pojedina¢no najbolje opisuje oporavak osoba nakon trzajne ozljede vrata,
ispitivanjem ostalih domena zivota nasli smo pozitivne uinke intervencije. Tako su znacajnije

poboljsani psihi¢ko funkcioniranje i HRQoL.

Razli¢iti psiholoski faktori povezuju se s u¢inkom na oporavak nakon trzajne ozljede vrata.
Katastrofiziranje boli poznat je faktor koji utjece na losiji oporavak nakon trzajne ozljede vrata.
Iako se u upitniku katastrofiziranja boli ocekuje od ispitanika da sve svoje izjave ispunjava kao
da ga boli tog trenutka te se navodi:“Kad me boli...”“, naSe istrazivanje je pokazalo da
katastrofiziranje izravno ovisi o aktualnoj razini boli te se katastrofiziranje smanjilo u obje
skupine Sest mjeseci nakon ozljede. Opisivani su i drugi faktori koji utjecu na losiji oporavak od
kojih je zanimljiv model straha od izvodenja pokreta nakon ozljede. Generalno, ¢esée izvodenje
vjezbi u intervencijskoj skupini moglo je utjecati i na ovaj model gdje strah od pokreta generira
bol, a bol generira strah od pokreta. Ovaj koncept generiranja boli ispreplice se i s konceptom
katastrofiziranja boli gdje osoba koju boli pretjerano razmislja o boli, a to dovodi do straha i

paralize funkcije.

Kada pogledamo ukupan broj ispitivanih osoba sest mjeseci od ozljede, fizicko funkcioniranje
mjereno NDI-om najbolje oslikava oporavak. Manji dio smanjenog oporavka uzrokovan je
smanjenim psiholoskim ili socijalnim funkcioniranjem. Nakon Sest mjeseci tek je jedna od deset
osoba katastrofizirala bol, a veéina osoba je prijavila kako nema ili rijetko ima ograni¢enja u
socijalnom funkcioniranju. S druge strane, 70% ispitanika imalo je nekakvu razinu fizicke

onesposobljenosti, a potpuni percipirani oporavak prijavilo je 40% osoba. Simptomi kao $to su
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bol u vratu, ¢ak i ako su blagi, mogu se pojacavati u aktivnostima te ogranic¢avati provodenje
aktivnosti svakodnevnog zivota. Tako i blaga fizicka onesposobljenost govori u prilog

nepotpunog oporavka.

Ipak, potpuni oporavak Sest mjeseci nakon ozljede prijavljivali su neki koji su imali fizicku
onesposobljenost. Prilikom validacije NDI-a na hrvatski jezik (11) pronasli smo kako je tre¢ina
osoba iz opée populacije prijavljivala blagu ili, rijetko, umjerenu onesposobljenost. Stoga je
vjerojatno odredeni broj ispitanika u nasem istrazivanju i prije trzajne ozljede vrata imao neku
razinu fizicke onesposobljenosti zbog tegoba od strane vratne kraljeznice. Za njih je potpuni

oporavak znacio povratak na prvotnu razinu onesposobljenosti.

Fizicko, psiholosko i socijalno funkcioniranje osobe zajednicki generiraju ono $to nazivamo
kvaliteta zivota. Nakon trzajne ozljede vrata, ako gledamo pojedina¢no, naruseni su svi gore
navedeni aspekti zdravlja pa tako u konacnici i kvaliteta zivota. U obje skupine doslo je do
znaCajnog poboljsanja Kkvalitete Zzivota. Ipak, intervencijska skupina imala je znacajnije
povecanje kvalitete zivota u odnosu na kontrolnu skupinu §to mozemo pripisati aktivnijem

suocavanju s tegobama nakon ozljede u intervencijskoj skupini.

Vecina osoba koje dozive trzajnu ozljedu radno je aktivna te nakon Sest mjeseci U veéine
zaostaju neka ograni¢enja u svakodnevnom poslu. Kada se tome doda da je tek 30% osoba bilo
bez ikakve fizicke onesposobljenosti nakon Sest mjeseci, vidljivo je kako su potrebni novi
pristupi u lijeCenju i pracenju trzajne ozljede vrata. Fokus treceg istrazivanja bio je utjecaj
ucestalosti provodenja terapijskih vjezbi na ishode nakon trzajne ozljede vrata. Budu¢i da
povecanjem ucestalosti provodenja vjezbi nismo poboljsali oporavak, potrebno se usredoto¢iti na

individualiziranje terapijskih vjezbi kako bi se pokusalo poboljsati ishode.

Mobilne aplikacije su ve¢ u nekim zemljama prepoznate kao one koje mogu poboljsati ishode
(engl. digital therapeutics) (37). Osim velike dostupnosti i jednostavne primjene, prednosti
mobilnih aplikacija su §to mogu ukljucivati veliki broj sadrZzaja te se mogu koristiti za prac¢enje u
realnom vremenu. Primjerice, nakon trzajne ozljede vrata mobilnim aplikacijama mogao bi se u
realnom vremenu pratiti one koji su rizi¢ni za razvoj kroni¢ne onesposobljenosti te pokusati

poboljsati oporavak individualiziranjem terapije.
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U svrhu inicijalne procjene, prognoziranja i pra¢enja oporavka nakon trzajne ozljede vrata
koriste se subjektivni upitnici kojima se procjenjuju razliciti aspekti zdravlja. Kao najcesce
koristen i najpouzdaniji upitnik izdvaja se NDI. Lijecenje se bazira na kontinuiranom provodenju
terapijskih vjezbi kroz duzi vremenski period. Veliki broj osoba dugoroc¢no prijavljuje bol i

onesposobljenost.

U sklopu ove disertacije napravljena su tri istrazivanja. U prva dva istrazivanja ispitivana je
elastografija trapeznog misic¢a posmi¢nim valom kao metoda u procjeni i praéenju trzajne ozljede
vrata. Utvrdeno je da je elastografija trapeznog misi¢a posmicnim valom objektivna metoda te se
njome u cetiri od pet slucajeva moze odrediti ima li osoba trzajnu ozljedu ili nema. Takoder,
utvrdeno je kako je pracenje od Sest mjeseci nedostatno za potpuno smanjenje elastografskih
vrijednosti trapeznog misi¢a. Usporedujuci elastografiju i NDI, utvrdeno je da je NDI bolji alat u

prognoziranju i pracenju oporavka Sest mjeseci od ozljede.

U treem istrazivanju pokazano je da se dnevnim podsje¢anjem na vjezbanje putem mobilne
aplikacije povecava adherencija na vjezbanje Sest mjeseci nakon trzajne ozljede vrata. Medutim,
poveéana adherencija ne dovodi do smanjenja fizicke onesposobljenosti mjerene NDI-om niti
subjektivnog osjecaja oporavka bolesnika. Ipak, smanjeno katastrofiziranje boli i povecana

kvaliteta zivota prijavljene su u intervencijskoj skupini.

Elastografija trapeznog misi¢a posmi¢nim valom mogla bi se u Koristiti u inicijalnom probiru
osoba s trzajnom ozljedom vrata, ali nije dobra za procjenu oporavka Sest mjeseci nakon ozljede.
Nepoznato ostaje kako se elastografske vrijednosti mijenjaju kroz duzi vremenski period nakon
ozljede. Koristenjem mobilnih aplikacija moze se povecati adherencija na terapijske vijezbe. U
buduénosti se mobilne aplikacije mogu koristiti za procjenu i individualiziranje terapije u

realnom vremenu kod osoba rizi¢nih za lo$iji oporavak nakon trzajne ozljede vrata.
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Uvod: U procjeni i praéenju osoba nakon trzajne ozljede vrata koriste se subjektivne mjere od
kojih se kao pouzdan i najéesce koristen izdvaja NDI. S obzirom da do ozljede najéesc¢e dolazi u
prometnim nesrecama, ¢esta su potrazivanja odsSteta. Nedostatak objektivnih mjera stvara prostor
za simuliranje, a ¢esto se rade dijagnosticke pretrage koje nemaju prognosticku vrijednost niti se
pomocu njih moze procijeniti oporavak. Osnova lijeCenja su terapijske vjezbe koje su se uz
edukaciju jedine pokazale ucinkovite u smanjenju onesposobljenosti. LijeCenje nije optimalno
tako da veliki postotak osoba nakon ozljede pati od kroni¢ne boli i onesposobljenosti. U prvom
dijelu ove doktorske disertacije cilj je bio ispitati mogucnost koriStenja elastografije trapeznog
misi¢a posmi¢nim valom kao objektivne metode u inicijalnoj evaluaciji i pracenju oporavka Sest
mjeseci nakon trzajne ozljede vrata. U drugom dijelu cilj je bio ispitati moguénost poboljSanja
oporavka utjecajem na adherenciju u provodenju terapijskih vjezbi dnevnim podsjecanjem na

vjezbanje putem mobilne aplikacije.

Metode: Prvo smo prospektivnim opazajnim istrazivanjem pratili osobe nakon trzajne ozljede
vrata kroz Sest mjeseci. Svi ispitanici su proveli standardnu fizikalnu terapiju (2 ciklusa fizikalne
terapije, 10 terapija po ciklusu, 5x tjedno s pauzom od 3 tjedna izmedu terapija). Elastografija
posmi¢nim valom i NDI rezultat napravljeni su inicijalno i nakon Sest mjeseci. Elastografija je
ucinjena od strane dvoje radiologa. Napravljen je prediktivni model statusa oporavka Sest
mjeseci nakon ozljede te usporedba elastografije i NDI rezultata Sest mjeseci od ozljede sa
subjektivnim osjecajem oporavka bolesnika. U drugom istrazivanju napravili smo sekundardnu
analizu podataka koje su ukljucivale elastografiju trapeznog misSi¢a osoba nakon trzajne ozljede 1
onih iz opée populacije. U treCem istrazivanju randomizirano-kontroliranim pokusom smo
ispitivali kako kod osoba koje su pretrpile trzajnu ozljedu vrata i provele standardnu fizikalnu
terapiju svakodnevno podsje¢anje na provodenje vjezbi utjece na adherenciju i oporavak mjeren
NDI-om Sest mjeseci od ozljede u odnosu na one koji su nakon fizikalne terapije dobili pisane i

usmene preporuke o nastavku provodenja vjezbi kod kuce.

Rezultati: Prvo istrazivanje: 24 0sobe su napravile inicijalna mjerenja, 22 osobe su zavrSile
istrazivanje. Elastografska mjerenja su pokazala odlicnu pouzdanost unutar (ICC 0.75-0.94) i
izmedu ispitivaca (ICC 0.78-0.88). Nakon Sest mjeseci umanjila se napetost trapeznog misica, ali
statistiCki znacajno samo za drugog radiologa (A8.63 kPa; p=0.07 vs. A10.1 kPa; p=0.04). Nakon
Sest mjeseci elastografske vrijednosti nisu se razlikovale s obzirom na status oporavka (55.6+9.7

vs. 57£15.8, A1.45; p=0.82) dok su osobe koje su prijavljivale potpuni oporavak imale znacajno
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nizi NDI rezultat u odnosu na neoporavljene ili parcijalno oporavljene (A22.98; p<0.001).
Pojedina¢no se, poznavajuci relativnu promjenu NDI-a najtocnije (73.9%) 1 sa niskim Akaike
informacijskim kriterijom (AlC=39.2) moze klasificirati osobu u neku od kategorija percipiranog
oporavka. Uvrstavajuci zajedno NDI rezultat i napetost trapeznog misic¢a Sest mjeseci od ozljede
tocnost klasifikacije se povecala na 77.3% sa smanjenjem moguce greske (AIC=32.8). Drugo
istrazivanje: Analizirana je elastografija trapeznog miSic¢a kod 99 osoba nakon trzajne ozljede i
75 osoba iz opcée populacije. Prosje¢na napetost trapeznog misSi¢a nakon ozljede bila je
82.24+21.11 kPa dok je za one iz op¢e populacije bila 57.47+13.82 kPa. Grani¢na vrijednost
elastografije od 75.8 kPa pokazala je 77% to¢nost u kategoriziranju osobe u jednu od skupina.
Treée istrazivanje: Analizirano je 29 osoba iz intervencijske i 30 iz kontrolne skupine. Sest
mjeseci od ozljede usporedujuci skupine, intervencijska skupina pokazala je znacajnije
adheriranje (median [IQR]) u provodenju terapijskih vjezbi kod kuce (3 [2-4] vs. 2 [2-4];
p=0.005) te poboljsanu HRQoL (20 [6—36] vs. 15 [9-23]; p=0.038). U intervencijskoj skupini je
za razliku od kontrolne opazeno znacajno smanjenje 0soba koje katastrofiziraju zbog boli u dvije
mjerene tocke (31%; p=0.01). Nije nadena razlika u NDI rezultatu, intenzitetu boli te

percipiranom oporavku.

Zaklju¢ak: U prva dva istrazivanja pokazali smo kako je elastografija trapeznog miSica
posmi¢nim valom objektivna metoda koja se moZe koristiti u inicijalnom probiru osoba nakon
trzajne ozljede vrata, ali se ne moZe koristiti u prognoziranju niti pracenju oporavka Sest mjeseci
od ozljede. U te svrhe zlatni standard ostaje NDI. Povecanje adherencije na terapijske vjezbe
nakon trzajne ozljede vrata moze se posti¢i koriStenjem dnevnih podsjetnika putem mobilne
aplikacije. S obzirom da uclestalije vjeZbanje nije rezultiralo boljim oporavkom Sest mjeseci
nakon ozljede, potrebno je individualizirati pristup u lijeenju te modificirati vjezbe u osoba

riziénih za razvoj kroni¢ne onesposobljenosti.
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TITLE OF THE DOCTORAL THESIS: RECOVERY EVALUATION IN PATIENTS
AFTER WHIPLASH INJURY OF THE NECK AFTER PHYSICAL THERAPY USING
SHEAR WAVE ELASTOGRAPHY AND NECK DISABILITY INDEX SIX MONTHS
AFTER A TRAFFIC ACCIDENT

Background: In evaluation and follow-up after a whiplash injury of the neck, subjective
measurements are used, among which the most reliable and the most used one is NDI.
Considering the injury usually happens in car accidents, there are often requests for financial
compensation. Lack of objective measurements leaves room for malingering, and diagnostic tests
that are without prognostic value and can’t predict recovery are often performed. The basic
treatment consists of physical exercise and educational measures which are the only ones proven
to be effective in reducing disability. The treatment is not yet optimized, and a large percentage
of patients suffer from chronic pain and disability. The aim of the first part of this doctoral
dissertation was to evaluate the possibility of using shear wave elastography as an objective
method in initial evaluation and follow-up six months after a whiplash injury of the neck. In the
second part, we aimed to evaluate the possibility of improving outcomes by increasing adherence

to exercise using daily reminders sent via a mobile application.

Methods: An observational study of patients after whiplash injury over a period of six months
was conducted. All subjects did standard physical therapy (2 cycles of 10 therapy sessions, 5x a
week with a break of 3 weeks in between cycles). Shear wave elastography and NDI scores were
obtained initially and after six months. Elastography was performed by two radiologists. A
predictive model of recovery status six months after injury was made, along with a comparison
of elastography and NDI score six months after injury with subjectively perceived recovery. In
the second study, a secondary analysis of data was made comparing the elastography of trapezius
muscle in patients six months after whiplash injury and those from the general population. The
third study was a randomized-controlled study which evaluated the effect of daily mobile
application reminders to exercise on adherence and recovery measured by NDI six months after
physical therapy. Patients with whiplash injury of the neck had standard physical therapy and
were then given either oral and written instructions on how to exercise at home or a mobile

application. The two groups were compared.

Results: First study: 24 people had initial measurements made, and 22 finished follow-up.

Elastography measurements showed excellent intraobserver (ICC 0.75-0.94) and interobserver

32



(ICC 0.78-0.88) reliability. After six months, there was a decrease in trapezius muscle stiffness,
though statistically significant only in the second radiologist (A8.63 kPa; p=0.07 vs. A10.1 kPa;
p=0.04). Also, elastography values after six months did not differ according to recovery status
(55.6+£9.7 vs. 57+15.8, Al.45; p=0.82), while patients who reported full recovery had
significantly lower NDI scores compared to the partially recovered or not recovered group
(A22.98; p<0.001). Knowing relative change in NDI, an individual person can be categorized by
recovery status most precisely (73.9%) and with low Akaike information criteria (AIC=39.2).
Second study: Elastography of the trapezius muscle in 99 patients after whiplash injury and 75
people from the general population was analyzed. Average trapezius muscle stiffness after injury
was 82.24+21.11 kPa, and in the general population was 57.47+13.82 kPa. Cut off value of 75.8
kPa showed 77% accuracy in categorizing a person into one of the groups. Third study: 29
people from the intervention group and 30 people from the control group were analyzed. When
comparing groups six months after injury, the intervention group showed significantly higher
adherence (median [IQR]) to a home exercise program (3 [2-4] vs. 2 [2-4]; p=0.005) with
improved HRQoL (20 [6-36] vs. 15 [9-23]; p=0.038). In the intervention group, unlike the
control group, there were significantly fewer people pain catastrophizing between two time
points (31%; p=0.01). There was no difference in NDI score, pain intensity, or perceived

recovery.

Conclusion: The first two studies show shear wave elastography of the trapezius muscle to be an
objective method that can be used in the initial screening of people after a whiplash injury of the
neck but can’t be used in follow-up and predicting recovery six months after injury, where NDI
remains the golden standard. Adherence to physical exercise after a whiplash injury of the neck
can be increased using daily reminders via mobile application. Considering that more frequent
exercise did not lead to better recovery six months after injury, there is a need for a more
personalized approach, and modifications to exercise should be made for patients with a higher

risk for chronic disability.

33



10. ZIVOTOPIS

34



Osobni podatci
Ime i prezime: Blaz Barun
Datum i mjesto rodenja: 06/02/1992, Zagreb

E-mail: blaz.barun@mefst.hr

ORCID 0000-0003-1143-6822

Obrazovanje

2020-2023 Poslijediplomski doktorski studij - Translacijska istrazivanja u biomedicini,

Medicinski fakultet u Splitu, Sveuciliste u Splitu

2021-2022 Poslijediplomski specijalisti¢ki studij — Fizikalna medicina i rehabilitacija,

Medicinski fakultet u Zagrebu, Sveuciliste u Zagrebu

2010-2016 Medicinski fakultet, Sveuciliste u Zagrebu; Doktor medicine

Radno iskustvo

2022. - do danas: KBC Split, lijecnik specijalist fizikalne medicine i rehabilitacije na Zavodu za

fizikalnu medicinu i rehabilitaciju s reumatologijom
2018.-2022. KBC Split, lije¢nik specijalizant fizikalne medicine i rehabilitacije
2017.-2018. Lijecnik u ordinaciji obiteljske medicine

2016.-2017. Pripravnicki staz doktora medicine

Publikacije:

1. Klari¢-Kukuz I, Aljinovi¢ J, Barun B, Roki M, Benzon B, Budimir Mrsi¢ D, Marinovi¢ Guié¢
M, Poljicanin A. Subacromial Pain Syndrome in Breast Cancer Survivors—Are Structural

Shoulder Changes Verified by Ultrasound Clinically Relevant? Diagnostics. 2025; 15(1):70.

35


mailto:blaz.barun@mefst.hr

2. Barun B, Divi¢ Z, Martinovi¢ Kaliterna D, Polji¢anin A, Benzon B, Aljinovi¢ J. Mobile App
Intervention Increases Adherence to Home Exercise Program After Whiplash Injury—A
Randomized Controlled Trial (RCT). Diagnostics. 2024; 14(23):2729.

3. Aljinovi¢ J, Barun B, Poljicanin A, Kero D, Matijaca M, Dujmovi¢ D, Marinovi¢ I. The
Odds of One-Year Mortality in Bedridden Geriatric Patients Discharged from Acute
Rehabilitation Ward Are Increased Eightfold If the Patients Have Three or More
Complications. Journal of Clinical Medicine. 2024; 13(2):537.

4. Aljinovi¢ J, Barun B, Benzon B, Marinovi¢ I, Aljinovi¢ A, Poljicanin A. Neck Disability
Index Detects Higher Neck-Related Disability Levels among Physiotherapists and Family
Medicine Specialists than among Dentists. Healthcare. 2023; 11(4):581.

5. Aljinovi¢ J, Barun B, Polji¢anin A, Marinovi¢ I, Vlak T, Pivalica D, Benzon B. Croatian
version of the neck disability index can distinguish between acute, chronic and no neck pain:
Results of a validation study. Wien Klin Wochenschr. 2022 Feb;134(3-4):162-168.

6. Aljinovi¢ J, Barun B, Benzon B, Poljicanin A, Vlak T. Lack of Objective Measurement in the
Initial Screening and Follow-Up of Patients Who Report Whiplash Injury—Is Elastography
of the Trapezius Muscle an Answer? Journal of Clinical Medicine. 2022; 11(13):3851.

7. Barun B, Barisi¢ [, Krni¢ A, Benzon B, Vlak T, Aljinovi¢ J. Neck Disability Index Is Better
in Classification of Recovery after Whiplash Injury in Comparison with Ultrasound Shear
Wave Elastography of Trapezius Muscle. Diagnostics. 2021; 11(11):2077.

Sudjelovanje na kongresima:

1. Barun B., Aljinovi¢ J. (2024). Myths and Facts About Whiplash Injury of the Neck. U:
Abstracts of the 24" European Congress of Physical and Rehabilitation Medicine ESPRM.

2. Barun B., Aljinovi¢ J. (2024). Among Different Aspects of Health, Physical Functioning
Measured With the Neck Disability Index Relates Best With Recovery After a Whiplash
Injury. U: Abstracts of the 24™ European Congress of Physical and Rehabilitation Medicine
ESPRM.

36



. Barun, B., Aljinovi¢, J., Poljicanin, A., Parlov, M., Divi¢, Z. 1 Kati¢, A. (2024). Primjena
ultrazvuka perifernih Zivaca u fizijatrijskoj praksi. Fizikalna i rehabilitacijska medicina,
38 (1-2), 95-96.

. Parlov, M., Vucina, D., Dujmovi¢, D., Kuzmici¢, S., Rota Ceprnja, A., Barun, B., ... Bari¢,
Lj. (2024). Rijetke bolesti u fizijatrijskoj ordinaciji - facioskapulohumeralna
distrofija. Fizikalna i rehabilitacijska medicina, 38 (1-2), 79-80.

. Polji¢anin, A., Klari¢-Kukuz, 1., Aljinovié, J., Barun, B., Stipi¢, M., Marinovi¢ Gui¢, M., ...
Kosta, V. (2024). Elephantiasis neuromatosa - rijetka i ekstremna manifestacija
pleksiformnog neurofibroma u bolesnika s neurofibromatozom tipa 1 dijagnosticirana u ranoj
fazi. Fizikalna i rehabilitacijska medicina, 38 (1-2), 152-153.

. Roki M., Klari¢-Kukuz I., Barun B., Aljinovi¢ J., Zivalj A., Mateljak M., Pivalica D.,
Poljicanin A. (2024). Incidental Ultrasound Finding of Bilateral Deficiency of the Pectoralis
Major Muscle in Breast Cancer Survivor — Could it be Poland Syndrome? — A case report //
Fizikalna i rehabilitacijska medicina, 38 (1-2), 158-159.

. Barun B, Polji¢anin A, Marinovi¢ I; Vlak T, Benzon B, Aljinovi¢ J. (2022). Indeks
onesposobljenosti vratne kraljeznice (Neck Disability Index) validiran na hrvatskom jeziku
prikladan je za evaluaciju bolesnika s vratoboljom u klini¢koj praksi i u znanstvene svrhe //

Fizikalna i rehabilitacijska medicina, 63-64.

. Aljinovi¢ J, Barun B, Dujmovi¢ D, Matijaca M, Marinovi¢ M, Pivalica D, Polji¢anin A.
(2022). Improving the availability of physical therapy for immobilie or difficult-to-move
gerontological patients hospitalized at Department of Physical Therapy and Rehabilitation in
Clinical Hospital Split. U: Vlak, T., Grubisi¢, F. & Aljinovi¢, J. (ur.)Fizikalna i
rehabilitacijska medicina - Knjiga sazetaka.

. Aljinovi¢ J., Marinovi¢ 1., Duymovi¢ D., Matijaca M., Barun B. & Polji¢anin A. (2022) Acute
Short-Term Hospital Physical Rehabilitation Of Bedridden Geriatric Patients After Serious
Iliness Increases Barthel Scale Score At Discharge. U: Abstracts of the 18th Congress of the

European Geriatric Medicine Society.

Knjige:

37



1.

Marinovi¢ 1., Aljinovi¢ J., Polji¢anin A., So%o0 D., Parlov M., Kuzmiéi¢ S., Barun B.,
Skori¢E., Klarié-Kukuz 1., Majce A. et al. Funkcionalna anatomija lokomotornog sustava za

fizioterapeute / Marinovi¢, Ivanka; Aljinovié, Jure (ur.), 2023.

Struc¢no usavrSavanje:

1.

Observership with Dr. Serdar Koger, Hopital du Jura, Centre de rééducation, Porrentruy,
Switzerland, 9/2023.

Interventional Musculoskeletal Ultrasound Cadaver Course, Fribourg, Switzerland, 9/2023.

MSK US guided injections in clinical practice - Observership with Dr. Kamal Mezian,
Rehabilitace MUDr. Hassan Mezian, s.r.o., Litomé&fice, Czech Republic, 9/2022.

Xeomin: for more quality daily functioning of patients with neurological disorders,
Department of Neurology, Split, CRO, 3/2022.

Musculoskeletal Ultrasound, Department of Musculoskeletal Radiology, Clinical Hospital
Center Sestre Milosrdnice, Zagreb, CRO, 10/2021.

Role of Xeomin in patients with cervical dystonia and upper limb spasticity, Special Hospital
for Medical Rehabilitation Krapinske Toplice, CRO 11/2019.

Edukacijske aktivnosti:

2021.- do danas: Medicinski fakultet u Splitu, Katedra za fizikalnu i rehabilitacijsku medicinu;

Suradnik u nastavi.

Clanstvo:

Hrvatska lije€nicka komora (HLK)

Hrvatski lije¢nicki zbor (HLZ); Hrvatsko druStvo za fizikalnu 1 rehabilitacijsku medicinu

(HDFRM)

Europsko drustvo za fizikalnu i rehabilitacijsku medicinu (ESPRM)

38



11. LITERATURA

39



1. Connelly LB, Supangan R. The economic costs of road traffic crashes: Australia, states and
territories. Accid Anal Prev. 2006;38(6):1087-93. Epub 2006/06/27.

2. Spitzer WO, Skovron ML, Salmi LR, Cassidy JD, Duranceau J, Suissa S, et al. Scientific monograph
of the Quebec Task Force on Whiplash-Associated Disorders: redefining "whiplash" and its management.
Spine (Phila Pa 1976). 1995;20(8 Suppl):1S-73S. Epub 1995/04/15.

3. Holm LW, Carroll LJ, Cassidy JD, Hogg-Johnson S, C6té P, Guzman J, et al. The burden and
determinants of neck pain in whiplash-associated disorders after traffic collisions: results of the Bone
and Joint Decade 2000-2010 Task Force on Neck Pain and Its Associated Disorders. Spine (Phila Pa 1976).
2008;33(4 Suppl):S52-9. Epub 2008/02/07.

4, Styrke J, Stalnacke BM, Bylund PO, Sojka P, Bjornstig U. A 10-year incidence of acute whiplash
injuries after road traffic crashes in a defined population in northern Sweden. PM & R : the journal of
injury, function, and rehabilitation. 2012;4(10):739-47.

5. Pink J, Petrou S, Williamson E, Williams M, Lamb SE. Economic and Health-Related Quality of Life
Outcomes of Whiplash Associated Disorders. Spine. 2016;41(17):1378-86.

6. Panjabi MM, Cholewicki J, Nibu K, Grauer JN, Babat LB, Dvorak J, et al. [Biomechanics of
whiplash injury]. Orthopade. 1998;27(12):813-9.

7. Sarkilahti N, Leino S, Takatalo J, Léyttyniemi E, Tenovuo O. The symptom profile of people with
whiplash-associated disorder — A mixed-method systematic review. ] Bodyw Mov Ther. 2024;40.

8. Carroll LJ, Holm LW, Hogg-Johnson S, Coté P, Cassidy JD, Haldeman S, et al. Course and

prognostic factors for neck pain in whiplash-associated disorders (WAD): results of the Bone and Joint
Decade 2000-2010 Task Force on Neck Pain and Its Associated Disorders. Spine (Phila Pa 1976).
2008;33(4 Suppl):S83-92. Epub 2008/02/07.

9. Tournier C, Hours M, Charnay P, Chossegros L, Tardy H. Five years after the accident, whiplash
casualties still have poorer quality of life in the physical domain than other mildly injured casualties:
analysis of the ESPARR cohort. BMC Public Health. 2016;16:13. Epub 2016/01/07.

10. Chen K, Andersen T, Carroll L, Connelly L, C6té P, Curatolo M, et al. Recommendations For Core
Outcome Domain Set For Whiplash-Associated Disorders (CATWAD). Clin J Pain. 2019;35(9):727-36.
Epub 2019/06/13.

11. Aljinovic J, Barun B, Polji¢anin A, Marinovic |, Vlak T, Pivalica D, et al. Croatian version of the
neck disability index can distinguish between acute, chronic and no neck pain : Results of a validation
study. Wien Klin Wochenschr. 2022;134(3-4):162-8.

12. MacDermid JC, Walton DM, Avery S, Blanchard A, Etruw E, McAlpine C, et al. Measurement
Properties of the Neck Disability Index: A Systematic Review. J Orthop Sports Phys Ther. 2009;39(5):400-
17.

13. Griffin AR, Leaver AM, Arora M, Walton DM, Peek A, Bandong AN, et al. Clinimetric Properties of
Self-reported Disability Scales for Whiplash: A Systematic Review for the Whiplash Core Outcome Set
(CATWAD). Clin J Pain. 2021;37(10):766-87. Epub 2021/07/21.

14. Sarrami P, Armstrong E, Naylor JM, Harris IA. Factors predicting outcome in whiplash injury: a
systematic meta-review of prognostic factors. J Orthop Traumatol. 2017;18(1):9-16. Epub 2016/10/16.
15. Snoj Z, Wu CH, Taljanovic MS, Dumié-Cule |, Drakonaki EE, Klauser AS. Ultrasound Elastography
in Musculoskeletal Radiology: Past, Present, and Future. Semin Musculoskelet Radiol. 2020;24(2):156-
66. Epub 2020/05/22.

16. Ryu J, Jeong WK. Current status of musculoskeletal application of shear wave elastography.
Ultrasonography. 2017;36(3):185-97. Epub 2017/03/16.

17. Taljanovic MS, Gimber LH, Becker GW, Latt LD, Klauser AS, Melville DM, et al. Shear-Wave
Elastography: Basic Physics and Musculoskeletal Applications. Radiographics. 2017;37(3):855-70. Epub
2017/05/12.

40



18. Aljinovic J, Barisic I, Poljicanin A, Kuzmici¢ S, Vukojevi¢ K, Gugié¢ Bokun D, et al. Can measuring
passive neck muscle stiffness in whiplash injury patients help detect false whiplash claims? Wien Klin
Wochenschr. 2020;132(17-18):506-14. Epub 2020/03/20.

19. Verhagen AP, Scholten-Peeters GG, van Wijngaarden S, de Bie RA, Bierma-Zeinstra SM.
Conservative treatments for whiplash. Cochrane Database Syst Rev. 2007;2007(2):CD003338. Epub
2007/04/20.

20. Christensen SWM, Rasmussen MB, Jespersen CL, Sterling M, Skou ST. Soft-collar use in
rehabilitation of whiplash-associated disorders - A systematic review and meta-analysis. Musculoskelet
Sci Pract. 2021;55:102426. Epub 2021/07/17.

21. Chrcanovic B, Larsson J, Malmstrom EM, Westergren H, Haggman-Henrikson B. Exercise therapy
for whiplash-associated disorders: a systematic review and meta-analysis. Scand J Pain. 2022;22(2):232-
61. Epub 2021/09/26.

22. Gross A, Forget M, St George K, Fraser MM, Graham N, Perry L, et al. Patient education for neck
pain. Cochrane Database Syst Rev. 2012(3):CD005106. Epub 2012/03/16.

23. Himler P, Lee GT, Rhon DI, Young JL, Cook CE, Rentmeester C. Understanding barriers to
adherence to home exercise programs in patients with musculoskeletal neck pain. Musculoskelet Sci
Pract. 2023;63:102722.

24, Jordan JL, Holden MA, Mason EE, Foster NE. Interventions to improve adherence to exercise for
chronic musculoskeletal pain in adults. Cochrane Database Syst Rev. 2010;2010(1):CD005956. Epub
2010/01/22.

25. Lang S, McLelland C, MacDonald D, Hamilton DF. Do digital interventions increase adherence to
home exercise rehabilitation? A systematic review of randomised controlled trials. Arch Physiother.
2022;12(1):24. Epub 2022/10/03.

26. Armfield N, Elphinston R, Liimatainen J, Scotti Requena S, Eather CE, Edirippulige S, et al.
Development and Use of Mobile Messaging for Individuals With Musculoskeletal Pain Conditions:
Scoping Review. JMIR Mhealth Uhealth. 2024;12:e55625. Epub 2024/08/14 22:51.

27. Monaro M, Bertomeu CB, Zecchinato F, Fietta V, Sartori G, De Rosario Martinez H. The detection
of malingering in whiplash-related injuries: a targeted literature review of the available strategies. Int J
Legal Med. 2021;135(5):2017-32.

28. Ourieff J, Scheckel B, Agarwal A. Anatomy, Back, Trapezius. StatPearls: © 2025, StatPearls
Publishing LLC.; 2025.

29. Nederhand MJ, MJ IJ, Hermens HJ, Baten CT, Zilvold G. Cervical muscle dysfunction in the
chronic whiplash associated disorder grade Il (WAD-II). Spine (Phila Pa 1976). 2000;25(15):1938-43. Epub
2000/07/26.

30. Landén Ludvigsson M, Peterson G, Jull G, Trygg J, Peolsson A. Mechanical properties of the
trapezius during scapular elevation in people with chronic whiplash associated disorders--A case-control
ultrasound speckle tracking analysis. Man Ther. 2016;21:177-82.

31. Ohrndorf S, Naumann L, Grundey J, Scheel T, Scheel AK, Werner C, et al. Is musculoskeletal
ultrasonography an operator-dependent method or a fast and reliably teachable diagnostic tool?
Interreader agreements of three ultrasonographers with different training levels. Int ] Rheumatol.
2010;2010:164518. Epub 2011/01/05.

32. Walton DM, Macdermid JC, Giorgianni AA, Mascarenhas JC, West SC, Zammit CA. Risk factors for
persistent problems following acute whiplash injury: update of a systematic review and meta-analysis. J
Orthop Sports Phys Ther. 2013;43(2):31-43. Epub 2013/01/17.

33. Walton DM, Elliott JM. An Integrated Model of Chronic Whiplash-Associated Disorder. J Orthop
Sports Phys Ther. 2017;47(7):462-71.

41



34. Aljinovic J, Barun B, Benzon B, Marinovic |, Aljinovi¢ A, Poljicanin A. Neck Disability Index Detects
Higher Neck-Related Disability Levels among Physiotherapists and Family Medicine Specialists than
among Dentists. Healthcare (Basel). 2023;11(4). Epub 2023/02/26.

35. McLean SM, Burton M, Bradley L, Littlewood C. Interventions for enhancing adherence with
physiotherapy: A systematic review. Man Ther. 2010;15(6):514-21.
36. Altinger G, Maher CG, Traeger AC. Using behavioural economics to improve adherence to home

exercise programs. J Physiother. 2024;70(3):161-3.
37. Hong JS, Wasden C, Han DH. Introduction of digital therapeutics. Comput Methods Programs
Biomed. 2021;209:106319. Epub 2021/08/08.

42



12. RADOVI OBJEDINJENI U DISERTACIJI

43



12.1 Prvi rad



e . ;
diagnostics

Article

fudry

Neck Disability Index Is Better in Classification of Recovery
after Whiplash Injury in Comparison with Ultrasound Shear
Wave Elastography of Trapezius Muscle

BlaZ Barun 10, Igor Barifi€ 2, Ana Krnié 2, Benjamin Benzon 37, Tonko Vlak ¢ and Jure Aljinovié :5*

chedk for

updates
Citatiore Barun, B Barific, L; Krnif,
A Bermon, B; Viak, T; Aljincvit, |
M&Dlnhlﬂyhldﬂ Is Betterin
Classification of Recovery afier
Ultrasound Shear Wave Elastography
of Trapezius Muscle. Dignostics 2021,
11, 2077 https/ /doiorg/ 103390/
diagrostics]11 1207

and Céaar Femnéindes Die Las Pefias

Received: 7 September 2021
Accepbect 5 Movember 2021
Published: 10 Movember 2021

Publisher's Nobe mdqlmﬂ:ﬂl
with regard to jurisdictional claims in
.

) O

S —T
Copyright © 2021 by the muthars
Liceraee MDFIL, Basel, Switzerland.
This artick: is an open access article
distributed under the ftrms and
conditions of the Creative Commeons
Attribution (O BY) license (httpec/
coativecommore org, liceree s/ by /
40/}

1 Institute of Physical and Rehabilitation Medicine with Rheumatology, University Hospital Split, Soltanska 1,
21000 Split, Creatia; blaz. barunl@gmail.com (B.B.); tonkovlak@gmail.com (TV.)

?  Clinical Department of Diagnostic and Interventional Radiology, University Hospital of Split, 21000 Split,
Creatia; igorbarisic@net hre (LB.); a_krnie@vahoo.com (AK)

3 Departments of Anatomy, Histology and Embry ology and Meurcecience, School of Medicine,
University of Split, 21000 Split, Croatia; berzon. benjamin@gmail.oom

& Department of Fhysical and Rehabilitation Medicine, School of Medicine, University of Split,
21000 Split, Croatia

o Department for Health Studies, University of Split, 21000 Split, Croatia

*  Cormepondence: jure.aljinovic@mefsthr

Abstract: A prospective observational study comparing shear wave elastography (SWE) of trapezius
muscle with Neck Disability Index (WD) in a prediction model of health status six months after a
whiplash injury. Both SWE values, meastred by two radiologists, and NDI scores were obtained
at baseline and after physical therapy (FT) (6-month period). Those values wene compared with
a 3-point Likert scale (o, partial or full recovery). Twenty-two subjects completed the study. A
dectease in trapezius stiffness was detected by both radiclogists, statistically significant for one
(410.1 kPa; p = 0.04) but not for the second radiologist (A8.63 kPa; p = 0.07). The measurements
showed excellent intra-observer (ICC 0.75-0.94) and inter-observer (ICC (.75-0.88) reliability. After
six months, fully recovered patients showed lower NDI scomes than partially recovered patients
(A22.98; p< 0.001). SWE values did not differ with the recovery status (55.6 £ 9.7 vs 57 £15.5, AL45;
P =0.52). The single most accurate variable in classifying health statiis six months after whiplash
injury was the elative change of NDI, and it showed the highest accuracy (73.9%) and low Akatke
information criterion (AIC = 39.2). Owerall, the most accurate classification was obtained when
combining NDI and SWE after physical therapy with an accuracy of 77.3% and a decrease in AIC

(32.8).

Keywords: car accident; stiffness; depression; neck pain; recovery

1. Introduction

Whiplash injury is the most common injury related to traffic accidents [1,2]. Approx-
imately 30-50% of people experience chronic pain and disability following a whiplash
injury, and 13-50% do not return to work six months after the injury; therefore, it becomes
a great socioeconomic problem [2-4]. Although whiplash injury is common in modern
society, and its incidence is increasing, the pathophysiological mechanism that leads to
chronic disability and optimal treatment remains unclear [5]. Clinical guidelines identify
the acute whiplash injury phase {90 days from the accident) as a critical period to classify
patients according to the risk of developing chronic pain and disability. Patients at greater
risk should be monitored more often, and their rehabilitation plans should be tailored
individually [5,7].

Currently, subjective methods are used to assess the severity of the injury, prognosis,
and recovery, with Meck Disability Index (NDI) being one of the most reliable and most
commonly used ones [5-11].

Diagnostics 2021, 11, 20F7. hitps:/ /dei.org,/ 10.3390/ diagnestics11112077
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There are no objective measurements used for the assessment of recovery following a
whiplash injury of the neck. Data from previous studies showed that changes in cervical
radiographs found after a car accident (straightening of cervical lordosis, kyphosis, or
degenerative changes) are not suitable for estimating the severity of the injury and recovery
prognosis [12,13]. The range of movement in the cervical spine, which can easily be
measured, can vary up to 50% even on the same day, depending on the current pain level
and patient’s compliance when performing tests [14].

Ultrasound shear wave elastography (SWE) is another research method of evaluating
the severity of whiplash injury by measuring the muscle stiffness in the cervical region. It
is used to analyze structural changes in different tissues, including muscles. This method
allows both qualitative and quantitative evaluation of the elasticity characteristics of soft
tissues and their alteration in traumatic lesions and degenerative pathology. Tissue stiffness
is measured by the shear modulus and expressed in pressure units (kilopascals; kPa) [15].

It was previously published that SWE values of the trapezius muscle are increased
in the first 90 days after a whiplash injury compared to the healthy control group (75 vs.
50 kPa), with a sensitivity of 90% and specificity of 72%. That study was conducted on
75 participants in each group, with the intra-observer reliability of SWE values of stiffness
of the trapezius muscle being 0.8. The authors suggested that more participants were
needed to have more precise results, and inter-observer reliability was not calculated [16].
We were unable to find published reports on how SWE values change after physical therapy
(PT) and studies investigating SWE as a potential prognostic factor of recovery after a
whiplash injury.

The objective of this study was to analyze the feasibility of the usage of baseline or
follow-up SWE values or their change in the classification of recovery six months after the
whiplash injury and compare it with NDL

2. Methods
2.1. Study Design

This prospective observational study was conducted from January 2020 to February
2021 at the Institute of Physical Medicine and Rehabilitation, University Hospital Split in
Croatia and was approved by the Ethical Committee of the University Hospital Split. All
participants were informed about the study design, and informed consent was obtained in
written form.

2.2. Participants

Participants in this study were all symptomatic whiplash injury patients referred
to a physiatrist that complied with inclusion and exclusion criteria and were willing to
participate in the study. Enrolled subjects met the following inclusion criteria: patients
older than 18 who sustained whiplash injury of the neck in a car accident as drivers or
co-drivers, examined by physical medicine and rehabilitation (PMR) specialist within
90 days from the accident, and diagnosed with whiplash injury of the neck. Participants
were excluded if they sustained bone fractures or spinal cord injury in an accident, had
an accident in any vehicle other than a car, were treated with malignant disease in the
last 5 years, or were treated with a severe mental illness (psychosis or major depressive
disorder).

2.3. Varialles

Patients following whiplash injury undertook the standardized physical therapy
program individually at the outpatient clinic guided by a physiotherapist. It included
supervised exercise, transcutaneous electrical nerve stimulation (TENS), therapeutic ultra-
sound, advice on posture, pain relief methods, and early return to daily activities.

The physical therapy program consisted of two parts: a 2-week program with therapies
5 times a week, followed by a 3-week break, and then another 2 weeks of therapies.
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TENS and ultrasound were applied before starting the exercise. TENS (100 Hz) was
administered for 20 min on the paravertebral musculature of the neck. Pulsed ultrasound
(0.8 W/em? with 1 MHz ultrasound probe) was applied for 5 min on trapezius muscles,

Initially, the exercise program focused on breathing exercises, gentle range of motion
exercises, deep neck flexor activation, and stretching exercises. The importance of good
posture was emphasized to facilitate deep cervical muscle function. Toward the end of
the 2-week exercise period, participants were encouraged to continue exercise at home.
The physician gave them written and illustrated material explaining the home exercise
program. After three weeks, they came back for another 2-week program. Exercise then
progressed with low isometric resistance, endurance training of shoulders, and an increase
in the number of repetitions. Progressions were adjusted to each patient according to
their symptoms and capability. After completing the entire program, participants were
encouraged to continue exercising at home, avoid the aggravation of pain, and avoid any
other physical treatments for their neck disorder during the six months of participating in
this study.

2.4, Outcomes

The primary outcome measure of this study was the stiffness of the trapezius muscle
obtained with SWE.

Secondary outcome measures included physical functioning assessed with NDI and
depression level before the PT assessed with Patient Health Questionnaire 9 (PHQ-9). A
three-point Likert scale with the values of no, partial, or full recovery was used for health
assessment as a patient-perceived recovery scale (PPR).

2.5. Data Measurement

Tiwo radiologists blinded to the status of the patient and blinded from each other
performed ultrasound (US) SWE of the trapezius muscle. We used a multi-frequency linear
probe (2-10 MHz, Aixplorer Multiwave™ System, Supersonic Imagine, Aix-en-Provence,
France), and the level of muscle stiffness was measured by shear modulus and expressed
in pressure units (kPa) with absolute elasticity values ranging from 0-300 kPa.

The patient sat on a chair with the relaxed shoulder girdle and arms in supination,
resting on thighs. The radiology specialist put the US probe longitudinally to the muscle
belly of the upper portion of the trapezius muscle in the shoulder region using minimal
pressure of the US probe against the skin, identified the size of the circular regions of
interest (ROIs) as the thickness of the upper trapezius, and measured mean stiffness.
Measurement was repeated 3 times for each muscle. Separately, within 30 min, another
radiology specialist performed the same procedure. The difference between left and right
trapezius muscle was calculated for both radiologists with no significant difference. The
mean of all 6 measurements (left and right trapezius) was calculated. The difference
between measures obtained at baseline and 6-month follow-up was determined for each
radiology specialist separately.

NDFCRO, previously validated in Croatian, was used to quantify disability [17]. The
total NDI score was divided by the maximal possible score and expressed in percentages
(NDI%). Values from 0-8% are regarded as no disability, 10-28% mild disability, 30-48%
moderate disability, 50-68% severe disability, and 70-100% total disability.

The level of depression was determined by the Patient Health Questionnaire 9 (PHQ-9)
index: scores of 5-10, 11-15, 16-20, and >21 representing mild, moderate, moderately
severe, and severe depression, respectively.

2.6. Study Size

The sample size was calculated based on the pilot study (n = 14 pairs). Given the
observed differences in the pilot study, we calculated the needed sample size (n = 20 pairs)
to obtain the power of 80% at the o = 0.05. The sample size was calculated based on
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paired t-testin G*Power Software Version 3.1.9.6 [18]. The final number of participants was
calculated as 50% more than the power analyses required (n = 30).

2.7. Statistical Methods

Continuous data are presented as average and standard deviation. Intra-observer
reliability was assessed by interclass correlation (ICC) with model 3.1 and inter-observer
reliability with model 2.1 of Shrout and Fleiss and interpreted according to Cicchetti [19].
The differences in continuous variables were assessed by t-test for paired samples. Sta-
tistical measures of evidence are presented as effect size and its 95% confidence interval
(CI) or its standard deviation (SD), p-values, R?, and corrected Akaike information criteria
(AIC). For building of the classification model, we used ordinal logistic regression in Gretl
software [20]. Model accuracy is defined as ratio of correct predictions and all predictions
made by model. All other statistical analyses were done in Past3 Software (Hammer, O.
et al,, 2001, PAST).

3. Results

A flowchart of the 45 whiplash injury patients that were assessed for eligibility is
shown in Figure 1. The baseline characteristics of the participants are shown in Table 1.

Flow Diagram

Assessed for eligibility (n=45)

Excluded (n=18)

+ Not g criteria
(n=6)

+ Declined to participate (n=8)

Participants with whiplash injury of
the neck (n=30)

Withd rawals (n=6)

+ Could not be contacted (n=1)

+ Lost due to COVID-19 pandemic
lockdown (n=§)

(n=24)

Did not respond to final
measurement request (n=2)

Analyzed (n=22)

Figure 1. Flow of participants through the study.
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Table 1. Demographic and baseline characteristics of whiplash injury patients that met eligibility
criteria.

Patients (n = 30)
Age, Median (IQR) 37.5 (31-52)
Female, n (%) 17 (57)
Time from accident, Mean + SD 303+ 128
Drivers, n (%) 26 (87)
Doctor’s office visits, Mean + SD 39+12
Absence from work, n (%) 20 (67)
VAS of pain, Mean + SD 51+27
Analgesic drugs use, n (%)
Occasionally 5(17)
1 time/day 24 (80)
2 or more times/day 1(3)
Mpyorelaxant drugs use, n (%) 18 (60)
IQR, interquartile range.

A complete follow-up examination six months after whiplash injury was obtained
in 22 participants (12 women and 10 men; from 23 to 58 years of age; the mean age was
38.6 £ 11 years). Another two participants did not obtain SWE after six months, and three
did not fill out NDI at six-month follow-up. All patients were drivers or co-drivers and
used a seatbelt in a car accident. All subjects obtained radiographs of the cervical spine;
thirteen were reported as normal, fourteen as cervical spine straightening, and three as a
segmental kyphosis.

The difference in muscle stiffness between left and right trapezius before physical
therapy and the difference in muscle stiffness between left and right trapezius after physical
therapy was calculated for both radiologists. There was no statistical difference between left
and right trapezius muscle stiffness for the firstexaminer at baseline (A =4.84 kPa; p = 0.34)
and six-month follow-up (A = 1.2 kPa; p = 0.72) nor for the second examiner at baseline
(A =7.84 kPa; p = 0.053) and six-month follow-up (A = 0.4 kPa; p = 0.89). Since there was
no difference between the left and the right trapezius muscle’s stiffness in the same person
at the analyzed time points, for further statistical analyses, the mean of six measurements
was used (three measurements of the right trapezius and three measurements of the left
trapezius).

The difference in trapezius muscle stiffness measured at baseline and six-month
follow-up was analyzed. Unlike measurements obtained by the first radiologist, which did
not reach statistical significance (A = 8.63 kPa; p = 0.07), measurement differences obtained
by the second radiologist were statistically significant (A = 10.1 kPa; p = 0.04)(Figure 2).

Furthermore, post-hoc power analysis was calculated on n = 22 (pairs), with an
o = 0.05 and power of 0.8. Given the observed differences between timepoints, the second
examiner needed 21 pairs of measurements to reach statistical significance, while the
first examiner was underpowered (24 pairs needed). However, if the SWE differences
between timepoints for each patient are compared between radiologists, then practically
no differences can be found (A = 1.47 kPa; p = 0.65).

Intra-observer reliability at baseline and at six-month follow-up showed ICC between
0.75 and 0.94, which indicates excellent reliability for both radiologists and all muscles
(Table 2).
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Figure 2, The difference of shear wave elastography (SWE) at baseline and &manth follow-up measured by two radiologists.

kPa, kilopascals,
Table 2. Intra-observer reliability of elastography measurements in trapezius muscles before and
after physical therapy.
Elastography of Radiologist Nol Radiologist No2
Muscle 1CC Coefficient 95% CI 1CC Coefficient 95% CI
Before PT
Trapezius R 0.79 (0.636, 0.5946) 0.75 (0.6779, 0.9091)
Trapezius L 0.75 (0.5839, QL8755) 0.85 (0.7388, 0.9289)
After PT
Trapezius R 0.94 (0.9001, 0.5768) 093 [0.8716, 0.96598)
Trapezius L 0.88 (0.782, 0.9459) 0.88 [0.7888, 0.9478)

Legend: R, right; L, left; ICC, inter-class correlation; FT, phyeical therapy.

Inter-obsarver reliability of SWE measurements of left and right trapezius muscle at
baseline and six-month follow-up indicates excellent reliability by inter-class correlation
(ICC varied from 0.78 to 0.88) (Table 3). Given the excellent inter-observer reliability
and the finding that there are no practical differences betw een radiologists in measuring
the individual patient difference in SWE between baseline and six-month follow-up, we
decided to include in further analyses SWE values that are arithmetic average of values

measured by bwo radiclogists.
Table 3. Inter-observer reliability of elastography me asurements in trapezius muscles before and
after physical therapy.
Elastography of Muscle ICC Coefficient 95% CI
Before PT
Trapezius R 08787 (0L.7211, 0.9£4)
Trapezius L. 0.7528 (0. 4955, 0.9062)
After PT
Trapezius R 0.79% {05131, 0.9144)
Trapezius L. 0.7839 (0. 4857, 0.9099)

Legend: R, right; L, left; ICC, inter-class correlation; FT, physical therapy.
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NDI at baseline and at six-month follow-up was calculated. Mean NDI score (in
percentages) was significantly lower at six-month follow-up in contrast to the baseline
measurement when analyzing all the patients together (A = 15.28%, CI (8.6332%, 21.927%),

p < 0.0001), (Figure 3).
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Figure 3. Statistically significant differences in NDI measured at baseline and 6-month follow-up,
*** p < 0.000], -test (mean & 95% CI), NDI showed in percentages of the maximum score.

Using PPR, total recovery was reported by 42% (n = 10} of patients, while 46% (n= 11)
said that they were partially recovered and 12% (n = 3) that they were not recovered.

Upon further subdivision of patients regarding PPR, NDI scores at six-month follow-
up differed between groups: fully recovered (mean 8.4 + 8.9), partially recovered (mean
30.5 =+ 9.67), and not recovered group (mean 34.7 + 9.45). The correlation between the NDI
score obtained at six-month follow-up, and perceived recovery type formed a significant
quadratic trend (R? = 62.5%; p < 0.001). Furthermore, when no recovery and partial recovery
groups were merged, together, they significantly differed from the fully recovered group
(A =22.98; p < 0.001) (Figure 4).
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Figure 4. Differences in endpoint shear wave elastography measured as an average of both radiologists, Neck Disabil

ity index after 6 months, and initial PHQ-9 in comparison to patient perceived recovery status, *** p < 0.0001, f-test
(mean £ 95% CI).
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SWE values obtained at six-month follow-up stratified by PPR groups were calculated
for both radiologists and as the average of latter (Figure 4). Measured by the first examiner,
SWE values did not differ in relation to recovery status (49.1 £ 8.3 vs. 57.6 = 13.09, A=8.5;
p = 0.08). In contrast, fully recovered patients had lower SWE values compared to those
who recovered partially and did not recover at all when measured by the second radiologist
(48.1 £ 107 vs. 65.7 = 17.64, A = 17.55; p = 0.01). On the other hand, when the same groups
were compared in terms of pooled SWE from both radiologists, no difference could be
found (A = 145, p = 0.81).

Initial PHQ-9 scores were compared between PPR groups, and significantly higher
PHQ-9 scores were found in participants who answered that they did not recover than
those who reported complete or partial recovery (mean 9.3 + 4.69 and 10.2 + 4.69 vs.
19 £ 1; p < 0.001) (Figure 4).

Models classifying patient-perceived recovery were calculated (Table 4). Between
all measures (NDI, PHQ-9, and SWE) obtained before and after physical therapy, the
relative change of NDI Nﬂ%ﬁf&m +100 showed to be the most accurate classifier
of recovery (accuracy 73.9%, A g§.21), followed by NDI measured after the therapy
(accuracy 69.6%, AIC 33.74). SWE before and after physical therapy and its change showed
accuracy from 40-64% but with higher AIC values (==46), which limits their usage (Table 4).
When a combination of potential classifiers was calculated, SWE obtained after the ther-
apy combined with NDI after physical therapy raised accuracy to 77.3% with AIC 32.85
(Table 4).

Table 4. Models predicting patient-perceived recovery.

Variables in Model AIC Accuracy
SWE before PT 46.6 63.6%
SWE after PT 46.6 40.9%
ASWE 46.47 50%
Relative ASWE 46,62 50%
NDI (%) before PT 49.66 56.5%
NDI (%) after PT 3374 69.6%
ANDI 47.37 60.9%
Relative ANDI 3921 73.9%
PHQ? 4454 47.8%
PHQ? and SWE after PT 4429 54.5%
NDI (%) after PT and PHQ9 34.02 69.6%
NDI (%) after PT and SWE after PT 32.85 77.3%
SWE after PT, NDI (%) after PT and PHQ9 342 72.7%

AIC, Akaike information criterion (AIC) is an estimator of pradiction error; SWE, shear wave elastogra-
phy; PT, physical therapy; NDI, Neck Disability Index; PHQ-9, Patient Health Questionnaire 9; ASVE, change
from é-month vs. baseline measurement; AND], change from & thvs. baseli: t; Relative ANDI
(%6) = NPhtvg g~ MDlhbusiin .100; Relative ASWE (%) = 2 aivgf— WEbumlin .100; analysis was done on pooled
(averaged) SWE data from both radiologists.

Model coefficients for best predictive models (relative ANDI and combined SWE after
PT with NDI after PT) with cut-off values for allocating into recovery groups are shown in
Table 5.
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Table 5. Model coefficients for most accurate models

Model with Single Variable
Variable (x) Coefficient (B) Std. Error
Relative ANDI 0.048 0.017
cutl -272 1.08
cut2 1.59 0.83
Model with Combined Variables
Variable (x) Coefficient (B) Std. Error
SWE after PT —0.025 0.031
NDI (%) after PT 013 0.07
cutl 0.15 264
cut2 48 279

Legend: dependent variable (y) value less then cutl implies full recovery, be!ween cutl and cu!2
partial recovery, and above cut2 no recovery. Model equation is ordinal 1
¥ =pyx1+P,x2. Thus for model with single variable, the equation is y = 0.048 - relative ANDL where

relative ANDI = %;TN?,}‘-K 100; for model with combined variables, the equation is y = —
0.025-5WEyfg, pr + 0.013:NDI (%) 40, pr-

4. Discussion

Our study was the first to compare SWE values at baseline and after the follow-up
period of six months. We also assessed the value of SWE as a prognostic or classification
tool in the recovery of whiplash injury patients. In this study, lower SWE values were
measured in patients after performing PT at a six-month follow-up. Excellent intra- and
inter-observer reliability of SWE in measuring the trapezius muscle stiffness at baseline and
six-month follow-up was found. These findings are consistent with those from the studies
assessing intra- and inter-observer reliability of SWE of the upper trapezius muscle and
other muscles both in healthy individuals and in pathological conditions, such as cerebral
palsy [21-26].

We did not find a difference in stiffness between left and right trapezius muscles in
whiplash injury patients before and after PT. This is in accordance with the results from
our previous study [16] but differs from Zhang et al. [27], which reported a significant
difference between dominant and non-dominant upper trapezius muscle. This difference
could be due to different study populations. Zhang et al. obtained measurements on
20 healthy young male participants [27]. We assume that factors such as injury, age, gender,
and work position could affect these results,

NDI has already been described in the literature as a good prognostic factor of recovery
after the injury [28-31]. In this study, NDI has proven to be a better outcome classifier,
with higher accuracy and lower possibility of error than SWE. The best health status
classification can be made from the relative change of NDI (almost 74%) with an AIC value
of39.2,

However, six-month follow-up SWE values combined with NDI raised the accuracy of
classifying outcomes with a further decrease in error risk (77.3%, AIC 34.21). Consequently,
SWE after PT could be used with NDI after PT for estimating recovery after a whiplash
injury, keeping in mind that SWE requires the work of an experienced operator with
adequate equipment, which is expensive and not always available [32].

When analyzed individually, initial SWE values of upper trapezius muscle showed a
high risk of error in predicting outcome and are unsuitable for being used as a prognostic
tool. Due to the low accuracy and a high risk of error when classifying the patients in
different recovery groups, SWE values obtained after six months and the change of SWE
values showed to be inadequate for recovery status classification.

Postural changes in patients with neck and shoulder complaints lead to greater stiff-
ness of the upper trapezius muscle [33,34]. Various therapies can lower trapezius stiffness
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in the short term [35,36]. However, it is important to emphasize that muscle stiffness in
healthy subjects does not vary in time, even after a long-term exercise program [37-39].
Although trapezius stiffness in whiplash injury patients decreased after PT at a six-month
follow-up, it is difficult to determine the clinical implications of the observed changes in
SWE values. We assume that the change in the trapezius stiffness addresses just one part of
the recovery. Hence, itis not as sensitive as NDI, which engages more components involved
in the recovery. This is supported by literature that affirms other factors influencing the
outcome after the injury, such as psychological ones [40,41].

5. Limitations

This study requires consideration of a few limitations. First, a major limitation was
a high dropout rate of 27%. The study was conducted during the unexpected COVID-
19 lockdown, and patients were advised to attend only urgent medical examinations.
Although we enrolled 50% more participants than proposed after performing power
analysis, lowering of the trapezius stiffness did not reach statistical significance for the first
radiologist. Post-hoc power analysis showed that three more participants were needed.
Higher values of muscle stiffness can be measured if an individual intentionally contracts
the trapezius muscle, so to minimize this error, all participants were instructed to relax,
and SWE was performed after confirmation of no muscle contraction on the B-mode image.
Additionally, the question of patients” home exercise adherence should be included in
future studies and tested with patient recovery status.

6. Conclusions

We have found that SWE is not as good a classifier of recovery as NDI six months after
a whiplash injury. Furthermore, NDI showed both better accuracy and a smaller margin of
error. The most accurate variable in the classification of recovery was the relative change of
NDIJ, and the overall best classification was obtained when combining NDI and SWE after
physical therapy.
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Abstrack Background: Painfully decteased cervical range of motion accompanied by muscle spasm is
acominon presentation of whiplash injury of the neck. Stiffness of the cervical muscles can be assessed
by ultrasound shear wave elastography (SWE), expressed in kilopascals (kPa). The hy pothesis: SWE
of the trapezits muscle is an objective meastrement siitable for the initial scteening and follow-up of
patients who report whiplash injury. Methods and results: A total of %9 patients after whiplash injury
were compared to 75 control participants. Mean trapezius stiffness was 8224 & 21.11 vs. 57.47 & 13.82
for whiplash patients and controls, respectively. The cut-off value of SWE of 75.8 kPa showed 77 %
accuracy in cotrectly assighing patients to the whiplash or control grotp. To evaluate whether SWE
can be used as a follow-up method of recovery after a whiplash injury, initial and endpoint SWE
(after six months, n = 24) was carried out. Patients reporting no recovery showed similar SWE values
as completely tecovered patients. This finding tefutes the second part of our hy pothesis. Conclusions:
SWE is a method that can be used for the initial screening of patients with whiplash injury, but we
are still searching for an objective measurement that can be used in the follow-up of recovery.

Keywords: whiplash injury; elastography; ultrasound; stiffness; trapezius; shear wave

1. Introduction

Whiplash injury of the neck is very common after “non-catastrophic™ traffic accidents,
with an incidence of more than 300 persons per 100,000 people [1], and it is defined as
a bony or soft-tissue injury caused by sudden acceleration/deceleration of the head and
neck [2]. The diagnosis is based on the mechanism of the injury. Patient-reported symptoms
can be multiple and diverse (headache, paresthesia, pain, spasm, weakness, etc.) and are
generally classified as whiplash-associated disorder (WAD) [3]. Painfully restricted cervical
range of motion accompanied by muscle spasm is a common presentation in patients
with whiplash injury [2]. Prolonged sick leaves and lower productivity after reburning to
work after the injury due to chronic pain and disability significantly impact the healthcare
system [4].

In WAD, patients can report a wide variety of whiplash-related symptoms, and there
are no standardized objective measurements to confirm or dismiss them. That creates
the space for insurance claims seeking financial compensation [5]. The assessment of the
severity and longevity of the disability after the injury is acquired by patient-reported
indices and can add to potential malingering, estimated at 15% to 40% [5].

J. Clin. Med. 2022, 11, 3851. hitpe:/ / doi ong, 103300/ jem 11133851
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Three components of whiplash injury need to be analyzed for eventual objective
measurement: pain, range of motion, and muscle spasm. Modern medicine does not possess
a quantitative tool to measure other people’s pain level Pain levels are obtained through
patient-reported indices, most commonly the visual analog scale (VAS) or numerical rating
scale (NRS). Multidimensional pain questionnaires are rarely used in everyday practice.

Cervical range of motion (CROM) after the injury can be measured with a goniometer.
Itis an accurate and valid measurement often used by physiotherapists in everyday practice.
CROM restriction is associated with pain level [7], and both correlate with the severity
of the injury, but only to be dismissed as a method of follow-up [8]. The main reason is
that their values can vary in a day. For example, if the patient wakes up with only slight
pain in the neck, but tries to read newspapers, one can aggravate the pain for the whole
day. In addition, both measurements are susceptible to potential malingering either by
reporting worse possible pain or unwillingness to do the maximal possible movement of
the cervical spine.

Increased stiffness or spasm of the cervical muscles is the third category that needs
to be discussed. Increased muscle spasm of the cervical region is reported by almost all
patients with a whiplash injury [3]. It can be a normal evolutionary mechanism for the
prevention of further injuries, but its prolonged state can enhance disability after the injury.
Palpation of the trapezius muscles is an integral part of the dinical examination to assess
whether the affection is symmetrical or one side is more affected. When all of this is put
into perspective, a need for objective measurement of muscle stiffness is crucial.

Ultrasound shear wave elastography (SWE]) is a method that can assess the qualitative
and quantitative elasticity properties of soft tissues, including the muscles. Tissue stiffness
is measured by shear modulus and expressed in pressure units (kilopascals (kPa)). The SWE
method uses a combination of the radiation force induced in tissue by an ultrasonic beam
and the ultrafast imaging sequence capable of catching the propagation of the resulting
shear waves in real ime [9].

This procedure is safe, reproducible, and does not involve any radiation for the
patient or examiner. It is also not time consuming when performed by an experienced
radiologist. When using SWE, all participants are instructed to relax the shoulder girdle,
and SWE is performed after confirmation of no muscle contraction in the B-mode image.
Potential pitfalls of this method are that the standardization of the examination procedure
is required, along with more radiclogists versed in elastography measurement, more
ultrasound machines with an elastography mode, and finally, the values of the stiffness of
the cervical muscles in the general population subdivided by age and gender

1.1. Hypothesis of This Review

Ultrasound shear wave elastography of the trapezius muscle is an objective measure-
ment suitable for the initial screening and follow-up of patients who report a whiplash
injury.

1.2. Evaluation of the Hypothesis

Our group of authors previously published the results for the stiffness of different
muscles in the neck region after a whiplash injury. Seventy-five people with whiplash
injuries were compared with 75 age- and gender-matched controls. The results showed
that sternocleidomastoid and splenius capitis muscle SWE could not be used in diagnosing
whiplash injury due to the highly asymmetrical data distribution and variance in tone
of 300% between patients [10]. Trapezius muscle showed symmetrical data distribution
with clinically relevant results described by higher stiffness in whiplash injury than in the
control population group (87.84 £ 23.23 kPa vs. 57.47 £ 13.82 kPa, n = 75). There was
no statistical difference between the left and right trapezius, which proved symmetrical
affection of the neck.



J. Clin. Med. 2022, 11, 3851

3of6

To evaluate this hypothesis, we included an additional 24 patients after a whiplash
injury (n = 99). The mean trapezius stiffness was 82.24 + 21.11 kPa; the patients were aged
419 +13.

Knowing only the SWE value of the participant, a classification model using logistic
regression was calculated (n-whiplash = 99, n-control =75). The cut-off value of SWE of 75.8 kPa
showed 77% accuracy in correctly assigning patients either to the whiplash or the control group
(94.7% specificity; 63.6% sensitivity, p < 0.0001, ROC (AUC, area under curve)= 0.86).

When the classification model was calculated using SWE value, age, and gender,
an accuracy of 82.7% was obtained (93.3% specificity; 74.7% sensitivity, p < 0.0001, AIC
evidence ratio = 1108 when compared to SWE only model, ROC (AUC) = 0.89, probability
cut-off of at 65%).

In Figure 1, the effects of age, gender, and SWE values on the occurrence of whiplash
injury were calculated. An increase in SWE value by 1 kPa is associated with a 1.12-fold
increase in the odds of whiplash injury (OR = 1.12, 95% confidence interval (CI) of 1.08-1.15).
Older age lowered the odds of whiplash injury for each year 0.93-fold (OR = 0.93, 95%
CI 0.9-0.96). No conclusion can be made regarding gender’s effect on the occurrence of
whiplash injury. The female gender showed an OR of 1.2 (95% CI 0.56-2.92), and further
studies are needed to explain such width in an estimate of effect.

sex- : —a |
age- .
SWE - Do
o rr I l I Frr l
Odds ratio

Figure 1. Likelihood of occurrence of whlplash injuxy in response to age, gender, and SWE.
probability of injury (%) = 1 i . Sex = 0 for male and 1 for female, SWE
should be expressed in kPa and age in years

This finding gives us positive evidence for the initial part of our hypothesis: SWE can
be used in the screening of whiplash injury with the cut-off value of 75.8 kPa, which can
be used to correctly assign three out of four patients in the control or whiplash group by
knowing only the SWE.

To evaluate the second part of our hypothesis, that SWE can be used for the follow-up
of whiplash injury patients, we carried out additional research.

Our group of authors reported SWE measurements after whiplash injury at baseline
and after six months. The measurements were taken by two radiologists, and a decrease
in stiffness was reported by both (first A10.1 kPa; p = 0.04; second A8.63 kPa; p = 0.07). In
addition, excellent intra- and inter-observer reliability was reported [11].
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However, when we compared the endpoint SWE values with the patient-perceived
recovery values, we found no difference in the SWE values between the recovered and
non-recovered patients after six months (55.6 & 9.7 vs. 57 +15.8, A1.45;p = 0.82).

This finding re futes the second part of our hypothesis, that SWE can be used as a follow-
up tool after a whiplash injury. Although a decrease in trapezius stiffiness was detected, the
correlation with patient-reported recovery was not found, so patients reporting no recovery
showed similar SWE values as completely recovered patients.

The trapezius tone one year after a whiplash injury is still unknown.

2. Discussion

Most patients, after a whiplash injury, have symptoms without radiologically apparent
bony or soft tissue injury. Therefore, imaging (X-ray, CT, or MRI) initially used to evaluate
patients cannot be used to determine the seriousness of the injury. However, the value of MRI as
a prognostic factor for functional and neurological outcomes was described in cervical subaxial
spinal cord injuries [12]. Even though the evidence is still inconclusive [13,14], some recent
studies showed a correlation between preexisting facet joint degeneration or constitutional
cervical sagittal alignment (low neck tilt and low thoracic inlet angle) on CT and worse
recovery [15,16]. Further studies are needed to confirm the usefulness of those radiologic
findings in predicting outcomes.

Our hypothesis focuses on a prolonged spasm of the cervical muscles as a possible
reason for pain and disability after a whiplash injury. Painful muscle spasm is a symptom
present inevery patient with a whiplash injury of the neck. Although the literature does not
support the effectiveness of muscle relaxants in whiplash, their short-term use is common
in everyday practice [17]. Sometimes, in the interview with the patients, we find that using
a muscle relaxant, like diazepam, has more effect on alleviating the symptoms than using
analgesics or non-steroid anti-inflammatory drugs. Physical medicine interventions aimed
at decreasing the spasm of the muscles, like electrotherapy or ultrasound therapy, are
commonly used in clinical practice, but there is no evidence to support the benefit of their
use [18].

SWEwas used as a method for the evaluation of our hypothesis. It is a new diagnostic
method for this purpose, and it requires standardization (e.g., positioning of the patient or
number of measurements). Ultrasound examination can detect the voluntary contraction of
the muscles in B-mode, which is an advantage of this method. If contraction is detected, the
patient is advised to relax the muscles. We assume this can prevent people from voluntarily
trying to increase muscle stiffness.

The initial part of the hypothesis, that SWE can be used to diagnose whiplash in-
jury, was confirmed, since increased stiffness in the trapezius muscle was detected in the
whiplash injury group compared to the control group. We also calculated the classification
model that correctly assigns patients to the whiplash or control group in77% of the cases
only by knowing the SWE value (cut-off value 75.8 kPa).

Our data showed that six months after the whiplash injury, most patients had de-
creased trapezius muscle stiffness of around 10 kPa. However, similar values of muscle
stiffness were found in both patients who reported complete recovery and no recovery.
Therefore, this value is not clinically relevant and cannot support the second part of our
hypothesis that SWE can be used as a follow-up method. We presume that physical therapy,
which included medical exercise, transcutaneous electric nerve stimulation (TENS, as a
form of analgesic electro procedure), and therapeutic ultrasound of cervical muscle groups,
provided a decrease in muscle stiffness in all patients after the injury. However, when
performing activities of daily living (ADL) such as reading, cooking, or driving, adequate
strength of the neck muscle groups is required to maintain the neck in a fixed position for
an extended period of time. These activities can induce pain and cannot be detected by
one-dimensional diagnostics like stiffness evaluation by SWE. We assume that an increase
in the adherence to exercise after the institutionalized PT and progressive strengthening of
the neck muscle groups can provide more extended painless periods in ADLs and increase
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the quality of life, and future studies could answer this hypothesis. The decrease in muscle
stiffness after PT is only a component of recovery, which is influenced by other physical and
psychological factors. Unlike SWE, patient-reported outcome measurements that assess
all parts of human functioning through one-day, vocational, avocational, and everyday
activity, like the Neck Disability Index (NDI), are used as follow-up tools of disability
after a whiplash injury [19]. Given that the NDI is a subjective tool, patients can use it
to aggravate the level of disability when seeking financial compensation. The NDI was
previously validated and used by our group of authors and its superiority to SWE in the
follow-up of whiplash injury patients has been confirmed [11,20].

To conclude, SWE is a method that can be used for the initial screening of patients
who report whiplash injury, but we are still searching for an objective measurement that
can be used in the follow-up of recovery after a whiplash injury.
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Abstract: Objective: Can mobile app intervention via push notifications increase adherence to exercise
and reduce disability and pain after a whiplash injury? Methods: A randomized controlled trial
was conducted with concealed allocation, blinding of some assessors, and an intention-to-treat
analysis. Participants who sustained whiplash injury at most 3 months prior were divided into
active and control groups. Both groups completed a two-part physiotherapist-supervised physical
therapy program (3-week break in between, ten sessions each, 5x/week). The program included
TENS, therapeutic ultrasound, and exercises (breathing, ROM, deep neck flexor activation, and
stretching). Both groups were encouraged to exercise at home. The active group additionally received
push notifications through the mobile app once a day as a reminder to exercise. Outcomes were
adherence to exercise (four-point Likert scale), physical functioning (NDI), pain intensity (VAS),
perceived recovery (three-point Likert scale), work information, psychological functioning (PCS),
and HRQoL (SF-12) at baseline and 6-month follow-up. Results: At month 6, when comparing
the groups, the intervention group showed higher adherence to home exercise (3 [2-4] vs. 2 [2-4];
p = 0.005, median [IQR]) and improved HRQoL (ASF-12) (20 [6-36] vs. 15 [9-23]; p = 0.038). Unlike
the control group, the intervention group showed a significant decrease in pain catastrophizing
(31%; p = 0.01). A multivariant analysis showed that mobile app intervention influenced adherence
most (=1 Likert point). The groups did not differ in NDI, pain VAS, perceived recovery, or work
limitation. Conclusions: Mobile app intervention increased adherence to home exercise, reduced
pain catastrophizing, and increased HRQoL six months after a whiplash injury. Trial registration:
ClinicalTrials.gov NCT05704023.

Keywords: randomized controlled trial; whiplash injury; adherence to exercise; physical therapy;
Neck Disability Index

1. Introduction

Neck pain is one of the leading causes of disability [1]. Whiplash injury is the most
common injury related to motor vehicle accidents, and up to 50% of injuries lead to chronic
neck pain and disability [2,3]. Besides being a cause of chronic physical impairment, it
harms mental health, leading to higher healthcare system use and lower productivity,
resulting in an increased burden on society [4]. The initial level of disability measured by the
Neck Disability Index (NDI) [5] is recognized as a critical risk factor for developing chronic
disability [6-8]. High initial pain intensity, coping styles, depression, fear of movement, and
catastrophizing are other contributing factors for higher disability levels [9-14]. Conservative
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treatments following a whiplash injury usually include a variety of active (exercises) and
passive (rest, ultrasound, transcutaneous electric nerve stimulation (TENS), and laser
therapy) procedures. Although conservative treatments are the golden standard after a
whiplash injury, their effectiveness is still not statistically proven [15]. However, a positive
effect of education and exercise was reported to improve pain and disability levels after a
whiplash injury [16,17].

With the widespread use of smartphones and the development of mobile apps, many
studies are now investigating ways to utilize these technological advances in medicine.
Mobile apps can be useful in monitoring health status and providing feedback and health
information in real time. Papers describing the promotion of health by stimulating an
increase in physical activity, improvements in dietary habits, a reduction in smoking, and
the monitoring of diabetes can be found in the literature [18-21]. Likewise, research has
been conducted in the physical and rehabilitation medicine field where mobile apps have
been shown to have positive effects on functional and health outcomes (gait, mobility, pain,
and quality of life) [22]. Furthermore, mobile apps are already proven to be effective in
increasing adherence in cardiac rehabilitation and could also help in other conditions where
adherence to intervention is an issue, such as neck pain, including whiplash injury of the
neck [23,24].

No clinical trials or systematic reviews regarding increasing adherence to exercise
through mobile apps after whiplash injury of the neck are found in medical databases. The
effect of adherence to exercise and disability level, comparing standard written recommen-
dations to mobile apps with push notifications, is not yet known.

The aim of this randomized controlled trial was to determine whether the mobile app
“WIApp” can be effective in promoting adherence to exercise and consequently lead to
better recovery of patients after whiplash injury of the neck.

2. Methods
2.1. Study Design

This is a randomized, active-controlled, parallel-group unmasked to intervention
allocation trial, which primarily assessed the effects of adding a mobile app to standard
treatments on the adherence and recovery of patients following a whiplash injury. Standard
care supported by a mobile reminder app (Arm A) was compared to standard care alone
(Arm B). A timeline of data collection is provided in Additional File 1: Supplementary
Figure S1.

2.2. Participants
2.2.1. Eligibility Criteria

The enrolled participants met the following inclusion criteria: age > 18 years, whiplash
injury of the neck in a car accident as the driver or co-driver, whiplash injury of the neck
diagnosed by a physical and rehabilitation medicine specialist within three months, an NDI
score higher than 5 (10%), possession of and ability to use a smartphone and a mobile app,
and signed written informed consent. Subjects were excluded if they had an accident in any
other type of vehicle other than a car, sustained a bone fracture or spinal cord injury in the
accident, treated a malignant disease in the last five years, or non-compliance was expected
(it was not possible to use a smartphone because of severe mental or physical impairment).

2.2.2. Settings and Locations

This study was conducted at the Division of Physical Medicine and Rehabilitation
with Rheumatology, University Hospital of Split, Croatia.

2.3. Intervention Description

This study comprised two groups: a “WIApp” intervention group and a control group.
A physical therapy specialist examined all participants, referred them to the physical
therapy program, and allocated them to either the intervention or control group. If needed,
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pain medications were prescribed. In between and after the physical therapy program,
patients exercised at home with or without mobile app support.

2.3.1. Physical Therapy

All participants undertook the standardized physical therapy program guided by a
physiotherapist. The detailed physical therapy program was described in our previous
paper [8].

A two-part physical therapy program was carried out: a 2-week program with therapy
5 times a week, followed by a 3-week break, and then another 2 weeks of therapy.

2.3.2. Mobile App (Intervention Group)

WIApp is a smartphone app that aims to improve patient adherence to exercise and
help patients recover after a whiplash injury; it includes a daily reminder to exercise,
photographs, and explanations of exercises. The app was developed by the professional
Mateh software d.o.o. from Zagreb, Croatia, and was available for iOS and Android.
The main feature of WIApp is exercise support. Daily, at 7 p.m., patients received a
notification with a reminder to exercise. The app included photographs of the exercises,
with instructions, that patients could look at and read if they forgot which exercises they
needed to perform and how.

After the participants met the eligibility criteria and were included in the trial, the
physician referred them to physical therapy. After completion of the first part of the physical
therapy program and allocation to the intervention group, they were introduced to the
WIApp by the physician who, also being the administrator of WIApp, created a user profile
for the participant. The participant downloaded the WIApp to their mobile phone and
accessed their profile using a QR code or 16-digit code. The physician explained to the
patient how they need to use the app during the follow-up.

2.3.3. Control Group

After the participants completed the first and second parts of the physical therapy
program, a physiotherapist determined whether one could continue performing exercises
at home. After participants confirmed that they knew how to perform the exercises,
the physician gave them written and illustrated material explaining the home exercise
program (HEP). Participants were advised to continue the HEP and to record adherence on
a weekly basis.

2.4. Outcomes

We used the core outcome set according to Recommendations For Core Outcome
Domain Set For Whiplash-Associated Disorders (CATWAD) [25]. Measurements were
undertaken at two time points in each group: at baseline and 6-month follow-up. The only
discrepancy between the registered protocol and that described in this paper was a change
of adherence to exercise from a secondary to primary outcome.

1.  Adherence to exercise: assessed at the 6-month follow-up with a four-point Likert
scale (EAS) regarding weekly exercise completion (classified as no sessions, occasional,
2-4 sessions/week, or >5 sessions/week);

2. Physical functioning: assessed before physical therapy and at the 6-month follow-up
with an NDI (where values of 0-8% are regarded as no disability, 10-28% as mild
disability, 30—48% as moderate disability, 50-68% as severe disability, and 70-100% as
complete disability);

3. Perceived recovery: assessed before physical therapy and at the 6-month follow-up
with a three-point Likert-scale (PRS) (where 1 indicates non-recovery and 3 indicates
full recovery);

4. Work: assessed before physical therapy and at the 6-month follow-up with work status
information, work-time loss, and a work limitation scale (WLS) (a six-point Likert
scale where 1 indicates normal work capability and 6 indicates no working capability);
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5. Psychological functioning: assessed before physical therapy and at the 6-month
follow-up with a Pain Catastrophizing Scale (PCS) (score range from 0 to 50, a score
of 30 or more represents a clinically significant level of catastrophizing);

6.  Health-related quality of life (HRQoL) and social functioning: assessed before physi-
cal therapy and at the 6-month follow-up with a Short form-12 (SF-12) Health Survey
version 1 (online scoring calculator: https:/ /orthotoolkit.com/sf-12 /) and Social Func-
tioning Scale (SFS)—a five-point Likert scale where 1 indicates a constant limitation in
social activities and 5 indicates none limitation;

7. Pain intensity (neck region and head): assessed before physical therapy and at the
6-month follow-up with a visual analog scale (VAS) (ranging from 0 = no pain to
10 = maximum pain).

2.5. Sample Size

For the sample size calculation, we used the usual rule of thumb, which states that 10
to 30 participants per variable are needed for modeling. Therefore, we planned to analyze
60 participants. Due to potential dropouts, we planned to enroll 68 participants.

2.6. Assignment of Interventions: Allocation
2.6.1. Sequence Generation

The patients were randomized with an online randomization tool (randomizer.org) in
a 1:1 ratio to receive either standard care supported by a reminder app (Arm A) or standard
care (Arm B) for treatment of whiplash injury.

2.6.2. Allocation Concealment

To ensure allocation concealment, one research team member created a randomization
list and another allocated the participants to a group.

2.6.3. Implementation

Generation of the allocation sequence, enrolment of participants, and assignment of
participants to interventions were performed by physicians registered as investigators for
this trial.

2.7. Blinding

Due to the nature of interventions applied in this study, blinding of the participants
and outcome assessors was not possible. However, the physiotherapists and data analysts
were blinded.

2.8. Statistical Methods

Continuous data are presented as median + interquartile range (IQR), or mean and
SD, and proportions are presented as percentages. Differences in continuous variables
were tested with Mood’s median test, Mann-Whitney tests, and t-tests. Differences in
proportions were tested by Fisher’s exact test. Statistical measures of evidence are pre-
sented as an effect size and its standard error, p values, R?, and evidence ratio based on
differences in corrected Akaike information criteria (AIC). For the multivariate analysis and
correlation, we used a linear model. Statistical analyses were performed in Past3 Software
and GraphPad Prism 10.0 software.

3. Results

A total of 78 participants were screened for the study; 68 were enrolled, and 60
were randomized into 2 treatment groups. The screening, randomization, and follow-up
are summarized in Figure 1. The participants were recruited between January 2023 and
February 2024 with a 6-month follow-up period.
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Screened for eligibility
(n=82)

Excluded (n=14)
+ Not meeting inclusion criteria (n=5)
+ Declined to participate (n=9)

Enrolled in the study
(n=88)

Withdrawals
+ Could not be reached (n=§)
+ Unwiilling to participate (n=3)

Randomized (n=60)

l |

WiApp group Control group
(n=30) (n=30)

Analyzed Analyzed
(n=29) (n=30)

Figure 1. Flow of participants through the trial.

The baseline characteristics were similar between the groups (Table 1). The median
age (IQR) in the WIApp group was 37 (24-51), and 19 participants (66%) were female.

Table 1. Baseline characteristics of participants.

Total WIApp Control
(n =68) (n=29) (n =30)
Age, median [IQR] 38 [25-50] 37 [24-51] 35 [25-52]
Female, n [%] 43(63] 19 [66] 17 [57]
Marital status, n [%]
Single 34 [50] 12 [41] 15 [50]
Married 28 [41] 14 [48] 14 [47]
Divorced 5[7] 3[10] 0[0]
Widowed 112] 01[0] 1[3]
Education level, n [%]
Elementary education 1[1] 1[3] 0[0]
Secondary education 39 [57] 18 [62] 17 [57]
Bachelor’s level 11[16] 5[17] 5[17]
Master’s/ Doctoral 17 [25] 5[17] 8 [27]
Employed, n [%] 49 [72] 19 [66] 22[73]
Initial absence from work, n [%] 42 [86] * 15[79] * 20 [91]*
Time from accident, median [IQR] 29 [22-46] 36 [23-48.5] 27 [22-42.5]
Doctor’s office visits, mean + SD 3.6 + 0.96 38+113 3.5+ 0.81
analgesics use, n [%] 52 [76] 23 [79] 25 [83]

* Percentage of employed participants. WIApp—Whiplash mobile application, Intervention group.

Fifty-nine participants completed the study and were analyzed: 29 in the WIApp
group and 30 in the control group. Table 2 summarizes all measured outcomes at baseline
and the 6-month follow-up for both groups.
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Table 2. Primary and secondary outcomes at baseline and six-month follow-up for both groups.
WIApp (n=29) Control (n = 30) WIApp (n=29)  Control (n=30)
Initial Final P Initial Final r A = |Final — Initial| i
Adherence, median [IQR] 3[2-4] 2]2-3] 0.005
NDI%, median [IQR] 38 [26-43] 16 [4-27) <0.001 35 [26-47] 17 [9-27 <0.001 20[10-27] 17 [6-25) 0.516
Perceived recovery (full, partial, not), n [%] 11[38],16 [55], 2 [7] 12401, 16 [57], 1 [3] 0.823
PCS (significant/insignificant), n [%] 12 [41] vs 17 [59] 3[10] vs. 26 [90] 0.010 *9[31] vs. 20 [69] 4[13] vs. 26 [87] 0.120
SF12, median [IQR] 40 [36-50] 60 [48-83] <0.001 49 [36-57] 66 [45-78] 0.001 20 [6-36] 15 [9-23] 0.038
VAS pain, mean = SD 54+16 24+26 <0.001 58+ 17 29423 <0.001 145 +24 145 + 1.93 0.900
S, median [JOR] 3[34] 4[3-45] 0.003 3[275-4] 4[3-4] 0.030 [0-1] 0.970
'WLS, median [IQR] 3[2-3.5] 2[1-2.5] 0.003 3[24] 2]1-3] 0.004 1[0-15] 0.770
Work time loss, median [IQR] 12 [0-58] 24[10-70] 0.100

* Missing data for one participant who did not report PCS
Catastrophizing Scale; SF-12—Short Form Survey 12;
6—complete limitation).

id percent reported). WIApp—Whiplash mobile application, Intervention group; NDI—Neck Disability Index; PCS—Pain
sacial Functioning Scale (1-—constant limitation to 5—no limitation); WLS—Work Limitation Scale (1--no limitation to
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The WIApp group showed significantly higher adherence to HEP, with most partici-
pants reporting exercising 2—4 times/week, compared to the control group, who reported
occasional exercise (p = 0.005). The level of adherence to exercise for both groups is shown
in Table 3.

Table 3. Participants divided into outcome categories.

Initially After 6 Months
WIApp Control WIApp Control
(n=29) (n =30) (n=29) (n=30)
Adherence to exercise, n [%]
Never 2[7] 1[3]
Occasionally 6[21] 17 [57]
2-4 sessions/week 10 [34] 11 [37]
>5 sessions/week 11 [38] 1[5]
Neck Disability Index%, n [%]
no disability (0-8%) 10 [34] 8[27]
mild disability (10-28%) 8[28] 10 [33] 14 [48] 16 [53]
moderate disability (30-48%) 15 [52] 13 [43] 4[14] 3[10]
severe disability (50-68%) 5[17] 7 (23] 1[3] 21[7]
complete disability (>70%) 1[3] 1[3]
VAS pain (0-10), n [%]
no pain (0) 91[31] 5[17]
mild pain (1-3) 2(7] 4[13] 13 [45] 15 [50]
moderate pain (4-6) 22 [76] 14 [47] 4[14] 8127]
severe pain (7-10) 5[17] 12 [40] 31[10] 217]
Social Functioning Scale
(limitation), n [%]
all of the time 1[3]
most of the time 5[17] 7 [23] 1(3]
some of the time 13 [45] 14 [47] 10 [34] 11 [37]
alittle of the time 8 (28] 9[30] 12 [41] 13 [43]
none of the time 21[7] 7 [24] 5[17]
Work Limitation Scale, n [%]
No work limitation 1[3] 1[3] 11 [38] 9 [30]
I can do only my usual work 9[31] 81[27] 11 [38] 12 [40]
I can do most of my usual work,
s R 12 [41] 13 [43] 6[21] 8[27]
I can’t do my usual work 5[17] 7123] 1[3] 1[3]
I can hardly do any work at all 1[3] 0[0]
Ican’t do any work at all 1[3] 1[3]

WIApp—Whiplash mobile application, Intervention group.

Adherence correlated differently, i.e., oppositely, with initial NDI% in the intervention
group (r = —0.18) and control group (r = 0.26) (p < 0.001). Using a multivariant analysis, we
calculated how particular variables (initial NDI%, initial pain VAS, initial PCS, and inter-
vention) influenced exercise adherence. The model that considers mobile app intervention
describes data 17 times better (AAIC = 5.645, ER ~ 16.82, p = 0.007, and R? = 23%) than the
one without it (Table 4).

Initially, 52% of patients in the WIApp and 43% in the control group reported moderate
disability (Table 3), with no difference between the groups (p = 0.6). At the six-month
follow-up, both groups had significantly lower NDI% scores, with 48% of participants in
the intervention and 53% in the control group reporting mild disability. Furthermore, the
median change in the NDI% was not statistically different between the groups (20 IQR
10-27 vs. 17 IQR 6-25; p = 0.516).
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When analyzing PRS six months after the injury, most participants reported partial
recovery (16, [55] vs. 17 [57]), followed by total recovery (11, [38] vs. 12, [40]) and no
recovery (2, [7] vs. 1 [3]), with no significant difference between the groups (p = 0.823).

Table 4. Estimates of model variables’ effects on adherence.

Variable Effect Size () Standard Error p Value
Intercept 2.593 0.4156 <0.0001

NDI initially (%) —0.006714 0.008337 0.4242
Pain (VAS) initially —0.05571 0.06781 0.4150
PCS initially 0.01584 0.008822 0.0782
Intervention (app.) 0.5883 0.2082 0.0066

NDI—Neck Disability Index; PCS—Pain Catastrophizing Scale.

At baseline, significant pain catastrophizing was reported in 41% of participants in
the WIApp and 31% in the control group (p = 0.58). Six months after the injury, pain
catastrophizing was decreased by 31% in the WIApp group (p = 0.01) and by 18% in
the control group (p = 0.12). Additionally, at baseline, we found that increased pain
catastrophizing was connected to increased NDI% (OR = 1.071, 95%CI 1.025 to 1.127;
p = 0.002), and a similar connection was found six months after the injury (OR = 1.111,
95%CI1.049 to 1.2; p < 0.001).

Initially, 91% of participants in the WIApp and 87% in the control group reported
moderate or severe pain intensity levels (Table 3), with no difference between the groups
(p = 0.369). Both groups reported significantly lower average pain intensity levels six
months after the injury, with 45% of participants in the intervention and 50% in the control
group reporting mild pain. No difference in the average change of pain VAS was found
between groups (1.45 £ 2.4 vs. 1.45 £ 1.95; p = 0.9).

After the injury, absenteeism was reported in 79% of participants in the WIApp and
91% in the control group (p = 0.389), with only 3% of participants from both groups having
no work limitations (Table 3). Six months after the injury, participants had significantly
fewer work limitations, with 38% of subjects in the intervention and 30% in the control
group reporting no limitation. The median change in work limitation (AWLS) showed
no difference between the groups (1 IQR 0-1.5 vs. 1IQR 0-2; p = 0.770). Although there
was a difference in the median workday loss between the groups, it was not statistically
significant (12 IQR 0-58 vs. 24 IQR 10-70; p = 0.1).

After the injury, 45% of participants in the WIApp and 47% in the control group
reported they sometimes have limitations in social activities (Table 3), with no difference
between the groups (p = 0.758). Six months after the injury, both groups had limitations in
social activities significantly less of the time, with 41% of participants in the intervention
and 43% in the control group reporting only occasional limitations in social activities. There
was no difference in the change in social limitation (ASFS) between the groups (1 IQR 0-1
vs. 1 IQR 0-1 p = 0.970).

There was no difference in the initial median SF-12 scores (40 IQR 36-50 vs. 49 IQR
36-57; p = 0.12). Both groups reported significantly higher SF-12 scores six months after
the injury (60 IQR 48-83; p < 0.001 vs. 66 IQR 45-78; p = 0.01). When the change in the
SF-12 was compared between groups, the intervention group showed a significantly greater
increase (20 IQR 6-36 vs. 15 IQR 9-23; p = 0.038).

4. Discussion

This study compared the effectiveness of adding mobile app intervention to standard
physical therapy in increasing adherence to exercise and lowering disability in a 6-month
follow-up period in patients after whiplash injury of the neck. Mobile app use increased
adherence to HEP. Both groups showed significant improvement in disability, pain, social
functioning, and work capabilities, with no significant differences between them. Pain
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catastrophizing was significantly decreased, and HRQoL improved more in the intervention
group six months after the injury.

HEP for neck pain showed effectiveness in decreasing pain and disability [26]. Fur-
thermore, adherence to HEP plays a key role in optimizing the benefits of exercise, and
it is connected to better functional outcomes [27]. Adherence to HEP is challenging for
patients, especially when it is needed for a prolonged period, as it is after a whiplash
injury [28,29]. Digital interventions showed the ability to tackle that problem [30,31]. In
this study, everyday reminders to exercise via push notifications increased adherence to
exercise compared to the control group. In the control group, we showed a link between
higher initial disability and higher adherence to HEP. This link was not found in the in-
tervention group. So, participants with a higher initial disability and who are at risk for
developing chronic pain and disability [32,33] were adherent in both groups. The interven-
tion increased adherence in participants with a lower initial disability and who already
had a good recovery trajectory [6]. This could explain why increased adherence in the
intervention group did not lead to an additional decrease in disability.

Psychological factors are often described to negatively impact recovery after a whiplash
injury [32,33]. However, our study did not show this connection. Moreover, our results
showed that pain catastrophizing correlated with actual disability levels. In both groups,
catastrophizing decreased six months after the injury when disability levels decreased.
However, the change in pain catastrophizing was significant only in the WIApp group.
This is in accordance with Campbell et al. 2018 [34], who did not find evidence of pain
catastrophizing negatively impacting recovery after a whiplash injury.

A work limitation is largely prevalent after a whiplash injury [35], and many people
with injuries have a lower ability to work six months after their injury [36]. In our study,
8 out of 10 participants in the intervention and 9 out of 10 in the control group reported
initial absenteeism, with a lower rate of work-disabled participants in the intervention
group. Also, the intervention group had a lower number of days of sick leave, but it
was not statistically significant. This is in accordance with the paper by Brakenridge,
et al. [37], which states that interventions following whiplash injury were not effective in
decreasing days of sick leave. Although both groups showed significant improvements in
presenteeism, almost one out of three were unable to perform their usual work six months
after the injury.

Social functioning is also affected by the injury [38,39]. Both groups showed significant
improvement in social functioning, and no difference was found between them. In both
groups, three out of five participants reported rare or no limitations in social functioning
six months after the injury.

Whiplash injury patients often sustain chronic pain and disability and do not fully
recover [40]. Accordingly, three out of five participants reported partial recovery after six
months, and no difference was found between groups.

It is known that whiplash injury negatively impacts a person’s HRQoL [41,42]. When
analyzing HRQoL, both groups showed significant improvement in a six-month period. As
stated before, no difference was found between the groups when the outcomes were ana-
lyzed individually (physical health, mental health, work limitation, and social functioning).
However, when united in HRQoL, the mobile app group showed a superior improvement.
Similarly, in a study by Chen et al. [43], telerehabilitation increased HRQoL but did not
affect physical functioning in patients with knee osteoarthritis.

5. Strengths and Limitations

The main strength of the study is the methodology—an RCT comparing the effec-
tiveness of mobile app intervention in increasing adherence to HEP against written and
illustrated material given to the whiplash injury participant. The methodology was guided
by CONSORT recommendations, and all outcomes were reported according to CATWAD.
Generally, a low dropout rate was observed (9/68, 13.2%), with only one participant drop-
ping out after the allocation. Due to a low drop-out rate and increased adherence to HEP
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in the WIApp group, we assume the app is suitable for every smartphone user who has
sustained a whiplash injury. There are a few limitations that need reflecting upon. First,
blinding of the patients and outcome investigators could not be achieved due to the nature
of the intervention. Second, all outcome measures were patient-reported. Although they
are the current golden standard for evaluation and follow-up of a whiplash injury, they
can be subject to malingering [44]. Third, the follow-up period was six months. Therefore,
further studies are needed to evaluate the long-term outcomes between the groups.

6. Conclusions

By adding mobile app intervention, we increased adherence to HEP, but that did
not have an added impact on disability and pain. However, in the intervention group,
lowered pain catastrophizing and increased HRQoL were observed. In this study, we
focused on adherence, so there was no difference in exercise presentation between groups.
In the future, content could be added to the app to be more interactive and to provide
educational materials, videos of the exercises, and progression feedback. To maximize
the apps’ potential, further studies could investigate how more individualized exercise
programs impact recovery in high-risk participants. These participants could be reassessed
in real time, and treatment plans could be retailored as needed.

Supplementary Materials: The following supporting information can be downloaded at https:
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collection method.
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