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SAZETAK
Ucinci tjelesnog vjezbanja na oporavak mladih sportasa od posljedica potresa mozga
Matko Leovi¢

Potres mozga povezan sa sportom cesta je posljedica traumatskog incidenta u mladih sportasa
koji se moze dogoditi na treningu ili utakmici. Bitna je hitna reakcija medicinske sluzbe na
mjestu ozljede, a dijagnosticiranje potresa mozga i tezina ozljede provode se putem posebno
dizajniranog upitnika (npr. SCAT5) kako bi se odredilo koji sportas se moze odmah vratiti
sportskoj aktivnosti, a kod kojega je potrebna daljnja dijagnosti¢ka obrada. Simptomi potresa
mozga su nespecificni Sto otezava postavljanje dijagnoze. Najces¢i simptomi su glavobolja i
omaglica, a simptomi se dijele u Cetiri kategorije: tjelesni, kognitivni, emocionalni i
poremecaji spavanja.Vecina simptoma se povla¢i unutar prvih tjedan dana od ozljede, no 10%
djece ¢e imati 1 simptome kroz duzi period. Ukoliko simptomi traju duze od mjesec dana
govori se o kroni¢nom post-komocijskom sindromu, KPKS. Donedavno se smatralo kako je
strogi odmor najbolji nacin za oporavak mladih sportasa, no na temelju recenzije 60 000
Clanaka, CISG konferencija (prema engl. Concussion in Sport Group) donijela je preporuku o
uvodenju aerobnog vjezbanja u tretman oporavka mladih sportasa. Suboptimalno aerobno
vjezbanje koje potencira 60 do 80% maksimalnog sréanog ritma pri izvodenju vjezbi
pokazalo se kao tretman koji uspjesno djeluje na regulaciju parcijalnog tlaka ugljikovog
dioksida u krvi i smanjenje mozdanog protoka krvi. Iako dosadasnje studije ohrabruju
istrazivace o ucincima aerobnog vjezbanja, potrebna su daljnja istrazivanja kako bi se razvili

to¢ni parametri 1 modaliteti lijeCenja.

KLJUCNE RIJECI : potres mozga, kroni¢ni post-komocijski sindrom, sréani ritam, aerobno

vjezbanje



SUMMARY

Effects of exercise on recovery after concussion in young athletes

Matko Leovi¢

Sports-related concussion is a common result after traumatic incident which can occur at
training ground or during the game. Emergence reaction is necessary at the place where the
injury have occured, and diagnostics and injury severity are established through specifically
designed questionnaire (e.g. SCAT5) to determine which player can return to sports activity
and which player must go through further diagnostics evaluation. The symptoms of
concussion are not specific and thus is harder to establish proper diagnosis. The most common
symptoms are headache and dizziness and symptoms are divided into four main categories:
somatic, cognitive, emotional and sleep disorders. Most of the symptoms are resolved in first
week after injury, but 10% of children will have symptoms after that period. If symptoms last
longer than one month, diagnosis of persistent post-concussive syndrome can be established.
Until recently, treatment recommendation for these patients was strict rest, but after reviewng
over 60 000 articles CISG conference declared new recommendation to include aerobic
exercise into young athlete's treatment. Suboptimal aerobic exercise which potentiate 60-80%
of maximum heart rate during exercising was shown to be effective in reducing partial
pressure of carbon dioxide and in reducing cerebral blood flow. Although up-to-date studies
are very convincing, further studies are needed to establish exact treatment parameters and

modalities.

KEY WORDS: concussion, persisent post-concussive snydrome, heart rate, aerobic exercis



1. UvOD

U posljednih nekoliko desetlje¢a dogodio se velik razvitak sportske medicine, ne samo one
koje se bavi odraslima, ve¢ i mladima. Razvitak se dogodio u promjenama metoda treninga i
sportske opreme, ali isto tako u prevenciji i lijeCenju ozljeda. Ozljeda koja moze rezultirati
produzenim oporavkom i trajnim posljedicama jest traumatska ozljeda mozga, TOM (prema

engl. traumatic brain injury, TBI).

TOM je znacajan javnozdravstveni problem u svijetu zbog nedovoljno poznate prevalencije,
kao i zbog ¢injenice da ne postoji to¢no odredena terapija ili protokol za oporavak takvih
pacijenata. Ipak, u posljednje vrijeme ohrabruju radovi koji govore o utjecaju aerobnog
vjezbanja pa se tako ta tema nametnula znanstvenoj zajednici, pogotovo u SAD-u koji

generira znatan dio znanstvenog opusa 0 ovoj tematici.

The Centers for disease control and prevention (CDC) je vodeca americka javnozdravstvena
organizacija, a ona definira TOM kao ozljedu uzrokovanu nagnje¢enjem, udarcem ili trzajem
glave koji izaziva poremecaje normalne mozdane funkcije (1). Ozljeda mozZe biti blaga, tj.
uzrokovati manju promjenu mentalnog stanja ili svijesti, ili teska, tj. uzrokovati duzi period
nesvjesnosti ili amnezije nakon incidenta. U literaturi se blaga mozdana ozljeda (prema engl.
mild traumatic brain injury, mTBI) poistovjecuje sa potresom mozga, iako neki znanstvenici
smatraju kako su to odvojeni entiteti (2). Kako imaju sli¢nu definiciju i simptomatologiju, u

ovom diplomskomu radu o njima ¢e se govoriti kao sinonimima.

Damjanov potres mozga definira kao klini¢ki sindrom s prolaznim neuroloskim ispadima koji
ukljucuju gubitak svijesti, poremecaj disanja i gubitak refleksa (3). Najéesce se razvija u
slu¢ajevima akceleracijske ozljede mozga, a promjene u mozgu su reverzibilne. Oporavak je

brz i potpun, ali amnezija moze potrajati. Katkad se slika komplicira psihogenim



problemima. Tkivna se ostecenja ne nalaze neuroradioloskim oslikavanjem mozga niti pri
mikroskopskom pregledu tkiva. Robbins navodi kako ne treba nuzno biti prisutan gubitak
svijesti (4). Ponavljajuce epizode potresa mozga mogu rezultirati trajnim neuroskim
ostecenjima, uklju¢ujuéi kognitivna oste¢enja, parkinsonizam i kroni¢nu traumati¢nu

encefalopatiju.

Definicija potresa mozga povezana sa sportom detaljno je razradena 2016.godine na
konferenciji Concussion in Sport Group (CISG) koja je odrzana u Berlinu. Okupila je mnoge
stru¢njake sportske medicine pod okriljem Medunarodnog olimpijskog odbora, FIFA-E i
Medunarodne hokejaske federacije. Grupa eksperata recenzirala je oko 60 000 ¢lanaka na tu

temu 1 dosla do zakljucaka koji su navedeni u daljnjem tekstu.

Potres mozga povezan sa sportom, PMPS (prema engl. sports related concussion, SRC)

definiran je kao traumatska ozljeda mozga uzrokovana biomehanickim silama (5).

Nadeno je nekoliko zajednickih karakteristika:

1. Sila je prenesena na glavu, a udarac moze biti u podrucju lica, glave ili vrata.

2. Neuroloski poremecaji se uglavnom odmah ocituju i brzo spontano prolaze, ali se mogu

oditovati i tek nakon nekoliko minuta, sati ili dana.

3. Poremecaji 1 akutni klini¢ki znakovi uglavnom su odraz funkcionalnog ostecenja pa se
stoga ne mogu detektirati na slikovnim pretragama (CT, MR). Moguc¢a su i strukturna

patoloska ostecenja.

4. Gubitak svijesti ne mora biti prisutan uz ostale klinicke znakove.

5. Oporavak je brz i postupan, iako mozZe biti i produljen.



6. Simptomi se ne mogu dovesti u vezu sa zlouporabom droge, alkohola ili lijekova te drugih

ozljeda (kraljeznice,vestibularnog sustava) ili prijasnjim komorbiditetima.

CISG konferencija znacajna je jer je novim spoznajama dopunila i predlozila modalitete
lijeCenja PMPS-a koji su ustanovljeni na prijasnje Cetiri konfencije (2001,2004,2008,2012).
Isto tako, definirani su Kriteriji za odredivanje kroni¢nog poslijekomocijskog sindroma, KPKS
(prema engl. persistent post-concussive symptom, PPCS). Kratica PPCS takoder moze znaditi
i,persisent post-concussive syndrome* (6). KPKS se definira kao trajanje simptoma potresa

mozga dulje od 10-14 dana za odrasle, a dulje od 28 dana za djecu i mlade (1 mjesec) (5).



2. METODE

Pregled dosadasnjih spoznaja o ucincima tjelesnog vjezbanja na oporavak mladih sportasa od
posljedica potresa mozga provedena je analizom rezultata dosadasnjih istrazivanja
objavljenim u dostupnim znanstvenim i struénim radovima. Pretrazivanje je napravljeno
prema Cetiri kriterija koja su ukljucivala pretragu po MeSH terminima i klju¢nim rije¢ima,
period objavljivanja, jezik i dostupnost rada. U pretragu su ukljuéeni izvorni, pregledni i
stru¢ni radovi. Analiza dostupne literature uklju¢ivala je definiranje problema, pronalazenje
stru¢nih 1 znanstvenih radova pretrazivanjem bibliografske baze podataka PubMed,
komercijalnih znanstvenih baza podataka (Google znalac) i slobodnih dostupnih elektronickih
izvora; prikupljanje literature, analizu objavljenih radova i pregled dobivenih rezultata.
Takoder su pregledane smjernice struc¢nih drustava 1 ustanova u medicini rada i sporta. Osim
elektronickih zapisa, pregledani su 1 dostupni udzbenici i tiskane publikacije iz podrucja
sportske medicine, fiziologije i fiziologije sporta. Izvorni, pregledni i stru¢ni znanstveni
radovi prikupljeni su bibliografske baze podataka PubMed jer je besplatna i pokriva Siroko
podrucje biomedicine i zdravstva. Koristili su se MeSH termini ,, traumatic brain injury*,
,Lorain concussion®, ,persistent post-concussive symptome*, ,,persistent post-concussive
snydrome* i kombinirali su se s kljuénim rije¢ima ,,sports related ,, i ,,aerobic exercise*
upotrebom Booleovih izraza rijeci AND, OR, NOT u pojmove. Analizirani su dostupni radovi
koji su objavljeni u periodu od srpnja 1991.do svibnja 2020. godine, objavljeni na engleskom
i hrvatskom jeziku. Radovi iz ovog perioda su odabrani jer su tada krenula krenula prva
istrazivanja o op¢im pozitivnim u¢incima aerobnog vjezbanja, kao i o patofiziologiji potresa
mozga. Pregledom naslova radova i sazetaka, odabrani su radovi koji udovoljavaju kriterijima

ovog istrazivanja te oni koji su dostupni u cijelosti ("full-texts”).



3. EPIDEMIOLOGIJA

U 2014. godini u Sjedinjenim Americ¢kim drzavama zabiljezeno je ukupno 2,87 milijuna
slucajeva traumatske ozljede mozga, od ¢ega je bilo 2,53 milijuna hitnih posjeta; 280.000
hospitalizacija i 56.800 smrtnih ishoda (1). Medu djecom zabiljezeno je 837.000 sveukupnih
slucajeva, od ¢ega je 2529 djece preminulo. Slucajni padovi, udarac u objekt ili objektom te
automobilske nesrec¢e najcesci su mehanizmi ozljeda. Ta tri mehanizma su sudjelovala sa
47,9%, 17,1% i 13,2% udjela u hitnim posjetama. Problem je ipak u nepotpunim podatcima,

jer CDC ne prikuplja podatke izvan bolnickih centara (npr. od lije¢nika opce prakse).

Po nekim prijasnjim podatcima CDC-a godi$nje je bilo 300.000 slucajeva traumatske ozljede
mozga koje su uzrokovane sportskim aktivnostima (7). Medu te slu¢ajeve nisu bile uracunate
osobe sa o¢uvanom svijes¢u i one koje su se javile medicinskom osoblju izvan bolnice (1).
No, kako se navodi, studije ukazuju da je gubitak svijesti prisutan u samo 8 do 19,2 %
slucajeva, onda je realnija procjena kako je tada godisnje 1,6 do 3,8 milijuna sportasa u SAD-
u dozivjelo potres mozga koji je povezan sa sportskim aktivnostima , od ¢ega je njih 30% u
dobi 5 do 19 godina (8). Ako bi taj podatak vrijedio i za rezultate iz 2014. godine, taj bi broj
vjerojatno bio jo$ i ve¢i. Tome broju treba pridodati i one koji su pretrpjeli blagu traumatsku
ozljedu, tj. potres mozga, a da to nisu nikome prijavili. Potres mozga povezan sa sportskim
aktivnostima stoga je bitan iz epidemioloskog kuta jer je ukupan broj ozlijedenih nepoznat, ali
i unato¢ ¢injenici da ¢e 90% ozlijedenih oporaviti u roku 7-10 dana, 10% mladih sportasa
moze imati simptome i nakon tog razdoblja (8). Istrazivanja pokazuju da se raspon djece koja
¢e bolovati od PMPS-a nakon tri mjeseca krece u rasponu 14 do 29% (9). Sportovi koji se
navjise povezuju s potresom mozga su americ¢ki nogomet i hrvanje medu djecacima, Zenski

nogomet, muski nogomet te zenska kosarka (8).



4. PATOFIZIOLOGIJA

Djeca i mladi skloniji su potresu mozga zbog razli¢itih strukturnih i muskuloskeletalnih
obiljezja (9). Imaju veéi udjel vode u tijelu, nedovrsenu mijelinizaciju i slabije vratove Kkoji
bolje prenose, tj. losije sprijeCavaju akceleracijsko- deceleracijske sile koje su odgovorne za
nastanak potresa mozga zbog pomicanja mozga unutar lubanje. Zbog pomicanja mozga,
dolazi do aksonskoga ostecenja, tj. aksonskoga istezanja. Aksonskim istezanjem dolazi do
mehanoporacije neuralnih membrana, $to uzrokuje efluks kalijevih, a influks kalcijevih iona
(10). Takva promjena ionskih potencijala uzrokuje otpustanje glutamata koji potice
citotoksi¢nu kaskadu koja je odgovorna za znakove kognitivne disfunkcije (11). Kako neuron
pokusSava ispraviti tu promjenu membranskoga potencijala, dolazi do povecanog trosenja
ATP-a i njegova manjka. To uzrokuje manjak energije i porast broja oksidirajuc¢ih tvari, $to se

ocituje simptomima kao $to su konfuzija i gubitak svijesti (8).

U posljednje vrijeme sve vise se istrazuje mehanizam upale, zasnovan na medudjelovanju
neutrofila i makrofaga, koji dolaze na mjesto ostecenja, sa mikroglijalnim i astrocitnim
stanicama (12). Dolazi do porasta lu¢enja citokina, od kojih je najvazniji kiseli glijalni
fibrilarni protein , KGFP (prema engl. Glial Fibrillary Acidic Protein, GFAP) Kkoji je vazan
biobiljeg astrocitne aktivacije, a izrazito je poviSen nakon traume mozga (13) . Od ostalih
molekula istrazuju se proupalni citokini kao $to su IL-1a, IL-p i TNF-a. Razine IL-p dugo se
mogu detektirati, a razina korelira sa ozbiljno$¢u traumatske ozljede mozga (14). lako se
mislilo da prethodi lu¢enju neuroprotektivnih faktora, istrazivanja pokazuju da inhibicijom
djelovanja IL-1p dolazi do smanjenja mozdanog edema i regresije simptoma (15). TNF-a
pokazuje neuroprotektivno i neurotoksi¢no djelovanje, $to se povezuje s njegovim dvostrukim

vezivanjem na receptore u mozgu (16). Takoder, poznato je da navedeni proupalni citokini



poti¢u lucenje protupalnih citokina, kao §to su IL-10 i TGF-B, kako bi doslo do ravnoteze

upalnih procesa u mozgu (17).

Patofozioloski mehanizam koji uzrokuje nemoguénost vjezbanja, tj. netoleranciju prijasnjih
uobicajenih sportskih napora, zasniva se na ozljedi centra za kardiopulmonalnu funkciju u
produzenoj mozdini ili diskonekciji produzene mozdine s baroreceptorima i srcem (18). Time
dolazi do disregulacije autonomnog Ziv¢anog sustava koji postaje neosjetljiv na povisene
razine arterijskog CO, u krvi (paCO,) sto dovodi do relativne hipoventilacije. Zbog toga
dolazi do vazodilatacije u krvnim Zilama mozga i poviSenja intrakranijalnog tlaka zbog
povecéanog protoka Krvi kroz mozak, CBF (prema engl. cerebral blood flow) sto uzrokuje
simptome poput glavobolje, osjecaja vrtnje, povracanja itd. (19).

Tajje mehanizam u sredistu pozornosti ovog rada, jer se dosad pokazao kao onaj mehanizam
na koji se moze djelovati kako bi se sprijecili ili ublazili simptomi, a na temelju egzaktnih
parametara. Kao posebno opasan mehanizam koji dovodi do toga stanja navodi se rotacijska

ozljeda u podrucju gornje vratne kraljeznice (6).



5. KLINICKA SLIKA

Klini¢ka slika potresa mozga je nespecifi¢na i u diferencijalnoj dijagnozi trebaju uzeti ostale
neuroloske poremecaje i poremecaje drugih organskih sustava . Diferencijalne dijagonze su
vidljive u Tablici 1., a podatci su prilagodeni prema Barlow i sur. (2016). Zbog velikoga
mogucega broja simptoma, sportas koji je zadobio ozljedu mozga ne mora nuzno dobiti
dijagnozu potresa mozga. Simptomi se brzo javljaju, varijabilni su, u pravilu kratko traju i

brzo se povlace. Glavobolja i omaglica najé¢eséi su simptomi (8).

Simptomi potresa mozga mogu se podijeliti u Cetiri kategorije : tjelesni, emocionalni,
kognitivni i poremecaji spavanja. Podatci su vidljivi u Tablici 2. i Tablici 3., a prilagodeni su

prema Hobbsu i sur. (2016).

Tablica 1. Diferencijalna dijagnoza potresa mozga

DIFERENCIJALNA DIJAGNOZA

Intrakranijsko krvarenje (-epi ili subduralno, intercerebralno, subarahnoidno)

Migrena, glavobolja

Epilepsija

Ozljeda vestibularnog sustava

Ozljeda cevikalne kraljeZnice

Vestibularna ozljeda cervikalnog podrijetla

Cervikalna caskukarna ozljeda

Simptomatska ili komuniciraju¢a arahnoidna cista

Sinkopa

Promijenjeni mentalni status zbog koriStenja supstanci ili zbog med. poremecaja

Depresija

Anksioznost

Hipohondrijaza

Somatizacija / konverzija




Tablica 2. Tjelesni i kognitivni simptomi

TJELESNI

Glavobolja

Mucénina

Problemi s ravnotezom

Omaglica

Problemi s vidom

Umor

Fotofobija

Fonofobija

Parestezije

KOGNITIVNI

Osjecaj magle u glavi

Osjecaj usporenosti

Otezano koncentriranje

Problemi s pam¢enjem

Zaboravljanje nedavnih dogadaja ili razgovora

Usporeno odgovaranje na pitanja




Tablica 3. Emocionalni simptomi i poremecaji spavanja

EMOCIONALNI

Razdrazljivost

Osjecaj tuge

Osjecaj nervoze

POREMECAJI SPAVANJA

Spavanje duze od uobicajenog

Spavanje krace od uobicajenog

Otezano usnivanje

Ucestalo budenje

5.1 TIELESNI SIMPTOMI

Glavobolju iskusi do 90% ozlijedenih. Najcesce se radi o tenzijskoj glavobolji 1 migreni. Od
ostalih vrsta moze do¢i do muskuloskeletalnoe boli zbog trzajne ozljede vrata. Bol moze
potrajati na mjestu udara ili laceracije i do nekoliko mjeseci (20).

Simptom omaglice osje¢a oko 50% ozlijedenih. Moze biti vestibularne ili nespecificirane
etiologije. Neki pacijenti mogu osjetiti i pravu vrtoglavicu, a najées¢i uzroci su benigni
paroksizmalni pozicijski vertigo, potres labirinta unutarnjeg uha, perilimfatic¢ka fistula (20).
Nakon ozljede, mladi sportasi ¢esti imaju problema s ravnotezom : u hodu se njisu ili padaju
(21). Poremecena ravnoteza moze biti uzrokovana ozljedom vidnog sustava. Zato je pregled

ravnoteze putem SCAT-5 upitnika vrlo bitan u procjeni ima li netko potres mozga.
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5.2 KOGNITIVNI SIMPTOMI

Odmah nakon potresa mozga vecina ozlijedenih prijavljuje osjec¢aj magle u glavi, javlja se
gubitak tijeka misli, losija je konverzacija, pacijent ima problema sa prisje¢anjem, ne moze se
sjetiti rijeci za ono Sto zeli izre¢i. lako se velika vecéina djece oporavi u roku od par dana,
rizicnim faktorima smatraju se poslijetraumatska amnezija duza od 30 minuta i abnormalnosti
EEG-a unutar 24 sata nakon ozljede. Isto tako, mogucnost trajnih posljedica ili produljenoga

oporavka povezuje se s prethodnim potresima mozga (9).

5.3 EMOCIONALNI SIMPTOMI

Spektar psihijatrijskih problema moze se pojaviti nakon potresa mozga: anksioznost,
depresija, poremecaji osobnosti, poslijetraumatski stresni poremecaj, poremecaj
paznje/hiperaktivni poremecaj te ADHD. S porastom ozbiljnosti ozljede, u do 36% djece
pojavljuju se takvi poremecaji unutar 6 mjeseci. Kada postoji neki od ovih simptoma,
potrebno je ukljuciti multidiciplinarni tim gdje je klju¢na pomo¢ psihijatra.Za depresivne
epizode moze se koristiti lijeCenje sertralinom, a anksioznost se moze lijeciti kognitivno-
bihevioralnom terapijom. Ono §to se ne smije zaboraviti je ¢injenica da podrska obitelji ima

veliku ulogu u samom lije¢enju i njegovoj uspjesnosti (9).
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5.4 POREMECAJI SPAVANJA

Pojavljuju se u 50% djece i adolescenata nakon blage mozdane ozljede. Prvo se pojavljuje
hipersomnija, i najcesca je tegoba unutar prvih 7 do 10 dana od ozljede. Nakon toga,
pojavljuju se problemi s otezanim usnivanjem, a podatci govore da nakon 3 mjeseca 38%
djece ima problema s otezanim usnivanjem, ¢e$¢im budenjem i manjom efikasno$¢u spavanja
Sto se vidi i na polisomnografiji. Bitno je detaljno uzeti anamnezu kako bi se vidjelo postoje li
neki ve¢ postojeci ili novi ¢imbenici koji utjecu na spavanje kao Sto su anksioznost,depresija
,uzimanje lijekova. Od lijekova koji se povezuju s insomnijom valja spomenuti lijekove koji
se primjenjuju za lijeCenje poremecaja paznje. U lijeCenju insomnije bitno je voditi dnevnik
spavanja, a od farmakoterapije mogu se uzimati melatonin 1 amitriptilin, koji takoder mogu
pomoc¢i u sluéaju kada postoje i glavobolje, kao i hipnotici zopiklon i zolpidem. Bitno je
odabrati terapiju koja ne bi maskirala ostale simptome potresa mozga. Kod kroni¢ne

insomnije, kognitivno -bihevioralna terapija je u¢inkovitija od farmakoloske (9).

5.5 SECOND IMPACT SYNDROME

U literaturi ovaj se naziv rabi kao komplikacija preranoga povratka sportskim aktivnostima
nakon pretrpljenoga mozdanog udara. Smatra se da je rije¢ o gubitku autoregulacije
mozdanoga protoka, §to dovodi do porasta intrakranijalnoga tlaka i difuznoga mozdanog
edema (22). Porast intrakranijalnoga tlaka izrazito je opasan, jer moze dovesti do hernijacije,
a samim time do kome i smrti. Osim ovoga sindroma i njegovih nezeljenih posljedica, prerani

povratak sportskim aktivnostima moze dovesti do novoga potresa mozga i smanjenja
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kognitivnih sposobnosti i vremena reakcije koji su potrebni za sportski uspjeh. Osim toga

postoji i neurometabolicki prozor u kojemu je mozak posebno susceptibilan na ozljedu (23).

5.6 KRONICNA TRAUMATICNA ENCEFALOPATIJA

To je kroni¢na komplikacija ponavljanih traumatskih ozljeda mozga, jo§ uvijek nedovoljno
razja$njenoga patofizioloSkog mehanizma (24). Kroni¢na traumati¢na encefalopatija prvotno
je opisana 1920-ih i 30-ih kao ,,dementia puglistica“ ili ,,punch drunk symdrome* u boksaca,
koji su se o¢itovali simptomima parkinsonizma, disartije i demencije. Bolest se najsée javlja u
boksaca, igraca americkoga nogometa, hrvaca, hokejasa na ledu i nogometaSa.Trauma ne
mora nuzno zavrsiti potresom mozga, nego moze uzrokovati asimptomatska ostecenja, jer
poznato je kako se bolest pojavljuje tek nakon 8-10 godina. Obicno se slijed razvoja

simptoma dijeli u ¢etiri faze (25) :

1. Faza: Pojavljuju se simptomi konfuzije, dezorijentiranost i glavobolje.

2. Faza: Kako dolazi do atrofije mozdane mase, javlja se gubitak pamc¢enja i impulzivno

ponasanje.

3.14. Faza : Demencija se progresivno pogorsava, hipomimija, tremor, gluhoc¢a, problemi

s ravnoteZom, suicidalnost.
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U pozadini bolesti rije¢ je o atrofiji mozdane kore, pogotovo frontalnoga i temporalnoga
korteksa (Slika 1.)

Slika 1. Zdrav mozak (lijevo), mozak pacijenta s kroni¢nom traumatskom

leukoencefalopatijom (desno), Izvor: Boston University Center for the study of Traumatic

Encelopathy

Kroni¢na traumatska encefalopatija je taupatija, koju ipak treba razlikovati od Alzheimerova
sindroma, jer do nakupljanja tau (t) proteina ne dolazi u istim regijama mozga. Terapija za

ovu bolest jo$ uvijek, na zalost, ne postoji, a definitivna dijagnoza moguca je tek na obdukciji

(26).
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6. DIJAGNOSTIKA I ZDRAVSTVENI PREGLED SPORTASA

Kad se dogodi ozljeda na terenu, protokol je takav da se prvo na terenu radi evaulacija nastale
ozljede. Najvise paznje posvecuje se anamnezi, kognitivnim testovima i testovima ravnoteze
(27). Treba iskljuciti cervikalnu ozljedu, ozljedu lubanje, moguénost intrakranijalnog
krvarenja, a u tezim slu¢ajevima napraviti i kardiopulmonalnu resuscitaciju , ako je potrebno
(8). Ako postoji ozljeda vrata, radi se imobilizacija i voZnja do centra koji ima moguénost
dijagnostike naprednim slikovnim pretraga mozga. Bilo bi pozeljno kada bi lije¢nik imao
rezultate neuroloskih, kognitivnih, i testova ravnoteze koji bi se uzimali tokom sezone, tzv.
baseline test. Igra¢ koji pokazuje jasne znakove PMPS-a ( gubitak svijesti, tonicka postura ili
problemi s ravnotezom), odmah se uklanja s terena (27). U ozlijedenih u kojih se sumnja na
PMPS ili imaju znatnu ozlijedu glave, radi se evaulacija pokraj terena, tzv. sideline
evaluation. Najéesce se radi evaluacija SCAT-5 upitnikom za odrasle (Prilog 1.) ili CHILD
SCAT za djecu (Prilog 2.) . SCAT-5 upitnikom ispituje se postoji li amnezija (Koje je
poluvrijeme?, Koji je rezultat?, Koji je tjedan?), gleda se ima li znakova konfuzije (tup
pogled, neodgovaranje na pitanje). U sklopu SCAT-A 5 provjerava se i ravnoteza, i to tako da
ozlijedeni prvo stoji na dvije na noge pa na jednoj , pa sa zatvorenim o¢ima u tandem stajanju
(dominantna noga naprijed). Isto tako od ispitanika se trazi da zapamte redoslijed od pet
rijeci, ili izgovaraju slijed znamenki obrnutim redoslijedom. Radi se i Glasgowska ljestvica

kome, GCS (28).

Ono §to je bitno znati jest da SCAT-5 upitnik ne sluzi za postavljanje dijagnoze potresa
mozga povezanoga sa sportom, ve¢ usmjerava lije¢nika ili osposobljenoga zdravstvenog
radnika da prepozna koji ozlijedeni bi ga sportas mogao imati. Kona¢na odluka donosi se na
temelju klini¢ke procjene. SCAT-5 se pokazao korisnim unutar 3 do 5 dana, nakon toga, vise

se ne primjenjuje . Pregled se nakon evaluacije na terenu treba nastaviti u nekoj ,,mirnoj*
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prostoriji (npr. svlacionica). Gleda se postoji li regresija ili progresija simptoma prisutnih pri
pregledu na terenu, kao i pojava novih simptoma. Uzima se detaljnija anamneza od trenera,
suigraca i obitelji (hetereoanamneza), kao i procjena mentalnog statusa, kognicije, ravnotezne,
okularne i vestibularne funkcije. Takvi se podatci mogu unositi u ra¢unalni softver, a
preporuca se izobrazba neuropsihologa kako bi u buduénosti evaluacija ovakvih testova bila

pouzdanija (4).

Mogu se raditi 1 slikovne pretrage mozga, no pokazalo se da se na neuroradioloSkim
slikovnim prikazima, u pravilu ne , nalaze nikakve promjene (5). NA CTu nikakve, na MR-u
akutnoj fazi u 80 do 90% slucajeva ne nalaze se promjene, a u KPKS-u uopce ne, ako je rije¢

0 nekompliciranoj ozlijedi mozga.

Nakon $to produ simptomi, najnovije preporuke idu u smjeru strategije povratka sportu koje
su prikazane u Tablici 4., a prilagodene su prema Hobbsu i sur. (2016). Strategija se sastoji od
postupnoga napretka unutar minimalno tjedan dana. Nakon svake faze napretka treba proc¢i 24
sata bez simptoma da bi se preslo na idu¢u fazu. Ako se pojave simptomi , ne ide se dalje s

napretkom, nego osoba ponavlja proteklu fazu (8).
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Tablica 4. Strategija povratka sportu

Preduvjet : bez simptoma

Prvi korak u strategiji je da sportas obavi tjelesne i kognitivne testove i da bude bez simptoma
bar 24 sata. Za mlade sportaSe mogu vrijediti restriktivniji uvjeti.

1. korak: lagana aerobna aktivnost

5 do10 minuta izvodenja lagane aerobne aktivnosti poput hodanja, laganog joggiranje ili
voznja na sobnom biciklu, a s ciljem povisSenja sr€anog ritma.

2. korak: umjerena aktivnost

Umjereno joggiranje, kratko tréanje jacim intenzitetom, dizanje utega tezine manje od
uobicajene prije ozljede, s naglaskom na limitiranje kretnji glave i tijela.

3. korak: intenzivnija, nekontakna aktivnost

Intenzivnija aktivnost koja je blizu intenziteta rutinske aktivnosti, ali bez kontakta. Za vrijeme
ovog koraka mogu se raditi i kognitivne vjezbe

4. korak:trening, puni kontakt

Povratak na trening s punim kontaktom

5. korak: natjecanje

Povratak natjecanju.
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7. OCJENA SPORTSKE SPOSOBNOSTI

Temeljem antropometrijskih mjerenja, anamneze, povijesti bolesti, klinickoga pregleda,
funkcionalnih i laboratorijskih pregleda te vrsti sporta i bavi li se osoba rekreativno ili
profesionalno, specijalist medicine rada i sporta donosi odluku u sportskoj sposobnosti
pregledane osobe. U obzir se uzima je li rije¢ o kontaktnome sportu, nekontaktnome sportu
izdrZljivosti ili ostalima. Prema preporukama americkih autora kod kontaktnih sportova (29),
trebalo bi uzeti u obzir ima li osoba u anamnezi ili simptome nedavno dozZivljene traume glave
ili Ceste udarce u glavu, Sto moze biti kriterij za zabranu sportske natjecateljske aktivnosti
(30). Sportasima se ne preporuca povratak uobic¢ajenim sportskim aktivnostima dok oporavak
nije potpun. Kao $to je ve¢ navedeno, nakon $to se simptomi potpuno povuku, preporucuje se
postupan povratak sportskim aktivnostima. Ocjena sportske sposobnosti nakon ozljede
potreban je detaljan lije¢nicki pregled. Ako se prilikom pregleda pojavi smetnja ili simptom,

savjetuje se ponovno mirovanje i nakon odredenog vremena ponovni lije¢nicki pregled (30).

Temeljem svih navedenih podataka ocjena sportske sposobnosti nakon ozljede glave moze
biti:

1. sposoban (bez ogranicenja) za trening 1 natjecanje — u slucaju potpuno zdravog
organizma. Primjerice, sporta$ kontaktnog sporta je primio udarac u glavu, nije gubio
svijest, bez neuroloskih, kognitivnih, emotivnih poteskoca kao i poteskoca spavanja.

2. privremeno nesposoban — kada je zbog akutnih bolesti ili nejasnih zdravstvenih stanja
osoba upucena na daljnje dijagnosti¢ko-terapijske postupke bez kojih se ne moze

donijeti ocjena sportske sposobnosti. Primjer — sporta$ kontaktnoga sporta nedavno je
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dozivio traumu glave te se zbog neuroloskih simptoma traze dodatni dijagnosticki
postupci.

3. ograni¢eno sposoban — §to znaci da je sposoban za umjereni trening, nesposoban za
natjecanje ili je sposoban samo za odredeni/e sport/ove, za ostale nesposoban. Primjer
— sporta$ kontaktnog sporta je zbog ponavljanih trauma glave u rehabilitacijskom
postupku.

4. nesposoban za trening i natjecanje
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8. UCINCI AEROBNOG VJEZBANJA

Aerobno vjezbanje je vijezbanje koje zahtjeva oksidativni metabolizam kako bi se stvorila
energija. Rije¢ je o vjezbama koje ne izazivaju naglo otpustanje energije i anaerobni
metabolizam, ve¢ je naglasak na duzem otpustanju energije, pa se uglavnom govori o
vjezbama i sportovima niskog do umjerenog intenziteta kao sto su hodanje,trcanje,

bicikliranje, plivanje (31).

Cilj aerobnoga vjezbanja jest vratiti normalnu osjetljivost receptora za CO, u produzenoj
mozdini i povratiti autoregulaciju mozdanoga protoka krvi. Kroz program aerobnog vjezbanja
zeli se do¢i do one maksimalne frekvencije sr¢anog ritma (FS) kada ispitanik ne osjeca
simptome,a koja je primjerena dobi i bavljenju sportom prije ozljede. To se postize
polaganim privikavanjem receptora vjezbanjem koje ne izaziva simptome, tj. vjeZbanjem pri
submaksimalnoj sr¢anoj frekvenciji. Vra¢anjem normalne osjetljivosti receptora, smanjuje se
vazodilatacija krvnih zila u mozgu 1 smanjuje se mozdani protok krvi koji izaziva simptome

poput glavobolje i omaglice (5).

Kao §to je ve¢ navedeno, ovaj patofizioloski mehanizam pokazao se bitnim, jer se na temelju
sr¢anog ritma moze procijeniti smanjena tolerancija vjezbanja i napraviti program za brzi
povratak sportskoj aktivnosti. Kraljni cilj je povratak uobi¢ajenim Zivotnim navikama, $koli i
sportskim aktivnostima. Ipak, klini¢ki parametri i terapijski algoritmi jo$ uvijek su nepotpuni i

nisu stratificirani.

Howell naglasava kako je Sest bitnih sastavnica koje treba imati u dizajniranju studija i
programa aerobnog vjezbanja: doza, frekvencija,intenzitet,trajanje, vrijeme nakon ozljede i

vrsta vjezbanja (32). Podatci prilagodeni prema Howellu i sur. (2018) prikazani su na Slici 2.
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FREKVENCIJA

KOLIKO DANA U TJEDNU ?

DOZA

KOLIKO DUGO U JEDNOM
DANU ?

INTENZITET

KOJIM SRCANIM RITMOM ?
KOJI JE INICIJALNI TEST ?

SASTAVNICE VJEZBANJA

DOZA

KOLIKO TJEDANA, MJESECI ?

VRSTA VIJIEZBANJA

KOJA VRSTA (NPR. BICIKL,
TRCANJE) ?

VRIJEME NAKON
OZLJEDE

KADA ZAPOCETI PROGRAM ?

Slika 2. Sastavnice programa aerobnog vjezbanja

Kako nema jos jasno definiranih kriterija, razne studije su rabile razli¢ite modele aerobnog

vjezbanja. Podatci su prikazani prilagodeni prema Howellu i sur. (2018) u Tablici 5.



Tablica 5. Razli¢iti pristupi acrobnom vjezbanju

AUTOR FREKVENCIJA | TRAJANJE INTENZITET | DULJINA | NACIN POCETAK
VJEZBANJA
Dobney i sur. | Dnevna 20 do 30 min. Ispitanik sam Nije Bicikl, 3-4 1.
odreduje definirano traka
Chan i sur. Nije definirano 15 min. 60% 6 tj. Bicikl, >4tj.
maksimalnog FS traka
predviden za dob
Chrisman i Nije definirano Maksimalmo 20 | 80% FS-a pri >1j. Nije <4 tj. i <300
sur. min. pojavi simptoma definirano | dana
Grool i sur. Nije definirano Nije navedeno Ispitanik sam 7 dana Nije Unutar 7 dana
odreduje definirano
Moore i sur. 3do 5 danaltj. 20 do 30 min 60 do 80% FS-a | 6 mj. Bicikl Medijan = 107
pri pojavi dana
simptoma
Grabowski i 5 do 6 dana/tj. Ovisno o 80% FS-a pri Medijan = Ispitanik >3 1j i <36 tj.
sur. incijalnom testu | pojavi simptoma | 84 dana, odlucuje
raspon 7-
266 dana
Cordingley i 5 do 6 danaftj. 20 min. 80% FS-a pri Nije Nije >1j.
sur. pojavi simptoma | definirano definirano
Kurowski i 5 do 6 danaltj. 80% trajanja Do pojave 6 tj. Bicikl 4-16 tj.
sur. inicijalnog simptoma na
testiranja Borg RPE skali
Clausen i sur. | 5 do 6 dana/tj. 20 min. 80% FS-a pri 12 ). Traka 6-12 tj.
pojavi simptoma
Gagnon i Dnevna 20 do 30 min. 60% Medijan = Bicikl >4 1j.
sur. maksimalnog 5,51j. Jtraka
FS-a predviden
za dob
Leddy i sur. 6 dana/tj. 20 min. 80% FS-a pri 12 ). Nije >6 1. i <12 mj.
pojavi simptoma definirano
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Kako bi se mogao procijeniti tocan ucinak aerobnog vjezbanja, bitno je dobro dizajnirati
studiju. Uz grupu koja provodi odredeni tretman vjezbanja, bitno je u dizajn uvrstiti 1
kontrolnu grupu kako bi se iskljucili ¢imbenici zabune. Isto tako, bitan je i dizajn po gore
navedenih 6 Howellovih kriterija, kako bi svi ispitanici prolazi kroz isti ili slican tretman.
Vrlo vazno je pratit koliko se ispitanici pridrzavaju programa vjezbanja, tj. koliki je
compliance . Od u tablici navedenih studija , ¢etiri studije imaju to¢no definirani program
vjezbanja kao i kontrolnu grupu ukljué¢enu u dizajn studiije : Leddy i sur.(33), Kurowski i sur.
(33), Clausen i sur.(35) i Chan i sur. (36). U studijama Kurowski i sur. i Chan i sur. program
je trajao 6 tjedana, a u studijama Leddy i sur. i Clausen i sur. 12 tjedana. Razlike su
intenzitetu vjezbanja i postignutome FS-u, pa tako mjera intenziteta iznosi 60% maksimalnog
FS-a predvidenog za tu dob, ili 80% maksimalnog FS-a pri kojem se pojavljuju simptomi pri
inicijalnom testu, a trajanje vjezbanja je 15 do 30 min svakih 5 ili 6 dana u tjednu. Kontrolne

grupe su radili ili program vjezbi istezanja (33,34) il su mirovale (36).

Gagnon i sur. (37,38) uvode program od ¢etiri dijela : lagano aerobno vjezbanje (tréanje,
bicikl) na 60% maksimalnog FS-a u trajanju od maksimalno 15 min, lagane koordinacijske
vjezbe ovisno o preferencijama i sportu (npr. hokejasi izvode pokrete palicom), tehnike
pozitivne vizualizacije i rad sa psihologom te posebni individuslizirani ku¢ni trening. Ovakav

trening je visoko personaliziran u odnosu na dosadasnje metode.

NajviSe istrazivanja na tematiku dosad su proveli Leddy i suradnici koji tvrde kako se
suboptimalnim vjezbanjem, tj, vjezbanjem ispod granice u kojoj pacijent po€inje osjecati

simptome (engl. treshold), moze skratiti vrijeme oporavka, tj. smanjiti ucestalost KPKS-a (5).

U svrhu odredivanja te granice rabi se inicijalni test The Buffalo Concussion Treadmill Test

(BCTT). Ukoliko pacijent ne moze izvesti BCTT, zbog problema s ravnotezom ili
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muskuloskeletalnih problema, moze izvesti The Buffalo Concussion Bicycle Test (BCBT).
Testovi su istovjetni a razlika je u spravi na kojoj se vjezba. Kod BCTT-a rije¢ je 0 traci za
tr¢anje, a kod BCBT-a vjezba se na sobnom biciklu. Prije pocetka testa pacijent mora rangirati
svoje simptome na vizualno-analognoj skali , VAS (0-10). Zatim pacijent hoda na traci za
hodanje/trcanje brzinom 5-6 km/h. Stupanj nagiba povecava se prvih 15 minuta, po jedan
stupanj po minuti, a zatim se se brzina povecava za 0,6km/h. Prate se sr¢ana frenkvencija
(FS),VAS skala i Borg RPE ljestvica sve do egzarcebacije simptoma ili iscrpljenja. Pacijenti
obi¢no osjecaju glavobolju, vrtoglavicu, mucninu ili probleme s vidom $to je posljedica
relativne hipoventilacije u odnosu na povisenje parcijalnog tlaka ugljikovog dioksida i

povecanog mozdanog portoka krvi kroz mozak (5).

Nakon $to je odredena granica sréanog ritma pri kojoj se javljaju simptomi , krece se sa
svakodnevnim vjezbanjem po 20min dnevno dozom intenziteta 80% FS-a. Prvi tjedan se
vjezba na biciklu, a kasnije na traci za tr¢anje. Pacijent se prati putem monitora koji prati
sréanu frenkvenciju. BCTT/BCBT mogu biti ponavljani svaka 2-3 tjedna kako bi se odredio
treshold. Sportasi brze odgovaraju na ovakav tip vjezbanja, i povecavaju svoj FS za 10

otkucaja po minuti svaka 2 tjedna, dok nesportasi povisuju za 5 otkucaja po minuti U 2 tjedna.

Osim uéinka na srcani ritam, slikovne metode direktno pokazuju kako aecrobno vjeZbanje
mozZe utjecati na autoregulaciju CBF-a i uzorke mozdane aktivnosti na fMRI-u prilikom
izvodenja jednostavnih matematickih zadataka (39). Usporedivane su tri grupe: dvije grupe sa
KPKS-om od kojih je jedna primjenjivala gore opisani postupak vjezbanja, a druga je radila
samo Vjezbe, istezanja, i kontrolna grupa. Osobe u obje grupe sa simptomima kroni¢noga
poslijekomocjskog sindroma u su prikazivale invividualan uzorak mozdane aktivnosti, dok je
u kontrolnoj grupi uzorak bio uniforman i prikazivao je pove¢anu mozanu aktivnost u

podruéju cerebeluma, straznjeg dijela lijevog cingularnog girusa te desnog kuneusa.
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Pokazalo se kako su oni pacijenti koji su aerobno vjezbali pokazali mozdanu aktivnost koja je
bila sli¢na zdravoj kontrolnoj grupi pri izvodenju jednostavnih matematickih zadataka.
Razlika izmedu subjektivnog dozivljaja simptoma nakon provedenih tretmana, bila je veca u
grupe koja se bavila aecrobnim vjezbanjem u odnosu na grupu koja je radila samo vjezbe

istezanja.

Vecina studija istrazivala je u¢inke aerobnog vjezbanja na one ispitanike koji simptome
osjecaju duze od mjesec dana. CISG konferencija govori o akutnom periodu 24-48 sati nakon
ozljede kada se preporuca striktni odmor (4), a i studije govore o postojanju

neurometaboliC¢kog prozora kada je mozak susceptibilnija na ozljedu (23).

No, najnoviji podatci pokazuju kako aerobno vjezbanje unutar 10 dana od ozljede po gore
navedenom Leddyjevom protokolu ne utjee na pogorSanje postojecih, kao i na pojavu novih
simptoma (34). Isto tako, standardizirani program aerobnog vjezbanja nije izazvao
pogorsanje ili izazivanje novih simptoma unutar 6 dana od ozljede, a zamijeceno je vece
smanjenje doZivljaja simptoma kroz vrijeme u takvih ispitanika (40). Ovakvi podatci su bitni
jer govore kako bi se s vjezbanjem moglo krenuti ranije, unutar 10 dana od ozljede, i moglo bi

se sprijeciti razvijanje KPKS-a.

Isto tako osim poboljSanja najces¢ih simptoma poput glavobolje, vrtoglavice 1 problema s
vidom, podatci pokazuju kako aerobno vjezbanje smanjuje jac¢inu i duzinu ostalih simptoma :
facilitira sintezu markera neuroplasticiteta i neurogeneze (41,42), poboljsava kognitivno
funkioniranje (43,44), bolji rezultat na memorijskom testu koji se slikovnim metodama vidi
kao bilateralno povecéanje hipokampalne mase (45), poviseno je samopouzdanje (46) i

poboljsava kvalitetu spavanja (47). U odraslih reducirani su simptomi depresije (48),
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anksioznosti (49), umora (50) i migrene (51). Isto odrasle osobe koje redovito vjezbaju, a

prekinu vjezbanje na dva tjedna, prijavljuju vise depresivnih i poremecaja raspolozenja (52).

9. ZAKLJUCAK

Aerobno vjezbanje sigurna je metoda za ispitanika pri terapiji kroni¢nog poslijekomocijskog
sindroma jer ne pogorSava postojece simptome 1 ne dolazi do nastanka novih. Isto tako,
aerobno vjezbanje sigurna je metoda u prvih 10 dana od ozljede, tj. u akutnoj fazi. Najbolji
pokazatelj fizioloskog napretka je mjerenje sréane frekvencije pri vjezbanju, a zasad se
receptori u produljenoj mozdini kondicioniraju aerobnim vjezbanjem 60-80% maksimalnog
FS-a, u trajanju od 6-12 tjedana. Osim djelovanja na glavobolju i omaglicu, aerobno vjezbanje
reducira i simptome depresije,anksioznosti, migrene i poboljSava opce raspolozenje. Iako su
rezultati obecavajuci, potrebna su daljnja istrazivanja kako bi se uspostavili tocni parametri i

modaliteti lijeCenja.

26



10. ZAHVALE

Zahvaljujem se svojoj mentorici doc.dr.sc. Hani Brborovi¢ na smirenosti i vodenju kroz
pisanje ovog diplomskog rada. Zahvaljujem se svojim kolegama na pomo¢i i prijateljstvu .
Hvala mome djedu i baki $to su prozivljavali sve moje ocjene tijekom ovih Sest godina
studiranja. Najvec¢a hvala mojim roditeljima, sestri i brac¢i koji su mi pomogli premostiti jos

jednu zivotnu stepenicu.

27



11. LITERATURA

1. Centers for Disease Control and Prevention. Surveillance Report of Traumatic Brain
Injury-related Emergency Department Visits, Hospitalizations, and Deaths—United States,
2014. Centers for Disease Control and Prevention, U.S. Department of Health and Human

Services; 2019.

2. King NS.‘Mild Traumatic Brain Injury’ and ‘Sport-related Concussion’: Different

languages and mixed messages? Brain Inj. 2019;33(12):1556—-63.

3. Damjanov |, Seiwerth S, Juki¢ S, et al. Patologija. Cetvrto preradeno i dopunjeno izdanje.

Zagreb: Medicinska naklada;2014;433-438.

4. Kumar, Vinay, Abbas AK, Aster JC. Robbins basic pathology e-book. Elsevier Health

Sciences, 2017.

5. McCrory P, Meeuwisse W, Dvoftak J, et al. Consensus statement on concussion in sport—
the 5th international conference on concussion in sport held in Berlin, October 2016. Br J

Sports Med. 2017 Jun;51(11):838-47.

6. Leddy JJ, Haider MN, Ellis M, Willer BS. Exercise is Medicine for Concussion. Curr

Sports Med Rep. 2018 Aug;17(8):262-70.

7. Langlois JA, Rutland-Brown W, Wald MM. The epidemiology and impact of traumatic

brain injury: A brief overview. J Head Trauma Rehabil. Sept-Oct 2006;21(5):375-8.

8. Hobbs JG, Young JS, Bailes JE. Sports-related concussions: diagnosis, complications, and

current management strategies. Neurosurg Focus. 2016 Apr;40(4):1-14.

28



9. Barlow KM. Postconcussion syndrome: A review. J Child Neurol. 2016 Jan;31(1):57-67.

10. Giza CC, Hovda DA. The new neurometabolic cascade of concussion. Neurosurgery.

2014 Oct;75(4):S24-33.

11. Barkhoudarian G, Hovda DA, Giza CC. The molecular pathophysiology of concussive

brain injury. Clin Sports Med. 2011 Jan;30(1):33-48.

12. Holmin S, Soderlund J, Biberfeld P, Mathiesen T. Intracerebral inflammation after human

brain contusion. Neurosurgery. 1998 Feb;42(2):291-9.

13. Zurek J, Fedora M. The usefulness of S100B, NSE, GFAP, NF-H, secretagogin and
Hsp70 as a predictive biomarker of outcome in children with traumatic brain injury. Acta

Neurochir (Wien). 2012 Jan;154(1):93-103.

14. Holmin S, Schalling M, Hojeberg B, et al. Delayed cytokine expression in rat brain

following experimental contusion. J Neurosurg. 1997 Mar;86(3):493-504.

15. Clausen F, Hanell A, Bjork M, Hillered L, Mir AK, Gram H, et al. Neutralization of
interleukin-1p modifies the inflammatory response and improves histological and cognitive

outcome following traumatic brain injury in mice. Eur J Neurosci. 2009 Aug;30(3):385-96.

16. Ziebell JM, Morganti-Kossmann MC, Lenzlinger PM, et al. Involvement of Pro- and
Anti-Inflammatory Cytokines and Chemokines in the Pathophysiology of Traumatic Brain

Injury. Neurotherapeutics. 2010 Jan;7(1):22-30.

29



17. Csuka E, Morganti-Kossmann MC, Lenzlinger PM, et al. IL-10 levels in cerebrospinal
fluid and serum of patients with severe traumatic brain injury: relationship to IL-6, TNF-
alpha, TGF-betal and blood-brain barrier function. J Neuroimmunol. 1999 Nov;101(2):211-

21.

18. Goldstein B, Toweill D, Lai S, et al. Uncoupling of the autonomic and cardiovascular

systems in acute brain injury. Am J Physiol.1998 Oct;275(4):R1287-R1292

19. Len TK, Neary JP. Cerebrovascular pathophysiology following mild traumatic brain

injury. Clin Physiol Funct Imaging. 2011 Mar;31(2):85-93.

20. Dwyer B, Katz DI. Postconcussion syndrome. 1% ed. Vol. 158, Handbook of Clinical

Neurology. Elsevier B.V.; 2018;163-178

21. Putukian M. Clinical evaluation of the concussed athlete: A View From the sideline. J

Athl Train. 2017 Mar;52(3):236-44.
22. Cantu RC. Second-impact syndrome. Clin Sports Med. 1998 Jan;17(1):37-44.

23. Vagnozzi R, Tavazzi B, Signoretti S, et al. Temporal window of metabolic brain
vulnerability to concussions: mitochondrial-related impairment - part I. Neurosurgery. 2007

Aug;61(2):379-88.

24. Asken BM, Sullan MJ, DeKosky ST, et al. Research Gaps and Controversies in Chronic

Traumatic Encephalopathy: A Review. JAMA Neurol. 2017 Oct;74(10):1255-62.

25. McKee AC, Cantu RC, Nowinski CJ, et al. Chronic traumatic encephalopathy in athletes:
progressive tauopathy after repetitive head injury. J Neuropathol Exp Neurol. 2009

Jul:68(7):709-35.

30



26. Concannon LG, Kaufman MS, Herring SA. Counseling athletes on the risk of chronic

traumatic encephalopathy. Sports Health. 2014 Sep;6(5):396-401.

27. Harmon KG, Drezner JA, Gammons M, et al. American Medical Society for Sports
Medicine position statement: concussion in sport [published correction appears in Br J Sports

Med. 2013 Feb;47(3):184]. Br J Sports Med. 2013 Jan;47(1):15-26.

28. Putukian M, Schepart Z. Sideline assessment of concussion [Internet]. 1st ed. Vol. 158,

Handbook of Clinical Neurology. Elsevier B.V.; 2018. 75-80:29.

29. Dvorak J, Grimm K, Schmied C, et al. Development and Implementation of a
Standardized Precompetition Medical Assessment of International Elite Football players -

2006 FIFA World Cup Germany. Clin J Sport Med. 2009 Jul;19(4):316-21.

30. Pecina M, i sur. Sportska medicina. Zagreb: Medicinska naklada; 2019

31. Mersy DJ. Health benefits of aerobic exercise. Postgrad Med. 1991;90(1):103-112.

32. Howell DR, Taylor JA, et al. The role of aerobic exercise in reducing persistent sport-

related concussion symptoms. Med Sci Sports Exerc. 2019;51(4):647-52.

33. Leddy JJ, Cox JL, Baker JG, et al. Exercise treatment for postconcussion syndrome: A
pilot study of changes in functional magnetic resonance imaging activation, physiology, and

symptoms. J Head Trauma Rehabil. 2013 Jul-Aug;28(4):241-9.

34. Kurowski BG, Hugentobler J, Quatman-Yates C, et al. Aerobic Exercise for Adolescents
With Prolonged Symptoms After Mild Traumatic Brain Injury: An Exploratory Randomized

Clinical Trial. J Head Trauma Rehabil. 2017 Mar/Apr;32(2):79-89.

31



35. Clausen M, Pendergast DR, Willer B, Leddy J. Cerebral blood flow during treadmill
exercise is a marker of physiological postconcussion syndrome in female athletes. J Head

Trauma Rehabil. May-Jun 2016;31(3):215-24.

36. Chan C, lverson GL, Purtzki J, Wong K, Kwan V, Gagnon I, et al. Safety of Active
Rehabilitation for Persistent Symptoms After Pediatric Sport-Related Concussion: A

Randomized Controlled Trial. Arch Phys Med Rehabil. 2018 Feb;99(2):242-9.

37. Gagnon I, Galli C, Friedman D, Grilli L, Iverson GL. Active rehabilitation for children
who are slow to recover following sport-related concussion. Brain Inj. 2009 Nov;23(12):956—

64.

38. Gagnon I, Grilli L, Friedman D, Iverson GL. A pilot study of active rehabilitation for
adolescents who are slow to recover from sport-related concussion. Scand J Med Sci Sport.

2016 Mar;26(3):299-306

39.Leddy JJ, Hinds AL, Miecznikowski J, Darling S, Matuszak J, Baker JG, et al. Safety and
prognostic utility of provocative exercise testing in acutely concussed adolescents: A

randomized trial. Clin J Sport Med. 2018 Jan;28(1):13-20.

40. Micay R, Richards D, Hutchison MG. Feasibility of a postacute structured aerobic
exercise intervention following sport concussion in symptomatic adolescents: A randomised

controlled study. BMJ Open Sport Exerc Med. 2018 Jul;4(1):4-9.

41. Griesbach GS, Hovda DA, Molteni R, Wu A, Gomez-Pinilla F. Voluntary exercise
following traumatic brain injury: Brain-derived neurotrophic factor upregulation and recovery

of function. Neuroscience. 2004;125(1):129-39.

32



42. Griesbach GS, Sutton RL, Hovda DA, Ying Z, Gomez-Pinilla F. Controlled contusion
injury alters molecular systems associated with cognitive performance. J Neurosci Res. 2009

Feb 15;87(3):795-805.

43. Smith PJ, Blumenthal JA, Hoffman BM, Cooper H, Strauman TA, Welsh-Bohmer K, et
al. Aerobic exercise and neurocognitive performance: A meta-analytic review of randomized
controlled trials. Psychosom Med. 2010 Apr;72(3):239-52.

44. Chaddock L, Hillman CH, Buck SM, Cohen NJ. Aerobic fitness and executive control of

relational memory in preadolescent children. Med Sci Sports Exerc. 2011 Feb;43(2):344-9.

45. Chaddock L, Erickson Kl, Prakash RS, Kim JS, Voss MW, Vanpatter M, et al. A
neuroimaging investigation of the association between aerobic fitness, hippocampal volume,

and memory performance in preadolescent children. Brain Res. 2010 Oct 28;1358:172-83.

46. Ekeland E, Heian F, Hagen KB, Abbott J, Nordheim L. Exercise to Improve Self-Esteem

in Children and Young People. Campbell Syst Rev. 2005;1(1):1-52.

47. Youngstedt SD. Effects of exercise on sleep. Clin Sports Med. 2005 Apr;24(2):355-65.

48. Penninx BWJH, Rejeski WJ, Pandya J, Miller ME, Di Bari M, Applegate WB, et al.
Exercise and depressive symptoms: A comparison of aerobic and resistance exercise effects
on emotional and physical function in older persons with high and low depressive

symptomatology. Journals Gerontol - Ser B Psychol Sci Soc Sci. 2002 Mar;57(2):124-32.

49. Gordon BR, Lyons M, Herring MP. The Effect of Resistance Exercise Training on

Anxiety Symptoms. Med Sci Sport Exerc. 2017 Dec;47(12):2521-2532.

50. Edmonds M, Mcguire H, Jr P. Exercise therapy for chronic fatigue syndrome ( Review ).

Cochrane Collab. 2013;(3):1-35.

33



51. Lockett DC, Campbell JF. The Effects of Aerobic Exercise on Migraine. Headache J Head

Face Pain. 1992 Jan;32(1):50-4.

52. Weinstein AA, Deuster PA, Kop WJ. Heart rate variability as a predictor of negative
mood symptoms induced by exercise withdrawal. Med Sci Sports Exerc. 2007

Apr;39(4):735-41.

34



12. ZIVOTOPIS

Roden sam 10.09.1995 u Zagrebu. Osnovnu skolu Retfala zavrsio sam u Osijeku, kao i Ill.
Gimnaziju Osijek. Studij zavr§avam 2020. Godine. Tijekom studiranja pjevam u studentskom
zboru Lege Artis s kojim osvajam Dekanovu nagradu i sudjelujem na obljetnici 100.

godisnjice osnutka Medicinskog fakulteta Sveucilista u Zagrebu.

35



PRILOG 1. SCAT-5UPITNIK

BJSM Online First, published on April 26, 2017 as 10.1136/bjsports-2017-097506SCATS
To download 2 chean version of the SCAT tools please visit the journal online (http:iidx.dolorg!10.1136/Mjsports-2017-097 5065CATS)

SPORT CONCUSSION ASSESSMENT TOOL — 5TH EDITION

s c A I 5@ DEVELOPED BY THE CONCUSSION IN SPORT GROUP

FOR USE BY MEDICAL PROFESSIONALS ONLY

supported by

B 09 ¥ F£EI

Patient details

Name:

DOB:

Address:

ID number:

Examiner:

Date of Injury:

Time:

WHAT IS THE SCAT5?

The SCATS is a standardized tool for evaluating concussions
designed for use by physicians and licensed healthcare
professionals'. The SCATS cannot be performed correctly
in less than 10 minutes.

If you are not a physician or licensed healthcare professional,
please use the Concussion Recognition Tool 5 (CRTS). The
SCATS is to be used for evaluating athletes aged 13 years
and older. For children aged 12 years or younger, please
use the Child SCATS.

Preseason SCATS baseline testing can be useful for
interpreting post-injury test scores, but is not required for
that purpose.Detailed instructions for use of the SCATS are
previded on page 7. Please read through these instructions
carefully before testing the athlete. Brief verbal instructions
for each test are given in italics. The only equipment required
for the tester is a watch or timer.

This tool may be freely copied in its current form for dis-
tribution to individuals, teams, groups and organizations.
It should not be altered in any way, re-branded or sold for
commercial gain. Any revision, translation or reproduction
in a digital form requires specific approval by the Concus-
sion in Sport Group.

Recognise and Remove

A head impact by either a direct blow or indirect transmission
of force can be associated with a serious and potentially fatal
brain injury. If there are significant concemns, including any
of the red flags listed in Box 1, then activation of emergency
procedures and urgent transport to the nearest hospital
should be arranged.

Key points

Any athlete with suspected concussion should be REMOVED
FROM PLAY, medically assessed and monitored for
deterioration. No athlete diagnosed with concussion
should be returned to play en the day of injury.

If an athlete is suspected of having a concussion and
medical personnel are not immediately available, the
athlete should be referred to a medical facility for urgent
assessment.

Athletes with suspected concussion should not drink
alcohol, use recreational drugs and should not drive a motor
vehicle until cleared to do so by a medical professional.

Concussion signs and symptoms evelve over time and it
is important to consider repeat evaluation in the assess-
ment of concussion.

The diagnosis of a concussion is a clinical judgment,
made by a medical professional. The SCATS should NOT
be used by itself to make, or exclude, the diagnesis of
concussion. An athlete may have a concussion even if
their SCATS is "normal”.

Remember:
* The basic principles of first aid (danger, response, airway,
breathing, circulation) should be followed.

+ Do not attempt to move the athlete (other than that required
for airway management) unless trained to do so.

* Assessment for a spinal cord injury is a critical part of the
initial on-field assessment.

* Do not remove a helmet or any other equipment unless
trained to do so safely.

2 Conoussion in Sport Group 2017
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IMMEDIATE OR ON-FIELD ASSESSMENT

The following elements should be assessed for all athletes whe

are suspected of having a concussion prior to proceeding to the
neurocognitive sssessment and ideally should be done on-field after
the first first aid / emergency care priorities are completed.

If any of the "Red Flags” or cbservable signs are noted after a direct
or indirect blow te the head, the athlete should be immediately and
safely removed from participation and evaluated by a physician or
licensed healthcare professional.

Consideration of transportation to a medical facility should be at
the discretion of the physician or icensed healthcare professional

The GCSis important as a standard measure for 2l patients and can
be done serially if necessary in the event of deterioration in conscious
state. The Maddocks questions and cervical spine exam are critical
steps of the immediate assessment: however. these do not nesd 1o
be done serially.

STEP 1: RED FLAGS

RED FLAGS:

Meck pain or +  Seizure or convulsion

tendemess -
+ Loss of consciousness

Double vision e

Weakness or tingling/ conscious state
burning in arms or legs

Vomiting
Severe or iNncreasing

headache Increasingly restless,

agitated or combative

STEP 2: OBSERVABLE SIGNS

Witnessed O Observed on Video O

Lying mationless on the playing surface Y N
e
E;nﬂman“:m or confusion, or an inability io respond appropriately ¥ N
Blank or wacant look ¥ L]
Fascial injury after head trauma | N
STEP 3: MEMORY ASSESSMENT
MADDOCKS QUESTIONS?

e e o ot e e e o o

Mark ¥ for comect answer | N for incomest

What venue are we at today? ¥ N
Which half is it now? L N
Whe sconed last in this match? ¥ ]
What team did you play last wesk | game? ¥ N
Did your team win the last game? ¥ ]

Mote: Appropriate sport-specific may b

STEP 4: EXAMINATION
GLASGOW COMA SCALE (GCS)?

Tume of assessment

Date of assessment

Mo ey opening 1
Eye opening I Tesponse I pan 2
Eye opening 1o speech -]
Eyes opeing spontanecusly 4
Best verbal response (V)

NO WDl response 1
Incomprehensile sounds 2
IMEDOTONA WITIS 2
Confased 4
Orentec L]

NO MetDr NESDONSE 1
ENTRRSon 10 pain 2
Abnormal fienon to pain ]
Fhemon [/ Wahdrawsl 1o pain 4
Locaires to pan E
Ooeys commands &

Glasgow Coma scove (E+ ¥ « M)

CERVICAL SPINE ASSESSMENT

Doses the afhilete report thart their neck is pain free ot rest?

Hf thars I8 MO neck paln 38 rest. otz the athiete have a ful
range of ACTIVE pain free movement?

s e nb stengsh and sensation nonmal?

In a patient who is not lucid or fully
conscious, a cervical spine injury should
be assumed until proven otherwise.

© Conaussion in Sport Group 2017
Davis GA, et al Brl Sports Med 2017 0-1-8. doi 10.1136/isports-2017-097T5065CATS
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OFFICE OR OFF-FIELD ASSESSMENT

Please note that the neurocognitive assessment should be done in a
distraction-free environment with the athlete in a resting state.

STEP 1: ATHLETE BACKGROUND

Sport / team / school:

Date [ time of injury:

Years of education completed:

Age:

Gender: M/ F [ Other
Dominant hand: left / neither / right

How many diagnosed concussions has the
athlete had in the past?:

When was the most recent concussion?:

How long was the recovery (time to being cleared to play)
from the most recent concussion?: (days)

Has the athlete ever been:

Hospitalized for a head injury? Yes Mo
Dizgnosed / treated for headache disorder or migraines? Yes Mo
Dizgnosed with a learning disability / dyslexia? Yes Mo
Diagnosed with ADD / ADHD? Yes HNo

Diagnased with deprassion, anxiety

or other psychiatric disorder? Yes No

Current medications? If yes, please list:

Mame:

DOB:

Address:
I number:

Examiner:

Date:

STEP 2: SYMPTOM EVALUATION

The athiete should be given the symptom form and asked fo read this instruction
paragraph out foed then complete the symptom scale. For the baseline assessment,
the athiete should rate iis/her syrmptom s based on fow hesshe typically feels and for
the post injury assess mant the athlete showld rate their spmpdams at this poiet e time.

Please Check: O Baseline O Post-Injury

Please hand the form to the athlete

nooe mild moderate severe
Headache o 1 2 3 & 5 &
“Pressure in hesd™ o 1 2 ] 4 & &
Mok Fain o 1 2 2 4 L] &
Mausen or vomiting o 1 2 ] 4 5 [
Dizziness o 1 2 ] 4 [ &
Blurred wision o 1 z 2 4 L] &
Balance problems o 1 2 2 4 [ ] &
Sensitivity i light o 1 2 ] 4 [ &
Sensitivity to noise o 1 2 ] 4 [ &
Feeling showed down o 1 2 2 4 [ ] &
Feling like “in a fog* o 1 2 3 4 5 ]
“Doeit feel ight” o 1 2 3 4 5 ]
Difficulty cancentrating o 1 2 2 4 E &
Difficulty remembaering o 1 2 3 4 B B
Fatigue or low energy o 1 2 3 4 ] ]
Confusion o 1 2 ] 4 3 6
Drowsingss o 1 2 a 4 3 6
Mare emotional o 1 2 3 4 [ 3
Irmtability o 1 2z a 4 B B
Sadness o 1 2 a 4 B ]
Mervous or Anxicus o 1 2 a 4 E 6

Trouble falling asleen

[if apphcable)
Tatal number of symgtoms: of 22
Eymptom severity score: of 132
Do your symptoms get worse with physical activity? ¥ N
Do yoUr SYMpLoms get worse with mental activity? ¥ M

1f 100% is feeling perfectiy normal, what
percent of normal do you feel?

1f rat 100%, why?

Please hand form back to examiner

& Concussion in Sport EIDLD 2017
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STEP 3: COGNITIVE SCREENING

fardised A of C (sACk
ORIENTATION

What maonth s 17 ° 1
What is the date today? L] 1
What is the day of the week? L] 1
What year s ft7 ° 1
‘What teme is it night naw? within 1 hour) ° 1
- B

IMMEDIATE MEMORY

The Immediate Memory component can be completed using the
wraditional S-word per trial list or optionally using 10-words per trial
o minimise any ceiling effect. All 3 trials must be administered ire-
spective of the number correct on the first trial. Administer st the rate
of one word per second.

Fisasa choose EITHER the § or 10 word list greuna and cirele the spect word Bt chosen
for thistest.

1am gaing to test your memary. | will resd you a list of words and wien | am done, repest
back &5 many words as you can remember, in amy order. For Trials 28 X | am going fo repeat
e same list again. Aepeat hack 85 many wands &5 you can remember in any order sven
youu said the word befare.

Scoee fof 5)
List altemnate & word bsts.
Trial 1 Trial 2 Trial3

A Finger Penny Blanket Lemon

8 Candle  Paper Sugar  Sandwich

©  Baby  Monkey Ferfume Sunset

‘Scace fof 10)
List Altemate 10 word lists
Trial 1 Trial 2 Trial3
Finger Penny Blanket Lemon

Candle  Paper Sugar  Sandwich

Baky Mankey  Perfume Sunset

Name:
DOB:
Addre

ID numnbes-

= -

Date:

CONCENTRATION

DIGITS BACKWARDS

Flease circle the Digit list chosen (A, B. C, D, E, F). Administer at the
rate of one digit per second reading DOWN the selected column.

I 3 going fa read a string of numbers and when [ am done, you them back to me
in reverse order of how [ resd them to you. For example, if | say 7-1-9, you would say 9-1-7.

S
Lista List8 ListC
53 526 142 ) N o
o= 415 5B ¥ Ll 1
3814 1755 £8-31 ¥ N o
3279 4568 3481 ¥ N 1
2551 AB-52T AN v N o
e Lo b ] &-8-2-51 ¥ H 1
FIB4ET  B3156L IT6519 ¥ N o
535148 TIAESE 5245714 ¥ N 1
List Dy ListE ListF
re2 382 271 ¥ L o
324 =18 a3 ¥ N 1
24183 2753 83 ¥ N o
723 2165 3924 ¥ N 1
1TFEe ATEES 28758 ¥ N o
41752 L4175 B34 ¥ Ll 1
26-4BT-T eST-3EE B2t v N o
Br21535 427538 31726 ¥ N 1

— .

MONTHS IN REVERSE ORDER

N tedl me the manths of the yearin reverse ordes. Startwith the lastmonth and go backward,
5o pou'l say December, Nowember. Go shead.

Dec - ow- Dot - Sept - Aug - Jul - Jun - May - Apr - Mar - Feb - Jan a1
—
—
|

Total
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Name:
STEP 4: NEUROLOGICAL SCREEN DOB:
See the instruction sheet (page 7) for details of Address:
test administration and scoring of the tests. |D numbar:
Can the patient read aloud fe.g. symptom check- FH—
lizt) and follow instructions withaut difficulty” ¥ L R
Dioes the patient have  full range of pain- ~ " Diate:
free PASSIVE cervical spine movemnent? I\
Without moving their head or neck, can the patient look ¥ "
side-to-side and up-and-down without double vision?
Can the patient perform the finger ness
mnn:::ntentnmmlv? - ¥ L]
Can the patient perform tandem gait normally? ¥ N STEP 5 DELA‘{ED RECALL
BALANCE EXAMINATION The delayed recall should be performed after 5 minutes have
. . . elapsed since the end of the Immediate Recall section. Score 1
Modified Balance Error Scoring System (mBESS) testing pt. for each comect respense.
Which foot was tested O Left Do you remember that Nst of word's | read a few times eariier? Tedl me a5 many words
[l which is the non-dominant foot) Ol Right fromm the list as yow can rememiber in any order.
Testing surface (hard fioor, field, etc) Tima
Footwear {shoes, barefoct, braces. tape, etc.)
Condition Errore Please repord ench word comectly recalled. Total score egquals numb-er of words recalled.
Double lag stance of 10
ights g stanc (mon-d # of 10
Tanedem stance (non-deminant foot at the back) of 10
Total Errars of 20 Total number of words recalied accurately: ofls | or of 10
i
Dute and time of injury:
Date & time of assessment:
tf the athlete is known to you prior to their injury, are they different from their usual self?
Bemaln | T'¥es T Mo O Unsure T Hot Applicable
Symptzm (If diffesent, describe why in the clinical notes section)
number (of 22)
Cancussion Dlluﬂﬁﬂtﬂ?
Symptom sevesity T'¥es T Mo OUnsure = NotApplicable
score of 132)
H re-testing, has the athlete improved?
Grientation of 5] T¥es T Mo O Unsure = NotApplicable
\omediate of 18 of 16 of 15 . B
mimedizte memory of 80 of 30 of 2 Iﬂm:a?hysma.n nrinms_edheﬁhhﬁrgwnfes;smnalaqdlhmpersumlly
administered or supervized the administration of this SCATS.
Comcentration fof 5) Signature:
Neura exam Mol Wl Mowwl Name:
Title:
Balance errors fof 20}
Registration number (if applicable):
" | of & of & of & 9 (it ape )
Delayed Recal af 10 of 10 of 10 Date:

SCORING ON THE SCAT5 SHOULD NOT BE USED AS A STAND-ALONE
METHOD TO DIAGNOSE CONCUSSION, MEASURE RECOVERY OR

MAKE DECISIONS ABOUT AN ATHLETE'S READINESS TO RETURN TO
COMPETITION AFTER CONCUSSION.

& Conecussion in Sport Growp 2017
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CLINICAL NOTES:

DOB:

Address:

1D number:
Examiner:

CONCUSSION INJURY ADVICE

{To be given to the person monitoring the concussed athlete)

This patient has received an injury to the head. A careful medical
examination has been carried out and no sign of any serious
complications has been found. Recovery time is variable across
individuals and the patient will need monitoring for a further pe-
riod by a responsible adult. Your treating physician will provide
guidance as to this timeframe.

If you notice any change in behaviour, vomiting, worsening head-
ache, double vision or excessive drowsiness, please telephone

your doctor or the nearest hospital emergency department
immediately.

Other important points:

Initial rest: Limit physical activity to routine daily activities (avoid
exercise, training, sports) and limit activities such as school,
work, and screen time to a level that does not worsen symptoms.
1) Avoid alcohol

7) Avoid prescription or non-prescription drugs
without medical supervision. Specifically:

) Avoid sleeping tablets

IJ) Do not use aspirin, anti-inflammatory medication
or stronger pain medications such as narcotics

3) Do not drive until cleared by a healthcare professional.

4) Return to play/sport requires clearance
by a healthcare professional.

Clinic phone number:
Patient's name:

Date / time of injury:

Date / time of medical review:

Healthcare Provider:

@ Concussion in Sport Group 2017

Contact details or stamp
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INSTRUCTIONS

Words in ltalics throughout the SCATS are the instructions given to the athlete by the clinician

Symptom Scale

The time frame for symptoms should be based on the type of test being admin-
istered. At baseline it is advantageous to assess how an athlete “typically” feels
whereas during the acute,/post-acute stage it is best to ask how the athlete feels
at the time of testing.

The symptom scale should be completed by the athlete, not by the examiner. In
situations where the symptom scale is being completed after exercise, it should
be done in a resting state, generally by approximating his'her resting heart rate.
For total number of symptoms, maximum possible is 22 except immediately post
injury, if sleepitem is omitted, which then creates a maximum of 21

For Symptom severity score, add all scores in table, maximum possible is 22 x 6
=132, except immediately post injury if sleep item is omitted, which then creates
a maximum of 21x6=126.

Immediate Memory

The Immedizste Memaory component can be completed using the traditional -waord
per trial list or, optionally, using 10-words per trial. The literature suggests that
the Immediate Memory has a notable ceiling effect when a Soword listis used. In
settings where this ceiling is prominent, the examiner may wish to make the task
maore difficult by incorporating two 5—word groups for a total of 10 words per trial_
In this case, the maximum score per trial is 10 with a total trial maximum of 30.

Choose one of the word lists (either 5 or 10). Then perform 3 trials of immediate
memary wsing this list.

Complete all 3 trials regardless of score on previous trials.

“I am going to test your memaory. | will read you & Iist of words and when | am done,
repest back 85 many words a5 you can remembey. in any order.” The wards must be
read ata rate of one word per second.

Trials 2 &3 MUST be completed regardless of score onirial 1 &2,
Trials 2 &3:

“l em going to repeat the same [ist agein. Repeat beck as many words as you can
remember in any order, even if you said the word before.”

Score 1 pt. for each correct response. Total score equals sum across all 3 trials.
Do NOT inform the athlete that delayed recall will be tested.
Concentration

Digits backward
Chaose one column of digits from lists A, B, C. D. Eor F and administer those digits
as follows:

Say: Tam going to read a string of numbers and when [ am done, you repest them
hack to me in reverse order of how [ read them to you. For example, if [ say 7-1-8,
you would say 8-1-7°

Begin with first 3 digit string.

If eorrect, cirche *y" for comect and go to next string length. If incormeet, eircle "N° for
the first string length and read trial 2 in the same string length. One point possible
for each string length. Stop after incorrect on both trials (2 N's) in a string length.
The digits should be read at the rate of one per second.

Months in reverse order

“Now tefl me the months of the year in reverse order. Start with the last month and
go backward. 50 you'll say December, November . Go ahead”

1 pt. for entire sequence correct

Delayed Recall

The delayed recall should be perfarmed after 5 minutes have elapsed since the end
of the Immediate Recall section.

“Da you remember that [ of words | read & few times earfier? Tel me a3 many words
from the list as you can remember in any order.”

Score 1 pt. for esch correct respanse

Modified Balance Error Scoring System (mBESS)® testing

This balance testing is based on a modified version of the Balance Emor Scoring
System (BESS)". A timing device is required for this testing.

Each of 20-second trial/stance is scored by counting the number of emors. The
examiner will begin counting errors only after the athlete has assumed the proper
start position. The modified BESS is calculated by adding one error point for each
error during the three 20-second tests. The maximum number of errors for any
single condition is 10. If the athlete commits multiple errors simuttaneously, only

one error is recorded but ihe athlete should guickly return o the testing position, and
caunting should resurme onee the sthiete is set. Athletes that are unable 1o maintain
the testing procedure for a minimum of five seconds at the start are assigned the
highest possible score, tan, for that testing condition.

OPTION: For further assessment, the same 3 stances can be performed on & surface
of medium density foam {e.g.. approximately S0cm x 40cm x Gem).

Balance testing — types of ermors

1. Hands lifted off 3. Step, stumbdle, or fall 5. Lifting forefoot ar heel
iliac crest
4. Maving hip into = 30 6. Remaining out of test
2. Opening eyes degrees abduction position » 3 sec

“Tam now going to test your balance. Please take your shoes off (if applicab fe), rofl up
pour pant legs above ankle (if applicable), and remove any snkle taping (if applicable).
This test will consistof three twenty second tests with different stances.”

{g) Double leg stance:

“The first stance iz standing with pour feet together with your hands on your hips
and with your eyes closed. You should try to maintain stability in that position for 20
seconds. | will be counting the number of times you move out of this position. [will
start timing when you ere set and have closed your eyes.”

(b Single leg stance:

“If you were to kick a ball, which foot would you use? [This will be the dominant
foot] Now stand on your non-dominant foot. The dominent leg should be held in
approximately 30 degrees of hip flexion and 45 degrees of knee flexion. Again, you
should try to maintain stabilfty for 20 seconds with your hands on your hips and your
eyes closed. [ will be counting the number of times you mave out of this position. If
you stumble out of this position, open youreyes and return to the start position and
continue balancing. | will start timing when you are set and heve closed your eyes.”

{c) Tandem stance:

“Now stand heel-to-toe with your non-dominant foot in back. Your weight should be
evenly distributed across both feet. Again, you should try to maintain stability for 20
seconds with your hands on your hips and your eyes closed. | will be counting the
number of imes you move out of this position. If you stumble out of this position,
open your eyes and retum te the start position and continue balancing. | will start
timing when you are set end have closed your eyes.”

Tandem Gait

Participants are instructed to stend with their feet together behind a starting line
(the test s best done with footwear removed). Then, they walk in a forsard direction
as quickly and as eccurately as possible along a 38mm wide (sports tape), 3 metre
line with an atternate foot heel-io-toe gait ensuring that they approximate their heel
and toe on each step. Once they cross the end of the 3m line, they turn 180 degrees
and return to the starting point using the same gait. Athletes fail the test if they
step off the line, have & separation between their heel and toe, or if they towch or
qgrab the examiner or an object.

Finger to Nose

| am going te test your coordination now. Please sit comfortably on the chair with
vour eyes open and your arm (either right or left) outstretched (shoulder flexed to
90 degrees and elbow and fingers extended), poirting in front of you. When | give
a start signal, lwould like you to perform five successive finger to nose repetitions
using your index finger to touch the tip of the nose, and then return to the starting
position, as quickly end as eccurately s possible.”
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CONCUSSION INFORMATION

Any athlete suspected of having a
play and seek medical evaluation.

should be d from

Signs to watch for

Problems could arise over the first 24-48 hours. The athlete should notbe
left alone and must go to a hospital at once if they experience:

= Worsening * Rep d iti - Weal or
headache numbness in
* Unusual behaviour arms or legs
- Drowsiness or or confusion
inability to be or irritable * Unsteadiness
awakened on their feet.
* Seizures (arms
* Inability o and legs jerk * Shurred speech
recognize people uncontrollably)
or places
Consult your physician or [i d health | after a sus-

pected concussion. Remembet nnbamtbbesde.

Rest & Rehabilitation

After = concussion, the athlete should have physical rest and relative
cognitive rest for a few days to allow their symptoms to improve. In most
cases, after no more than a few days of rest, the athlete should gradually
increase their daily activity level as long as their symptoms do not worsen.
Once the athlete is able 10 oomple«eﬂle«rmuddaiyacuvmeswnfmn

related the d step of the return to play/sport
pcogessnoncanbestaned The athlete should not return to play/sport
until their lated symp have I ‘mdtheaﬂene
has fully d o full schoal/l :

When returning to play/sport, the athlete should follow a stepwise,
dically managed exercise progression, with increasing of
exercise. For example:

Graduated Return to Sport Strategy

z Functional =
Exercise step l!lldt-ﬂ_ Goal of each step
1. Symptom- Daily activities that do Gradual reintroduc-
fimited activity not provoke symptoms. tion of work/school
2 Light aerobic Walking or Increase heartrate.
exercise cycling at slow to medium
pace. No resistance
training.
3. Sport-specific Running or skating drills. Add movement.
Exercise No head impact activities.
4 Non-contact Harder training drills, eg.. Exarcise, coor-
training drills passing drills. May start dination, and
progressive resistance increased thinking.
training.
5. Full contact Following medical clear- Restore confi-
practice ance, participate in normal dence and assess
training activities. functional skills by
coaching staff.
6. Returnto Normal game play.
play/sport
In this example, nwwldbetyp'celmhaveuhous(aloogu)heoeh
step of the progr any symp worsenwhleexseumg,ﬂle
athlete should go back to the previ step. R g should
be added only in the later stages (Stage 3 or 4 at the =arliest).
Written cl should be provided by a health fo | before

rmmtophylsmasdmtedbylocalhwsandregdm

Graduated Return to School Strategy

Concussion may affect the ability to learn at school. The athlete may
ne=d to miss a few days of school after a concussion. When going back
to school, madﬂmmayneedtogobackgraduaﬂymdmaymedn
have some changes made to their schedule sothat
doncxgamse.lfapameulafacﬂmymakeesynmmse.d\end\e
athlete should stop that activity and rest until symptoms get better. To
n&em&aﬂwﬁdmmgeﬂba&mschodw@mpmﬂmnn
important that the health
talbaaehmhefsoﬂ\ateveryunekmwsudmtheplmlsfuthemﬂem
10 go back to school.

Note: If mental activity does not cause any symptoms, the athlete may
be able to skip step 2 and return to school part-time before doing school
activities at home first.

Mental Activity Activity at each step :;‘;

1. Daily activities Typical activities that the athlete Gradual
that do does during the day as long as returnto
notgive they do not increase symptoms typical
the athiete (2.g. reading, texting, screen activitien
‘symptoms time). Start with 5-15 minutes at

a time and gradually build up.

2 School Homework, reading or other Increase

activities cognitive activities outside of tolerance
the classroom. to cognitive
work.

3 Retumto Gradual introduction of school- Increase
school work. May need to start with academic
part-time a partial school day or with activities.

increased breaks during the day.

4 Retumto Gradually progress school Return to full
school activities until a full day can be academic

catchupon
“M "k
1f the sthlete 0 have symp with mental activity, some
other accomodations that can help with return to school may include:
= Starting school later, only + Taking lots of breaks during
going for haif days, or going class, homework, tests
only to certain classes
* No more than one exam/day
* More time to finish
assignments/tests + Shorter assignments
= Quiet room to finish * Repetition/memory cues
assignments/tests
* Use of a student helper/tutor
= Not going to noisy areas _ N

Tike the cafeteri bly = from s

halls, sporting events, music that the child will be supported

class, shop class, etc. while getting better

Tbedieuehuddnotgobaekmspoﬂsunnlﬂieynbaekwsehooll

ymp i mgmﬁcandywwseﬂldmltmgc
,-q h 10 their sch
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PRILOG 2. CHILD SCAT UPITNIK

BJSM Online First, published on April 26, 2017 as 10.1136/bjsports-2017-097492childscat5
To download a clean version of the SCAT tools please wisit the journal online (http:/idx doiorg!10.1136/bjsports-201 7-097492childscats)

Child SCATS.

SPORT CONCUSSION ASSESSMENT TOOL
FOR CHILDREN AGES 5 TO 12 YEARS

FOR USE BY MEDICAL PROFESSIOMALS ONLY

supported by

B rAFx 090 V £EI

Patient details

MName:

DOB:

Address:

ID number:

Examiner:

Date of Injury:

Time:

WHAT IS THE CHILD SCATS?

The Child SCATS is a standardized tool for evaluating
concussions designed for use by physicians and licensed
healthcare professionals’.

If you are not a physician or licensed healthcare professional,
please use the Concussion Recognition Tool 5 (CRT5). The
Child SCATS is to be used for evaluating Children aged 5to
12 years. For athletes aged 13 years and older, please use
the SCATS.

Preseason Child SCAT5 baseline testing can be useful for
interpreting post-injury test scores, but not required for that
purpose. Detailed instructions for use of the Child SCAT5 are
provided on page 7. Please read through these instructions
carefully before testing the athlete. Brief verbal instructions
for each test are given in italics. The only equipment required
for the tester is a watch or timer.

This tool may be freely copied in its current form for dis-
tribution to individuals, teams, groups and organizations.
It should not be altered in any way, re-branded or sold for
commercial gain. Any revision, translation or reproduction
in a digital form requires specific approval by the Concus-
sion in Sport Group.

Recognise and Remove

A head impact by either a direct blow or indirect transmission
of force can be associated with a serious and potentially fatal
brain injury. If there are significant concerns, including any
of the red flags listed in Box 1, then activation of emergency
procedures and urgent transport to the nearest hospital
should be arranged.

Key points

+ Any athlete with suspected concussion should be REMOVED
FROM PLAY, medically assessed and monitored for
deterioration. No athlete diagnosed with concussion
should be returned to play on the day of injury.

If the child is suspected of having a concussion and medical
personnel are not immediately available, the child should
be referred to a medical facility for urgent assessment.

Concussion signs and symptoems evolve over time and it
is important to consider repeat evaluation in the assess-
ment of concussion.

The diagnosis of a concussion is a clinical judgment,
made by a medical professional. The Child SCATS should
NOT be used by itself to make, or exclude, the diagnosis
of concussion. An athlete may have a a concussion even
if their Child SCATS5 is “normal”.

Remember:
+ The basic principles of first aid (danger, response, airway,
breathing, circulation) should be followed.

+ Do not attempt to move the athlete (other than that required
for airway management) unless trained to do so.

+ Assessment for a spinal cord injury is a critical part of the
initial on-field assessment.

* Do not remove a helmet or any other equipment unless
trained to do so safely.

© Concussion in Sport Group 2017
Davis GA et al. Brd Sports Med 2017,0:1-8. doi:10.1126/bjsports-2017-0974%2childscats
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IMMEDIATE OR ON-FIELD ASSESSMENT

The following elements should be assessed for zll athletes who
are suspected of having a concussion prior to proceeding to the
neurocognitive assessment and ideally should be done on-field after
the first first aid / emergency care pricrities are completed.

If any of the “Red Flags™ or observable signs are noted after a direct
or indirect blow to the head, the athlete should be immediately and
safely removed from participation and evaluated by a physician or
licensed healthcare professional.

Consideration of transportation to a medical facility should be at
the discretion of the physician or licensed healthcare professional.

The GCS isimportant as a standard measure for all patients and can
be done serially if necessary inthe event of deterioration in conscious
state. The cervical spine exam is a critical step of the immediate
assessment, however, it does not need to be done serially.

STEP 1: RED FLAGS

RED FLAGS:
Meck pain or Seizure or convulsion

tendemess -
Loss of consciousness

Double vision S
Deteriorating

Weakness or tingling/ conscious state

buming in arms or legs Vomstimg

Severe or increasing
headache

Increasingly restless,
agitated or combative

STEP 2: OBSERVABLE SIGNS

Witnessed O Observed on Video O

Lying mationless on the playing surface ¥ L]
Eﬂ:::;mmm.'molu—mcmrdmmun:ﬂuwﬂ:nu.dwr ¥ "
E;:n:ﬂt:‘!:n or confusion, or an inability to respond appeopriately ¥ "
Blank or vacant loak ¥ L
Facial injury aftes head trauma o H
STEP 3: EXAMINATION

GLASGOW COMA SCALE (GCS)?

Time of assessment

Date of sssessment

Best eye response (E)

Mo eye cpening 1 1 1

Eye opening in response ta pain 2 2 2

Eye opening to speech El ] ]

Eyes opening spomtanecusly 4 4 4

Best verbal response (V)

Mo werbal response 1 1 1

MName:

DOB:

Address:

1D number:

Examiner:

Date:
b
Incomprehensible sounds 2 3 2
inaporopriate words 3 2 a
Canfused 4 4 4
Orierted E 3 ]
Bestmotor response (M)
Mo motor response 1 1 1
Extension to pain 2 2 2
Annesrnal flaxion ta pain 2 2 3
Flexian / Withdrawal to pain 4 4 A
Localizes to pain B B B
Dbeys commands & & &

Glasgow Coma seore(E + V +M)

CERVICAL SPINE ASSESSMENT

Does the athlebe report that their neck is pain free at rest? ¥ N

I1f theara Is MO neck pain at rest, does the athlete have o ful
range of ACTIVE pain free movenent 7

Is the limb strength and sensaticn normal? ¥ N

In a patient who is not lucid or fully conscious, a cervical
spine injury should be assumed until proven otherwise.
OFFICE OR OFF-FIELD ASSESSMENT
STEP 1: ATHLETE BACKGROUND

Fl that the

a auld be done in a fr
wnvironment with the athlete ina resting state

Sport ./ team £ schoal:

Date / time of iInjury

Years of education completed:

Age:

Gendes: M/ F / Other
Dominant hand left 7 neither / right

Hiow mary diagrosed conoussions has the
athlete had in the past?-

‘When was the most recent concussion?:

Hom lang was the recovery (ime to being cheared to play)

from the mast recent concusslon®: (day=)
Has the athlate ever been:

Hospitalized for a head injury ™ Ves No
wagnesed / treated for headache discrder or migraines? Yes Mo
nagnesed with a beaming disability / dyslexia? Yeu Ma
Disgnosed with ADD / ADHDT Yes Mo
wagnosed with depression, anxiety or other psychiatric discrdes? Ves No

Cumrent medications? If yes, please list

& Concussion in Sport Group 2017
Davis GA, e al. BrJ Sports Mead 2017,0:1-8. doi:10.1136/jsports-2017-097492childscats
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STEP 2: SYMPTOM EVALUATION

The ahlefe showld be grven the symptam form and asked fo read this instruction paragraph out
lows then complere the symptom scale. For the baseline assessment, the sthiete showld rate bisy
hher symptoms based on how hes'she typically feels and for the postinjury sssessment the athlete
shoid rate their sympioms af fhis pot in ime.

To be done in a resting state

Please Check: T Baseline T Post-Injury

~

Child Reportt  ™us AN  Smedwl Lvoms
| e hasdaches o 1 2 F]
[Eap— o 1 2 2
| feed like the room is spaning a 1 2 3
| fmal o 1 gaing b famt o W 2 ]
unge are Blurry when o 1 2 2
| see coubie a 1 2 ]
| feel sick o my stomach o 1 2 2
Wy neck hurts o 1 2 3
| get tired s lot o 1 2 2
1 gt tired sasy o 1 2 F]
| nawe trauble paying amenzan a 1 2 E]
| get distracted easily a 1 2 3
| hawe 2 hand Sme concentrating L] 1 2 3
L?“ww o 1 2 P
m ° 1 2 3
| daydream toe much o 1 2 3
| et confused o 1 2 ]
| forget things. o 1 2 2
| hawe problems fmshing things L] 1 2 3
| nave trouble fgunng thngs out 1 2 2
:“""n:_“"“""v" a 1 2 3
B—— B
— o
Do the symotoms getworse with physical activty? ¥ N
Do the symgtoms getwonse with trying to think? ¥ N
Owerall rating for child to answer:

very bad wery good
m;ﬂ:;ﬂm" 0123466748910
£ mot 10, i wht way do you feel diffesants:

L "

Mame:

DOB:

Address:

1D number:

Examiner:

Date:

Parent Report

The child: amal e e newonm
huas hesdaches o 1 2 E
foels dizzy 0 1 2 2
mm"";‘m“ 0 1 2 3
foels famt o 1 2 E]
s bl visian o 1 2 E
has double vision (] 1 2 3
experiences nauses o 1 2 E
bt & pare neck 0 1 2 2
ets tived a lat 0 1 2 H
pets tired easily [} 1 2 3
has trouble sustaining atention -] 1 z 3
s easily tistracted o 1 2 E
huas effic Uity comcentrating o 1 2 2
:mm' 0 1 2 3
has diffiuity fallowing o 1 2 3
tends ta daydream 0 1 2 H
gets confused o 1 2 E
s fargetul o 1 2 2
b efficuty complating tazks 0 1 2 E
has peoar pralem sahang skils o 1 2 3
huas peoilems learming o 1 2 E

Total numbser of symptomas:

Symptom severity soores
Do the sympioms get worse with physical activity? v N
Do the sympioms get worse with mental activey ? v L

Overall rating for parent/teacher/
coach/carer to answer
On a scabe of 0to 100% (where 100°% is rormal), ow would you rate the chilc now?

I not 100%, in what way does the child seem different?

© Concussion in Sport Group 2017
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STEP 3: COGNITIVE SCREENING
Standardized Assessment of Concussion - Child Version (SAC-C)

IMMEDIATE MEMORY

The Immediate Memory component can be completed using the
traditional S-word per trial list er optionally using 10-words per trial
to minimise any ceiling effect. All 3 trials must be administered ire-
spective of the number correct en the first trial. Administer at the rate
of ane ward per second.

Flaass choose EITHER the § or 10 ward B
for this tast.

#u tha spacific word list che

I am going to test your memony:. | will read pou 8 list of words and wiven | am done, repeat
\back as many words as you can remembey, in sy order. For Trials 2 & 2: 1.am godng to repest
the same Mst sgain. Sepest back s many words &2 you can remember in any arder, even
you said the word before.

Scoreof §)
List Altemnate & word lists.
Trial 1 Trial 2 Triala

& Finger Penny  Blanket  Lemon  Insect

[ Candle Paper Suga  Sandwich  Wagon

[+ Baby Maonkey  Perfume Sunzat Iran

Apple
E ket ArTow Pepper Cotton Movie
Honey

Mirrar Saddle Anchor

Immadiate Mamory Score

———

Scare (of 10)
List Alternate 10 word bista
Trial 1 Trial 2 Triala

Finger Penny dlanket Lemon Insect

Candle  Paper Sugar  Sandwich  Wagon

Baby Markey  Perfume  Sunset Iran

Eloow Carpet Snddle Eubble

Mirrar Snddle Anchor

Apple
Jacket Arrow Pepper  Cation Movie
IDallar Honey

Immedigte Memory Score

——

Marme:

DOB:

Address:
1D number:

Date:

CONCENTRATION
DIGITS BACKWARDS

Please circle the Digit list chosen (A, B, C, D, E, F). Administer at the
rate of one digit per second reading DOWM the selected column.

I am going to read a string of numbers and when L am done, you repeat them back fo me
imreverss order of how | read them to pou. Forexampie, if | say 7-1-9, you would say 9-1-7.

Cancentration Numbss Lists jcircle one)

List & List8 ListiC
52 41 &9 ¥ N L]
41 94 (%} ¥ N 1
453 524 142 ¥ H L]
629 418 (23] ¥ H 1
3814 1998 &B-3-1 ¥ N L]
32749 4568 3481 ¥ N 1
2971 48527 491-53 ¥ H L]
1-&-2-B-b LS G-B-2-5-1 ¥ H 1
T1B-4-62  BE1G-64 316510 ¥ H o
525148 724858 FEEE-1-4 ¥ H 1

List D ListE ListF
> 2 k] ¥ H o
59 &1 51 ¥ N 1
82 382 291 ¥ N L]
FIG 1B 479 ¥ H 1
4-1-8-3 2793 14-8-3 ¥ H o
724 2169 39-2-4 ¥ N 1
e 41865 24758 ¥ H L]
41782 94175 B39-6-4 ¥ H 1
64817 97382 586245 ¥ H o
B41-9-35 427398 1reze ¥ H 1

e [

DAYS IN REVERSE ORDER

o tell me the days of the wesk in reverse order. Start with the last day and go backward.
Za you'll say Sunday, Saturday. Go shead.

Sunciay - Saturday - Fridary - Thursday - Wednesday - Tuesday - Manday a1
—
SU——

& Concussion in Sport Group 2007
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Narmee:
STEP 4: NEUROLOGICAL SCREEN DOB:
See the instruction sheet (page 7) for details of Address:
test administratien and scoring of the tests. |0 number:
Can the patient read alowd fe.g. symptom check- P
list) and fallow instructions without difficulty? ¥ L S
Does the patient have a full range of pain- . " Diate:
free PASSIVE cervical spine movement? .
Without moving their head ar neck, can the patient loak ¥ "
side-to-side and up-and-down without double vision?
Gan the patient perform the finger nose
Coinbtion et oty u L
Can the patient perform tandem gait normally? ¥ N STEP 5 DELA\{ED RECALL
BALANCE EXAMINATION The delayed recall should be performed after 3 minutes have
elapsed since the end of the Immedizte Recall section. Score 1
. . —
Modified Balance Error Scoring System (BESS) testing pt. for each correct response.
Which foot was tested 3 Left Do you remember that Nst of words | read a few times earfier? Tell me as many words
[l which is the non-dominant foot) O Right from the list a5 you can rememberin any order
Testing surface (hard fioor, field, etc) Tima
Footwear (shoes, barefoot, braces, tape, etc.)
Condition Erors Flease record each ward comectiyrecalled Total scone equaks numbees of words recalled.
Double leg stance of 10
Singhe beg stance (non-deminant foet, 10-12 yo only) of 10
Tandem stance (non-dominant foot at back) of 10
Total Ervors Bigs  ofH iklwe oM Total number of words recalled accurately: of§ | or of 10
LS
Darte and time of injury:
Date & time of assessment:
H the athlete is known to you prior to their injury, are they different from their usual self?
Bumaln | Ofes O Mo CUmsure O Not Applicable
Symptoem numbar (f different, describe wiry in the clinical notes section)
Child report of 27)
Parent repart (af 71) Cancussion Disgnosed?
T¥es T Mo CUmsure O NotApplicable
Symplom severity soore
Child report [of 63) if re-testing, has the athlete improved?
Parent repart (of 63)
O ¥es T Mo CUnsure O NotApplicable
\mediate of 16 of 16 of 15
mmediate memor L N
' of 30 of 30 of 30 | am a physician or licensed healthcare professional and | have personally
administered or supervised the administration of this Child SCATS.
Concentration {of &)
Hormal Hormal Hoemal Signature:
Neuro exam A ; A ol Abnormal
Name:
Balance errors
(59 w'o of 20) o
a-12y/e of 20) Title:
of & of B of & Registration number {if applicable):
Delayed Recall
of 1 of 10 of 10

Date:

SCORING ON THE CHILD SCATS SHOULD NOT BE USED AS A STAND-
ALONE METHOD TO DIAGNOSE CONCUSSION, MEASURE RECOVERY OR

MAKE DECISIONS ABOUT AN ATHLETE'S READINESS TO RETURN TO
COMPETITION AFTER CONCUSSION.

© Concussion in Sport Group 2017
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For the Heurological Screen (page 3), if the child cannot read, ask
him/her to describe what they see in this picture.

CLINICAL NOTES:

b R R L L T T L T P R R

L= N

Concussion injury advice for the
child and parents/carergivers
(To be given to the person monitoring the concussed child)

This child has had an injury to the head and needs to be carefully
watched for the next 24 hours by a responsible adult.

If you notice any change in behavior, vomiting, dizziness, worsening
headache, double vision or excessive drowsiness, please call an
ambulance to take the child to hospital immediately.

Other important points:

Following concussion, the child should rest for at least 24 hours.

= The child should not use a computer, internet or play video
games if these activities make symptoms worse.

= The child should not be given any medications, including
pain killers, unless prescribed by a medical doctor.

= The child should not go back to schoal
until symptoms are improving.

= The child should not go back to sport or play

until a doctor gives permission.

Clinic phone number:

Patient’s name:

Date / time of injury:

Date /time of medical review:

Healthcare Provider:

& Concussion in Sport Group 2017

Contact details or stamp
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INSTRUCTIONS

Words in Italics throughout the Child SCATS are the instructions given to the athlete by the clinician

Symptom Scale

In situations where the symptom scale is being completed after exercise, it should still
be done In & resting state, at least 10 minutes post exescise.

At Baseline On the day of injury
* Thechildistocompleste =+ Thechildistocomplete - The child is to complete

Onall subsequent days

the Child Report, the Child Report, the Child Repart,
sccording to how el according 1o how hef accarding to haw he/
she feels today, and she feels now. she feels today, and
+ The parenticarer isto + The parent/carer s ta
= I the paremt is present,
complete the Parent and has had tine 1o complete the Parent
Report according to Report according 1o how
how the child has been :ﬂ“’:l‘?'“:'}:"" the the child has heen over
overthe previous week. ot R TRESET e previcus 24 hours
[Repont accarding to how
the child appears row.

For Total number of symptoms, maximum possible is 21
For Symptom severity score, add all scores in table, maximum possible is 21 x 3 = 63

Standardized A Child Version (SAC-C)

Immediate Memory
Choose one of the 5-word sts. Then perform 3 trials of immediate memorny using this lis1.

ment of Conc

Complete all 3 trials regardless of score on previous trials.

*I am going ta test your memary. | will read you a list of words and when | am done, repeat
back as many words as you can remermber, in any order.” The words must be read at a
rate of one word per second.

OPTION: The literature suggests thatthe Immediate Memary has a notable ceiling effect
when a S-ward list is used. {In younger children, use the S-word list). In settings where this
ceiling is prominent the examiner may wishto make the task more difficult by incorporating
twa S-word groups for a total of 10 words per tial. In this cass the maximum score pes
trial is 10 with a total trial maximum of 30,

Triaks 2 &3 MUST be completed regardless of score ontrial 182,

Triaks 2 & 3: "] am going to repeat the same list again. Repeat back as many words as you
can remember in any order, even if you said the word before.”

Egore 1 pt. for each correct response, Total score equals sum across all 3 trials. Do NOT
inform the athlete that delayed recall will be tested.

Concentration

Digits backward

Choose one column only, from List A, B, T, D, E or F, and administer thoss digits as follows:

*i am going fo read you some numbers and when | am done, you say them back fo me
backwards, in reverse order of how | read them fo you. For example, if | say 7-1, you would
say 1-7.7

If correct, circle ¥ for commect and go to next string length. If incarrect, circle "N” for the
first string length and read trial 2 in the same string length. One point possible for each
string length. $top after incorrect on both triaks {2 W's) ina string length. The digits should
be read at the rate of one per second.

Days of the week in reverse order

“Wowr tell me the days of the week in reverse order. Start with Sunday and go backward, So
you'll say Sunday, Saturday ... Go ahead”

1 pt. for entire sequence comect

Delayed Recall

The delayed recall should be performed after at least § minutes have etapsed since the
end of the Immediate Recall section.

“Do you remember that Nst of words | read o few times earfier? Tel me as many words from
the list as you can remember in any onder.”

Circle each word comrectly recalled. Total score equals number of words recalled.

Neurological Screen
Reading

The child is asked to read a paragraph of text from the instructions in the Child SCATS.
For children who can not read, they are asked 1o describe what they see in a photograph
of picture, such as that on page 6 of the Child SCATS.

Modified Balance Error Scoring System (mBESS)® testing
These instructions are 1o be read by the parson administering the Child SCATS, and each
batance task shouk be demonstrated fo the child, The child should then be asked to copy
what the examiner demonstrated.

Each of 20-second trial/stance is scored by counting the number of errors. The This
balance testing is based on amadified version of the Balance Error Sooring System (BESS)E.

A stopwatch o watch with a second hand is required for this testing.

“I am now going to test yow baiance. Please take your shoes off, roll
up your parts sbove your ankfe (if applicable), and remove any ankie
taping (if applicable). This test will consist of two different parts.”

OPTION: For further assessment, the same 3 stances can be performed ona
surface of medium density foam (e.g., spproximately S0cm x 40cm x bom)

{a) Double leg stance:
The first stance iz standing with the feet together with hands on hips and with syes
closed. The chiid showld try to maintain stability in that position for 20 seconds. You
showld inform the child that you will be counting the number of times the child moves out
of this position. You should start timing when the child is set and the eyes are closed.

{b) Tandem stance:
Instruct or show the child how B d heel with the mon-c foat
in the back. Weight should be evenly distributed across both feet. Again, the
child should try fo maintain stability for 20 seconds with bands on bips and eyes
closed. You should inform the child that you will be counting the number of times
the child moves cut of this position. If the child stumbles out of this position,
instruct him/her fo cpen the eyes and return to the start position and continue
balancing. You should start timing wiben the child is set and the syes ave closed.

() Single leg stance (10-12 year olds only):

“If you wene to kick a bail, wihich foot would you use? [This will be the dominant foot]
Mow stand on pour other foot. You should bend your other lag and hold it up [show

the child). Again, try to stay in that position for 20 seconds with your hands an your
hips and your epes closed. | will be counting the number of times you move out of this
position, if you move out of this position, ogen your eyes and retum fo the start position
and keep balancing. | will start timing when you ave sef and have closed your eyes.”

Balance testing — types of errors

1. Hands |ifted off
llizc crest

3. Ftep, stumble, or fall 5. Lifting forefoot or heel

4. Moving hip into > 30
degrees abduction

6. Remaining out of test
2. Opening eyes position = §sec

Each of the 20-second trials is scored by counting the errors, or deviations from the
proper stance, accumulated by the child. The examiner will begin counting errors

only after the child has assumed the proper start pasition. The medified BESS is
caboulated by adding one error point for each error during the 20-second tests. The
maximum total number of emors for any single condition is 10. If a child commits
multiple ermars simultanecusly, only cre erar s recorded but the child should quickly
return 1o the testing position, and counting should resume cnce subject is set. Children
who are unable to maintain the testing procedure for a minimum of five seconds at

the start are assigned the highest possible score, ten, for that testing condition.

Tandem Gait

Instruction for the examiner - Demonstrate the following to the child:

The child is instructed to stand with their feat together behind  starting fine (the test

is best done with footwear removed). Then, they walk in a forward direction as quickly
and as accurately as possible along a J8mm wide (sports tape], 2 metre lne with an
alternate foot heel-to-toe gait ensuring that they approximate their heel and tos on sach
step. Onoe they cross the end of the 3m fine, they turn 180 degrees and return to the
starting point wsing the same gait. Children fall the test if they step off the line, have 2
separation between their heel and toe, or if they towch or grab the examiner or an object.

Finger to Nose

The tester should demonstrate it to the child.

*I am going fo test your coovdination now. Phease sit comfortably on the chair with your
eyes open and your arm (either right or left] outstretohed (shoulder feved to 30 degrees
and elbaw and fingers extended). When | give a start signal, | would (e you to perform five
successhve finger to nose repetitions using youwr index finger to touch the tip of the nose as
quickly and as accurately as possible.”

Sooring: §carrect repetitions in< 4 seconds =1

MNate for testers: Children faill the test If they do not touch their nose, da not fully extend
their elhow or do not perfarm five repetiticns.
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CONCUSSION INFORMATION

If you think you or a teammate has a concussion, tell your coach/trainer/
parent right away so that you can be taken out of the game. You or your
teammate should be seen by a dector as soon as possible. YOU OR
YOUR TEAMMATE SHOULD NOT GO BACK TO PLAY/SPORT THAT DAY,

Signs to watch for

Problems can happen over the first 24-48 hours. You or your teammate should not
be left alone and must go to @ hospital right away if any of the following happens:

» Mew headache, or = Feeling sick to your = Has weakness,

headache gets worse stomach or vomiting numbness or tingling
(arms, legs or face)
- Meck pain that - Acting weird/strange,
gets worse seems/feels confused, - |s unsteady walking
orisirritable or standing

- Becomes sleepy/
drowsy or can't = Has any seizures
b woken up {arms and/or legs
jerk uncontrollably) = Cannot understand
what someone is
saying or directions

Talking is shurred

» Cannot recognise
people or places

Consult your physician or licensed healthcare professional after a
suspected concussion. Remember, it is better to be safe.

Graduated Return to Sport Strategy

After a concussion, the child should rest physically and mentally for a
few days to allow symptoms to get better. In most cases, aftera
days of rest, they can gradually increase their daily activity level as long
as symptoms don't get worse. Once they are able to do their usual daily
activities without symptoms, the child should gradually increase exercise
in steps, guided by the healthcare professional [see below).

The athlete should not return to play/sport the day of injury.
MNOTE: An initial period of a few days of both cognitive ("thinking”) and

physical rest is recommended before beginning the Retumn to Sport
progression.

Functional exercise

[Exercizse step atezch step Goal of each step
1. Symptom- Daily activities thatdo Gradual reimtroduc-
lirmited activity nat provoke SYmptoms. tion of wark/schoal
2 Light aerabic ‘Walking or stationary Increaze heart rate.
ENErCise cycling at slow to medium
pace. Mo resistance
training.
3. Sport-specific Running or skating drills. Add movement.
exEfCise No head impact activities.
4. Non-contact Harder training drills, e.g., Exercise, coor-
training drills passing drills. May start dination, and
progressive resistance increased thinking.
training.
3. Full contact Following medical clear- Restore confi-
practice ance, participate in normal dence and assess
training activities. functional skills by
coaching staff.
6. Return to Mormal game play.
play/sport

There should be at least 24 hours (or longer) for each step of the progression.
If any symptoms worsen while exercising, the athlets should go back to
the previous step. Resistance training should be added only in the later
stages (Stage 3 or 4 at the earliest). The athlete should not return to
sport until the concussion symptoms have gone, they have successfully
returned to full school/learing activities, and the healthcare professional
has given the child written permission to return to sport.

If the child has symptoms for more than a month, they should ask to be
referred to ahealthcare professional who is an expert in the management
of concussion.

Graduated Return to School Strategy

Concussion may affect the ability to learn at schosl. The child may need
to mizs a few days of school after a concussion, but the child's doctor
should help them get back to school sfter a few days. When going back
to school, some children may need to go back gradually and may need to
have some changes made to their schedule so that concussion symptoms
don't get a lot worse. If a particular activity makes symptoms a lot worse,
then the child should stop that activity and rest until symptoms get better.
To make sure that the child can get back to school without problems, itis
important that the health care provider, parents/caregivers and teachers
talk to each other so that everyone knows what the plan is for the child
to go back to school.

Mote: If mental activity does not cause any symptoms, the child may
be able to return to scheol part-time without doing school activities at
home first.

- - Goal of
Mental Activity Activity at aach step ey

1. Daily activities Typical activities that the child Gradual
that da nat daes during the day as long as return ta
give the child they do not increase symptoms typical
symptoms (e.g. reading, texting, screen activities.

time). Start with 5-13 minutes at
a time and gradually build up.

2. School Homework, reading or other Increase

activities cognitive activities outside of tolerance
the classroom. to cognitive
wiark.

3. Return to Gradual intro-duction of school- Increase
school work. May neadto start with academic
part-time a partial school day or with aciivities.

increased braaks during the day.

4_ Return to Gradually progress school Return to full
school activities urtil a full day can be academic
full-time: tolerated. activities and

caich up on
miszed work.

If the child continues to have symptoms with mental activity, some other
things that can be done to help with return 1o school may include:

« Taking lots of breaks during
class, homewaork, tests

Starting school |ater, only
going for half days, or going
only to certain classes

* Mo more than one exam/day

More time to finish

assignments/tests » Shorter assignments

Quiet room 1o finish

€ Repetition/memory cues
assignments/tests

Us= of a student helper/ftutor

Mot going to noisy areas

like the cafeteria, assembly
halls, sporting events, music
class, shop class, ete.

Reassurance from teachers
that the child will be supportad
while getting better

The child should not go back to sports until they are back to schools
learning, without symptoms getting significantly worse and no longer
needing any changes to their schedule.

© Concussion in Sport Group 2017
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