


Zalacznik 3

AUTOREFERAT

opisujacy osiagniecia i dorobek naukowy

dr nauk o kulturze fizycznej Agnieszka De¢biec-Bak

Wroclaw 2023



Autoreferat — Agnieszka Debiec-Bak Zatgcznik 3

Spis tresci

L. IMIQ 1 NAZWISKO ettt ettt e et e e et e e e ta e e e taeeeaaaeesabaeesaseeesasesennseeennns 3
2. Posiadane dyplomy, StOPNI€ NAUKOWE ......c.eeevieriieiiiieniieeiienieeieesiteeteeseveeieesieeeseeseneeseesnneens 3
3. Informacja o dotychczasowym zatrudnieniu w jednostkach naukowych.............cccceeeverneen. 3

4. Omowienie osiggniec, o ktorych mowa w art. 219 ust. 1 pkt. 2 ustawy z dnia 20 lipca 2018 r.

Prawo o szkolnictwie wyzszym i nauce (Dz. U. z 2021 r. poz. 478 z pdzn. zm.) ................. 4
4.1. Tytul 0813gNICIA NAUKOWEZO ....vieiiieiiieiieeiieeiteeieeetee et ettt e et e siaeebeesaseenseesnseenne 4
4.2. Wykaz publikacji wchodzacych w sktad osiggniecia naukowego .........ccceeeevveeeieeennnennee, 4
4.3. Omowienie celu naukowego wskazanego cyklu prac, otrzymanych wynikow i ich
eWentualnego WYKOTZYSTANIA. . ... ..iiuiietiitt it oot eeeete ettt e et e e e e teesiaeesseessneensaesaseenne 6
4.3.1. Wprowadzenie — uzasadnienie tematu i celu naukowego wskazanego cyklu prac ........... 7

4.3.2. Realizacja celow szczegdtowych w publikacjach stanowigcych osiggnigcie naukowe....11
4.3.3. Podsumowanie — znaczenie naukowe 1 kliniczne wynikow badan oraz warto$¢
aplikacyjna publikacji wskazanych jako osiggnigcie NAUKOWE .........ccoceevueeiienierienieniinienene 19
4.3.4. PISIMICNNICIWO ..eoiiriiiiieieeiteeiteie ettt ettt ettt sttt et sbe ettt sat e bt estesaeenbeeaeesaeenbeennes 21
4.4. Omowienie pozostatych osiggnig¢ naukowych zwigzanych z gléwnym kierunkiem
zainteresowan badawCZyCh .......cccoooiiiiiiiiiic e 25
4.5. Podsumowanie 0813gnig¢ NAUKOWYCH ......cc.eiiiiiiiiiiiiiieiiieciie ettt 32
5. Informacja o wykazywaniu si¢ istotng aktywno$cig naukowg albo artystyczng realizowang w
wigcej niz jednej uczelni, instytucji naukowej lub instytucji kultury, w szczegdlnosci
ZAGTANICZIIE]. ©eeeuvveeeureeerreeessreeeasseeeasseesasseeasseeasseeessseeasssesesssesasssesassssesssseesssssesssesesssesssssessssseesnsns 32

6. Informacja o osiagnieciach dydaktycznych, organizacyjnych oraz popularyzujacych

L E2 1 35
7. Inne informacje dotyczace kariery ZawWOdOWE] ........ccoecierieeiiienieniiieniieeieeiee e eseee e 37
7.1. Udziat w projektach badawcCzyCh .........ccccccoiiiiiiiiiie e 37
7.2. Staze naukowe 1 dydaKEYCZNEe .........coeeviiiiiiiieiie et e e evee e 37
7.3. Ksztalcenie mIode] Kadry.......ccoooiviiiiiiiiiiiiiiicece et 40
7.4. Promotorstwo prac licencjackich, magisterskich oraz recenzowanie prac dyplomowych
................................................................................................................ 40
7.5. Udzial w konferencjach naukowych i popularyzujacych nauke..........ccccoeevvvevcniiennnnnnns 41
7.6. Szkolenia i1 kursy, podnoszenie kwalifikacji naukowo-dydaktycznych........................... 42
7.7. NAGLOAY 1 WYTOZNICINIA. 1. .veeutieiiieiieeiieeiieeiteeteesteeteeeteesseesaeeseessseeseessseenseessseenseesssesses 42



Autoreferat — Agnieszka Debiec-Bak Zatgcznik 3

1. Imie¢ i nazwisko

Agnieszka Dg¢biec-Bak (ORCID 0000-0001-7005-3018)
2. Posiadane dyplomy, stopnie naukowe

* 26.06.2000r. magister fizjoterapii, Akademia Wychowania Fizycznego we Wroctawiu,
* 05.05.2011r. doktor nauk o kulturze fizycznej, Akademia Wychowania Fizycznego we
Wroctawiu. Tytul rozprawy doktorskiej: ,,Analiza temperatury powierzchniowej ciala 1 jej
zmian pod wplywem kriostymulacji ogdlnoustrojowej w badaniach termowizyjnych”.

Promotor pracy: prof. dr hab. Anna Skrzek
3. Informacja o dotychczasowym zatrudnieniu w jednostkach naukowych

02/2002-10/2007 Akademia Wychowania Fizycznego we Wroctawiu, Wydziat Fizjoterapii,
Pracownia Krioterapii i Obrz¢kéw Niezapalnych; na stanowisku starszego referenta

technicznego,

11/2007-09/2011 Akademia Wychowania Fizycznego we Wroctawiu, Wydziat Fizjoterapii,
Katedra Fizjoterapii w Dysfunkcjach Narzadu Ruchu; Zaklad Fizjoterapii w Ortopedii

1 Traumatologii, na stanowisku pracownika techniczno-naukowego,

09/2011-09/2020 Akademia Wychowania Fizycznego we Wroctawiu, Wydziat Fizjoterapii,
Katedra Fizjoterapii w Dysfunkcjach Narzadu Ruchu, Zaktad Fizjoterapii w Ortopedii

i Traumatologii; na stanowisku adiunkta w grupie pracownikéw badawczo-dydaktycznych,

09/2020-obecnie Akademia Wychowania Fizycznego we Wroclawiu im. Polskich
Olimpijczykow, Wydziat Fizjoterapii, Zaktad Fizjoterapii w Dysfunkcjach Narzadu Ruchu;

na stanowisku adiunkta w grupie pracownikow badawczo-dydaktycznych.
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4. Omowienie osiagnie¢, o ktorych mowa w art. 219 wust. 1 pkt. 2 ustawy
z dnia 20 lipca 2018 r. Prawo o szkolnictwie wyzszym i nauce (Dz. U.

z 2021 r. poz. 478 z p6zn. zm.)

Osiagnieciem naukowym, bedacym podstawa do ubiegania si¢ o stopien naukowy
doktora habilitowanego na podstawie art. 219 ust. 1 pkt. 2 ustawy z dnia 20 lipca 2018 r.
Prawo o szkolnictwie wyzszym i1 nauce (Dz. U. z 2021 r. poz. 478 z pdzn. zm.) jest
monotematyczny cykl 5 publikacji naukowych, opublikowanych w mig¢dzynarodowych
czasopismach w latach 2016 — 2021, w ktdrych jestem pierwszym autorem, a w jednym z nich
réwniez autorem korespondencyjnym. Dla wskazanego cyklu artykutéw sumaryczny
wskaznik Impact Factor (IF) wynosi 20,735 a taczna liczba punktéw, zgodnie z punktacja
Ministerstwva Edukacji 1 Nauki (MEiN) i wcze$niej Ministerstwa Nauki i Szkolnictwa

Wyzszego (MNiSW), wynosi 395.

4.1. Tytul osiagniecia naukowego

»Analiza dynamiki zmian temperatury powierzchniowej ciala pod wplywem

zroznicowanych bodzcow u zdrowych i chorych osob”

4.2. Wykaz publikacji wchodzacych w sklad osiagni¢ecia naukowego

1. Debiec-Bagk A, Skrzek A, Podbielska H, Golubnitschaja O, Stefanska M. (2021).
Superficial temperature distribution patterns before and after physical activity in school
children are indicative for personalized exercise coaching and disease prevention. EPMA
Journal, 12(4),435-447, doi:10.1007/s13167-021-00262-1

IF: 8,836, punktacja MEiN: 100,00

Moj wktad polegal na tworzeniu koncepcji, prowadzeniu badan, organizacji bazy danych,
analizie, interpretacji i wizualizacji wynikow, przygotowaniu pierwszej wersji rekopisu. Moj

udziat szacuje na 50%.
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2. Debiec-Bak A, Kuligowski T, Skrzek A. (2020). Analyzing thermoregulation processes in
early school-age girls and boys through thermography. Journal of Thermal Analysis and
Calorimetry,140,243-251,d0i:10.1007/s10973-019-08843-z

IF: 4,626, punktacja MEiN: 100,00

Moj wktad polegat na tworzeniu koncepcji, sformutowaniu celow naukowych, udziale w
prowadzeniu badan, organizacji bazy danych, zaprojektowaniu analiz statystycznych,
interpretacji i wizualizacji wynikow, zgromadzeniu literatury, prowadzeniu dyskusji,
przygotowaniu pierwszej wersji rekopisu, pisaniu korekt przed zloZeniem do druku,

zatwierdzeniu ostatecznej wersji artykutu. Moj udziat szacuje na 70%.

3. Debiec-Bak A, Pawik L., Skrzek A. (2016). Thermoregulation of football players after
cryotherapy in thermography. Journal of Thermal Analysis and Calorimetry,126(3), 1633-
1644, doi:10.1007/s10973-016-5623-3

IF: 1,953, punktacja MEiN: 25,00

Moj wktad polegal na tworzeniu koncepcji, sformutowaniu celow naukowych, udziale w
prowadzeniu badan, organizacji bazy danych, zaprojektowaniu i wykonaniu analiz
statystycznych,  interpretacia i  wizualizacja  wynikow,  zgromadzenie literatury,
przeprowadzeniu  dyskusji, przygotowaniu pierwszej wersji rekopisu, zatwierdzeniu

ostatecznej wersji artykutu. Moj udziat szacuje na 70%.

4. Debiec-Bak A, Wojtowicz D, Pawik L, Ptak A, Skrzek A. (2019). Analysis of body
surface temperatures in people with Down syndrome after general rehabilitation exercise.
Journal of Thermal Analysis and Calorimetry,135(4),2399-2410,
doi:10.1007/s10973-018-7345-1

IF: 2,731, punktacja MEiN: 100,00

Moj wktad polegal na tworzeniu koncepcji, modelu badan, zaplanowaniu eksperymentu,
wyborze metodyki badan, pozyskaniu osob badanych, analizie danych, interpretacji wynikow

badan i obliczen statystycznych, przygotowaniu pierwotnej wersji rekopisu, przygotowaniu
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korekt przed zlozemiem do druku, zgromadzeniu literatury, prowadzeniu dyskusji,

zatwierdzeniu ostatecznej wersji artykutu. Moj udzial szacuje na 65%.

5. De¢biec-Bak A, Skrzek A, Wozniewski M, Malicka 1. (2019). Using thermography in the
diagnostics of lymphedema: pilot study. Lymphatic Research and Biology, 18(3), 247-253,
doi:10.1089/1rb.2019.0002

IF: 2,589, punktacja MEiN: 70,00

Moj wktad polegal na tworzeniu koncepcji, sformutowaniu celow naukowych, prowadzeniu
badan, organizacji bazy danych, interpretacji i wizualizacji wynikow, zgromadzeniu literatury,
wspotprowadzeniu  dyskusji, przygotowaniu pierwszej wersji rekopisu, pisanie artykutu,
wspotudziale w jego korekcie przed i po ztoZeniu do druku, autorstwie korespondencyjnym. Moj

udzial szacuje na 50%.

Warto§¢ wskaznika IF oraz punkty MEIN/MNiSW podano zgodnie z wykazem
sporzadzonym przez Osrodek Informacji Naukowej] AWF we Wroctawiu, zatacznik 5.
Oswiadczenia wspotautorow dotyczace udzialu w powstaniu wskazanych publikacji

zamieszczono w zatgczniku nr 7.

4.3. Omowienie celu naukowego wskazanego cyklu prac, otrzymanych wynikéow

i ich ewentualnego wykorzystania

Gléwnym problemem, realizowanym w cyklu wskazanych prac byta
identyfikacja powierzchniowej temperatury ciata w badaniu termowizyjnym 0s6b w roznych
stanach organizmu oraz analiza dynamiki zmian temperatury ciata pod wptywem dziatania
wybranych bodzcow.

Zastosowanie bezdotykowej, nieinwazyjnej metody termowizyjnej do analizy
dynamiki zmian temperatury moze by¢ przydatnym narzedziem w przewidywaniu i
profilaktyce niekorzystnych zmian zachodzacych w organizmie. Metoda ta umozliwia
monitorowanie zmian temperatury powierzchniowej ciala bedacych nastgpstwem
zachodzagcych w organizmie czlowieka procesow metabolicznych, przecigzeniowych i

proceséw chorobowych.
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Spersonalizowane podejscie wykorzystujace techniki obrazowe m. in. metode
termowizyjna, dynamiczny postep technologiczny w medycynie i fizjoterapii mogltyby
pozwoli¢ na coraz skuteczniejszy indywidualny dobor narzedzi terapeutycznych, co znacznie

poprawitoby efekty profilaktyki oraz procesu leczenia i fizjoterapii.

4.3.1. Wprowadzenie — uzasadnienie tematu i celu naukowego wskazanego

cyklu prac

Fizjologia organizmu cztowieka zwigzana ze stalocieplnoscia oraz emisyjnos¢ tkanek
w zakresie $redniej podczerwieni, powoduje, ze organizm ludzki staje si¢ znakomitym
obiektem w badaniach termowizyjnych. Obserwacja gradientu powierzchniowej temperatury
ciala moze stanowi¢ istotng informacj¢ diagnostyczna, ale takze moze uzupeinia¢ informacje
o przebiegu leczenia, lub treningu sportowym, poniewaz jest odzwierciedleniem procesoOw
zachodzacych wewnatrz ustroju w odpowiedzi termoregulacyjnej na stymulacj¢ endogenng i
egzogenng. Homeostaza termiczna ciata warunkowana jest dzialaniem procesow
biochemicznych oraz psychofizjologicznych organizmu cztowieka. Zachowanie rownowagi
termicznej speiniane jest dzigki sprawnemu dziataniu mechanizméw termoregulacji, ktore
zaleznie od procesow fizycznych i chemicznych wptywaja na generowanie i przeptyw ciepta
w organizmie czlowieka oraz na jego wymiang z otoczeniem (Fernandez-Cuevas i wsp., 2015,
Chudecka 1 wsp., 2015).

Organizm czlowieka jest stalocieplny, czyli utrzymuje wzglednie stalg temperaturg, w
obrebie jam ciata, czyli klatki piersiowej, jamy brzucha, mdzgu, serca i krwi, ktére stanowia
rdzen (core temperature). Temperatura wewnetrzna ciala waha si¢ do 37°C przy
uwzglednieniu rytmu dobowego, natomiast powierzchni ciata do 33°C. Rejestrowane zmiany
temperatury ciata w cyklu dobowym (£ 0,6°C) zalezne sa od dzialania hormonow
wplywajacych na metabolizm, takich jak glikokortykoidy, hormony tarczycy, somatotropina,
adrenalina, a takze od napigcia uktadu wegetatywnego wykazujacego zmienno$¢ dobowa
(Marins i wsp., 2014, Costa i wsp., 2018).

Utrzymanie statej temperatury ciata jest podstawag prawidlowego funkcjonowania
czynnos$ci zyciowych czlowieka. Organizm ludzki posiada optymalne zdolnos$ci
przystosowawcze poprzez system termoregulacyjny, ktéry ma za zadanie utrzymac stalg
temperature ustroju (rownowaga cieplna miedzy cieptem wytworzonym przez organizm a

rozpraszanym do otoczenia), ( Flouris 1 wsp., 2015).
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Zrdéznicowanie temperatury powierzchniowej ciala zalezne jest od wlasciwosci
osobniczych, tj. temperatury narzadéw wewnetrznych, wlasciwosci cieplnych tkanek, ktére
oddzielajg dany narzad od powierzchni ciala, tkanki mig$niowej, thuszczowej, przeptywu i
temperatury krwi, ilosci energii z procesOw metabolicznych, a takze wilgotnosci skory.
Procesy termoregulacji oparte sa na sprz¢zeniu zwrotnym migdzy temperaturg ciata a
wytwarzaniem i eliminacjg ciepla. Bilans ten oparty jest na reakcjach termogennych oraz
termolityczych. Uktad termoregulacji stanowig termoreceptory, termodetektory, podwzgorze,
ktore transferuje informacje ze struktur wrazliwych na zmiany temperatury oraz efektory
uktadu termoregulacji (uktad krazenia i dokrewny oraz migs$nie, tkanka ttuszczowa, watroba,
nadnercza, tarczyca). Aktywowanie tych struktur powoduje zmiany, majace na celu
wyrownanie temperatury do homeostazy termicznej (Chudecka i wsp., 2016, Lubkowska i
wsp., 2021).

Wigkszos¢ ciepta generowanego przez organizm czlowieka dociera do skory na skutek
konwekcji przez krew. Przeplyw wewnetrzny ciepta jest roznicg miedzy temperaturg rdzenia
(core) a $rednig temperatura skory i przewodnictwa termicznego, czyli szybko$cia przeptywu
skornego krwi. Regulacja cieptoty na zewnatrz odbywa si¢ poprzez promieniowanie,
konwekcje 1 parowanie (pocenie, jako eliminowanie ciepta) (Lubkowska 1 wsp. 2021,
Aylwin i wsp. 2021, Straburzynska — Lupa i wsp., 2022).

Cialo cztowieka stanowi mape termiczng, zmieniajaca si¢ pod wptywem czynnikoéw
wewnetrznych i1 zewnetrznych. Gradient izoterm prezentuje zrdznicowanie w dystalnych i
proksymalnych segmentach anatomicznych.

Do identyfikacji rozkladu powierzchniowej temperatury ciata wykorzystuje si¢
zjawisko termoemisji, czyli nat¢zenia promieniowania podczerwonego emitowanego przez
badane tkanki, ktére jest wprost proporcjonalne do przemian metabolicznych w nich
zachodzacych. Rejestracja termowizyjna wynika z pomiardw emisji fal podczerwieni
emitowanych przez badane obszary ciala, co jest zwigzane z ich ukrwieniem, zaleznym od
ukladu  wegetatywnego 1 lokalnych  mediatorow  naczyniokurczacych  lub
naczyniorozszerzajacych, co pozwala okresli¢ ich stan fizjologiczny. Moze mie¢ to istotny
zwigzek z toczacymi si¢ w badanych obszarach odczynami zapalnymi, czy procesami
chorobowymi. Termowizja jest cennym uzupelnieniem stosowanych rutynowo metod
diagnostyki obrazowej. Pozwala na obiektywna ocen¢ zjawisk biotermokinetycznych,
bioenergetycznych ustroju ludzkiego. Wizualizacja rozktadu powierzchniowej temperatury

ciala, termogram wskazuje na roéznice w rozmieszczeniu ciepla w organizmie, co jest
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zwigzane z rdézng aktywnos$cig fizjologiczng obszarow ciata badz toczacym si¢ procesem
chorobowym. Badanie to jest nieinwazyjne i bezdotykowe, bezpieczne, umozliwia okreslenie
rozktadu temperatury na powierzchni skory. Metoda ta nie ma ograniczen w odniesieniu do
ptci 1 wieku, jak rowniez jest catkowicie nieszkodliwa dla kobiet w cigzy i plodow. Mozliwe
jest powtarzanie badan bez szkody dla badanych ( Ludwig i wsp., 2014, Ring i wsp., 2015,
Neves i wsp., 2017, Reis 1 wsp., 2023a).

Emisja ciepta z badanych obszaréw ciata odbierana jest przez uktad optyczny kamery
termowizyjnej, skupia si¢ na powierzchni matrycy detektora podczerwieni, gdzie ulega
zamianie na proporcjonalny do jego natezenia sygnal elektryczny. Warto$ci temperatury
zostaja zamienione na piksele macierzy obrazu. Powstaly obraz, czyli termogram,
wyswietlany jest na ekranie kamery termowizyjnej lub na monitorze komputerowym.
Jednoczes$nie staje si¢ protokolem badania, a nastgpnie moze by¢ poddany analizie przy
uzyciu odpowiedniego oprogramowania komputerowego (Bauer 1 wsp., 2014, Ring 1 wsp.,
2015, Modrzejewska i wsp., 2018).

Cialo ludzkie emituje promieniowanie w zakresie od $redniej podczerwieni (ok. 2pum),
az po mikrofale, przy czym maksimum emitancji osigga dla dlugosci fali 9,36um. Do
pomiardw medycznych mozna wigc stosowa¢ zarowno kamery termowizyjne pracujgce w
zakresie $redniej (2,5-5,6um), jak i dalekiej podczerwieni (7—13um), trzeba jednak przy tym
pamigtac, ze te pierwsze sa bardziej czute na promieniowanie stoneczne, a tym samym
wymagaja wigkszej przed nim ochrony oraz lepszego dostosowania pomieszczenia
badawczego (Bauer i wsp., 2014).

W diagnostyce medycznej znalazly zastosowanie tzw. detektory fotonowe
(antymonek indu: InSb oraz tellurek kadmowo-rteciowy: CdHgTe) reagujace na
promieniowanie o okre$lonej dlugosci fali. W detektorach fotonowych padajace
promieniowanie jest absorbowane na skutek oddziatywania fotonow z elektronami. Sygnat
detektora jest wywotany zmiang rozkladu energii no$nikow. Natomiast w detektorach
termicznych padajace promieniowanie jest absorbowane w materiale, co powoduje
podniesienie temperatury elementu fotoczulego. Sygnat detektora jest wywotany pewna
zmiang wlasciwosci materialu zaleznej od temperatury (Nawrat i wsp. 2018).

Technika termografii umozliwia rejestracje temperatury ciala i szybko$¢ jej zmian z
rozdzielczoscia < 0,1°C. Warunkiem wykonania wiarygodnej wizualizacji rozktadu
temperatur ciata jest uprzednie aklimatyzowanie badanego oraz wyeliminowanie obiektow

emitujacych dodatkowe promieniowanie cieplne. Uzyskane termogramy stanowig
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czynno$ciowy material diagnostyczny umozliwiajacy wykrycie zmian chorobowych, w
ktérych zachodzi zmienno§¢ ukrwienia, niejednokrotnie niemozliwa do wykrycia innymi
metodami w poczatkowych stadiach choroby zanim nastgpig zmiany funkcjonalne i
strukturalne ( Lubkowska 1 wsp., 2021, Bauer i wsp., 2014).

W ostatnich latach mozna zaobserwowa¢ zwigkszone zainteresowanie i zastosowanie
metody termowizyjnej oraz jej uzyteczno$ci w badaniach wielu specjalizacjach medycznych,
szczegOlnie w aspekcie uzupeilnienia diagnostycznego, w aspekcie monitoringu
srodoperacyjnego, a takze w treningu sportowym oraz leczeniu kontuzji w obszarze narzadu
ruchu. Mozliwo$¢ zastosowania metody termowizyjnej, jako narzedzia stosowanego w
monitoringu zmian zachodzacych w organizmie czlowieka w aspekcie map termicznych ciata,
moze pozwoli¢ na zaplanowanie odpowiednio dtugiej aktywnos$ci fizycznej, treningu, czy
dlugos$¢ 1 czestotliwo$¢ przeprowadzanej rehabilitacji oraz dobierania odpowiednich
parametrow do zastosowanej metody fizykoterapii.

Gléwnym celem wskazanego cyklu pigciu publikacji naukowych byta analiza oraz
identyfikacja odpowiedzi termoregulacyjnej osob w roznych stanach organizmu pod
wpltywem wybranych bodzcow endogennych i1 egzogennych.

Z uwagi na wielowymiarowy charakter powyzszego problemu badawczego, w
publikowanych pracach podjeto probe realizacji nastgpujacych celow szczegdtowych:

1. Identyfikacja odpowiedzi termoregulacyjnej dzieci po wysitku fizycznym w
zalezno$ci od wieku.
2. Ocena zakresu i dynamiki zmian temperatury ciata po wysitku fizycznym w korelacji

z plcia.

3. Analiza zakresu warto$ci temperatury powierzchniowej ciala i jej zmian pod
wpltywem zréznicowanych bodzcéw kriostymulacji u mtodych, zdrowych dorostych.

4. Analiza zmiennos$ci powierzchownej temperatury ciata osob dorostych z Zespotem
Downa oraz u 0s6b zdrowych z otylo$cig prosta, po treningu ogélnousprawniajacym.

5. Ocena termowizyjna temperatury powierzchniowej konczyn gornych u kobiet

leczonych z powodu raka piersi w korelacji ze stanem obrzeku.

Poznanie oraz zrozumienie mechanizméw termoregulacji w roéznych stanach
organizmu, ktére moga skutkowa¢ objawami zaburzen termoregulacyjnych moze dostarczy¢
cennych informacji w dziedzinie nauk medycznych i1 nauk o zdrowiu w dyscyplinie nauki o
kulturze fizycznej, ktore znajda swoje aplikacje praktyczne, szczegdlnie w zakresie: (1)

monitorowania odpowiedzi termoregulacyjnej ustroju ludzkiego, (2) kontroli efektow
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bodzcéw wplywajacych na dynamike zmian temperatury ciata, (3) zwigkszenia efektywnosci
procesu rehabilitacyjnego oraz (4) mozliwosci programowania procesu fizjoterapii do stanu

klinicznego.

4.3.2. Realizacja celow  szczegolowych w  publikacjach stanowiacych

osiggniecie naukowe

Badania, ktorych wyniki zostaty przedstawione w cyklu pigciu prac badawczych byty
prowadzone w latach 2016-2021 w Zaktadzie Fizjoterapii w Dysfunkcjach narzagdu Ruchu, na
Wydziale Fizjoterapii Akademii Wychowania Fizycznego im. Polskich Olimpijczykow we
Wroctawiu.

Zbadano i1 poddano analizie 239 badanych, kazdy ochotnik lub jego opiekun prawny
udzielit pisemnej zgody przed udziatem w badaniach, zgodnie z Deklaracjag Helsinskg. Do
badan termowizyjnych wykorzystane zostaly modele kamer termowizyjnych ThermoVision
A20M (pierwsza praca) oraz ThermoVision FLIR SYSTEM T335 (kolejne z cyklu).
Uzyskane termogramy poddano analizie wykorzystujac program ThermaCAM Researcher 2.9
oraz 2.10 Pro, za pomocg ktorych na ciele badanych wydzielono pola pomiarowe w ujeciu od
przodu i od tyhlu (klatka piersiowa, brzuch, plecy, powierzchnia ramion, przedramion, ud,
podudzi). Kazdorazowo rejestrowano temperatur¢ maksymalng, $rednig i minimalng. Do
analiz wybrano $rednie warto$ci temperatury z wyznaczonych obszaréw ciata. Badania
wykonane byly zgodnie ze standardami Europejskiego Towarzystwa Termologicznego. W
pomieszczeniu badawczym o powierzchni 3x4m? utrzymano temperatur¢ w przedziale 21-
24°C, wilgotnos¢ 35-45%. Uwzgledniono 15 minutowy czas aklimatyzacji badanych, ktorzy
pozostawali jedynie w bieliznie i obuwiu w pozycji stojacej, aby proces wymiany ciepta z
otoczeniem ustabilizowal si¢ do rejestracji termowizyjnej. Przyjeto emisyjnos¢ skory na
poziomie 0,98, a rejestracja termowizyjna wykonana byta z odlegtosci 1,5-2 m od obiektu
badanego. Realizacja badan odbywala si¢ o statej porze, w godzinach popotudniowych okoto
16:00, w celu zminimalizowania wplywu rytmu dobowego na badany parametr.

Termoregulacja poprzez mechanizmy wytwarzania oraz usuwania ciepta z organizmu
warunkuje balans cieplny oraz zapewnia homeostaz¢ termiczng ustroju. Umiejetnos¢ ta
ksztattuje si¢ wraz z innymi uktadami w procesie ontogenezy cztowieka. Osiagnigcie peinej
zdolno$ci utrzymywania procesOw termoregulacyjnych na odpowiednim poziomie, zalezy od

stopnia sprawnosci termoregulacyjnej oraz wspotdziatania z uktadem krwiono$nym, czy
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oddechowym. Wytwarzanie ciepta w organizmie jest zalezne od licznych proceséw
metabolicznych pochodzacych z przemiany materii komorek,  aktywno$ci mig$ni.
Metabolizm wywotany dzialaniem hormonéw (m.in. tyroksyna, testosteron, adrenalina,
noradrenalina) rowniez wplywa na gradient temperatury. Zdrowy czltowiek utrzymuje
temperature tkanek glebokich niemalze na stalym poziomie. Zmiany s3 niewielkie i oscyluja
w okolicach 0,6°C. Odmienna sytuacja wystepuje w przypadku temperatury skory. Parametr
ten zalezny od temperatury otoczenia oraz od podejmowanej aktywnos$ci fizycznej. Przy
wykonywaniu forsownych ¢wiczen, skoéra cztowieka moze osiggna¢ nawet 38,3°C do 40°C.
Organizm poddany dziataniu zimna moze obnizy¢ temperature do 35,5°C. Zdolno$¢
utrzymania statej temperatury ciata zalezy od sprawnos$ci metabolicznej, termoregulacyjnej
cztowieka (Florius i wsp., 2015, Aylwin i wsp., 2021).

W pisSmiennictwie mozna odnalez¢ doniesienia dotyczace zwiazkow pomiedzy
wydolnoscia fizyczng a tolerancjg wzrostu temperatury ciata. Badania wskazuja, ze regularny
wysitek fizyczny ma pozytywny wplyw na wydolnos¢ uktadu krwiono$nego, w konsekwencji
istnieje mozliwo$¢ wzrostu temperatury wewnetrznej do momentu odczuwania zmeczenia
przez organizm (McLellana i wsp., 2001, Tanda, 2018 ). Zm¢czenie organizmu nastgpuje w
wyniku kumulowania si¢ metabolitow wysitkowych, ale takze w wyniku znacznego przyrostu
temperatury wewnetrznej, ktora ma niekorzystny wptyw na prace mézgu (Drust 1 wsp., 2005).
Dla os6b aktywnie i regularnie uprawiajacych aktywnos¢ fizyczna, istotne jest zwigkszenie
zdolnos$ci sprawnego usuwania ciepla z organizmu, gdyz umozliwi im to kontynuowanie
wysitku (Chudecka, Lubkowska, 2011).

U dzieci wraz z rozwojem catego organizmu zdolnosci termoregulacyjne zmieniajg si¢
W sposob progresywny. Dojrzewanie biologiczne poszczegoélnych uktadow, w tym takze
ukladu termoregulacji, przebiega indywidualnie. Przy uwzglednieniu fizjologii uktadu
termoregulacji, dzieci oraz osoby starsze w sposdb odmienny reaguja na zmiany temperatury
otoczenia. Ich procesy termoregulacyjne w mniej skuteczny sposéb radzg sobie z nadmiernym
wzrostem lub obnizeniem temperatury zewnegtrznej. U noworodkow; nie sg jeszcze
wyksztalcone procesy obrony przed zimnem, polegajace na termogenezie drzeniowej oraz
obkurczeniu naczyn krwionosnych. Strukturg odpowiedzialng za wytworzenie ciepla w tym
przypadku jest obecnos$¢ brunatnej tkanki tluszczowej, zlokalizowanej w okolicach topatki i
wzdhuz kregostupa (Knobel-Dail i wsp., 2017, Székely i wsp., 2018).

Analiza powierzchniowej temperatury ciala w badaniach termowizyjnych dostarcza

informacji o funkcjonowaniu ,termostatu”, odpowiedzi procesow termoregulacyjnych z
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efektywnym utrzymywaniem rownowagi cieplnej organizmu, zwigzanej z pozostatymi,
prawidlowo funkcjonujacymi uktadami (Reis 1 wsp., 2023b).

Promocja aktywnos$ci fizycznej realizowanej juz od najmlodszych lat jest bardzo
istotnym elementem dobrego zdrowia i jakosci zycia w kolejnych okresach zycia cztowieka.
Dlatego badania analizujagce zachowanie si¢ proceséw termoregulacyjnych dzieci pod
wplywem wysiltku fizycznego, wydaja si¢ bardzo istotne. U dzieci, w miar¢ rozwoju calego
organizmu, stopniowo zmieniajg si¢ zdolnos$ci termoregulacyjne. Dojrzewanie biologiczne
kazdego systemu nastepuje indywidualnie. Kontrola termiczna u dzieci nie jest jeszcze w
pelni rozwinigty, co oznacza, ze ich odporno$¢ na stres termiczny jest znacznie stabsza w
porownaniu do dorostych (Gomes i wsp., 2013).

Majac na uwadze to, ze w okresie dzieciecym wystepuje wydtuzony okres wysitkowej
adaptacji termicznej w porownaniu z dorostymi (Notley 1 wsp., 2020), podjetam w pracy pt.:
Superficial temperature distribution patterns before and after physical activity in school
children are indicative for personalized exercise coaching and disease prevention”
(Publikacja 1), probe analizy odpowiedzi termoregulacyjnej ustroju na bodziec obcigzenia
treningowego, u dzieci w wieku wczesnoszkolnym. Celem pracy byla analiza procesow
termoregulacyjnych u dzieci w wieku 7, 9 1 12 lat po treningu ogdlnoustrojowym. Dokonano
poréwnania map termicznych ciala badanych dzieci przed 1 po wysitku
ogolnousprawniajagcym oraz po restytucji powysitkowej w zaleznosci od wieku. Grupe badang
stanowito 60 uczniéw szkoty podstawowej, obojga ptci. Badani zostali podzieleni na trzy
grupy wiekowe, kazda po 20 oséb, w wieku 7, 9 oraz 12 lat. Ksztaltowanie si¢ mapy
termicznej po uzyskanym czasie aklimatyzacji do rejestracji termowizyjnej, wykazato
zrdznicowanie parametru w zalezno$ci od badanego obszaru.

Pomiary wykonane przed ¢wiczeniami nie wykazaty istotnych roznic w zakresie
sredniej temperatury powierzchniowej we wszystkich analizowanych obszarach pomiedzy
dzie¢mi w wieku 7 1 9 lat. Badani 12-latkowie wykazywali zbliZone parametry temperatury
tylko w obszarze tutowia do mtodszych badanych. Z kolei u dzieci 12-letnich istotnie wyzsze
byty wartosci $redniej temperatury konczyn gornych i dolnych w poréwnaniu z grupg 7-
latkow oraz z grupa 9-latkbw w obrgbie konczyn dolnych. Bezposrednio po wysitku
fizycznym odnotowano spadek temperatury we wszystkich analizowanych obszarach ciata w
trzech badanych grupach. Najnizsze wartosci temperatury byty w grupie 12-latkow. Ocena
dynamiki termoregulacji po przeprowadzonej 15-minutowej przerwie od aktywnosSci

fizycznej badanych dzieci wykazata wzrost $redniej temperatury wszystkich analizowanych
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rejondw ciala, wzrastajac do wartosci, ktora nie rdznita si¢ znaczaco od temperatury
poczatkowej. Uzyskane wyniki ujawnily indywidualne i zalezne od wieku rdéznice w
odpowiedzi organizmu na ¢wiczenia. Zmiany temperatury wahaty sie od 1,3 do 2,4°C,
najmniejsze odnotowano u 7-latkow (od 0,7 do 1,2°C). Najwicksze zmiany temperatury
wykazywat obszar tutowia w kazdej grupie wiekowej. Wykorzystanie = termografii  jako
narzedzia diagnostycznego do analizy wzorcow termicznych w powierzchniowych warstwach
ciata po wysitku fizycznym moze pozwoli¢ na posrednig ocen¢ mechanizmédw termoregulacji
1 ich réznic miedzy dzie¢mi w réznych grupach wiekowych. W przeprowadzonych przez
mnie badaniach na obrazach termicznych mozna bylo zaobserwowaé pewne tendencje
rozkladu temperatury, gdzie najwyzsze wartosci obserwowano w okolicy pasa barkowego 1
tulowia, a najnizsze w rejonach konczyn dolnych. Wyniki te moga utatwi¢ wczesne
diagnozowanie anomalii lub patologii w zakresie termoregulacji miodych organizmoéw
poddawanych wysitkom fizycznym.

Poszukiwania zwiazkow miedzy temperaturg a plcig, stanowily problematyke
badawcza w kolejnej pracy ,,Analyzing thermoregulation processes in early school-age
girls and boys through thermography” (Publikacja 2), w ktérej podjetam probe analizy
odpowiedzi termoregulacyjnej organizmu na realizowang aktywnos$¢ fizyczng u dzieci w
zalezno$ci od plci.

Wydolno$¢ fizyczna ulega w ontogenezie duzym zmianom i jest warunkowana przez
wiele czynnikow, do ktérych zaliczamy: przemiany energetyczne, sprawne funkcjonowanie
uktadu nerwowego, mig$niowego, wlasciwosci budowy ciata, gospodarke wodno-
elektrolitowg oraz termoregulacje (Pham 1 wsp., 2015). Wydolno$¢ dzieci jest mniejsza ze
wzgledu na ciagle trwajace procesy dojrzewania, rozwoj uktadu mig$niowego, sercowo-
naczyniowego oraz nerwowego. Masa migsniowa chlopcow w trakcie dojrzewania jest
wicksza w poroOwnaniu z dziewczetami w wyniku produkcji androgenow. U plci zenskiej
wzrasta natomiast ilo§¢ ttuszczu podskornego jako efekt wydzielania estrogenéw. Wraz z
wiekiem wzrasta stopien mielinizacji wlokien nerwowych. Zwigkszeniu ulega roéwniez
objetos¢ wyrzutowa serca, maksymalny poziom pojemnosci minutowej serca oraz wszystkie
wielko$ci wentylacyjne ptuc (Pham i wsp., 2015, Reis 1 wsp., 2023b).

Sprawno$¢ funkcjonowania uktadu termoregulacji ulega zmianom w ontogenezie. Wraz
z wiekiem organizm ludzki prezentuje zrdéznicowana zdolno$¢ adaptacyjng i sprawnosé
proceséw termoregulacyjnych. W okresie dojrzewania zaczynaja pojawia¢ si¢ rdznice

dymorficzne w reakcji termoregulacyjnej ustroju. Analiza tych zmian w rejestracji
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termowizyjnej moze dostarczy¢ informacji, jak szybko ustrdj powraca do homeostazy
termicznej po wysitku fizycznym, jak ksztaltuje si¢ mapa termiczna ustroju w odpowiedzi
organizmu na obcigzenia (Luis 1 wsp., 2013, Reis i wsp., 2023b).

Celem pracy byla ocena procesow termoregulacyjnych u dziewczat i chtopcow w
wieku wczesnoszkolnym w badaniach termowizyjnych, poprzez analiz¢ temperatury
powierzchniowej w réznych rejonach ciala. Dokonano poréwnania map termicznych ciata
badanych dzieci przed i po wysitku ogdlnousprawniajgcym oraz po restytucji powysitkowej w
zaleznosci od ptci. Badaniem objeto 40 uczniow w wieku 7 lat, w tym 20 chiopcow oraz 20
dziewczat.

Na podstawie analiz termowizyjnych zaobserwowano zroznicowany rozklad
powierzchniowej temperatury ciata u chtopcoéw i dziewczat w zaleznosci od badanego obszaru.
Najwyzszg wartos¢ odnotowano w obszarze tulowia, a najnizszg w obszarze konczyn dolnych.
Identyfikacja rozkladu temperatury nie wykazata istotnego zrdznicowania spoczynkowej
temperatury w mapie termicznej w zalezno$ci od ptci. W odpowiedzi termicznej po wysitku
ogblnousprawniajagcym wykazano istotne statystycznie obnizenie temperatury we wszystkich
rejestrowanych obszarach w obu badanych grupach, cho¢ w grupie dziewczat wigksze. Podczas
restytucji powysitkowej u dziewczat, obserwowano powrot wartosci temperatury we
wszystkich badanych obszarach, ktéra zwigkszyla si¢ przekraczajac poziom wyjsciowy.
Wyniki przeprowadzonych przeze mnie badan wykazaly wyzsza dynamike procesow
termoregulacyjnych u dziewczat, gdzie obserwowano szybszg zmiang¢ cieploty ciala, jako
reakcje na wysitek fizyczny.

Ustalenia z dwoch pierwszych prac wskazanego cyklu pochodzilty z analiz
przekrojowych, w ktérych ocena zmian temperatury powierzchniowej ciata oraz identyfikacja
fizjologicznej odpowiedzi termoregulacyjnej w ontogenezie byta analizowana w korelacji z
wiekiem dzieci oraz z uwzglednieniem pici.

Termoregulacja jest procesem dynamicznym, wymagajacym ciaglej reakcji na
zmienne warunki $rodowiska. Jest waznym ogniwem w adaptacji organizmu do wysitku
fizycznego, poprzez utrzymywania balansu termicznego ciala. Osoby o wysokim stopniu
wytrenowania sg prawdopodobnie lepiej przygotowane do radzenia sobie z mechanizmami
obronnymi utrzymujacymi homeostazg termiczng.

Identyfikacja odpowiedzi termicznej zdrowych wytrenowanych oséb pod wplywem
temperatur kriogenicznych byta przedmiotem badan w trzeciej pracy pt.: ,,Thermoregulation

of football players after cryotherapy in thermography” (Publikacja 3).
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Pr¢znie rozwijajaca si¢ kriogenika stala si¢ podstawa zastosowania jej w odnowie
biologicznej zawodnikoéw réznych dyscyplin sportowych (Patel i wsp., 2019, Zembron-Lacny
1 wsp., 2020). W pracy podjeto probe przeanalizowania odpowiedzi termicznej zdrowych
mezczyzn o roznym poziomie aktywnosci fizycznej, poddawanych zabiegom kriostymulacji.
W badaniach bralo udziat 60 mtodych mezczyzn, w wieku od 19 do 25 lat. Jedng grupe
stanowito trzydziestu sportowcoéw regularnie trenujacych pitke nozna, pitkarzy III klasy
rozgrywkowej. Druga grupe stanowito trzydziestu studentow, ochotnikow z Akademii
Wychowania Fizycznego we Wroctawiu, ktérzy zostali zakwalifikowani do eksperymentu
badawczego przez lekarza specjalist¢ na podstawie aktualnych badan kontrolnych. W kazde;j
grupie badani zostali losowo zakwalifikowani do trzech podgrup, kazda po 10 osoéb, w
zalezno$ci od temperatury zabiegu w komorze kriogenicznej (-100°C, -120°C i -140°C).

W badaniach wykazano zréznicowanie powierzchniowej temperatury w zaleznosci od
analizowanego rejonu ciata przed ekspozycja skrajnie niskich temperatur. Najchtodniejsze
byly rejony konczyn dolnych, najcieplejsze okolice tulowia. Badania wykazaly, ze
temperatura ciata bezpos$rednio po zabiegach kriostymulacji obnizyta si¢ istotnie u wszystkich
badanych osob. Wigksze zmiany obserwowano w grupie 0osob wytrenowanych pod wptywem
kriostymulacji przy -120°C. Analiza rozktadu temperatury po 30 minutach od zabiegu
kriostymulacji, wykazata w odpowiedzi termoregulacji, powrdt do stanu wyjsciowego u
wszystkich badanych. Jednocze$nie zaobserwowano wigksza dynamike zmian w grupie
badanych regularnie trenujacych, co moze $wiadczy¢ i potwierdzad, iz czynnik wytrenowania
organizmu determinuje bardziej dynamicznie reakcje termoregulacji na stosowane bodzce
termiczne.

Przedstawione w tej pracy wyniki wskazaly, korelacj¢ wytrenowania organizmu z reakcja
termoregulacyjng u zdrowych osob. Identyfikacja tych zmian, analiza odpowiedzi
termoregulacyjnej, stanowila podstawe do ukierunkowania dalszych badan nad oceng
proceséOw termoregulacji u oséb, z uposledzong wydolnoscig 1 funkcjonowaniem uktadu
nerwowego 1 termoregulacyjnego w pracy ,,Analysis of body surface temperatures in
people with Down syndrome after general rehabilitation exercise” (Publikacja 4).

W rozwoju motorycznym cztowieka pojawienie si¢ hipotonii migsniowej ma szczegdlne
znaczenie w ksztaltowaniu si¢ postawy ciata 1 zaburzen funkcji motorycznych, ktére
obserwuje si¢ u 0sob z Zespotem Downa. Roznorodnos$¢ fenotypowa moze zaleze¢ od wielu
czynnikow. U os0b z trisomig 21 chromosomu, mozna zaobserwowaé uposledzona

wydolnos¢ fizyczng, ktéra jest wynikiem zmian w pracy i budowie uktadow wewnetrznych,
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narzadu ruchu oraz centralnego uktadu nerwowego, a w nim struktur odpowiadajacych
réwniez za procesy termoregulacyjne (Galli i wsp., 2008, Rigoldi i wsp., 2011, Siebra i wsp.,
2018). W postepowaniu fizjoterapeutycznym osob z Zespotem Downa dazy si¢ do
minimalizowania lub eliminowania probleméw generujacych ich brak samodzielnosci.

W prezentowanych badaniach celem bylo poznanie zalezno$ci miedzy wysitkiem
fizycznym, w formie treningu ogolnousprawniajacego a dynamika termoregulacji oséb z
Zespotem Downa w odniesieniu do oséb zdrowych z otyloscig prosta. Przebadano 36 oséb
obojga pici, ktorych zakwalifikowano do dwoch grup badanych. Grupg badang stanowito 18
0s6b z Zespotem Downa o $redniej wieku 27 (+1,58) i srednim BMI 30,49 (£1,73). Grupg
kontrolng stanowito 18 0s6b zdrowych o $redniej wieku 30 lat (£1,41), ze srednim BMI
wynoszacym 30,21 (+0,92). Badani z obu grup wykazywali wskaznik otylo$ci prostej i nie
roznili si¢ istotnie pod wzgledem poziomu BMI, co pozwolito wyeliminowaé wptyw sktadu
ciata na zr6znicowanie temperatury skory.

W badaniach zakladatam, iz uzyskane wyniki moga by¢ przydatne w optymalnym
planowaniu postgpowania terapeutycznego w pracy z osobami posiadajacymi trisomi¢ 21
chromosomu, uwzgledniajac adaptacje organizmu do aktywnosci fizyczne;.

W prezentowanych badaniach rozktad temperatury potwierdzat wczes$niejsze wyniki,
wykazujac w obu grupach najcieplejszy rejon tutowia. Porownujac obie grupy, okazato sie,
ze nizsze warto$ci temperatury, we wszystkich analizowanych rejonach ciata, odnotowano u
0sOb z Zespotlem Downa. Analizujagc réznice w rozkladzie temperatury ciata u osob z
Zespotem Downa przy uwzglednieniu zmiennej pici, uzyskano wyrazng roznice miedzy
kobietami 1 mezczyznami. Kobiety z Zespotem Downa charakteryzowatly si¢ nizsza
temperaturag w badanych obszarach ciata.

Wyniki badan po jednorazowych ¢wiczeniach wykazaty istotne obnizenie temperatury
wszystkich badanych rejonow ciala w obu grupach. Najwyzszy spadek temperatury
powierzchniowej zanotowano w rejonie tutowia u kobiet i mezczyzn z Zespolem Downa.
Wyniki badan dotyczacych zmian temperatury po 15 minutowej przerwie po wysitku
wykazaty w grupie osob zdrowych, ze temperatura powracata do wartosci stanu wyjsciowego
we wszystkich obszarach, nawet ja przekraczajac. Natomiast analiza wynikéw dotyczaca
powysitkowej restytucji w grupie badanych z Zespolem Downa wykazala, ze temperatura nie
powracata do stanu wyj$ciowego.

Precyzyjny pomiar temperatury ciata pozwala na identyfikacje sygnatow zaktdcenia

proceséw termoregulacyjnych (np.: przegrzanie). Stany zapalne zmieniajg obraz przeptywu
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strumienia ciepla, ktorego efektem jest duza roznica temperatury pomigdzy obszarem
zmienionym chorobowo a bezposrednim jego otoczeniem (Kapek i wsp., 2022, Stringasci i
wsp., 2020). Ryzyko wystgpienia zmian funkcjonalnych i strukturalnych w konczynach
gormych kobiet leczonych z powodu raka piersi oraz mozliwos$ci rozpoznania zmian
chorobowych w odniesieniu temperatury ciala do wielko$ci obrzgku, stanowily problematyke
publikacji ,,Using thermography in the diagnostics of lymphedema: pilot study”
(Publikacja 5).

Wtorny obrzgk chionny stanowi powazne powiklanie u pacjentéw leczonych z
powodu choréb nowotworowych. Szacuje sie, ze wystepuje on u okolo 50% pacjentow
poddanych limfadenektomii (Tsai i wsp., 2009). Uznany jest za chorobg¢ spowodowang
uszkodzeniem ukladu chlonnego 1 charakteryzuje si¢ zlozonym lancuchem
patofizjologicznym. W poczatkowym okresie, w zwigzku z zastojem chionki dochodzi do
nagromadzenia ptynu tkankowego, co stopniowo prowadzi do przewleklego stanu zapalnego
w obrebie naczyn chtonnych i ich uposledzenia. W konsekwencji tych procesow dochodzi do
gromadzenia si¢ tkanki ttuszczowej 1 zwtoknienia tkanek (Cucchi i wsp., 2017, Hespe i wsp.,
2017).

W badaniach zatozylam, ze temperatura powierzchniowa obszaru konczyn gérnych, ma
zwigzek ze stanem obrzeku chtonnego. Zatem ocena emisyjnosci podczerwieni badanego
rejonu ciata z wykorzystaniem metody termowizyjnej pozwoli na identyfikacj¢ réwnowagi
termicznej w procesie chorobowym.

Badaniami obje¢to 43 kobiety po limfadenektomii pachowej z powodu raka piersi w
srednim wieku 64 lat. U 83,7% wykonano mastektomig, u 16,3% zabieg oszczedzajacy.
Dodatkowo 51,2% badanych poddano radioterapii, 55,8% chemioterapii oraz 48,8%
hormonoterapii. Sredni czas po leczeniu wyniost 8 lat (+6). Badane kobiety podzielono na
dwie grupy, kryterium podzialu stanowito wystepowanie obrzeku chtonnego. Grupe badang
zweryfikowano dodatkowo od wzgledem wielkosci obrzgku chtonnego. U 8 kobiet
stwierdzono obrzgk nieznaczny ( wielko$¢ obrzgku w granicach 10-20%), u 8 - umiarkowany
(wielkos$¢ obrzeku w granicach 20-405) oraz u 4 kobiet obrzek znaczny - wielko$¢ obrzeku
powyzej 40 %.

Analiza temperatury konczyny po stronie operowanej w stosunku do konczyny przeciwne;j
w grupie kontrolnej (badanych bez obrzgku wtérnego) wykazata tendencje wyzszej
temperatury po stronie nieoperowanej w stosunku do operowanej. Natomiast w grupie

badanej (kobiet z obrzgkiem), szczegdlnie w przypadku obrzeku nieznacznego oraz
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umiarkowanego, zaobserwowano odwrotng zalezno$§¢ - trend wyzszej temperatury
powierzchownej po stronie operowanej/obrzgknigtej w stosunku do przeciwnej. We
wczesnym stadium rozwoju obrzgku chtonnego mamy do czynienia z procesem zapalnym, co
uzasadnia wzrost temperatury w termogramach. Oceniajac rdznicg sredniej powierzchniowe;
temperatury w badaniach koficzyn gérnych w odniesieniu do obu grup grupy zaobserwowano
istotng roznice statystyczng. Dalsza analiza wynikow wykazata spadek powierzchownej
temperatury ciata w znacznym stopniu zaawansowania wtérnego obrzeku chtonnego. W
zaawansowanym stopniu rozwoju obrzeku chtonnego oprocz samej znaczacej wielkosci
obrzeku konczyny, dochodzi do wldknienia skory i tkanki podskornej. Zwldknienie jest
klinicznie powaznym procesem patologicznym wtornego obrzeku chtonnego. Zmniejszony
przeplyw krwi, degeneracja tkanek migkkich spowodowana dtugotrwatym uszkodzeniem,
bliznowce wykazujg w rejestracji termowizyjnej obnizenie powierzchniowej temperatury
(Sun 1 wsp., 2017).

Oprocz kryteriow diagnostycznych zwigzanych z metoda termowizyjng, analiza
funkcjonowania os$rodkow termoregulacji u pacjentéw narazonych na wigksze ryzyko
rozwoju obrzeku chtonnego moze pozwoli¢ na utworzenie mapy izoterm w prewencji
rozwoju obrzeku. Jest to szczeg6lnie istotne w okresie utajonego stadium rozwoju obrzeku, w
ktérym nie ma jeszcze objawow klinicznych, mimo zachodzacych juz zmian w obrgbie
naczyn chtonnych. Obecno$¢ zwidknien czy bliznowcow determinuje wezesniejszy i szybszy
stopien nasilenia tych zmian. W badaniach dostrzezono luke zwigzang z brakiem standardow

w identyfikacji dynamiki zmian zachodzacych w obszarach z obrzekiem chtonnym.

4.3.3. Podsumowanie - znaczenie naukowe i Kkliniczne wynikow badan

oraz warto$¢ aplikacyjna publikacji wskazanych jako osiagniecie naukowe

Celem prowadzonych badan naukowych bylo powigzanie odpowiedzi uktadu
termoregulacji z dynamika zmian powierzchniowej temperatury ciala pod wpltywem
zroznicowanych bodzcéw, ktére mogg mie¢ wplyw na sprawno$¢ termoregulacyjng ustroju u
0s0b zdrowych oraz z zakl6conym stanem klinicznym.

Wyniki prac uwidocznity zroéznicowang odpowiedz termoregulacyjng w
poszczegbdlnych grupach wiekowych, wykazaly istnienie korelacji usuwania ciepla w
odpowiedzi na wysilek fizyczny oraz wytwarzania ciepta w okresie restytucji po wysitku z

dymorfizmem piciowym, co stanowi wktad praktyczny 1 poznawczy w rozwoj wiedzy z
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zakresu analizy mechanizméw termoregulacji. Identyfikacja homeostazy termicznej w
réznym okresie ontogenezy przy zastosowanym monitoringu termowizyjnym moze
dostarczy¢ waznych informacji w dyscyplinie nauki o kulturze fizycznej o efektach
dobieranych bodzcow treningowych lub w terapii u badanych oraz tolerancji wysitkowe;.
Sprawnos$¢ uktadu termoregulacji jest istotng sktadowa adaptacji, ktéra umozliwia
kontynuowanie aktywno$ci fizycznej. Uzyskane wyniki badan pozwalaja zaktadaé, ze
zastosowanie metody termowizyjnej do oceny zmian emisyjnosci podczerwieni moze by¢
narzedziem dostarczajagcym szybkiej, bezpiecznej informacji o mapie termicznej ciala i
dynamice jej zmian pod wplywem aktywnosci fizycznej.

Zmiany temperatury ciala moga by¢ wskaznikiem dostarczajagcym informacji o
sprawnosci systemow adaptacyjnych do pobudzania termogenezy. Analizy badan w grupie
0s0b regularnie trenujacych, wykazaty wieksza dynamike zmian reakcji termoregulacyjnej na
ekspozycje skrajnie niskich temperatur, co moze $wiadczy¢ 1 potwierdzaé, iz czynnik
wytrenowania organizmu determinuje bardziej dynamicznie reakcje metaboliczne i powr6t
do homeostazy cieplnej w odpowiedzi na bodziec termiczny. Jednocze$nie moze to
dostarczy¢ cennych informacji o kontroli efektow dobranych metod w procesie fizjoterapii,
czy odnowie biologicznej wptywajacych na dynamike zmian temperatury ciala.

Wyniki dwoch ostatnich prac wskazaly na duzy potencjat prognostyczny analizy
procesOw termoregulacji przez zastosowanie metody termowizyjnej w ocenie ryzyka
wystgpienia zmian chorobowych, czy przecigzeniowych, w ktérych zachodzi zmiennos$¢
ukrwienia, niejednokrotnie niemozliwa do wykrycia innymi metodami w poczatkowych
stadiach zaburzen klinicznych. Moze mie¢ to istotne znaczenie aplikacyjne w podstawowe;j
opiece, praktyce klinicznej 1 badaniach przesiewowych, a takze w planowaniu postgpowania
fizjoterapeutycznego.

Cykl wskazanych publikacji moze by¢ sygnatem do ukierunkowania badan nad
opracowaniem norm pomiarowych w zakresie parametrow temperatury ciala, wskazujacych
warto$ci umozliwiajagce rozpoznanie zagrozen zwigzanych z obnizeniem sprawnos$ci
termoregulacyjnej u osoéb zdrowych w roznych okresach ontogenezy oraz 0sob z zaktoconym
stanem klinicznym.

Pomimo braku warto$ci referencyjnych, na tym etapie ustalen, opartych na
przebadanych grupach osob, istniejg przestanki do wykorzystania szybkiej i nieinwazyjnej
metody termowizyjnej w profilaktycznym monitorowaniu zmian temperatury, wspomagajac

tym samym realizacje¢ strategii profilaktyki i personalizacji, co stwarza mozliwosci
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obiektywnej oceny skuteczno$ci stosowanych zabiegéw, bodzcow, czy obcigzen
treningowych. Dostepne publikacje naukowe prezentowaly uzycie metody termowizyjnej w
szerokim spektrum medycznym, a podjety cykl badawczy i jego rozszerzenie moze pozwolié
na uzyskanie cennych informacji w dyscyplinie nauki o kulturze fizycznej, ktore znajda swoje
aplikacje  praktyczne, jako obiektywna analiza zjawisk biokinematycznych i1

bioenergetycznych organizmu ludzkiego w rehabilitacji, fizjoterapii oraz sporcie.
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4.4. Omowienie pozostalych osiagnie¢ naukowych zwiazanych z glownym kierunkiem

zainteresowan badawczych

Zainteresowania zwigzane z zastosowaniem metody termowizyjnej byly
zapoczatkowane badaniami oceny odpowiedzi termoregulacyjnej ustroju ludzkiego, ktoére
prowadzitam w ramach pracy doktorskiej w Katedrze Fizjoterapii w Dysfunkcjach Narzadu
Ruchu, w projekcie badawczym ,,Analiza temperatury powierzchniowej ciata i jej zmian pod
wplywem kriostymulacji ogdlnoustrojowej w badaniach termowizyjnych”.

Wyniki moich badan wykazaty wnioski kliniczne, iz zmiany temperatury ciata pod
wpltywem zabiegéw kriogenicznych, daja duze zroznicowanie reakcji organizmu w
odmiennych rejonach ciata na ekspozycje skrajnie niskimi temperaturami. Badania wykazaty
najwieksze ochlodzenie w obrebie konczyn dolnych, a takze najwolniejsze ocieplenie tych
obszarow po restytucji od zabiegu. Kriostymulacja o najsilniejszych bodzcach, czyli
trzyminutowe zabiegi w temperaturze -120°C 1 -140°C, powodowaly podobne reakcje
termoregulacyjne organizmu w dynamice zmian powierzchniowej temperatury. Pozwolito to
okresli¢, ze trzyminutowy zabieg w temperaturze -120°C, jest najbardziej optymalny w
kriostymulacji ogélnoustrojowej, potwierdzajac tym samym bezpieczenstwo przeprowadzonych
zabiegow. Efekty badan zostaly przedstawione w pracy:

De¢biec-Bgk A, Skrzek A, Podbielska H. Application of thermovision for estimation of the
optimal and safe parameters of the whole body cryotherapy
Czasopismo: Journal of Thermal Analysis and Calorimetry, 2013, 111(3),1853-1859

Che¢ poszerzenia obszaru badan w aspekcie monitoringu reakcji termoregulacyjnych,
stala si¢ istotnym obszarem moich zainteresowan w zakresie wykorzystania metody
termowizyjnej do analizy map termicznych ciala. W przeprowadzonych badaniach, podjetam
probe identyfikacji rozktadu temperatury ciata z uwzglednieniem dymorfizmu piciowego w
warunkach spoczynkowych. Rejestracja termowizyjna rozktadu temperatury w 29 obszarach
ciata 1 przeprowadzone analizy wykazaly duze zrdznicowanie $redniej wartos$ci temperatury
powierzchniowej w zaleznosci od badanego obszaru ciata. W wigkszo$ci analizowanych
rejondw stwierdzono nizsze temperatury w grupie badanych kobiet niz m¢zczyzn. Moze by¢
to wskazaniem do uwzglednienia roéznic miedzyplciowych przy aplikacji réoznych form
terapii, czy przy wysitku fizycznym a odpowiedzig termoregulacyjng (Debiec-Bgk A, Skrzek
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A. Porownanie rozktadu temperatury powierzchniowej ciata kobiet i mezczyzn za pomocq
termowizji. Acta Bio-Optica et Informatica Medica, Inzynieria Biomedyczna, 2012 : vol.18, nr
1, 5.25-30).

Uzyskane wyniki przyczynity si¢ do dalszych poszukiwan oceny mechanizmow
termoregulacyjnej pod wptywem wybranych metod fizjoterapeutycznych.

Celem badan byla analiza zmian temperatury powierzchni ciala po zabiegu
kriostymulacji u kobiet w dwoch roznych grupach wiekowych. Wszystkie badane zostaty
poddane dziataniu ekstremalnie niskiej temperatury w komorze kriogenicznej w temperaturze
-120°C przez 3 min. W analizach rejestracji termowizyjnej dotyczacych rozktadu temperatury
ciala przed zabiegiem kriostymulacji wykazano rdéznice w temperaturze powierzchni ciata
miedzy obiema grupami wiekowymi. Temperatury wahaly si¢ od 29,55°C do 33,49°C w
mtodszej grupie oraz 30,45°C 1 32,70°C w starszej grupie dla tych samych obszaréw ciata. Po
kriostymulacji zaobserwowano wicksze wychlodzenie cialta w mtodszej grupie, zwtaszcza
konczyn dolnych. Wyniki badan wykazaly zréznicowany rozklad temperatury powierzchni
ciala w obu grupach wiekowych. Obserwowano réznice w ksztattowaniu si¢ temperatury ciata
w odpowiedzi termoregulacyjnej, wykazaty nizsze temperatury tutowia i barkow u starszych
kobiet w poréwnaniu z mtodszymi (Debiec-Bgk A, Gruszka K, Sobiech K.A, Skrzek A. Age
dependence of thermal imaging analysis of body surface temperature in women after
cryostimulation. Human Movement, 2013 : vol. 14, nr 4, s. 299-304). Wyniki badan mogg by¢
wykorzystane do oceny gospodarki cieplnej przy stosowaniu ekspozycji skrajnie niskich
temperatur i czasu trwania zabiegow.

Termiczna prezentacja nastepstw aplikacji skrajnego zimna skierowata kolejne
badania na ocen¢ emisyjnosci podczerwieni pod wptywem bodzca kinesiology taping.

Zastosowanie tej formy oddziatywania w terapii, wykazato w analizie emisyjnosci
podczerwieni we wszystkich badaniach termowizyjnych, korelacje pomiedzy temperaturg
ciala po obu stronach migénia prostego brzucha. Wykazano symetryczny, réwnomierny
poziom cieploty ciala utrzymujacy si¢ zardbwno przed, w czasie, jak i1 po pigciu dniach od
aplikacji plastra ( Ptak A, Konieczny G, Debiec-Bgk A, Kuciel N. Wplyw kinesiology taping
na zmiane rozktadu temperatury okolicy migsnia prostego brzucha : doniesienie wstepne.
Acta Bio-Optica et Informatica Medica, Inzynieria Biomedyczna, 2011 : vol.17, nr 3, s.191-

193). Pozwolito to oceni¢ symetri¢ reakcji mikrokrazenia w obrazie emisyjnosci
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podczerwieni, ktora w podstawie zatoZzenia w obrazowaniu termowizyjnym polega na
wykazaniu rdznic temperatury w asymetrii przy zwigkszonym ryzyku wystapienia zaburzen.

Mozliwosci  wykorzystania metody termowizyjnej do monitorowania zmian
temperatury oceniono przy zastosowanej terapii ultradzwickowej w odniesieniu do
zastosowanego czynnika sprzegajacego. Na podstawie wynikow przeprowadzonych badan
stwierdzono, Ze rodzaj zastosowanego $rodka sprzegajacego wplywal na poziom temperatury
w obszarze poddanym zabiegowi (Ratajczak B, Boerner E, Demidas A, Tomczyk K, De¢biec-
Bgk A, Hawrylak A. Comparison of skin surface temperatures after ultrasounds with use of
paraffin oil and ultrasounds with use of gel. Journal of Thermal Analysis and Calorimetry,
2012 : vol. 109, nr 1, s. 387-393). Uzyskane wyniki badan wskazaly na reakcje
termoregulacyjng, ktéra moze by¢ uwzgledniana w doborze bodzcow w fizykoterapii.

Zainteresowania zwigzane z wplywem wybranych terapii na narzad ruchu
zapoczatkowaty badania, ktorych celem byla ocena zmian parametréw predkosciowo-
sifowych migénia czworoglowego uda oraz ocena zmian temperatury powierzchniowe;j
konczyn dolnych w badaniach termowizyjnych, w wyniku zastosowania elementow masazu
glebokiego. Analizy badan termowizyjnych wykazaty, iz zastosowanie masazu wplywa na
istotny wzrost temperatury powierzchniowej konczyn dolnych oraz wzrost parametréw
predkoéciowo — sitowych przy predkoéci 180 °/s w badaniach izokinetycznych (Zuk M,
De¢biec-Bgk A, Pawik L, Skrzek A. Wphw masazu glebokiego na miegsien czworogtowy
pitkarzy noznych, w badaniach izokinetycznych i termowizyjnych. Journal of Education,
Health and Sport, 2016 : vol. 6, nr 7, s. 236-251).

We wspotprowadzonych badaniach naukowych, skoncentrowalam si¢ réwniez na
zastosowaniu metody termowizyjnej do identyfikacji mapy temperatury powierzchniowej
ciala dzieci w wieku 3-10 miesiegcy z  niewielkimi nieprawidtowos$ciami wzorca
motorycznego oraz analiz¢ odpowiedzi termicznej na stymulacje migsni w terapii metoda
Vojty (Ptak A, Debiec-Bgk A, Stefanska M. Thermographic of the microcirculation in healthy
children aged 3-10 months as an objective and noninvasive method of assessment.
International Journal of Environmental Research and Public Health, 2022 : vol. 19, nr 23,
art. 16072, s. 1-6). Wyniki badan w badanej grupie wykazaly zmiany parametrow
mikrokrazenia migs$ni prostownikow grzbietu (istotne zwigkszenie S$redniej temperatury
tutowia), ktére wystapily bezposrednio po terapii w badaniu poczatkowym, miesiecznej
terapii metoda Vojty. Analiza z obiektywng oceng termowizyjng moze pozwoli¢
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fizjoterapeutom na diagnozowanie miejscowych zmian temperatury w strukturach

mig$niowo-powieziowych.

Poszerzenie obszaru badain monitorowania emisyjnosci podczerwieni o wlasciwosci
biologiczne badanych obszaréw ciata, skierowato moje zainteresowania na ocen¢ mozliwosci
wykorzystania metod pomiaru termowizyjnego do identyfikowania zmian termicznych ciata
w aspekcie zaburzen metabolicznych. Celem badan byla ocena rozktadu temperatury
powierzchniowej i mikrokrazenia w stopach pacjentow z cukrzyca typu 2. Zespol stopy
cukrzycowej jest jednym z najczestszych powiktan cukrzycy. W badaniu wzieto udziat 52
pacjentow chorujacych na cukrzyce typu 2 oraz 33 pacjentéw bez cukrzycy. U wszystkich
uczestnikOw mierzono powierzchowng temperaturg grzbietowg i podeszwowa obu stop. W
obu badanych grupach temperatura grzbietowej strony stopy okazata si¢ wyzsza niz
temperatura strony podeszwowej. Zaobserwowana réznica w grupie kontrolnej byta wyrazna
wieksze niz w grupie chorych na cukrzyce i wynosity odpowiednio 1,7°C i 1°C. U pacjentow
z cukrzycg typu 2 temperatura podeszwowa byta wyzsza $rednio o 2,2°C, a grzbietowa byta
wyzsza §rednio o 1,5°C w poréwnaniu z grupg kontrolng. Kontrola termowizyjna moze by¢
stosowana jako uzupelienie diagnostyki stopy cukrzycowej, a codzienne samodzielne
monitorowanie temperatury za pomocg termografii u pacjentow z cukrzycg moze zmniejszy¢
ryzyko wystapienia zmian neurotroficznych w stopie (Debiec-Bgk A, Skrzek A, Ptak A,
Majerski K, Uiberlayova I, Stefanska M . Evaluation of the surface temperature distribution
of the feet in patients with type 2 diabetes using the thermovision method. Physiotherapy
Quarterly, 2023 : vol. 31, nr 2; praca w druku).

Oprécz gtownego nurtu badan analizy dynamiki proceséw termoregulacyjnych w
odpowiedzi na zr6znicowane bodZce stymulujace organizm cztowieka, moje zainteresowania
naukowe dotyczg takze tematyki zwigzanej z diagnostyka i oceng narzadu ruchu.

W dzialaniach tych wykorzystano obiektywne, biomechaniczne metody S$cisle
powigzane z oceng oraz kontrolg efektywnosci procesu terapeutycznego. Wspotpraca w tym
nurcie znalazta wyraz we wspotautorstwie badan w ocenie parametréw lepkosprezystych
mig$nia prostownika grzbietu (miotonometria) wykonanych u dzieci zdrowych (APGAR 8-
10) w wieku 4-9 miesiecy z niewielkimi zaburzeniami wzorca motorycznego. W celu
identyfikacji wartosci bazowych analizowanych parametrow oraz wskazania kierunku ich

zmian zastosowano stymulacje strefy piersiowej metoda Vojty. Analiza wynikow wykazata
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istotne zmiany w parametrach lepkospre¢zystych obserwowane po stymulacji jedynie u dzieci
z podwyzszonym napi¢ciem mi¢$niowym, poprawa funkcji motorycznych wystapita u
wszystkich badanych (Ptak A, Debiec-Bgk A, Stefanska M. Assessment of viscoelastic
parameters of muscles in children aged 4-9 months with minor qualitative impairment of the
motor pattern after Vojta therapy implementation. International Journal of Environmental
Research and Public Health, 2022 : vol. 19, nr 16, art. 10448, s.1-9).

Kolejne prace badawcze z moim udzialem w nurcie badan zwigzanych z
diagnostyka narzadu ruchu dotyczg oceny skuteczno$ci mobilizacji w kierunku zwigkszenia
ruchomosci segmentdw hipomobilnych kregostupa, u mtodych pacjentéw z chorobg
zwyrodnieniowg dysku rozpoznang za pomoca rezonansu magnetycznego.

Kregi ledzwiowe przenosza najwieksze obcigzenie z kregostupa, czesto prowadzacych
do patologii, w tym choroby zwyrodnieniowej dysku (DDD), potencjalnie zaburzajacej
wzorce ruchu kregostupa. W badaniu wzigto udziat 30 pacjentow (24-35 lat), ktorych
podzielono na dwie grupy w zaleznosci od stopnia progresji DDD rozpoznanego za pomoca
rezonansu magnetycznego (protrusion / extrusion). Dwadziescia sesji przedtuzonej
mobilizacji rozciggajacej (stopien I1I) zastosowano w obu grupach w ciggu czterech tygodni.
Wyniki terapii oceniano z wykorzystaniem: Numeric Rating Scale, Oswestry Disability Index,
prostowanie ndg, bierne prostowanie odcinka ledzwiowego krggostupa oraz zakres ruchu
odcinka ledzwiowego. Badania przeprowadzono przed terapia, po terapii oraz po miesigcznej
przerwie od mobilizacji. Wyniki pacjentow ulegly znacznej poprawie dla wszystkich
badanych parametrach w obu grupach, z wyjatkiem wyniku testu prostowania nog, ktory
poprawit si¢ tylko w grupie extrusion. Pozwolito to na uzyskanie wnioskow, iz zastosowane
terapie poprawily wyniki mobilizacji kregostupa (Kuligowski T, Debiec-Bgk A, Skrzek A.
Mobilisation efficacy in young patients with different stages of degenerative disc disease.
Journal of Back and Musculoskeletal Rehabilitation, 2020 : vol. 33, nr 6, 5s.913-9138).

W kontynuacji badan w obszarze dysfunkcji narzadu ruchu, dokonano oceny
skutecznos$ci treningu stabilizujacego migsni glebokich odcinka lgdzwiowego krggostupa u
0sOb z choroba zwyrodnieniowg krazka migdzykregowego (Kuligowski T, Cieslik B, Kuciel
N, Debiec-Bgk A, Skrzek A. Effect of core stabilizing training on young individuals presenting
different stages of degenerative disc disease: preliminary report. International Journal of
Environmental Research and Public Health, 2021: vol. 18, nr 7, art. 3499, s.1-9). Badania
wykazaty, ze sesje C¢wiczen stabilizujgcych migsnie glebokie odcinka ledzwiowego
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kregostupa poprawily wyniki kliniczne w kazdej grupie, natomiast nie potwierdzity, czy
rodzaj uszkodzenia krazka migdzykrggowego istotnie wptywa na wyniki stabilizujacego
leczenia wysitkowego

Rozszerzajac swoje zainteresowania w nurcie naukowym w tematyce diagnostyki i
oceny narzadu ruchu wspoluczestniczytam w badaniach dotyczacych oceny wplywu
pojedynczej sesji terapii powieziowej na réwnowage 1 obcigzenie konczyn dolnych u
zawodowych sportowcOw po urazie tkanek miekkich konczyn dolnych. Wigkszo$¢ urazow
narzadu ruchu w sporcie wyczynowym wynika z przecigzen i nadmiernego napig¢cia migsni i
powiezi dlatego celem badan byto zastosowanie terapii w celu zmniejszenie napigcia
mig$niowego i poprawe propriocepcji. Wyniki wykazaty, ze uszkodzone i zdrowe konczyny
prezentowaly znaczng asymetri¢ rozkladu masy ciata. Przed leczeniem badani obcigzali
konczyne uszkodzong w mniejszym stopniu niz konczyng zdrowa. Po terapii powigziowej
testy przy zamknigtych oczach wykazaly poprawe symetrii rozktadu ci¢zaru migdzy dwiema
konczynami dolnymi. Nie stwierdzono istotnych rdéznic w warto$ciach ocenianych
parametrow rOwnowagi miedzy mierzonymi wyjsciowo, po terapii i po sesji rehabilitacyjne;.

Analiza wynikow badan, potwierdzita korzystny wptyw jednorazowej sesji terapii
powieziowej na rownowage ciata u biegaczy po kontuzji konczyny dolnej (Pawik L., Pawik
M, Karwacka M, Wysoczanska E, Schabowska A, Kuciel N, Biernat K, Debiec-Bak A,
Lewandowska J, Fink-Lwow F. Body balance after fascial therapy in athletes with soft lower

limb muscle injuries. Symmetry, 2021 : vol. 13, nr 9, art. 1586, s.1-12).

Moje zainteresowania naukowe dotycza takze procesOw starzenia oraz oceny jakoS$ci
zycia seniorow w aspekcie fizycznym i psychicznym. Czgsto w takich projektach, poza
wykorzystaniem obiektywnych narzedzi pomiarowych stosuje si¢ wystandaryzowane
kwestionariusze jako$ci zycia, ktore pozwalajg rozpozna¢ poziom zadowolenia z zycia, stan
emocjonalny, poziom Igku, czy zmiany powstale w wyniku prowadzonych dziatan
terapeutycznych osob starszych. Wspolpraca w tym nurcie znalazta wyraz we
wspotautorstwie badan dotyczacych obserwacji, porownania samopoczucia psychicznego,
jakosci zycia 1 aktywnosci fizycznej osob starszych (75-90 lat) mieszkajgcych samodzielnie 1
w domach opieki. W projekcie Traczyk J, Debiec-Bgk A, Skrzek A, Stefanska M. Assessment
of the psychophysical sphere and functional status of women aged 75-90 living alone and in

nursing homes. International Journal of Environmental Research and Public Health, 2021 :
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vol. 18, nr 17, art. 9028, s.1-11 przeprowadzono ocen¢ aktywnosci fizycznej za pomoca
krokomierzy oraz testu ,,wstan i idz”, do oceny samopoczucia psychicznego wykorzystano
kwestionariusz Mini-Mental State Examination oraz Geriatryczng Skale Depresji, stan
funkcjonalny senioréw oceniano skala Groningen Activity Restriction Scale (GARS),
natomiast oceny jakosci zycia dokonano za pomocg kwestionariusza WHOQOL-Bref. Wyniki
badan wykazaly, ze osoby mieszkajace samodzielnie charakteryzowal wyzszy dzienny
poziom aktywnos$ci fizycznej. Poréwnujac obie grupy badanych nie stwierdzono istotnych
statystycznie réznic w samoocenie sfery psychicznej, natomiast zaobserwowano réznice w
samoocenie sfery fizycznej. W grupie seniorek mieszkajacych w domach opieki osoby z
depresja 1 bez depresji nie r6znily si¢ pod wzglgdem dziennego poziomu aktywnosci fizycznej
1 wynikéw testow funkcjonalnych. Kobiety z depresja z grupie seniorek mieszkajacych
samodzielne byly mniej aktywne fizycznie 1 miaty gorsza sprawnos¢ funkcjonalna.

W nurcie badawczym $cisle zwigzanym z ocena jakoS$ci zycia i dobrostanu, istotnym
stat si¢ wptyw pandemii COVID-19, ktéry wymusit izolacje spoteczng dotyczaca wszystkich
dziedzin zycia. Funkcjonowanie szkot i uczelni wyzszych zostalo zmodyfikowane do form
zdalnych. W pracy Stefanska M, De Koker R, Vos J, De Wachter E, Debiec-Bgk A, Ptak A.
Assessment of the level of physical activity and mood in students after a year of study in a
mixed mode in the conditions of restrictions resulting from the pandemic. Int J Environ Res
Public Health 2023, 20, (5), 4311, analizowano poziom aktywnosci fizycznej 1 nastroju
studentéw po roku nauki prowadzonej] w trybie mieszanym z powodu ograniczen
wynikajacych z pandemii COVID-19. W obserwacji wzigto udziat 297 studentéw od II do IV
roku studidw stacjonarnych Wydzialu Fizjoterapii Akademii Wychowania Fizycznego we
Wroctawiu (Polska) oraz studentow Wydziatu Zdrowia Uniwersytetu ODISSE w Brukseli
(Belgia). Ocenie poddano rok akademicki 2020/2021. Aktywnos$¢ fizyczng oceniono za
pomoca Globalnego Kwestionariusza Aktywnos$ci Fizycznej (GPAQ). Do oceny stanu
zdrowia psychicznego zastosowano Inwentarz Depresji Becka (BDI). Wyniki kwestionariusza
GPAQ pokazuja, ze taczna aktywno$¢ fizyczna obejmujaca prace/studia, rekreacje i
mobilno$¢ wynosita 16,5 h tygodniowo dla studentow z Polski 1 7,4 h tygodniowo dla
studentéw z Belgii. Obie grupy badanych osiaggnely wszystkie progi zalecane przez WHO
jako wystarczajacy poziom tygodniowej aktywnosci fizycznej. Analiza kwestionariusza BDI
wykazata, ze w obu badanych grupach ponad 30% studentéw odczuwato obnizony nastrdj o

roznym nasileniu. Poprzez uzyskane wyniki, wydaje si¢ wiec konieczne monitorowanie stanu
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psychicznego ucznidow i1 w przypadku uzyskania wynikoéw kontrolnych na zblizonym

poziomie wdrozenie pomocy psychologicznej dla chetnych uczestnikow.

4.5. Podsumowanie osiagnie¢ naukowych

Mo¢j dorobek naukowy po uzyskaniu stopnia doktora obejmuje 26 oryginalnych

petnotekstowych prac naukowych, w tym 17 artykuléw opublikowanych w czasopismach
znajdujacych si¢ na liscie Journal Citation Reports (JCR) o tacznym wskazniku Impact Factor
wynoszacym 63,842. W tym dorobku naukowym jest cykl pieciu artykutow bedacym
podstawa do ubiegania si¢ o stopien naukowy doktora habilitowanego, ktorego sumaryczny
wskaznik Impact Factor wynosi 20,735 a laczna liczba punktéw, zgodnie z punktacja
Ministerstwa Edukacji 1 Nauki (MEiN) i wcze$niej Ministerstwa Nauki 1 Szkolnictwa
Wyzszego (MNiSW), wynosi 395.
W publikacjach posiadajacych wskaznik IF, w 6 z nich jestem pierwszym autorem oraz
autorem korespondencyjnym w jednej z nich. W prezentowanym dorobku naukowym jestem
drugim autorem w 7 pracach, a ostatnim autorem w 2 pracach. Warto$¢ punktowa wszystkich
publikacji wedlug wykazu czasopism naukowych oraz rozdziatow w monografiach
naukowych MEIN/MNiSW/KBN, zgodnie z rokiem opublikowania wynosi 1897 punktéw.
Laczna liczba cytowan moich artykutow (na dzien 18.04.2023r.) zgodnie z bazag Web of
Science wynosi 54 (Web of Science), 94 (Author Search), bez autocytowan 47 (Web of
Science), 74 (Author Search) oraz Indeks Hirscha = 5.

5. Informacja o wykazywaniu si¢ istotna aktywnoscia naukowa albo artystyczna
realizowana w wiecej niz jednej uczelni, instytucji naukowej lub instytucji kultury, w

szczego6lnosci zagranicznej

. W wyniku nawigzanej wspotpracy naukowej, podczas stazu w Akademii Wychowania
Fizycznego w Krakowie, kolejno w 2020 r. wspotrealizowatam projekt naukowo-
badawczych, ktorego efektem byla praca zespolowa obejmujaca aktywnos¢ AWF we

Wroctawiu, Krakowie 1 Katowicach oraz Uniwersytetu w Bydgoszczy:
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Piotrowska A, Czerwinska-Ledwig O, Stefanska M, Patka, T, Maciejczyk M, Bujas P,
Bawelski M, Ridan T, Zychowska M, Sadowska-Krepa E, Debiec-Bak A. Changes in Skin
Microcirculation Resulting from Vibration Therapy in Women with Cellulite. International
Journal of Environmental Research and Public Health 2022, 19 (6), 3385.
doi:10.3390/ijerph19063385. IF: 4.614; MEiN: 140.000.

Celem pracy byta ocena wptywu miejscowej wibracji na mikrokrazenie skorne oraz
likwidacje objawdéw cellulitu u kobiet. 57 zdrowych kobiet z cellulitem co najmniej 1.
stopnia, podzielono na cztery grupy roéznigce si¢ czasem trwania zabiegu (30" lub 60') oraz
pozycja (siedzaca lub lezaca) podczas zabiegow wibracyjnych. Przed i po 15 sesjach
zabiegowych rejestrowano sktad ciata, wybrane obwody, stopien cellulitu oraz zdjgcia
termograficzne posladkéw 1 ud. Zauwazono, ze w obu badanych obszarach zaobserwowano
istotne zmiany temperatury skory po pierwszym 1 ostatnim zabiegu. Po serii zabiegow
zaobserwowano znaczne zmniejszenie stopnia cellulitu. Najsilniejsze efekty zaobserwowano
w pozycji siedzacej przy czasie zabiegu 60 min. Zabieg wibracyjny poprawia mikrokrazenie
w obszarach dotknietych cellulitem. Z biegiem czasu nie zaobserwowano adaptacji, a kolejne
zabiegi utrzymywaty korzystne efekty. Wydtuzenie czasu zabiegu zwiekszyto jego wptyw na
mikrokrazenie w skérze. W ramach tego projektu odpowiedzialna bytam za przygotowanie
metodologiczne, wizualizacj¢ wynikéw, krytyczng rewizj¢ pracy w przygotowaniu do druku

w przedstawianej publikacji.

. W oparciu o badania wlasnosci fizycznych migs$ni prowadzonych w warunkach pracy
izokinetycznej, ktore czgstg sg metodg oceny mozliwosci sitowych uktadu ruchu, kontynuujac
wspolprace bedaca efektem stazu naukowego, ktory odbytam w Akademii Wychowania
Fizycznego w Krakowie byla praca naukowa napisana we wspotpracy AWF we Wroclawiu,
AWF w Krakowie i Szpitala Ortopedyczno-Rehabilitacyjnego Vratislavia Medica we
Wroctawiu.

Stefanska M, Debiec-Bak A, Widelak J, Palczewska A, Skrzek A, Dominiak P, Kucharski
W, Kubasiak K. Force-Velocity Characteristics of Lower Extremity Muscles in Male High-
Altitude Climbers. Physiotherapy Quarterly 2021, 29 (3), 92-97.
doi:10.5114/pq.2021.109061. MEiN: 70.000.

Celem pracy byta ocena parametrow predkosciowo-sitowych mig$ni zginaczy i1 prostownikow
stawu kolanowego u mezczyzn uprawiajgcych wspinaczke wysokogorska oraz porownanie
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uzyskanych wynikdw z grupg aktywnych zawodowo zolierzy. Zaobserwowano, ze
zarejestrowane w ruchu z predkoscig 60°/s 1 180°/s wartosci szczytowego momentu sity,
catkowitej pracy, $redniej mocy oraz stosunku szczytowego momentu sily migsni
antagonistycznych sg wyzsze, a czasy przyspieszania i opdzniania ruchu krotsze w grupie
himalaistow w poroéwnaniu z grupa zohlierzy zawodowych. Zaobserwowane réznice moga
$wiadczy¢ o zmianie mechanizméw posturalno-dynamicznych zwigzanych z kontrola ruchu.
W ramach projektu odpowiedzialna bytam za przygotowanie metodologiczne i realizacjg

pomiardw izokinetycznych, przygotowanie tekstu do publikacji.

o W wyniku wspoélpracy nawigzanej podczas stazu naukowego, ktoéry odbylam w
Politechnice Wroctawskiej pod opieka prof. dr hab. inz. Haliny Podbielskiej, byta wspdlna
praca napisana we wspOipracy Akademii Wychowania Fizycznego we Wroctawiu,
Politechniki Wroctawskiej 1 University Hospital Bonn.

De¢biec-Bgk A, Skrzek A, Podbielska H, Golubnitschaja O, Stefanska M. Superficial
Temperature Distribution Patterns before and after Physical Activity in School Children Are
Indicative for Personalized Exercise Coaching and Disease Prevention. EPMA J 2021, 12 (4),
435—447. doi:10.1007/s13167-021-00262-1. IF: 8.836;, MEiIN: 100.000.

Celem pracy byla ocena termoregulacji za pomocg kamery termowizyjnej u dzieci w
wieku szkolnym wykonana przed i po 45 minutowych ogoélnorozwojowych ¢wiczeniach
fizycznych. W badaniu uczestniczyto 60 dzieci, ktore podzielono na grupy wiekowe: 7-latki,
9-latki i grupa 12-latki. Powierzchowne wzorce temperatury ciala mierzono za pomoca
kamery termowizyjnej przed i bezposrednio po wysitku oraz po 15-minutowym okresie
odpoczynku. Przeanalizowano rozklady temperatury w 12 obszarach przedniej i tylnej czesci
ciala, obejmujacych tutdow oraz konczyny goérne i dolne. Uzyskane wyniki ujawnity
indywidualng i zalezng od wieku réznice w odpowiedzi organizmu na ¢wiczenia. Pierwszy
pomiar przed wysitkiem fizycznym (pomiar 1) nie wykazal istotnych statystycznie réznic w
sredniej temperaturze wszystkich analizowanych obszarow pomigdzy dzie¢mi w wieku 7 1 9
lat. U dzieci 12-letnich zaobserwowano statystycznie istotnie wyzsze wartosci Sredniej
temperatury konczyn gdérnych i dolnych w poréwnaniu z grupg 7-latkéw. Bezposrednio po
¢wiczeniach (pomiar 2) odnotowano istotny statystycznie spadek temperatury we wszystkich
grupach 1 we wszystkich obszarach ciata. Najwigksza zmian¢ temperatury zaobserwowano u

12-latkéw, a najmniejsza u najmlodszych. Badanie przeprowadzone po 15-minutowym czasie
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regeneracji (pomiar 3) wykazalo wzrost $redniej temperatury wszystkich analizowanych
obszarow. U wszystkich badanych $rednia temperatura zarejestrowana w pomiarze 3 nie
roznita si¢ istotnie od poczatkowych (pomiar 1, przed ¢wiczeniami). Jedynie S$rednia
temperatura grzbietu dzieci 12-letnich byla istotnie nizsza po okresie odpoczynku w
poréwnaniu  z badaniem  wstgpnym. Przeprowadzona identyfikacja  procesow
termoregulacyjnych w odpowiedzi na aktywno$¢ fizyczng moze mie¢ duze znaczenie
kliniczne w spersonalizowanym treningu wczesnego okresu zycia. W ramach tego projektu
odpowiedzialna bytam za tworzenie koncepcji oraz modelu badan,
zaplanowaniu eksperymentu, wyborze metodyki badan, pozyskaniu oséb badanych oraz
przeprowadzeniu badan, analizie danych, wspotudziale w interpretacji wynikéw badan, a
takze pisaniu pierwotnej wersji artykutu, jak rowniez korekt przed ztozeniem do druku,

prowadzeniu dyskusji, zgromadzeniu literatury.

6. Informacja o osiagni¢ciach dydaktycznych, organizacyjnych oraz popularyzujacych
nauke

Od poczatku mojej pracy na stanowisku nauczyciela akademickiego prowadzitam
zajecia dydaktyczne ze studentami kierunku Fizjoterapia na Wydziale Fizjoterapii Akademii
Wychowania Fizycznego im. Polskich Olimpijczykéw we Wroctawiu. Obecnie prowadze
zajecia w formie ¢wiczen z przedmiotu Fizjoterapia w ortopedii, traumatologii i medycynie
sportowe]; Podstawy kliniczne fizjoterapii w ortopedii, traumatologii i medycynie sportowe;,
a takze Wyroby medyczne (zaopatrzenie ortopedyczne), protetyka, ortotyka. Jestem autorem
programow i sylabuséw z przedmiotow:
- Diagnostyka funkcjonalna i programowanie fizjoterapii w dysfunkcjach narzadu ruchu
(2013-2020),
- Programowanie rehabilitacji w dysfunkcjach narzadu ruchu (2017-2018),
- Fizjoterapia kliniczna w dysfunkcjach narzadu ruchu: traumatologia (2013-2016),
- Fizjoterapia kliniczna w dysfunkcjach narzadu ruchu: ortopedia (2013-2016),
- Planowanie fizjoterapii w dysfunkcjach uktadu ruchu (2019-2022),
- Wyroby medyczne (zaopatrzenie ortopedyczne), protetyka, ortotyka (2019-2023),
- Praktyka asystencka (2019-2023),
- Praktyka w fizjoterapii klinicznej, fizykoterapii i masazu (cz. I, II), (2019-2023),
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- Wakacyjna praktyka profilowana — wybieralna (cz. I, II), (2019-2023),
- Wakacyjna praktyka z kinezyterapii (2019-2023).

W zakresie dzialalno$ci organizacyjnej petnitam na Uczelni wiele funkcji:
* W latach 2008-2012, 2012-2016, 2016-2020 - Czlonek Rady Wydziatu Fizjoterapii,
Akademii Wychowania Fizycznego we Wroctawiu.
* W roku akademickim 2013/2014, 2015/2016 - Zastepca Przewodniczace] Komisji
Egzaminu Dyplomowego Licencjackiego Teoretycznego.
* W roku akademickim 2015/2016 - Cztonek Uczelnianej Komisji Rekrutacyjnej, Kierownik
Sekretariatu Wydziatu Fizjoterapii.
* W roku akademickim 2016/2017 - Przewodniczgca Komisji Egzaminu Dyplomowego
Licencjackiego Teoretycznego.
* W kadencji 2020-2024 - Pelnomocnik Dziekana ds. praktyk studenckich na Kierunku

Fizjoterapia.

W  zakresie dzialalnosci  popularyzujacych  nauke  wielokrotnie  bytam
wspotorganizatorem konferencji naukowych i szkoleniowych.
* Przewodniczaca Komitetu Organizacyjnego III Kongresu Polskiego Towarzystwa
Krioterapii, Wroctaw, 16 maja 2019 r.
» Cztonek Komitetu Naukowego I1I Kongresu Polskiego Towarzystwa Krioterapii, Wroctaw,
16 maja 2019 1.
* Czlonek Komitetu Organizacyjnego Konferencji ,,Krajowe Ramy Kwalifikacji- nowe
wyzwania dla ksztalcenia fizjoterapeutow”, Wroctaw, 28.10.2011 r.
» Czlonek Komitetu Organizacyjnego VIII Migdzynarodowych Dni Fizjoterapii ,,Fizjoterapia,
terapia zajeciowa, kosmetologia — razem czy osobno?” Wroctaw, 7-8 czerwca 2013 .
* Cztonek Komitetu Organizacyjnego IX Miedzynarodowych Dni Fizjoterapii, ,,Postgpy w
rehabilitacji — od badan naukowych do praktyki klinicznej”, Wroctaw, 12-13 czerwca 2015 1.
» Cztonek Komitetu Organizacyjnego I Kongresu Polskiego Towarzystwa Krioterapii,
Wroctaw, 29 maja 2015 r.
* Czlonek Komitetu Organizacyjnego II Kongresu Polskiego Towarzystwa Krioterapii,

Wroclaw, 21 kwietnia 2017 r.
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7. Inne informacje dotyczace kariery zawodowej

7.1. Udzial w projektach badawczych

Projekty zrealizowane przed uzyskaniem stopnia doktora:

Uczestnictwo, jako wykonawca, w pracach zespotu badawczego realizujgcego temat
statutowy Wydzialu Fizjoterapii AWF we Wroctawiu ,,Zmienno$¢ parametréw
predkosciowo-sitowych migéni pod wptywem réznych form aktywnosci fizycznej i bodzcow
fizykalnych w badaniach izokinetycznych”, kierowanego od 2003 roku przez prof. dr hab.
Anne Skrzek.

Uczestnictwo, jako wykonawca, w pracach zespolu badawczego realizujacego temat
statutowy Wydzialu Fizjoterapii AWF we Wroclawiu ,,Wykorzystanie temperatur

kriogenicznych w fizjoterapii”, kierowanego od 2004 roku przez prof. dr hab. Ann¢ Skrzek.

Projekty przygotowanie i wystane po uzyskaniu stopnia doktora:

Uczestnictwo, jako jeden z gléwnych czlonkéw zespotu badawczego, w
przygotowaniu wniosku o dofinansowanie projektu w ramach Programu Badan Stosowanych
Narodowego Centrum Badan i Rozwoju (NCBiR). Tytut projektu ,,Opracowanie nowej,
innowacyjnej, biologicznej metody leczenia zaburzen nastroju oraz deficytow kognitywnych

z zastosowaniem krioterapii ogdlnoustrojowe;j”, na kwote 5 735 498,00 zt. Wnioskodawcy:

e Uniwersytet Medyczny im. Piastow Slaskich we Wroctawiu — LIDER
e Akademia Wychowania Fizycznego we Wroctawiu, Wydziat Fizjoterapii

e Creator Sp. z 0.0. z siedzibg we Wroctawiu
Zgtoszony do NCBIiR pod numerem ID: 243979 — stan z dnia 2014-01-16. Projekt nie uzyskat

finansowania.

7.2. Staze naukowe i dydaktyczne

Po uzyskaniu stopnia doktora:

. Staz naukowo-dydaktyczny w Akademii Wychowania Fizycznego im. Bronistawa

Czecha w Krakowie, na Wydziale Rehabilitacji Ruchowej od 25.11.2019 r. do 08.12.2019 r.
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pod opieka dr hab. Agnieszki Suder. Staz obejmowal poglebienie wiedzy z obszarow
zwigzanych z diagnostyka funkcjonalng w dysfunkcjach narzadu ruchu. W trakcie stazu
zrealizowano warsztaty szkoleniowe w oparciu o trojwymiarowag analiz¢ ruchu ciata
cztowieka za pomocg systemu BTS SMART D-140 6TVC oraz VICON 250 w celu oceny
stanu funkcjonalnego pacjentéw z dysfunkcjami uktadu ruchu podczas chodu oraz wykonania
innych czynno$ci ruchowych. W pracowni Wibroterapii zrealizowano badania
wieloaspektowego wplywu wibracji na ustrdj cztowieka z zastosowaniem mat wibracyjnych
firmy Vitberg. W pracowni Fizjologii skory zrealizowano badania termowizyjne do oceny
ilosciowej 1 jakoSciowej emisyjnosci podczerwieni po zabiegach z zastosowaniem mat
wibracyjnych.

W oparciu o odbyty staz opublikowano prace:

Stefanska M, Debiec-Bak A, Widelak J, Palczewska A, Skrzek A, Dominiak P, Kucharski W,
Kubasiak K. Force-velocity characteristics of lower extremity muscles in male high-altitude

climbers. Physiotherapy Quarterly, 2021, 29, 3, s. 92-97.

Piotrowska A, Czerwinska- Ledwig O, Stefanska M, Patka T, Maciejczyk M, Bujas P,
Bawelski M, Ridan T, Zychowska M, Sadowska-Krepa E, Debiec-Bak A. Changes in skin
microcirculation resulting from vibration therapy in women with cellulite. International

Journal of Environmental Research and Public Health, 2022,19, 6, s. 1-14.

. Staz naukowo-dydaktyczny zrealizowany na Politechnice Wroctawskiej w Katedrze
InZynierii Biomedycznej od 01.06.2020 r. do 30.06.2020 r. pod opieka prof. dr hab. inz. lek.
Haliny Podbielskiej. Staz obejmowal zagadnienia wspoétczesnej diagnostyki obrazowej w
zakresie optyki biomedycznej, w tym badan termowizyjnych (metodologia i zaawansowane
analizy interpretacji badan klinicznych) do celow medycyny spersonalizowanej, opartej na
prewencji, predykcji i spersonalizowanej terapii. Efektem zrealizowanego stazu byly badania
na temat zastosowania termowizji do oceny wpltywu ¢wiczen usprawniajacych u dzieci i1
mtodziezy zakonczone wspolng publikacja naukowg oraz prezentacja badan na konferencji

EPMA World Congress 20-23.09.2021 r. W oparciu o odbyty staz opublikowano prace:

38



Autoreferat — Agnieszka Debiec-Bgk Zatacznik 3

De¢biec-Bak A, Skrzek A, Podbielska H, Golubnitschaja O, Stefanska M. Analysis of
superficial temperature distribution changes after physical activity in school children for
personalization of general fitness exercises. EPMA World Congress 2021, Faculty of
Fundamental Problems of Technology, Department of Biomedical Engineering ,Wroctaw

University of Science and Technology 20-23 wrzesien 2021r.

Debiec-Bak A, Skrzek A, Podbielska H, Golubnitschaja O, Stefanska M. (2021). Superficial
temperature distribution patterns before and after physical activity in school children are

indicative for personalized exercise coaching and disease prevention. EPMA Journal,

12(4),435-447, do1:10.1007/s13167-021-00262-1

. Staz naukowy w Statni Lécebné Lazné Janské Lazné, w Republice Czeskiej od
06.09.2021 r. do 24.09.2021 r. pod opieka dr Ivany Uiberlayov, obejmujacy pogiebienie
wiedzy z obszaréw zwigzanych z diagnostyka funkcjonalng w dysfunkcjach narzadu ruchu.
Podczas stazu zrealizowano warsztaty treningu marszowego z zastosowaniem urzadzenia
AlterG polegajace na dziataniu antygrawitacyjnym. W trakcie stazu zrealizowano rowniez
szkolenie z zastosowania w procesie usprawniania  systemu Bioness L300 Plus
wykorzystujacy bezprzewodowa funkcjonalng stymulacje elektryczng do poprawy
mobilnos$ci, zapewnienie stabilizacji stawu kolanowego, kontroli statyki i lokomocji u
pacjentéw z deficytami narzadu ruchu i uktadu nerwowego.

Podczas stazu opracowano takze protok6ét badawczy dotyczacy pomiardéw
termowizyjnych stop u oséb z cukrzyca typu II. W oparciu o protokét wykonano badania
temperatury powierzchownej kamerg termowizyjng ThermoVision FLIR SYSTEM T335.
Efektem zrealizowanego stazu byly badania na temat zastosowania termowizji do oceny
powierzchniowej temperatury stop u pacjentdéw z cukrzyca typu II, zaprezentowane na
Miedzynarodowej Konferencji : XI Migdzynarodowe Dni Fizjoterapii: ,,Od juniora do seniora
- fizjoterapia laczy pokolenia”, Wroctaw, 26-28 maja 2022r., a takze zakonczone wspolng
publikacja naukow3:

Debiec-Bak A, Skrzek A, Ptak A, Majerski K , Uiberlayova I, Stefanska M. Evaluation of
the surface temperature distribution of the feet in patients with type 2 diabetes using the

thermovision metod. Physiother Quart. 2023;31(2), doi:10.5114/pq.2024.125293
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. Staz naukowy w Universidad Politécnica de Madrid, Spain, Departamento de Deportes
od dnia 19.09.2022 r. do 02.10.2022 r. pod opieka dr. Manuela Sillero-Quintana. W ramach
stazu przeprowadzono warsztaty szkoleniowe z analiz wynikéw badan termowizyjnych z
zastosowanie oprogramowania ThermoHuman® software version 2.12 (PEMA THERMO
GROUP S.L., Madrid, Spain), sporzadzono takze wspdlny protokét oceny termowizyjnej
dzieci, ktory w ramach badan dwuosrodkowych bedzie wykorzystany do oceny zmian
temperatury powierzchniowej ciat dzieci od 0-12 miesiecy, zaistnialych jako odpowiedz

adaptacyjna organizmu na temperature otoczenia (badania w toku).

7.3. Ksztalcenie mlodej kadry

W 2018 roku, w ramach programu ,,Selected Biomedical Engineering Methods in
Preventive, Predictive and Personalized Medicine and Physiotherapy” (kurs letni - Indian
Summer), realizowanego przez Politechnike Wroctawska, prowadzitam zajgcia : Personalized
Physiotherapy — practical exercises and Study visit to cryotherapy premises dla studentow z

RK University, Health Sciences, Physiotherapy z Indii.

W 25.03.-02.04.2023 r. w ramach programu Erasmust+ prowdzitam zajecia
dydaktyczne o tematyce zastosowania metody termowizyjnej w biomedycynie dla studentow

Wydziatu Fizjoterapii Universydad de Malaga.

7.4. Promotorstwo prac magisterskich i licencjackich oraz recenzowanie prac

dyplomowych

Od 2013 roku bylam promotorem 34 prac dyplomowych: 15 licencjackich, 9

magisterskich oraz recenzowalam 34 prace dyplomowe : 9 licencjackich i 25 magisterskich.
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7.5. Udzial w konferencjach naukowych i popularyzujacych nauke

Wyniki  swoich  prac  naukowo-badawczych  przedstawialam w  formie

prezentacji ustnych lub w formie plakatowej podczas wielu konferencji naukowych.

De¢biec-Bak A, Pawik L, Jedynak D, Skrzek A. Thermal imager to assess changes in the
surface temperature of the body systemic cryo stimulation of football players. VIII
International Days of Physiotherapy ,,Physiotherapy, occupational physiotherapy,

cosmetology - together or apart?”, Wroctaw, 7-8 czerwca 2013- sesja plakatowa

De¢biec-Bak Agnieszka, Ptak Agnieszka, Majerski Krzysztof, Uiberlayova Ivana, Stefanska
Matgorzata. Tytut oryginatu: Analiza mikrokrazenia powierzchniowego stop u pacjentow z
cukrzyca typu II w badaniach termowizyjnych. Tytut rownolegly: Analysis of the surface
microcirculation of feet in patients with type II diabetes in thermal imaging studies. XI
Miedzynarodowe Dni Fizjoterapii ,,Od juniora do seniora - fizjoterapia aczy pokolenia”,

Wroctaw 26-28 maja 2022r. - wystapienie w sesji plakatowe;.

Pawik Lukasz, Debiec-Bak Agnieszka, Skrzek Anna. Tytul oryginatlu: Thermal imaging
analysis of the efficiency of thermoregulatory processes in male and female footballers after
interval training. 1st Journal of Thermal Analysis and Calorimetry Conference and 6th V4
(Joint Czech-Hungarian-Polish-Slovakian) Thermoanalytical Conference, Budapest 6-9 June

2017r. - wystgpienie w sesji plakatowe;.

De¢biec-Bak A, Pawik £, Wojtowicz D, Skrzek A. Analysis of body surface temperatures in
people with Down syndrome after general rehabilitation exercise. W: 1st Journal of Thermal
Analysis and Calorimetry Conference and 6th V4 (Joint Czech-Hungarian-Polish-Slovakian)

Thermoanalytical Conference, Budapest, 6-9 czerwca 2017 - sesja plakatowa.

De¢biec-Bak A, Kuligowski T, Skrzek A. The analysis of thermoregulatory processes in girls
and boys in thermal imaging tests. W: 14th Quantitative InfraRed Thermography Conference.
QIRT 2018, Berlin, 25-29 czerwca 2018- sesja plakatowa.

De¢biec-Bak A, Skrzek A, Podbielska H, Golubnitschaja O, Stefanska M. Analysis of
superficial temperature distribution changes after physical activity in school children for

personalization of general fitness exercises. W: EPMA World Congress 2021, Faculty of
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Fundamental Problems of Technology, Department of Biomedical Engineering ,Wroctaw
University of Science and Technology 20-23 wrzesien 2021, Kongres Miedzynarodowy -

sesja plakatowa.

7.6. Szkolenia i kursy — podnoszenie kwalifikacji naukowo — dydaktycznych

Do najistotniejszych szkolen i kursow, ktore odbytam po uzyskaniu stopnia doktora
w celu podwyzszenia swoich kompetencji zawodowych, zarbwno w pracy naukowej jak

1 dydaktycznej naleza:
09/2012 Kurs: Diagnostyka réznicowa w dysfunkcjach narzadu ruchu, BMK, Wroctaw,

02/2013 Szkolenie: ,, Zwigkszanie dostgpnosci uczelni wyzszych dla osob
niepetnosprawnych”, FiRR oraz PFRON, Wroctaw
09/2014 Kurs: Konczyna gdérna- diagnostyka i elementy terapii, BMK, Wroctaw,
09/2016 Kurs: Konczyna dolna — diagnostyka i elementy terapii, BMK, Wroctaw,
11/2017 Szkolenie: Termografia medyczna w praktyce, EC Training Center, Krakow
06/2020 Szkolenie dla wnioskodawcoéw z obszaru NZ organizator NCN
02-07/2022 Szkolenie: Koncepcja PNF - Rekomendacje dotyczace nauczania w
uczelniach wyzszych: czes$¢ teoretyczna (on-line 02-04.2022r.);
czg$¢ praktyczna (09.07.2022r. warsztaty, AWF Warszawa), IPNFA Poland,
11/2022 Warsztaty Naukowe: ,, Egzoszkielety medyczne — mozliwos$ci, ograniczenia
1 wyzwania” w ramach cyklu Kontrola ruchow cztowieka- mozliwosci 1
perspektywy badan. PAN Oddzial we Wroctawiu.
04/2023 Warsztaty szkoleniowe ,,Jak z sukcesem przygotowa¢ wniosek o grant?”,

AWF Wroctaw

7.7. Nagrody i wyroznienia

Za dziatalno$¢ organizacyjng i naukowg otrzymatam ponizsze nagrody:
» Zespolowa nagroda JM Rektora za catoksztatt dziatalnosci organizacyjnej rok 2013/2014,
* Nagroda Rektora Akademii Wychowania Fizycznego we Wroctawiu za wybitne

zaangazowanie oraz za caloksztalt dziatalnosci organizacyjnej rok 2019/2020.
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I. WYKAZ OSIAGNIEC NAUKOWYCH ALBO ARTYSTYCZNYCH, O KTORYCH
MOWA W ART. 219 UST.1 PKT 2 USTAWY

1. Monografia naukowa, zgodnie z art. 219 ust. 1. pkt 2a ustawy

2. Cykl powiazanych tematycznie artykuléw naukowych, zgodnie z art. 219 ust. 1. pkt 2b
ustawy

Osiagnigcie naukowe zatytulowane ,,Analiza dynamiki zmian temperatury
powierzchniowej ciala pod wplywem zréznicowanych bodzcow u zdrowych i chorych
osob” stanowiace cykl powigzanych tematycznie artykuléw naukowych, zgodnie z art. 219

ust. 1. pkt 2b ustawy (opublikowanych po uzyskaniu stopnia doktora):

1. Debiec-Bgk A, Skrzek A, Podbielska H, Golubnitschaja O, Stefanska M. (2021).
Superficial temperature distribution patterns before and after physical activity in school
children are indicative for personalized exercise coaching and disease prevention. EPMA
Journal, 12(4),435-447,d0i:10.1007/s13167-021-00262-1

IF: 8,836, punktacja MEiN: 100,00

Wktad autorow w powstanie publikacji *:
A. Debiec-Bgk - tworzenie koncepcji, prowadzenie badan, organizacja bazy danych, analiza,
interpretacja i wizualizacja wynikow, przygotowanie pierwszej wersji rekopisu. Moj
szacowany udziat to 50%.
A. Skrzek - wykonanie krytycznej rewizji tresci rekopisu, zaprojektowanie analiz, udziat w
badaniach, koordynacja tresci przed ztozeniem do druku. Szacowany udziat to 10%.
H. Podbielska - wykonanie krytycznej rewizji tresci rekopisu, zatwierdzenie ostatecznej wersji
artykutu, wspotautorstwo korespondencyjne, udzial w badaniach, wizualizacja wynikow,
koordynacja tresci przed ztoZeniem do druku. Szacowany udziat to 15%.
O. Golubnitschaja - krytyczna rewizja tresci rekopisu, zatwierdzenie ostatecznej wersji
artykutu, zaprojektowanie analiz, wspotautorstwo korespondencyjne. Szacowany udzial to
15%.
M. Stefanska - analiza, interpretacja i wizualizacja wynikow badan, udzial w badaniach.
Szacowany udziat to 10%.

2. Debiec-Bak A, Kuligowski T, Skrzek A. (2020). Analyzing thermoregulation processes in
early school-age girls and boys through thermography. Journal of Thermal Analysis and
Calorimetry,140,243-251,d0i:10.1007/s10973-019-08843-z

IF: 4,626, punktacja MEiN: 100,00

Wktad autorow w powstanie publikacji *:
A.Debiec-Bgk -  tworzenie koncepcji, sformutowanie celow naukowych, udzial — w
prowadzeniu badan, organizacja bazy danych, zaprojektowanie analiz statystycznych,
interpretacja i wizualizacja wynikow, zgromadzenie literatury, prowadzenie dyskusji,
przygotowanie pierwszej wersji rekopisu, pisanie korekt przed zloZeniem do druku,
zatwierdzenie ostatecznej wersji artykutu. Moj szacowany udziat to 70%.

3



Wykaz osiggnie¢ naukowych — Agnieszka Debiec-Bagk Zatacznik 4

T. Kuligowski — pisanie korekt przed zlozeniem do druku, zatwierdzenie ostatecznej wersji
artykutu, zgromadzenie literatury, autor korespondencyjny. Szacowany udziat to 20%.

A. Skrzek - wykonanie krytycznej rewizji tresci rekopisu, zatwierdzenie ostatecznej wersji
artykutu. Szacowany udziat to 10%.

3. Debiec-Bak A, Pawik L, Skrzek A. (2016). Thermoregulation of football players after
cryotherapy in thermography. Journal of Thermal Analysis and Calorimetry,126(3), 1633-
1644 , doi:10.1007/s10973-016-5623-3

IF: 1,953, punktacja MEiN: 25,00

Wktad autorow w powstanie publikacji*:
A. Debiec-Bgk - tworzenie koncepcji, sformutowanie celow naukowych, udziat w prowadzeniu
badan, organizacja bazy danych, zaprojektowanie i wykonanie analiz statystycznych,
interpretacja i wizualizacja wynikow, zgromadzenie literatury, przeprowadzenie dyskusji,
przygotowanie pierwszej wersji rekopisu, zatwierdzenie ostatecznej wersji artykutu. Moj
szacowany udziat to 70%.
L. Pawik — analiza i wizualizacja wynikow, pisanie korekt przed ztozeniem do druku,
zgromadzenie literatury, autor korespondencyjny. Szacowany udziat to 20%.
A. Skrzek - wykonanie krytycznej rewizji tresci rekopisu, zatwierdzenie ostatecznej wersji
artykutu. Szacowany udziat to 10%.

4. Debiec-Bak A, Wojtowicz D, Pawik L, Ptak A, Skrzek A. (2019). Analysis of body surface
temperatures in people with Down syndrome after general rehabilitation exercise. Journal of
Thermal Analysis and Calorimetry,135(4),2399-2410
do0i:10.1007/s10973-018-7345-1
IF: 2,731, punktacja MEiN: 100,00

Wktad autorow w powstanie publikacji *:

A.Debiec-Bgk - tworzenie koncepcji ,modelu badan, zaplanowanie eksperymentu, wybor
metodyki badan, pozyskaniu osob badanych, analizie danych, interpretacji wynikow badan i
obliczen statystycznych, przygotowanie pierwotnej wersji rekopisu, przygotowanie korekt
przed ztozeniem do druku, zgromadzenie literatury, prowadzenie dyskusji, zatwierdzenie
ostatecznej wersji artykutu. Moj szacowany udziat to 65%.

D. Wojtowicz - wykonanie krytycznej rewizji tresci rekopisu, zatwierdzenie ostatecznej wersji
artykutu, zgromadzenie literatury, autor korespondencyjny. Szacowany udziat to 15%.

L. Pawik - zatwierdzenie ostatecznej wersji artykutu, wizualizacja wynikow. Szacowany udziat
to 5%.

A. Ptak — przygotowanie korekt przed zitozemiem do druku, zgromadzenie literatury.
Szacowany udzial to 5%.

A. Skrzek — przygotowanie korekt przed ztozeniem do druku, wykonanie krytycznej rewizji
tresci rekopisu, zatwierdzenie ostatecznej wersji artykutu. Szacowany udziat to 10%.
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5. De¢biec-Bak A, Skrzek A, Wozniewski M, Malicka 1. (2019). Using thermography in the
diagnostics of lymphedema: pilot study. Lymphatic Research and Biology, 18(3), 247-253,
doi:10.1089/1rb.2019.0002

IF: 2,589, punktacja MEiN: 70,00

Wktad autorow w powstanie publikacji *:
A. Debiec-Bgk - tworzenie koncepcji, sformutowanie celow naukowych, prowadzenie badan,
organizacja bazy danych, interpretacja i wizualizacja wynikow, zgromadzenie literatury,
wspolprowadzenie dyskusji, przygotowanie pierwszej wersji rekopisu, pisanie artykutu,
wspotudzial w jego korekcie przed i po ztozeniu do druku, autor korespondencyjny. Moj
szacowany udziat to 50%.
A. Skrzek - wykonanie krytycznej rewizji tresci rekopisu, zatwierdzenie ostatecznej wersji
artykutu. Szacowany udziat to 5%.
M. Wozniewski - wykonanie krytycznej rewizji tresci rekopisu, zatwierdzenie ostatecznej
wersji artykutu. Szacowany udziat to 5%.
1. Malicka - zaprojektowanie analiz statystycznych i interpretacji wynikow, pierwszej wersji
rekopisu i jego korekt przed ztozeniem do druku, prowadzenie dyskusji, wykonanie krytycznej
rewizji tresci rekopisu. Szacowany udziat to 40%.

*Oswiadczenia wspotautorskie zamieszczono w zalgczniku nr 7.

3. Wykaz zrealizowanych oryginalnych osiagnie¢ projektowych, konstrukcyjnych, technologicznych lub
artystycznych, zgodnie z art. 219 ust. 1. pkt 2¢ ustawy.

II. WYKAZ AKTYWNOSCI NAUKOWEJ ALBO ARTYSTYCZNEJ

1. Wykaz opublikowanych monografii naukowych (z zaznaczeniem pozycji niewymienionych w pkt I. 1)

2. Wykaz opublikowanych rozdzialéw w monografiach naukowych

Po uzyskaniu stopnia doktora:

1. Debiec-Bak Agnieszka. Badania termowizyjne w programowaniu fizjoterapii. W: Metody
diagnostyczne wykorzystywane w programowaniu fizjoterapii / red. nauk. Katarzyna Kisiel-
Sajewicz. Wroctaw : Wydawnictwo Akademii Wychowania Fizycznego we Wroclawiu,
2021, s.31-46

2. Skrzek Anna, Debiec-Bak Agnieszka. Codzienna aktywno$¢ ruchowa : zyj zdrowo i
bezpiecznie. W: Aktywny senior : czlowiek spetniony / Red. nauk. Anna Skrzek. Warszawa :
PZWL Wydawnictwo Lekarskie PZWL, 2018, s. 91-102

3. Skrzek Anna, Debiec-Bak Agnieszka, Gruszka Katarzyna, Sobiech Krzysztof Andrze;j.
Analiza zmienno$ci rozkltadu temperatury powierzchniowej cialta w  badaniach
termowizyjnych. W: Biomedyczne zastosowania termowizji / red. Halina Podbielska, Anna

Skrzek. Wroctaw : Oficyna Wydawnicza Politechniki Wroctawskiej, 2014, s. 87-99
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4. Debiec-Bak Agnieszka, Pawik %Lukasz, Skrzek Anna. Monitorowanie procesu
treningowego w badaniach termowizyjnych. W: Biomedyczne zastosowania termowizji / red.
Halina Podbielska, Anna Skrzek. Wroctaw : Oficyna Wydawnicza Politechniki Wroctawskie;j,
2014, s. 171-180

5. Pisula-Lewandowska Agnieszka, Ratajczak Barbara, Skrzek Anna, Debiec-Bak
Agnieszka, Demidas Aneta. Monitorowanie terapii z zastosowaniem zrdéznicowanych
zabiegow fizykalnych. W: Biomedyczne zastosowania termowizji / red.Halina Podbielska,
Anna Skrzek. Wroctaw : Oficyna Wydawnicza Politechniki Wroctawskiej, 2014, s. 135-145
6. Skrzek Anna, De¢biec-Bak Agnieszka, Pawik Lukasz. Termowizyjne monitorowanie
efektow krioterapii. W: Biomedyczne zastosowania termowizji / red.Halina Podbielska, Anna
Skrzek. Wroctaw : Oficyna Wydawnicza Politechniki Wroctawskiej, 2014, s. 125-133

7. Pawik Lukasz, Skrzek Anna, De¢biec-Bak Agnieszka. Zastosowanie termowizji w
diagnostyce i monitorowaniu leczenia urazoéw narzadu ruchu. W: Biomedyczne zastosowania
termowizji / red.Halina Podbielska, Anna Skrzek. Wroctaw : Oficyna Wydawnicza
Politechniki Wroctawskiej, 2014, s. 181-191

8. Debiec-Bak Agnieszka, Skrzek Anna. Badania termowizyjne zmian powierzchniowe;j
temperatury ciala pod wpltywem kriostymulacji. W: Zastosowanie niskich temperatur w
biomedycynie / red. Halina Podbielska, Anna Skrzek. Wroctaw : Oficyna Wydawnicza
Politechniki Wroctawskiej, 2012, s. 103-118

Wykaz zamieszczono w zalgczniku nr 5.

3. Wykaz czlonkostwa w redakcjach naukowych monografii

4. Wykaz opublikowanych artykuléw w czasopismach naukowych (niewymienionych
w pkt 1.2)

Przed uzyskaniem stopnia doktora:

1. Mraz Malgorzata, Nowacka Urszula, Skrzek Anna, Mraz Maciej, Debiec-Bak
Agnieszka, Sidorowska Marta.Stabilno$¢ posturalna kobiet 1 dziewczat w wieku 8-22
lat w Swietle badan posturograficznych. Fizjoterapia, 2010 : t. 18, nr 2, s. 35-43

2. Sobiech Krzysztof Andrzej, Skrzek Anna, Debiec-Bak Agnieszka, Gruszka
Katarzyna, Socha Matlgorzata, Jonak Wiestawa. Dynamika zmian temperatury ciata u
kobiet pod wptywem krioterapii ogdlnoustrojowej : doniesienie wstepne. Acta Bio-
Optica et Informatica Medica, InZynieria Biomedyczna, 2009 : vol. 15, nr 4, s. 315-
318
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3.

Kielnar Renata, Mraz Malgorzata, Mraz Maciej, Oleksy Lukasz, Debiec-Bak
Agnieszka, Chantsoulis Marzena. Ocena stabilnosci postawy ciata na podstawie
badania przedniego i tylnego marginesu stabilnosci u o0s6b ze stwardnieniem
rozsianym po fizjoterapii. Acta Bio-Optica et Informatica Medica, InZynieria
Biomedyczna, 2009 : vol.1 5, nr 3, s. 226-229

De¢biec-Bak Agnieszka, Skrzek Anna, Jonak Anna. Zroznicowanie temperatury
powierzchniowej ciata pod wplywem réznych bodzcow w badaniach termowizyjnych.
Acta Bio-Optica et Informatica Medica, Inzynieria Biomedyczna, 2009 : vol. 15, nr 4,
s. 322-327

De¢biec-Bak Agnieszka, Mraz Matgorzata, Mraz Maciej, Skrzek Anna. Jako$ciowa i
ilosciowa ocena chodu o0s6b po udarze moézgu. Acta Bio-Optica et Informatica
Medica, 2007 : vol. 13, nr 2, s. 97-100

Skrzek Anna, Anwajler Joanna, Dudek Krzysztof, De¢biec-Bak Agnieszka, Pilch
Urszula. Rozktad temperatury na powierzchni ciata po  kriostymulacji
ogolnoustrojowej w badaniach termowizyjnych. Acta Bio-Optica et Informatica
Medica, 2007 : vol.13, nr 2, s.141-146

Skrzek Anna, Anwajler Joanna, Dudek Krzysztof, Debiec-Bak Agnieszka, Pilch
Urszula. Analiza czynnikow wplywajacych na zmienno$¢ temperatury ciata w
badaniach termograficznych. Fizjoterapia, 2007 : t. 15, nr 3, s. 23-33

Skrzek Anna, Anwajler Joanna, Dudek Krzysztof, De¢biec-Bak Agnieszka, Pilch
Urszula. Zmienno$¢ temperatury ciata pod wptywem krioterapii ogélnoustrojowej u
pacjentow z dolegliwosciami bolowymi kregostupa w badaniach termowizyjnych.
Fizjoterapia Polska, 2007 : vol. 7, nr 3, s. 308-319

Skrzek Anna, Jagusz Anna, Rutkowska-Kucharska Alicja, Dziubek Violetta, Debiec
Agnieszka. Ocena wplywu ¢wiczen aerobowych na narzad ruchu 15-letnich

dziewczat. Fizjoterapia, 2003 : t. 11, nr 2, s. 88-95

Wykaz zamieszczono w zalqczniku nr 5.

Po uzyskaniu stopnia dokora:

1.

Stefanska Malgorzata, De Koker Reninka, De Wachter Eveline, De¢biec-Bak
Agnieszka, Ptak Agnieszka. Assessment of the level of physical activity and mood in
students after a year of study in a mixed mode in the conditions of restrictions
resulting from the pandemic. International Journal of Environmental Research and

Public Health, 2023 : vol. 20, nr 5, art. 4311, s. 1-13
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2.

De¢biec-Bak Agnieszka, Skrzek Anna, Ptak Agnieszka, Majerski Krzysztof,
Uiberlayova Ivana, Stefanska Matgorzata. Evaluation of the surface temperature
distribution of the feet in patients with type 2 diabetes using the thermovision method.
Physiotherapy Quarterly, 2023 : vol. 31, nr 2 [w druku]

Ptak Agnieszka, Debiec-Bak Agnieszka, Stefanska Malgorzata. Assessment of
viscoelastic parameters of muscles in children aged 4-9 months with minor qualitative
impairment of the motor pattern after Vojta therapy implementation. Infernational
Journal of Environmental Research and Public Health, 2022 : vol. 19, nr 16, art.
10448, s. 1-9

Piotrowska Anna, Czerwinska-Ledwig Olga, Stefanska Malgorzata, Patka Tomasz,
Maciejczyk Marcin, Bujas Przemystaw, Bawelski Marek, Ridan Tomasz, Zychowska
Matgorzata, Sadowska-Krepa Ewa, Debiec-Bak Agnieszka. Changes in skin
microcirculation resulting from vibration therapy in women with cellulite.
International Journal of Environmental Research and Public Health, 2022 : vol. 19,
nr 6, art. 3385, s. 1-14

Ptak Agnieszka, Migkczynska Diana, Debiec-Bak Agnieszka, Stefanska Matgorzata.
The occurrence of the sensory processing disorder in children depending on the type
and time of delivery : a pilot study. International Journal of Environmental Research
and Public Health, 2022 : vol. 19, nr 11, art. 6893, s. 1-7

Ptak Agnieszka, Debiec-Bak Agnieszka, Stefanska Matgorzata. Thermographic of the
microcirculation in healthy children aged 3-10 months as an objective and noninvasive
method of assessment. International Journal of Environmental Research and Public
Health, 2022 : vol. 19, nr 23, art. 16072, s. 1-6

Traczyk Justyna, De¢biec-Bak Agnieszka, Skrzek Anna, Stefanska Malgorzata.
Assessment of the psychophysical sphere and functional status of women aged 75-90
living alone and in nursing homes. International Journal of Environmental Research
and Public Health, 2021 : vol. 18, nr 17, art. 9028, s. 1-11

Kuligowski Tomasz, Cieslik Blazej, Kuciel Natalia, Debiec-Bak Agnieszka, Skrzek
Anna. Effect of core stabilizing training on young individuals presenting different
stages of degenerative disc disease : preliminary report. International Journal of
Environmental Research and Public Health, 2021 : vol. 18, nr 7, art. 3499, s. 1-9
Stefanska Malgorzata, Debiec-Bak Agnieszka, Widelak Justyna, Palczewska Anna,
Skrzek Anna, Dominiak Piotr, Kucharski Wojciech, Kubasiak Katarzyna. Force-
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10.

11.

12.

13.

14.

15.

16.

17.

18.

velocity characteristics of lower extremity muscles in male high-altitude climbers.
Physiotherapy Quarterly, 2021 : vol. 29, nr 3, s. 92-97

Pawik Lukasz, Pawik Malwina, Karwacka Magdalena, Wysoczanska Emilia,
Schabowska Aleksandra, Kuciel Natalia, Biernat Karolina, Debiec-Bak Agnieszka,
Lewandowska Joanna, Fink-Lwow Felicja. Body balance after fascial therapy in
athletes with soft lower limb muscle injuries. Symmetry, 2021 : vol. 13, nr 9, art. 1586,
s. 1-12

Kuligowski Tomasz, Debiec-Bak Agnieszka, Skrzek Anna. Mobilisation efficacy in
young patients with different stages of degenerative disc disease. Journal of Back and
Musculoskeletal Rehabilitation, 2020 : vol. 33, nr 6, s. 913-918

Skrzek Anna, Ciszek Agnieszka, Nowicka Danuta, Debiec-Bak Agnieszka.Evaluation
of changes in selected skin parameters under the influence of extremely low
temperature. Cryobiology, 2019 : vol. 86, s. 19-24

Kuligowski Tomasz, Debiec-Bagk Agnieszka, Skrzek Anna. Ocena skutecznos$ci
trakcji w zaleznosci od stopnia zaawansowania choroby dyskowej u oséb miodych.
Ortopedia, Traumatologia, Rehabilitacja, 2019 : vol. 21, nr 3, s. 187-195

Wojtowicz Dorota, Roshko Julia, Ptak Agnieszka, Debiec-Bak Agnieszka, Skrzek
Anna. The efficiency of rehabilitation for self-service eating in institutionalized
children aged 2-6 years with mental and motor retardation. Physiotherapy Quarterly,
2017 :t. 25, nr 2, s. 10-16

Chantsoulis Marzena, Sipko Tomasz, Wojtowicz Dorota, Pawik Lukasz, Debiec-Bak
Agnieszka, Wotoszyn Daria, Skrzek Anna. Assessment of quality of life after the
DIAM™ spinal stabilization system. Journal of Education, Health and Sport, 2016 :
vol. 6, nr 10, s. 279-288

Zuk Maciej, Debiec-Bak Agnieszka, Pawik Lukasz, Skrzek Anna. Wpltyw masazu
glebokiego na migsien czworogtowy pitkarzy noznych, w badaniach izokinetycznych i
termowizyjnych. Journal of Education, Health and Sport, 2016 : vol. 6, nr 7, s. 236-
251

De¢biec-Bak Agnieszka, Gruszka Katarzyna, Sobiech Krzysztof Andrzej, Skrzek
Anna. Age dependence of thermal imaging analysis of body surface temperature in
women after cryostimulation. Human Movement, 2013 : vol. 14, nr 4, s. 299-304
Debiec-Bak Agnieszka, Skrzek Anna, Podbielska Halina. Application of

thermovision for estimation of the optimal and safe parameters of the whole body
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cryotherapy. Journal of Thermal Analysis and Calorimetry, 2013 : vol. 111, nr 3, s.
1853-1859

19. Debiec-Bak Agnieszka, Skrzek Anna. Poréwnanie rozkladu temperatury

powierzchniowej ciata kobiet i mezczyzn za pomoca termowizji. Acta Bio-Optica et

Informatica Medica, Inzynieria Biomedyczna, 2012 : vol.18, nr 1, s.25-30

20. Ratajczak Barbara, Boerner Ewa, Demidas Aneta, Tomczyk Kinga, Debiec-Bak

21.

Agnieszka, Hawrylak Arletta. Comparison of skin surface temperatures after

ultrasounds with use of paraffin oil and ultrasounds with use of gel. Journal of

Thermal Analysis and Calorimetry, 2012 : vol. 109, nr 1, s. 387-393

Ptak Anna, Konieczny Grzegorz, Debiec-Bak Agnieszka, Kuciel Natalia. Wplyw

kinesiology taping na zmiang¢ rozktadu temperatury okolicy migénia prostego brzucha
doniesienie wstepne. Acta Bio-Optica et Informatica Medica, Inzynieria

Biomedyczna, 2011 : vol.17, nr 3, 5.191-193

Wykaz zamieszczono w zalgczniku nr 5.

5.

Wykaz osiagni¢¢ projektowych, konstrukcyjnych, technologicznych (z zaznaczeniem pozycji

niewymienionych w pkt 1.3)

6. Wykaz publicznych realizacji dziel artystycznych (z zaznaczeniem pozycji niewymienionych w pkt 1.3)

7. Wykaz wystapien na krajowych lub miedzynarodowych konferencjach naukowych
lub artystycznych, ze wyszczegdlnieniem przedstawionych wykladow na
zaproszenie i wykladow plenarnych

Przed

uzyskaniem stopnia doktora:

1.

Malicka Iwona, Debiec-Bak Agnieszka, Pawlowska Katarzyna, Skrzek Anna,
Wozniewski Marek. Tytul oryginatu: Analiza temperatury powierzchniowej i
obwodow konczyn goérnych u kobiet po leczeniu raka piersi : badania pilotazowe.
Tytul rownolegly: Analysis of body surface temperature and upper limbs
circumference for recording oedema volume in women after breast cancer treatment :
pilot research, VII Miedzynarodowe Dni Fizjoterapii ,,Choroby cywilizacyjne —
znaczenie fizjoterapii w zapobieganiu i wspomaganiu leczenia”, Wroctaw 28-30 maja
2010r. - referat w sesji konferencyjne;.

Skrzek Anna, Debiec-Bak Agnieszka, Jonak Anna. Tytut oryginatu: Zrdznicowanie
temperatury powierzchniowej ciata pod wptywem réznych bodzcéw w badaniach
termowizyjnych. Tytut rownolegly: Diversity of body surface temperature due to

various stimuli in thermovision research, I Miedzynarodowy Kongres Polskiego
10
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Towarzystwa Rehabilitacji 1 Polskiego Towarzystwa Fizjoterapii "Rehabilitacja
polska", Warszawa 10-13 wrzes$nia 2009r. - wystapienie w sesji plakatowe;.

Skrzek Anna, Anwajler Joanna, Dudek Krzysztof, Debiec-Bak Agnieszka, Pilch
Urszula. Tytul oryginatu: Analiza czynnikow wplywajacych na zmienno$é
temperatury ciata w badaniach termograficznych, @ VI Migdzynarodowe Dni
Fizjoterapii ,,Starzenie si¢ cztowieka - nowe wyzwania i potrzeby rehabilitacji”
Wroctaw, 1-2 czerwca 2007r. - wystapienie w sesji plakatowe;.

De¢biec-Bak Agnieszka, Mraz Malgorzata, Mraz Maciej, Skrzek Anna. Tytut
oryginalu: Jakosciowa 1 ilosciowa ocena chodu os6b po udarze moézgu. VI
Miedzynarodowe Dni Fizjoterapii ,,Starzenie si¢ cztowieka - nowe wyzwania i
potrzeby rehabilitacji”, Wroctaw 1-2 czerwca 2007r. - wystgpienie w sesji plakatowe;.
Skrzek Anna, Jagusz Anna, Rutkowska-Kucharska Alicja, Dziubek Violetta, D¢biec
Agnieszka. Tytut oryginatu: Ocena wptywu ¢wiczen aerobowych na narzad ruchu 15-
letnich dziewczat. IV Miedzynarodowe Dni Fizjoterapii "Obiektywne metody procesu

fizjoterapii", Wroctaw 23-24 maja 2003 r. - wystgpienie w sesji plakatowe;.

Po uzyskaniu stopnia doktora:

1.

De¢biec-Bak Agnieszka, Ptak Agnieszka, Majerski Krzysztof, Uiberlayova Ivana,
Stefanska Matgorzata. Tytut oryginatu: Analiza mikrokrazenia powierzchniowego
stop u pacjentow z cukrzyca typu II w badaniach termowizyjnych. Tytut réwnolegtly:
Analysis of the surface microcirculation of feet in patients with type II diabetes in
thermal imaging studies. XI Miedzynarodowe Dni Fizjoterapii ,,Od juniora do seniora
- fizjoterapia laczy pokolenia”, Wroctaw 26-28 maja 2022r. - wystgpienie w sesji
plakatowe;j.

Ptak Agnieszka, Stefanska Malgorzata, Debiec-Bak Agnieszka, De Koker Reninka,
Vos Jeroen, De Wachter Eveline. Tytut oryginatu: Ocena aktywnosci fizycznej po
roku nauki mieszanej prowadzonej w warunkach ograniczen spowodowanych
COVID-19. Tytut rownolegty: Assessment of physical activity after a year of mixed
learning conducted in conditions of restrictions caused by COVID-19. XI
Miedzynarodowe Dni Fizjoterapii ,,Od juniora do seniora - fizjoterapia taczy
pokolenia”,Wroctaw 26-28 maja 2022r. - wystgpienie w sesji plakatowe;.

Stefanska Matgorzata, Ptak Agnieszka, Debiec-Bak Agnieszka, De Koker Reninka,
Vos Jeroen, De Wachter Eveline. Tytul oryginatu: Ocena dobrostanu psychicznego

studentéw po roku nauki prowadzonej w warunkach ograniczen spowodowanych

11
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COVID-19. Tytut rownolegly: Assessment of the mental well-being of students after
one year of education conducted in conditions of limitations caused by COVID-19. XI
Migdzynarodowe Dni Fizjoterapii ,,Od juniora do seniora - fizjoterapia laczy
pokolenia”, Wroctaw 26-28 maja 2022r. - wystapienie w sesji plakatowe;.

4. Wdowiak Przemystaw, Debiec-Bgk Agnieszka, Stefanska Malgorzata, Ptak
Agnieszka, Karska Karolina, Stowinska-Karska Katarzyna, Sliwinski Zbigniew. Tytut
oryginatu: Analiza dynamiki zmian w mikrokrazeniu wybranych obszaréw ciata po
stymulacji metodg Vojty dzieci w wieku 3-10 miesigca. Tytul rownolegly: Analysis of
the dynamics of changes in the micocirculation of selected areas in the human body
after stimulation by the Vojta method in children aged 3-10 months. XIV
mie¢dzynarodowe Dni Rehabilitacji ,,Potrzeby i standardy wspolczesnej rehabilitacji”,
Rzeszow 24-25 lutego 2022r.- referat w sesji konferencyjne;.

5. Wdowiak Przemystaw, Debiec-Bak Agnieszka, Stefanska Malgorzata, Ptak
Agnieszka, Karska Karolina, Stowiniska-Karska Katarzyna, Sliwinski Zbigniew. Tytut
oryginalu: Ocena parametréw spirometrycznych u dzieci ze skoliozg idiopatyczng
leczonych metoda FED. XV Konferencja Naukowa Polskiego Towarzystwa
Fizjoterapii : perspektywy rozwoju fizjoterapii : II Konferencja Polskiego
Stowarzyszenia Specjalistow Fizjoterapii, IV Konferencja PTF Mtodych Naukowcow.
Pabianice 19-21 maja 2022r. - referat w sesji konferencyjne;.

6. Debiec-Bak Agnieszka, Skrzek Anna, Podbielska Halina, Golubnitschaja Olga,
Stefanska Matgorzata. Tytul oryginatu: Analysis of superficial temperature
distribution changes after physical activity in school children for personalization of
general fitness exercises. EPMA World Congress 2021 ,,Faculty of Fundamental
Problems of Technology, Department of Biomedical Engineering ,Wroctaw
University of Science and Technology, Wroctaw 20-23 wrze$nia 2021r. — referat w
sesji konferencyjne;.

7. Debiec-Bak Agnieszka, Kuligowski Tomasz, Skrzek Anna. Tytul oryginatu: The
analysis of thermoregulatory processes in girls and boys in thermal imaging tests. 14th
Quantitative InfraRed Thermography Conference, ,,.Deutsche Gesellschaft fiir
Zerstorungsfreie Priifung; Bundesanstalt fiir Materialforschung und —priifung. Berlin
25-29 June 2018r. - wystapienie w sesji plakatowe;.

8. De¢biec-Bagk Agnieszka, Pawik tukasz, Wojtowicz Dorota, Skrzek Anna. Tytut
oryginatu: Analysis of body surface temperatures in people with Down syndrome after

general rehabilitation exercise. 1st Journal of Thermal Analysis and Calorimetry

12
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10.

11.

12.

Conference and 6th V4 (Joint Czech-Hungarian-Polish-Slovakian) Thermoanalytical
Conference, Budapest 6-9 June 2017r. - wystgpienie w sesji plakatowe;.

Pawik Fukasz, Debiec-Bak Agnieszka, Skrzek Anna. Tytul oryginatu: Thermal
imaging analysis of the efficiency of thermoregulatory processes in male and female
footballers after interval training. 1st Journal of Thermal Analysis and Calorimetry
Conference and 6th V4 (Joint Czech-Hungarian-Polish-Slovakian) Thermoanalytical
Conference, Budapest 6-9 June 2017r. - wystapienie w sesji plakatowej.

De¢biec-Bagk Agnieszka, Tomczyk Ewa, Tomczyk Anna, Skrzek Anna. Tytut
oryginalu: Analiza sprawnos$ci procesoOw termoregulacyjnych u dzieci w wieku
wczesnoszkolnym po treningu ogdélnousprawniajagcym w badaniach termowizyjnych.
Tytul rownolegly: Analysis of the efficiency of thermoregulatory processes in early
school children after general-rehabilitation in thermal imaging. X Mig¢dzynarodowe
Dni Fizjoterapii "Jakos$¢ i styl zycia w §wietle nowoczesnej rehabilitacji”, Wroctaw
23-25 listopada 2017r. - wystgpienie w sesji plakatowe;.

De¢biec-Bak Agnieszka, Gruszka Katarzyna, Sobiech Krzysztof Andrzej, Skrzek
Anna. Tytul oryginatu: Analiza zmian temperatury ciata po kriostymulacji
ogolnoustrojowej w zaleznosci od wieku. Il Siechnicka Jesien Naukowa - konferencja
naukowo-szkoleniowa. Siechnice k. Wroctawia 8-10 listopada 2013r.- referat w sesjji
konferencyjne;.

Debiec-Bak Agnieszka, Pawik tukasz, Jedynak Daniel, Skrzek Anna. Tytut
oryginatu: Termowizyjna ocena zmian temperatury powierzchniowej ciata po
kriostymulacji ogdlnoustrojowej u pitkarzy noznych. Tytut réwnolegly: Thermal
imager to assess changes in the surface temperature of the body systemic cryo
stimulation of football players. VIII Migdzynarodowe Dni Fizjoterapii "Fizjoterapia,
terapia zajeciowa, kosmetologia - razem czy osobno?" , Wroctaw 7-8 czerwca 2013r. -

wystgpienie w sesji plakatowe;.

Wykaz zamieszczono w zatgczniku nr 5.
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8. Wykaz udzialu w komitetach organizacyjnych i naukowych konferencji krajowych

lub mi¢dzynarodowych, z podaniem pelnionej funkcji.

Przed uzyskaniem stopnia doktora:

Cztonek Komitetu Organizacyjnego, VII  Miedzynarodowych Dni  Fizjoterapii
,,Choroby cywilizacyjne - znaczenie fizjoterapii w zapobieganiu i wspomaganiu leczenia”,

Wroctaw, 28-30 maja 2010r.

Po uzyskaniu stopnia doktora:

Czlonek Komitetu Organizacyjnego Konferencji ,,Krajowe Ramy Kwalifikacji- n owe

wyzwania dla ksztalcenia fizjoterapeutow”, Wroctaw, 28.10.2011r.

Cztonek Komitetu Organizacyjnego, VIII Migdzynarodowych Dni Fizjoterapii, ,,Fizjoterapia,

terapia zajgciowa, kosmetologia — razem czy osobno?”” Wroctaw, 7-8 czerwca 2013r.

Czlonek Komitetu Organizacyjnego, IX Miedzynarodowych Dni Fizjoterapii, ,,Postepy w
rehabilitacji — od badan naukowych do praktyki klinicznej”, Wroctaw, 12-13 czerwca 2015r.

Cztonek Komitetu Organizacyjnego, I Kongresu Polskiego Towarzystwa Krioterapii,

Wroctaw, 29 maja 2015r.

Cztonek Komitetu Organizacyjnego, II Kongresu Polskiego Towarzystwa Krioterapii,

Wroclaw, 21 kwietnia 2017r.

Cztonek Komitetu Organizacyjnego, X Migdzynarodowe Dni Fizjoterapii "Jakos$¢ i styl Zycia

w $wietle nowoczesnej rehabilitacji" ,Wroctaw, 23-25 listopada 2017r.

Przewodniczaca Komitetu Organizacyjnego, III Kongres Polskiego Towarzystwa

Krioterapii, Wroctaw, 16 maja 2019r.

Cztonek Komitetu Naukowego, III Kongres Polskiego Towarzystwa Krioterapii, Wroctaw, 16

maja 2019r.

14
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9. Wykaz uczestnictwa w pracach zespolow badawczych realizujacych projekty
finansowane w drodze konkurséow krajowych lub zagranicznych, z podzialem na
projekty zrealizowane i bedace w toku realizacji, oraz z uwzglednieniem

informacji o pelnionej funkcji w ramach prac zespolow

Projekty zrealizowane przed uzyskaniem stopnia doktora:

Uczestnictwo, jako wykonawca, w pracach zespotu badawczego realizujacego temat
statutowy Wydzialu Fizjoterapii AWF we Wroctawiu ,,Zmienno$¢ parametréw
predkosciowo-sitowych migsni pod wpltywem réznych form aktywnosci fizycznej 1 bodzcow
fizykalnych w badaniach izokinetycznych”, kierowanego od 2003 roku przez prof. dr hab.
Anng Skrzek.

Uczestnictwo, jako wykonawca, w pracach zespotu badawczego realizujacego temat
statutowy Wydzialu Fizjoterapii AWF we Wroclawiu ,,Wykorzystanie temperatur

kriogenicznych w fizjoterapii”, kierowanego od 2004 roku przez prof. dr hab. Ann¢ Skrzek.

Projekty przygotowanie i wystane po uzyskaniu stopnia doktora:

Uczestnictwo, jako jeden =z gléwnych cztonkow zespotu badawczego, w
przygotowaniu wniosku o dofinansowanie projektu w ramach Programu Badan Stosowanych
Narodowego Centrum Badan i Rozwoju (NCBiR). Tytul projektu ,,Opracowanie nowej,
innowacyjnej, biologicznej metody leczenia zaburzen nastroju oraz deficytow kognitywnych
z zastosowaniem krioterapii ogolnoustrojowej”, na kwotg 5 735 498,00 zt. Wnioskodawcy:

e Uniwersytet Medyczny im. Piastow Slaskich we Wroctawiu — LIDER
e Akademia Wychowania Fizycznego we Wroctawiu, Wydziat Fizjoterapii
e Creator Sp. z 0.0. z siedzibg we Wroctawiu
Zgtoszony do NCBiR pod numerem ID: 243979 — stan z dnia 2014-01-16. Projekt nie uzyskat

finansowania.

10. Wykaz czlonkostwa w miedzynarodowych lub krajowych organizacjach

i towarzystwach naukowych wraz z informacja o pelnionych funkcjach.

Od 2010 r. do chwili obecnej Cztonek Polskiego Towarzystwa Gerontologicznego

Od 2016 r. do chwili obecnej Cztonek Polskiego Towarzystwa Krioterapii
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11. Wykaz stazy w instytucjach naukowych lub artystycznych, w tym zagranicznych,
z podaniem miejsca, terminu, czasu trwania stazu i jego charakteru.

Po uzyskaniu stopnia doktora.

1. Staz naukowo-dydaktyczny w Akademii Wychowania Fizycznego im. Bronistawa Czecha
w Krakowie, na Wydziale Rehabilitacji Ruchowej od 25.11.2019 r. do 08.12.2019 r. pod
opieka dr hab. Agnieszki Suder. Staz obejmowat pogtebienie wiedzy z obszarow zwigzanych
z diagnostyka funkcjonalng w dysfunkcjach narzadu ruchu. W oparciu o odbyty staz

opublikowano prace:

Stefanska M, Debiec-Bak A, Widelak J, Palczewska A, Skrzek A, Dominiak P, Kucharski W,
Kubasiak K. Force-velocity characteristics of lower extremity muscles in male high-altitude

climbers. Physiotherapy Quarterly, 2021, 29, 3, s. 92-97

Piotrowska A, Czerwinska- Ledwig O, Stefanska M, Patka T, Maciejczyk M, Bujas P,
Bawelski M, Ridan T, Zychowska M, Sadowska-Krepa E, Debiec-Bak A. Changes in skin
microcirculation resulting from vibration therapy in women with cellulite. International

Journal of Environmental Research and Public Health, 2022,19, 6, s. 1-14

2. Staz naukowo-dydaktyczny zrealizowany na Politechnice Wroctawskiej w Katedrze
InZynierii Biomedycznej od 01.06.2020 r. do 30.06.2020 r. pod opieka prof. dr hab. inz. lek.
Haliny Podbielskiej. Staz obejmowal zagadnienia wspodtczesnej diagnostyki obrazowej w
zakresie optyki biomedycznej, w tym badan termowizyjnych. Efektem zrealizowanego stazu
byty badania na temat zastosowania termowizji do oceny wptywu ¢wiczen usprawniajacych u
dzieci i mlodziezy zakonczone wspdlng publikacja naukowa oraz prezentacja badan na

konferencji EPMA World Congress 20-23.09.2021 r.

De¢biec-Bak A, Skrzek A, Podbielska H, Golubnitschaja O, Stefanska M. Analysis of
superficial temperature distribution changes after physical activity in school children for
personalization of general fitness exercises. EPMA World Congress 2021, Faculty of
Fundamental Problems of Technology, Department of Biomedical Engineering ,Wroctaw

University of Science and Technology 20-23 wrzesien 2021r.

De¢biec-Bak A, Skrzek A, Podbielska H, Golubnitschaja O, Stefanska M. (2021). Superficial

temperature distribution patterns before and after physical activity in school children are
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indicative for personalized exercise coaching and disease prevention. EPMA Journal,

12(4),435-447, do1:10.1007/s13167-021-00262-1

3. Staz naukowy w Statni Lécebné Lazné Janské Lazné, w Republice Czeskiej od
06.09.2021r. do 24.09.2021r. pod opieka dr Ivany Uiberlayov, obejmujacy poglebienie
wiedzy z obszaréw zwigzanych z diagnostyka funkcjonalng w dysfunkcjach narzadu ruchu,
chorob wewnetrznych.

Efektem zrealizowanego stazu byly badania na temat zastosowania termowizji do oceny

powierzchniowej temperatury stop u pacjentéw z cukrzycg typu Il, zaprezentowane na:

Migdzynarodowej Konferencji : XI Migdzynarodowe Dni Fizjoterapii: ,,0d juniora do seniora
- fizjoterapia taczy pokolenia”, Wroctaw, 26-28 maja 2022r., a takze zakonczone wspdlng

publikacja naukowa,

De¢biec-Bak A, Skrzek A, Ptak A, Majerski K , Uiberlayova I , Stefanska M. Evaluation of
the surface temperature distribution of the feet in patients with type 2 diabetes using the

thermovision metod. Physiother Quart. 2023;31(2), doi:10.5114/pq.2024.125293

4. Staz naukowy w Universidad Politécnica de Madrid, Spain, Departamento de Deportes od
dnia 19.09.2022. do 02.10.2022. pod opieka dr. Manuela Sillero-Quintana. W ramach stazu
przeprowadzono warsztaty szkoleniowe z analiz wynikéw badan termowizyjnych z
zastosowanie oprogramowania ThermoHuma™® software version 2.12 (PEMA THERMO
GROUP S.L., Madrid, Spain). Sporzadzono takze wspolny protokot oceny termowizyjnej
dzieci, ktory w ramach badan dwuosrodkowych bedzie wykorzystany do oceny zmian

temperatury powierzchniowe;j ciata dzieci od 0-12 miesigcy (badania w toku).

Oswiadczenie zamieszczono w zatqczniku nr 8.

12. Wykaz czlonkostwa w komitetach redakcyjnych i radach naukowych czasopism wraz z informacja o
pelionych funkcjach (np. redaktora naczelnego, przewodniczacego rady naukowej, itp.)

13. Wykaz recenzowanych prac naukowych lub artystycznych, w szczegélnosci publikowanych w
czasopismach mie¢dzynarodowych

14. Wykaz uczestnictwa w programach europejskich lub innych programach miedzynarodowych
15. Wykaz udzialu w zespolach badawczych, realizujacych projekty inne niz okreslone w pkt. I1.9
16. Wykaz uczestnictwa w  zespolach oceniajacych wnioski o finansowanie badan,
wnioski o przyznanie nagréd naukowych, wnioski w innych konkursach majacych charakter naukowy lub

dydaktyczny
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III. WSPOLPRACA Z OTOCZENIEM SPOLECZNYM I GOSPODARCZYM

1. Wykaz dorobku technologicznego

2. Wspolpraca z sektorem spolecznym i gospodarczym

Po uzyskaniu stopnia doktora

Wspoétpraca z Fundacjag Moc Pomocy (2022r. - obecnie) w zakresie analizy i opracowania
wynikéw badan z zastosowaniem metody termowizyjnej do oceny mikrokragzenia w
obszarach kikutéw, prowadzonych dla beneficjentow fundacji, os6b po amputacjach. W
ramach wspotpracy realizacja zaje¢ dydaktycznych w zakresie przedmiotu Protetyka i
ortotyka, z mozliwo$cig prezentowania najnowszych osiggnie¢ techniki zaopatrzenia
ortopedycznego.

Oswiadczenie zamieszczono w zalgczniku nr 8.

3. Wykaz uzyskanych praw wlasno$ci przemyslowej, w tym uzyskanych patentéw krajowych lub
miedzynarodowych
4. Wykaz wdrozonych technologii

5. Wykaz wykonanych ekspertyz lub innych opracowan wykonanych na zamowieni
instytucji publicznych lub przedsi¢biorcow

Po uzyskaniu stopnia doktora

Sporzadzenie oceny klinicznej zastosowania skrajnie niskich temperatur w
rehabilitacji pacjenta, a takze oceny poklinicznej zastosowania kriostymulacji oraz krioterapii
ogblnoustrojowej w diugofalowej rehabilitacji pacjenta. Ocene¢ sporzadzitam na potrzebe
audytu TUV NORD — 16-17.05.22r., zgodnie z zalacznikiem do rozporzadzenia MZ z dnia
10 marca 2011 w sprawie szczegdlowych warunkow, jakim powinna odpowiada¢ ocena
kliniczna wyrobow medycznych (Dz. U. 2011, nr 63, poz. 331) dla CREATOR SP. Z O.O.
ul. Lotnicza 37, 54-154 Wroctaw, Polska.

Oswiadczenie zamieszczono w zatgczniku nr 8.

6. Wykaz udzialu w zespolach eksperckich lub konkursowych
7. Wykaz projektow artystycznych realizowanych ze Srodowiskami pozaartystycznymi
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Abstract

Background Thermoregulation is highly individual and predictive for potentially cascading pathologies. Altered and defi-
cient thermoregulation is considered an important diagnostic indicator which can be of great clinical utility for specialized
screening programs and individualized prediction and prevention of severe pathologies triggered early in life.

Working hypothesis Individual thermoregulation can be objectively assessed by thermovision camera before and after
exercises in school children stratified by age and gender that may be of great clinical utility for personalized training early
in life in the framework of 3P medicine.

Study design In this study, 60 female and male primary school children were exposed to physical exercises in the form of
45-min general fitness training. The subjects under examination were stratified by age: group 1 (7-year-olds), group 2 (9-year-
olds), and group 3 (12-year-olds). Superficial body temperature patterns were measured by means of thermovision camera
before and immediately after exercises, as well as after the 15-min recovery time. Temperature patterns were analyzed in
12 areas of the body front and back, covering trunk and upper and lower limbs.

Results The obtained results revealed an individual and age-depended difference in response of the body to exercises. The
first measurement prior to exercise (measurement 1) revealed no statistically significant differences in the mean surface
temperature of all analyzed areas between 7- and 9-year-old children. Further, 7- and 9-year-old children did not differ signifi-
cantly in the mean temperature recorded in the trunk compared to the 12-year-old children. However, in 12-year-old children,
statistically significant higher values of the mean temperature of the upper and lower limbs, were observed compared to the
group of 7-year-olds and significantly higher values of the mean temperature of the lower limbs compared to the group of
9-year-olds. Immediately after exercises (measurement 2), a statistically significant decrease in the temperature was noted in
all groups and in all areas of the body. The greatest temperature change was observed in 12-year-olds, while the least one was
measured in the youngest subjects. The statistically significant relation between the average trunk temperature of 7-year-old
and 12-year-old children was observed: lower values of the mean temperature of the front and back of the trunk were noted
in the group of 12-year-old children compared to the group of 7-year-olds. A significantly lower average temperature of the
back of the trunk compared to the youngest group was also recorded in 9-year-old children. The study performed after the
15-min recovery time (measurement 3) showed an increase in the average temperature of all analyzed areas. In all subjects,
the mean temperature recorded in measurement 3 did not differ significantly from the initial ones (measurement 1, prior to
exercises). Only the mean temperature of the trunk back of 12-year-old children was significantly lower after the rest period
compared to the initial examination. In all groups, the temperatures after exercises followed by a 15-min recovery returned
to the initial ones, except of the trunk backs of 12-year-old children, where the temperature was lower than before exercises.
Conclusions and expert recommendations in the framework of 3PM Thermovision analysis is an effective tool to assess
individual thermoregulation and to stratify school children for personalized exercise coaching. Body exercise-based disease
prevention early in life is effective when tailored to the person: multi-parametric guidance for prescribing exercises individu-
ally is needed. Contextually, proposed individualized training approach should be adapted to the age-dependent particularities
and individual thermoregulation.

Extended author information available on the last page of the article
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Introduction

Physical activity is highly effective for disease
prevention

The physical activity is in focus of many national and global
recommendations, pointing out its great potential of diseases
prevention [1-4]. Regular participation in physical exercises
of children and youth have many health benefits, as, e.g.,
enhancing muscular strength, promoting bones healthiness,
and positively influencing cardio-respiratory system [5, 6].
Positive impacts towards mental health are also observed
[7]. Physical activity in children should be specially pro-
moted as it is a good prevention tool of adolescent obesity
[8-10].

However, the optimal doses of health-enhancing physi-
cal activity of an individual are difficult to determine. Dur-
ing physical activity, numerous changes in the human body
are observed. Activation of the sympathetic nervous system
speeds up the transport of blood and, consequently, oxygen.
Temperature increase is one of the signals sent to the brain
informing about the body fatigue [11].

Thermoregulation is indicative for health status
and adaptive mechanisms’ functionality

Thermoregulation processes determine the heat balance
and ensures thermal homeostasis of the living organisms.
This ability develops along with other systems in the pro-
cess of human ontogenesis. Maintaining thermoregulatory
processes at the appropriate level depends on the degree of
thermoregulatory efficiency of each person and capacity of
the circulatory and respiratory systems. The production of
heat in the body influences numerous metabolic processes
in cells and muscle activity. Metabolism, regulated by hor-
mones (e.g., thyroxine, testosterone, adrenaline, noradrena-
line), also affects the temperature changes. A healthy human
maintains almost constant inner organs temperature. The
changes are small and oscillate around 0.6 °C. The situation
is different for superficial skin temperature. This parameter
reflects numerous factors, as inner temperature and efficacy
of skin microcirculation, but also depends on the ambient
temperature and physical activity. When performing strenu-
ous exercises, human skin may reach the temperature even
up to 38.3—-40 °C. When the body is subjected to cold, it
reduces the skin temperature to 35.5 °C or even lower.
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The ability to maintain a constant inner body temperature
is determined by the metabolic and thermoregulatory effi-
ciency [12, 13].

The hypothalamus is responsible for integrating incoming
information from thermos-detectors located in the skin, in
the spinal cord, in other parts of the brain, and from recep-
tors in the hypothalamus itself [14].The stability of main-
taining body temperature depends on the balance between
the processes of heat generation and dispersion. Thermal
balance is a dynamic process that requires the continuous
adjustment of individual thermoregulatory mechanisms to
environmental conditions [15].

Body temperature patterns are instrumental
for individualized physical activity

There are some reports on the relationship between physical
performance and the tolerance of body temperature increase.
McLellan’s [16] research indicates that regular physical
exercises have a positive effect on the efficiency of the cir-
culatory system, which translates into the possibility of a
greater increase in internal temperature until the body feels
tired. Drust et al. [17] revealed that body fatigue does not
occur as a result of the accumulation of exercise metabolites,
but as a result of a significant increase of internal tempera-
ture, which has an adverse effect on brain work. Improving
the ability to efficiently remove heat from the body is impor-
tant, e.g., to athletes as it allows them to continue strenuous
exercises [18].

In children, as the entire body still develops, the ther-
moregulatory abilities change progressively. Biological mat-
uration of each system occurs individually. Thermal control
in children is not yet fully developed, which means that their
resistance to thermal stress is much weaker compared to
adults [19].

Thermoregulation and individualized physical
activity early in life: application of 3PM concepts

Children and the elderly react differently to changes in ambi-
ent temperature. Their thermoregulatory processes cope with
excessive increase or decrease of ambient temperature in a
less effective way. Noteworthy, newborns have undeveloped
resistance against cold provocation and therefore demon-
strate deficient thermoregulation [20]. Therefore, analyzing
age-stratified thermoregulation in children in response to
individualized physical activity is a very important issue.
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Children employ different thermoregulatory strategies than
adults [21]. Regarding heat-dissipation, child body engages
more dry heat exchange, while in adults, it is evaporative
heat loss; thus, children have limited ability to lose heat
through evaporation. Promoting physical activity early in life
is crucial for maintaining physically and mentally vibrant
throughout the life. Therefore, research activities dedicated
to functioning children’s thermoregulatory processes in
response to physical effort are of great importance. To this
end, thermographic approach is instrumental in the area.
The analysis of surface body temperature through thermog-
raphy provides useful information on the efficiency of ther-
moregulatory processes [22]. Infrared thermography, as a
non-invasive non-contact method, found some applications
in contemporary medicine. It can be used for detection of
different diseases like, i.e., tumors [23]. Thermal tempera-
ture mapping has also been applied for skin lesion differen-
tiation [24-26]. The distribution of superficial temperature is
a significant parameter in the assessment of various medical
physiotherapeutic procedures, as well as in sports medicine
[27-30].

Working hypothesis

Individual thermoregulation can be objectively assessed by
thermovision camera before and after exercises in school
children stratified by age and gender that may be of great
clinical utility for personalized training early in life in the
framework of 3P medicine.

Study design

Study participants

The research group consisted of 60 pupils of both sexes of
primary school. The subjects were divided into three age

groups, each of 20 persons. Group 1 consisted of first-grade
students at the age of 7 years, with an average body weight

of 25 kg (£3.7) and a height of 124.2 cm (£ 5.2); group
2 included third-grade students at the age of 9 years, with
an average body weight of 34.5 kg (+5) and a height of
141.6 cm (£ 6.5); group 3 comprised sixth-grade students,
12 years, with an average body weight of 40.3 kg (+5.5) and
a height of 148.4 cm (+6.4). The inclusion criteria were age
matching one of these three groups, good general health of
the child, no injuries that would prevent from training, and
consent of a parent or legal guardian. The exclusion criteria
included poor general health of the pupil and doctor’s rec-
ommendation excluding the child from the active participa-
tion in physical education classes. The group characteristics
are depicted in Table 1.

Methods

The general physical exercises for primarily school kids are
organized routinely 3 times per week, and lessons’ duration
is 45 min. The research project included three thermographic
measurements of the superficial body temperature of the
front and back of the body related to one 45-min long les-
son. The thermal images were recorded in identical research
conditions, in a research room with an ambient temperature
of 21-22 °C and relative humidity of 34-35%. During the
thermal recording in research room, only one child and one
researcher with thermal camera were present. The research
protocol was the same for each group.

Measurement 1 was performed before general physical
exercises, and measurement 2 was taken immediately after
the exercises while measurement 3 after 15 min of recov-
ery time period. For each measurement, the thermal images
were captured by means of ThermoVision FLIR SYSTEM
T335 infrared camera (320X 240 pixel resolution, a 50mK
NETD/0.05 °C thermal sensitivity and an extended tempera-
ture measurement range of -20 °C to 650 °C).

The average temperature was analyzed in the front and
back of trunk and upper and lower limbs, according to the
schema presented in Fig. 1. The ThermaCAM Researcher
Pro 2.10 software developed by FLIR Systems AB was
exploited for image analysis. The average temperature

Table 1 Body mass and height

. . Group 1 Group 2 Group 3

in the examined groups
Groups characteristics; body mass and height
25 kg (x£3.6) 34.5kg (£5) 40.3 kg (£5.5)
1242 cm (+5.2) 141.6 cm (£ 6.5) 148.4 cm (£ 6.4)
Girls characteristics; body mass and height
24.6 kg (+3.9) 34.1kg (+4.8) 39.0kg (£5.2)
122.8 cm (+5.0) 140.8 cm (7) 150.4 cm (£5.0)
Boys characteristics; body mass and height
25.4kg (+3.4) 349 kg (£5) 41.6 kg (£5.3)

125.6 cm (+4.8)

142.5 cm (+5.7)

146.4 cm (+6.9)
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Fig. 1 Schema presenting the parts of the body in which the average
superficial temperature recorded by the thermographic camera was
analyzed

changes in the following 12 body regions were deter-
mined: trunk area: front part (Al, A2), back part (A7,
A8), upper limbs (A3, A4, A9, A10), lower limbs (A5,
A6, All, A12) (Fig. 1).

The training unit performed by the subjects was a
modification of the seven fundamental movement patterns
of the FMS (the functional movement screen) [31, 32].
The exercises were preceded by a warm-up consisting of
marching on the spot, trotting, and exercises activating the
shoulder and hip joints in all planes of mobility. The dura-
tion of the initial part of the exercise was 10 min. Next, the
main part of the training with progressive effort was used,
which consisted of a modification of the seven fundamen-
tal movement patterns tests of the FMS. Its duration was
30 min. Each movement pattern was repeated ten times.
The following elements were included:

e Shoulder girdle exercises in all planes and with a load
(0.5-1 kg) above the head (overhead squats): they
improve central stability and stability of shoulder joints
and upper limbs strength.

e Dumbbell overhead squats, squat jumps, squats with a
cane in front or on the shoulders: they activate the glu-
teal muscles, biceps, quadriceps femoris, and muscles
of the trunk.
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e Single leg squats: they develop leg strength and have a
strong stabilizing effect on the ankle and knee.

e Split squats: they increase flexibility, balance, and
strength of the leg.

e Stabilization exercises on a stable and unstable ground
(Bobath balls and mats):

e Supported kneel with uplifts of opposing limbs, e.g.,
upper right limb—bottom left limb

e Front holds on the forearms, i.e., the so-called forearm
plank

e Front and back holds with the rise of one of the lower
limbs

e Side plank with the rise of one of the lower limbs

The following equipment was used to carry out the train-
ing unit: TheraBand tape with low resistance level, exercise
canes, medicine and gym balls, balance soft disks, dumb-
bells, and exercise benches.

The part of the training unit in the form of recovery time
after physical activity consisted of a slow march, reducing
the movement amplitude until stop, and breathing exercises
in a standing position. Its duration was 5—7 min.

The temperature changes determined from thermographic
images were analyzed by statistical methods using Statistica
software version 13.1 from StatSoft with a license for the
University of Physical Education in Wroctaw. The Shap-
iro—Wilk test was used to check the normality of the distri-
bution of the analyzed parameters. Statistical variables were
described using the arithmetic mean and standard deviation.
The assessment of differences between the analyzed vari-
ables for girls and boys was based on the results of multivari-
ate analysis of variance. In the case of obtaining statistically
significant mean differences between the compared groups,
Scheffe’s post-hoc test was used. The significance of the
mean differences between the results obtained for boys and
girls was checked by the Student’s 7-test for independent
samples. In all used statistical analyses, test, and coefficients,
values at the level of p<0.05 were considered statistically
significant.

The research was approved by the Senate Committee of
Ethics of Scientific Research at the University School of
Physical Education (Permission 28.06.2007). The research
participants and their parents or guardians were informed
about the purpose and course of the study. Informed and
voluntary consent was obtained for conducting the thermos-
vision recordings.

Results

For each person, for each body area, the temperature dis-
tribution was recorded three times, as it was described
above. Figures 2, 3, 4, and 5 represent exemplary recorded
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Fig.2 Exemplary thermal images of the trunk and upper limbs, front view

Fig.3 Exemplary thermal images of the trunk and upper limbs, back view

Fig.4 Exemplary thermal images of the lower limbs, front view
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Fig.5 Exemplary thermal images of the trunk and upper limbs, back view

Table2 Age-depended temperature differences in boys and girls,
results of Student’s z-test

Body part Differences between girls and boys
p-value Group 1 Group 2 Group 3
Measurement 1—before exercises
Trunk-front 0,6830 0,6444 0,6762
Trunk-back 0,5351 0,1656 0,8885
Upper limbs 0,8689 0,5474 0,2452
Lower limbs 0,4974 0,1055 0,1021
Measurement 2—after exercises
Trunk-front 0,2281 0,5516 0,4914
Trunk-back 0,1128 0,0223* 0,8776
Upper limbs 0,2750 0,0996 0,5595
Lower limbs 0,1007 0,0963 0,2506
Measurement 3—after recovery time Fig.6 Changes in the superficial temperature of the trunk’s front part
Trunk-front 0,2489 1,0000 0,0423* in three age groups (measurements: 1, 2, and 3)
Trunk-back 0,4403 0,1419 0,6870
Upper limbs 0,0198* 0,7354 0,5337
Lower limbs 0,3543 0,4301 0,8031

*Statistically significant value (p <0.05)

thermal images of analyzed body areas before general
physical exercises (measurement 1), immediately after
the exercises (measurement 2), and then after 15 min of
recovery time (measurement 3).

The performed Student’s #-test for repeated measure-
ments for both sexes did not show differences at the level
of statistical significance (Table 2). Therefore, in further
analyses, only age differentiations were considered.

In the next step, the average temperatures and standard
deviations were calculated for examined body areas for
measurements 1, 2, and 3 (Figs. 6, 7, 8, and 9).

Fig.7 Changes in the surface temperature of the trunk’s back part in
three age groups (measurements: 1, 2, and 3)
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Fig.8 Changes in the superficial temperature of the upper limbs in
three age groups (measurements: 1, 2, and 3)

Fig. 9 Changes in the surface temperature of the upper limbs in three
age groups (measurements: 1, 2, and 3)

Mean surface temperature prior to exercises

Measurements carried out before the exercises (Table 3,
measurement 1) showed no significant differences in the
mean surface temperature of all analyzed areas between
7- and 9-year-old children. Further, 7- and 9-year-old chil-
dren did not differ significantly in the mean temperature
recorded in the trunk compared to the 12-year-old ones.
On the other hand, in 12-year-old children, statistically
significant higher values of the mean temperature of the
upper and lower limbs were observed compared to the
group of 7-year-olds and significantly higher values of
the mean temperature of the lower limbs compared to the
group of 9-year-olds.

Mean surface temperature immediately
after exercises

Immediately after exercise (Table 3, measurement 2), a
temperature decrease in all groups was observed (Figs. 6,
7, 8, and 9). Significantly lower values of the mean tem-
perature of the front and back of the trunk were recorded in
the group of 12-year-old children compared to the group of
7-year-olds. A significantly lower average temperature of the
back of the trunk compared to the youngest group was also
recorded in 9-year-old children.

Mean surface temperature after the 15-min
recovery time

The study performed after the 15-min recovery time (meas-
urement 3) showed an increase in the average temperature
of all analyzed areas (Figs. 6, 7, 8, and 9). In all subjects, the
mean temperature recorded in measurement 3 did not differ
significantly from the initial temperature (Table 3, meas-
urement 2). Only the mean temperature of the trunk back
of 12-year-old children was significantly lower after rest
compared to the initial examination (Figs. 8 and 9, Table 3).

The obtained results revealed an individual and age-
depended difference in response of the body to exercises.
Immediately after physical exertion (measurement 2), the
surface temperature of the whole body decreased in all sub-
jects. The largest drop was recorded in the group of 12-year-
olds. The changes ranged from 1.3 to 2.4 °C. Compared to
measurement 1, smaller differences were noted in 7-year-
olds (from 0.7 to 1.2 °C).

Scheffe’s post-hoc test was conducted to perform a
detailed analysis of the differentiation of the results. The
regression of the examined parameters in the trunk area
showed statistically significant differentiation in each age
group. A statistically significant difference between meas-
urements 1 and 2 was observed in each age group for the
average trunk temperature and lower limbs and upper limbs
in the group of children aged 9 and 12 (Table 4).

Data interpretation and discussion

Thermoregulation mechanisms in children are
under development

Compared to adults, thermoregulation mechanisms in chil-
dren are under development [33], so the resistance to ther-
mal stress associated with physical activity could be lower
than in adults. The efficiency of thermoregulation depends
on the proper functioning of other systems, e.g., the respira-
tory, circulatory, and endocrinal. It should also be noted that
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Table 3 Significance of
differences in surface

Group 1 vs group 2

Group 1 vs group 3 Group 2 vs group 3

temperature values between
the groups of comparison

Measurement 1—before exercises

(measurements: 1, 2, and 3) Trunk-front 0.7450
Trunk-back 0.1285
Upper limbs 0.6062
Lower limbs 0.9890

Measurement 2—after exercises

Trunk-front 0.1689
Trunk-back 0.0281*
Upper limbs 0.4969
Lower limbs 0.9999

Measurement 3—after recovery time

Trunk-front 0.6869
Trunk-back 0.1249
Upper limbs 0.6308
Lower limbs 0.8177

0.5100 0.1627
0.9377 0.2426
0.0041* 0.0544
0.0312* 0.0442*
0.0295* 0.7140
0.0078* 0.8856
0.7806 0.8894
0.9644 0.9674
0.2349 0.6959
0.0060* 0.4513
0.4981 0.9752
0.9764 0.9168

“Statistically significant value (p <0.05)

Table 4 The significance of differences in surface temperature values
obtained in each age group between the subsequent measurements
(measurements: 1, 2, and 3)

Group 1 Group 2 Group 3

Trunk-front

1vs2 0.0276* 0.0000* 0.0000*

1vs3 0.9576 0.9932 0.2415
Trunk-back

1vs2 0.0006* 0.0000* 0.0000*

1vs3 0.9999 1.0000 0.0049*
Upper limbs

1vs2 0.1518 0.0001* 0.0000

1vs3 1.0000 1.0000 0.9316
Lower limbs

1vs2 0.0082* 0.0043* 0.0000*

1vs3 0.7018 0.3152 0.9584

“Statistically significant value (p <0.05)

1, 2, 3—measurements 1, 2, and 3

the ability to adapt to strenuous exercise is lower in children
compared to adults, which is why the energy cost of physical
work performed by the child is higher.

Thermography as an important diagnostic tool

The use of thermography as a diagnostic tool for the analysis
of thermal patterns in the superficial body layers after physi-
cal activity enables to asses indirectly the thermoregulatory
mechanisms and its differences between children of 7, 9, and
12 years of age. Certain tendencies in the temperature dis-
tribution patterns could be observed in thermal images. The
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highest values were observed around the shoulder belt and in
the trunk, whereas the lower extremities showed the lowest
temperature. Such thermal distribution was also observed in
other studies, e.g., by Dgbiec-Bak et al. in football players
[34]. The reason for that is the vasculature system and the
presence of inner organs. Our research showed a reduction in
average temperature values in all subjects, immediately after
physical exercises. The highest drop could be observed in the
group of 12-year-olds. It may indicate the highest level of
development of the body cooling processes in the group of
the oldest subjects. Effective sweating mechanisms facilitate
the removal of excess heat from the body during exercise.
Inbar et al. [35] compared thermoregulatory processes due
to physical effort in three age groups: boys, young men, and
older men. The analysis of the results showed that the high-
est level of sweat secretion, which consequently cools down
the body during exercise, is observed in young men. The
oldest subjects were characterized by low efficiency of the
sweating process, whereas the youngest boys had the lowest
sweating levels.

Particularities of thermoregulation in children

The thermoregulation center gains the full independence
between the age of 1 and 2 years. This capacity is lost again
around the sixth decade of life, which results in similar,
somehow impaired, thermoregulatory effectiveness of chil-
dren and the elderly. Inoue et al. [36] in their research inves-
tigated how the ability to lose excess heat changes depend-
ing on age. Their results exhibited that children have low
capacity to sweat in comparison with adults. Elimination of
excess heat occurs by vasodilation of the skin vasculature.
However, a high surface area to weight ratio can expose a
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child to excessive heat absorption in a hot climate. They also
observed that due to the processes of involution, thermoreg-
ulatory abilities are again reduced in the elderly. Leites et al.
[37] conducted an analysis of thermoregulatory processes in
men and 10-year-old boys taking into account the body mass
in both groups. The subjects performed 80 min of physical
exercises in the form of cycling in four 20-min units. The
lower production of sweat and heat energy per unit of body
surface area in boys were observed. In addition, it was noted
that men produced more mechanical energy of muscle work
compared to younger subjects. Similar results were obtained
by Shibasaki et al. [38], who compared the thermoregulatory
response of the body in boys (10-11 years of age) and young
men (21-25 years) performing moderate-intensity exercise.
The differences between the groups concerned the amount of
sweat secretion, which were higher in older subjects. These
observations mentioned above and confirmed in our study
indicate the existence of a relationship between the degree
of body cooling after exercises and age.

Thermoregulation is efficient adapting human body
to physical exercises

An efficient thermoregulation mechanism enables the adap-
tation of the human body to physical exercises [39]. It is
also vital to avoid the negative impact of heat on health and
productivity, e.g., during physical work [40]. Cholewka et al.
[41] examined by means of thermography the correlation
between recorded thermal parameters during endurance
effort and the generated power. Strong correlation between
these parameters was recorded. This proves the usefulness
of thermography as a method for analyzing energy expendi-
ture and also for designing the tests performed during the
training cycle.

In the research presented by Duffield et al. [42], it was
shown that people undertaking regular physical activity
have better efficiency of maintaining thermal balance. Their
defense mechanisms operate more efficiently than in non-
training people. Regular physical activity affects thermoreg-
ulatory processes. This research and our examination may
be a hint for parents, demonstrating that a systematic and
well-chosen form of training can have a positive impact on
the development of their child’s thermoregulatory processes.

Interpretation of temperature patterns
after exercise and recovery time

In our research, after the recovery time (measurement 3),
temperature values in children aged 7 and 9 were close
to initial ones. However, the group of 12-year-olds was
the only one which, after recovery time, did not reach
the parameters recorded before exercises. This may be
due to the fact that the oldest subjects showed the largest

decreases in body temperature after general fitness train-
ing. The increase of the body surface temperature after
the recovery time has also been demonstrated in studies
by Chudecka and Lubkowska [43] using thermal record-
ing. Having analyzed the temperature values in a group of
volleyball players after a 90-min workout and a 10-min
recovery time, they observed a drop of temperature imme-
diately after physical exercise, while an increase in sur-
face body temperatures followed the recovery time. These
researchers conducted an analogous research in a group of
handball players. The analysis of surface body temperature
after a 10-min recovery time showed an increase in the
temperature of the examined areas in all participants. In
another study, Chudecka and Lubkowska [44] noted that
a return to the initial temperature after a recovery time is
more effective in people with a higher value of maximum
oxygen uptake. The human body during physical activ-
ity has a higher body temperature, due to the increased
metabolism of the individual systems. In physiological
response to such stimulus as training, cooling mechanisms
protecting against hyperthermia are activated, mainly due
to increased sweating and vasodilation. Efficient ther-
moregulation processes are also responsible for return-
ing to pre-exercise temperature. The ability to maintain
the thermal balance during daily physical activities and
exercises is crucial for the proper functioning of the body
[445]. The performed in our group analysis revealed that
after physical exercises, a statistically significant decrease
in temperature was noted in all age groups, in all areas of
the body. The largest temperature reduction was observed
in 12-year-olds, while the smallest temperature drop was
recorded in the youngest subjects (7-year-olds). After a
given recovery time, the temperature did not return to
the initial values only in the group of 12-year-olds. The
observed significant differences in the body surface tem-
perature between the group of 7-year-olds and 12-year-
olds indicate the need to differentiate the level of exercise
intensity depending on the age.

When planning training load and physical activity in
school curricula, one should take into account individual
reactions of thermoregulatory mechanisms in children, as
well as the criterion of children’s age. Trainers and teach-
ers of sports activities in schools should be acquainted of
the thermoregulatory efficiency of the child’s body what
may constitute the basis for prevention against injuries and
strain of the locomotory system in school children.
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Concluding remarks and expert
recommendations in the framework of 3P
medicine

Thermoregulation is highly individual
and predictive for potentially cascading pathologies

Well-controlled thermoregulation is crucial for physical
and mental human health. A relatively narrow body tem-
perature range of 36.5-37 °C is rigorously kept allowing
for timely enzymatic reactions by the optimal kinetic win-
dow and, therefore, an effective performance of all physi-
ological processes. To this end, feeling cold is a normal
response towards changing external temperatures, in order
to win back the thermal comfort by physical activity and
energy supply based on well-concerted regulation mecha-
nisms. At low temperatures, an adaptive vasoconstriction
and an increase in blood pressure and heart rates synergis-
tically result in heat production and conservation for main-
taining the optimal body temperature [46]. Maintaining
thermal comfort is energetically costly [47] and demands
well-organized mitochondrial functionality. Mitochon-
driopathies causing dysfunction of the mitochondrial
respiratory chain are characteristic for several pathologic
conditions such as cancerous Warburg transformation and
neurodegenerative disabilities [48—50].

For example, abnormal thermoregulation has been dem-
onstrated for breast cancer patients, who are frequently
deficient in achieving thermal comfort [51]. They feel
excessively hot or cold, when disease-free attenders are
well comfortable with ambient temperature conditions
[46]. To this end, pro-inflammatory cytokines (IL-1,
IL-6, TNF-a) regulating the immune reactions [52] are
frequently overexpressed by cancer patients [53] affecting
thermoregulation by activating the cyclooxygenase 2 and
production of prostaglandins [54].

Another example: detectable brain temperature distur-
bances and brain-systemic temperature decoupling are
involved in the stroke pathology [55]. Consequently, an
altered brain thermoregulation may serve as a neuroimag-
ing biomarker in CNS injury.

In conclusion, altered and deficient thermoregulation is
considered an important diagnostic indicator which can be
of great clinical utility for specialized screening programs
and individualized prediction of pathologies by individu-
alized patient profiling [56]. Contextually, altered ther-
moregulation patterns are instrumental for specific pheno-
types useful for detection of suboptimal health conditions
that can be exemplified by the Flammer syndrome pheno-
type and associated cascading pathologies [51, 57, 58].

@ Springer

Body exercise-based disease prevention is effective
when adapted individually: multi-parametric
guidance for prescribing exercises is needed

As stated above, physiologic versus abnormal thermoregu-
lation is functionally linked with regular physical activities
and optimal energy supply. These individual components are
well-concerted together via systemic effects being therefore
highly indicative for individual healthcare status and predic-
tion of associated pathologies. In this context, individually
adapted physical activities are crucial for the targeted dis-
ease prevention as stated in both EPMA Position Paper 2021
[59] and a joint position paper of the Suboptimal Health
Study Consortium and European Association for Predic-
tive, Preventive and Personalised Medicine EPMA J. 2021
[60]. To this end, topic-dedicated research groups empha-
size an importance of diversified physical activities in early
childhood. Thus, most recently performed studies indicate
that diversified physical activity at age six is important for
developing optimal physical activities in general and, in par-
ticular, motor competence in adolescence. The authors do
emphasize the point that not only the amount and intensity
but specifically an increased diversity of children’s daily
physical activities is decisive for optimal behavioral patterns
and health promotion later on in life [61].

Noteworthy, socioeconomic status was demonstrated to be
inversely associated with outcomes related to the intensity and
quality of youth physical and sports activity. To this end, a cross-
sectional survey with 1038 students in 5-12th grades in the
USA (King County and Washington including 50% girls, 58%
non-White, and 32% from homes where languages other than
English are spoken) was conducted. Responders described their
physical activity and sports experiences as well as demographic
factors such as family affluence categorized as low, medium,
and high [62]. For children from low-affluence families, lower
intensity of physical activity and rates of ever playing sports
were reported. The barriers to sports these children described
are “don’t feel welcome on teams” and “too expensive,” among
others. The disparity results in three times higher odds of meet-
ing physical activity recommendations as well as three times
higher odds of ever participating in sports reported for middle
school children from high-affluence families compared to peers
from low-affluence families. Consequently, socioeconomical
particularities have to be taken into consideration for coaching
individually adapted physical activities to reach satisfactory
health promoting benefits.

American College of Sports Medicine position stand
stated that although general recommendations for physical
exercises have been elaborated, the exercise program should
be modified according to an individual’s habitual physical
activity, physical function, health status, exercise responses,
and stated goals [63]. Further, behaviorally based exer-
cise interventions, the use of behavior change strategies,
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supervision by an experienced fitness instructor, and exer-
cise that is pleasant and enjoyable can improve adoption
and adherence to prescribed exercise programs.

Body temperature measurements are instrumental for
personalized couching towards regular physical activities
in school children as demonstrated in this article.
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Abstract

The research assessed thermoregulation processes in early school-age children. Thermal maps of the subjects’ bodies were
compared before and after general physical exercise and after post-exercise restitution to establish differences between the
sexes. The research involved 40 students aged 7, including 20 boys. The subjects participated in interval training which
maintained the pulse at 60-80% HRmax. Measurements of body surface temperatures were taken in 12 fields with
ThermoVision FLIR SYSTEM T335 camera before exercise, immediately after exercise and after 15 min of restitution.
Statistical analysis was based on the Shapiro—Wilk test to verify the normality of variables, multivariate analysis of
variance, Student’s ¢ test for independent samples and Duncan’s post hoc test. The level of statistical significance was
established at p < 0.05. Analysis of the results showed a difference in the distribution of surface body temperatures in boys
and girls depending on the studied area. The highest values were recorded in the trunk area, and the lowest in the lower-
limb area. Statistical analysis demonstrated that in both groups there was a statistically significant decrease in post-exercise
temperatures. The results revealed greater efficiency of thermoregulation processes during restitution in girls, because the
values obtained in all measurement fields in Test 3 were higher than the pre-exercise values. In Tests 2 and 3, differences

between the sexes were reported mainly in the upper-limb area.

Keywords Thermoregulation - Thermogenesis - Children - Thermography - Training

Introduction

Regular physical activity is crucial in adolescence because
it brings numerous health benefits. If it is insufficient, it
may cause irregularities in motor organs, obesity, type 2
diabetes and increased susceptibility to infection. Any
deviations in the musculoskeletal system are typically
corrected by kinesiotherapy in the form of therapeutic
exercises. During the exercises, metabolic changes occur in
the locomotor system and thermoregulation processes are
activated, whose aim is to decrease the body temperature of
the exerciser to enable the continuation of physical activity
without hazard to the body. Changes reflected by the
emissivity of surface body temperature provide
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information about temperature variations and achieving
post-workout homeostasis of the body [1].

The human body strives to maintain equilibrium
regardless of the surrounding environment. This process is
known as homeostasis. In order to maintain physiological
thermal balance, a number of factors conditioning its
proper functioning are activated. Man is a homeotherm,
i.e., an organism that maintains constant body core tem-
perature of about 36.7 °C, and its fluctuations are estimated
at 0.6 °C [2]. The body temperature is conditioned by two
opposite processes—the removal of heat and its produc-
tion. An important role is played by thermoregulation,
which is defined as the ability to maintain a relatively
constant body temperature. The main source of heat is the
metabolism of the human body, which is determined by
basal metabolic rate, the work of skeletal muscles and of
hormones thyroxine, adrenaline and noradrenaline, and
specific dynamic action of food. Most of the heat is gen-
erated in the internal organs, particularly the liver, brain
and skeletal muscles during physical activity [3].
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Among the processes responsible for removing heat, and
consequently reducing the body temperature, are evapora-
tion, conduction, convection and radiation [4]. Ther-
moregulation mechanisms differ with respect to the
percentage of heat removal, depending on whether the
body is currently at rest or performing physical activity.
While at rest, 60% of heat is removed through radiation,
whereas during physical exertion 80% of heat is removed
through sweat evaporation [5].

Maintaining the proper thermal equilibrium is also
affected by the efficiency of chemical thermoregulation. It
is based on the ratio of calcium and sodium ions in the
posterior hypothalamus. When the amount of sodium ions
increases, processes preventing heat loss and stimulating its
production are triggered, which result in a higher body
temperature. However, increasing the concentration of
calcium ions leads to a decrease in body temperature [6].

Depending on which part of the thermoregulatory center
is stimulated, feedback processes will begin to lower or
increase the body temperature. The anterior hypothalamus
is responsible for triggering heat removal mechanisms,
whereas its posterior part stimulates heat production and
maintenance. Sweat glands also serve an important func-
tion because evaporation accounts for significant heat los-
ses [2].

During physical activity, metabolic processes are
intensified in order to provide the energy necessary for
muscle contraction. These processes result in increased
human body temperature. The temperature of relaxed
muscles oscillates between 34 and 36 °C, but during
moderate training it grows by several degrees in a few
minutes. The produced heat is transferred to the blood, and
through the circulatory system, it spreads to the entire
body. Importantly, during prolonged physical effort, the
body temperature does not rise throughout it. After about
30 min, it reaches a level that is maintained until physical
exertion finishes. In order to remove excess heat from the
surface of the skin, evaporation processes intensify to
enable prolonged muscle work. The thermoregulatory
response during physical exercise depends on external
conditions, body hydration, blood volume, ion concentra-
tion in body fluids and physical fitness [7].

Physical activity in a hot environment leads to blood
distribution imbalance. The body of an adult person directs
part of the blood to the skin, which results from the stim-
ulation of the thermoregulation system, thus reducing the
amount transported to the muscles. Venous return is also
reduced, thereby lowering the heart’s ejection fraction.
These changes lead to an accelerated heart rate, which
ensures a constant level of cardiac output per minute. A
child’s body is characterized by worse thermoregulation in
high external temperatures. The processes of heat removal
through evaporation are less efficient, and the time of
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thermal adjustment is longer than in the case of an adult
[3, 8].

Physical capacity is subject to significant fluctuations in
ontogeny. It is conditioned by many factors, including
energy transformation, efficient functioning of the nervous
and muscular systems, body size, fluid and electrolyte
balance and thermoregulation [9]. Children’s physical
capacity is lower due to the ongoing maturation processes
and the development of the muscular, cardiovascular and
nervous systems. Boys’ muscle mass during puberty is
higher compared to girls due to the production of androgen.
The secretion of estrogens in females increases the amount
of subcutaneous fat. As age increases, so does the degree of
myelination of nerve fibers, the ejection fraction of the
heart, the maximum cardiac output per minute and all lung
ventilation volumes [10].

The efficiency of the thermoregulation system changes
in ontogeny. With age, the human body is characterized by
different adaptability and efficiency levels of thermoregu-
lation processes. Dimorphic differences in the thermoreg-
ulatory reaction of the body begin to appear in adolescence.
An analysis of these changes by means of thermography
can provide information about how quickly the body
returns to thermal homeostasis after physical exertion by
mapping body heat production in the wake of physical
exertion. Thermography can also be used in the prevention
of injuries and controlling the progression of motor fea-
tures [11, 12].

The aim of this research was to assess thermoregulation
processes in girls and boys in early school age by means of
thermographic analysis of surface temperatures in various
areas of the body. A comparison of body heat maps of the
subjects before and after general physical exercise and after
post-exercise restitution was made for both sexes.

Methods
Subjects

The study included 40 schoolchildren at the age of 7
attending Primary School number 9 in Opole. The group
consisted of 20 boys with a mean body mass of 25.8 kg
(£ 3.19) and an average height of 126.5 cm (£ 5.81) and
20 girls with a mean body mass of 24.6 kg (4 3.06) and
average height of 123.2 cm (£ 4.46).

The research was approved by the Senate Committee on
Ethics of Scientific Research at the University School of
Physical Education (28 June 2007). Informed consent was
obtained from all individual participants included in the
study. The authors of the research obtained consent from
the persons examined with the probe to participate in the
research.



Analyzing thermoregulation processes in early school-age girls and boys through thermography 245

The criteria for including the subjects in the research
were:

e good health confirmed by the current medical exami-
nation of the child (performed by the school nurse and a
local primary care health center),

e permission of the head of school to conduct the
research,

e consent of parents or legal guardians of the subjects to
participate in the research.

The criteria for excluding from the research were a
child’s ill health or exemption from physical education
classes.

Research methods

Surface body temperatures were recorded using the FLIR
SYSTEM T335 thermal imaging camera. The measure-
ments were taken in the physical education teacher’s office
in the 1:1 system. (Only the researcher and the subject were
present in the room.) The research consisted of taking three
pictures of the child without outerwear, from the front and
back, standing in the standard anatomical position at a
distance of 2 meters from the camera. After the first ther-
mogram (Test 1), the children took part in a unit of
physical exercise.

Training followed a pattern of general physical exercises
which maintained the pulse at 60-80% HRmax. Heart rate
values were measured using Polar FT7 heart rate monitors.
The training protocol was similar to the exercise model
included in the Functional Movement Screen (FMS)
training.

After the end of the exercise, Test 2 was performed, and
then after 15 min of restitution, the third thermal image
was taken (Test 3).

The subjects had been informed about the test protocol
and the proper behavior during the thermal imaging pro-
cess. The obtained curves were analyzed using the Ther-
maCAM Researcher 2.10 Pro program, by means of which
12 measurement fields were marked out on the body of the
subjects, from the front and back, in a standing position
(Figs. 1, 2). Fields Al, A2, A7, A8 show temperature
changes in the trunk area, fields A3, A4, A9, A10 represent
the area of upper limbs, and fields A5, A6, Al1, A12 cover
the lower limbs.

Training unit protocol

The study was based on physical activities similar to the
fundamental movement patterns in the FMS training.
However, the training unit performed by the subjects was a

A1 AT

Fig. 1 Measurement fields in 12 body areas

modification of the seven fundamental movement patterns
of the FMS. The exercises were preceded by a warm-up
consisting of marching on the spot, trotting and exercises
activating the shoulder and hip joints in all planes of
mobility. The duration of the initial part of the exercise was
10 min. Next, the main part of the training with progressive
effort was used, which consisted of a modification of the
seven fundamental movement patterns tests of the FMS. Its
duration was 30 min.
Each movement pattern was repeated ten times:

e shoulder girdle exercises in all planes and with a load
(0.5-1 kg) above the head (overhead squats): they
improve central stability, stability of shoulder joints and
upper-limb strength,

e dumbbell overhead squats, squat jumps, squats with a
cane in front or on the shoulders: they activate the
gluteal muscles, biceps, quadriceps femoris, muscles of
the torso,

e single-leg squats: they develop leg strength and have a
strong stabilizing effect on the ankle and knee,

e split squats: they increase flexibility, balance and
strength of the leg,

e stabilization exercises on stable and unstable ground
(Bobath balls and mats):

— supported kneel with uplifts of opposing limbs, e.g.,
upper right limb—bottom left limb;

— front holds on the forearms, i.e., the so-called
forearm plank;
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Fig. 2 Description of
measurement areas (A1-A12)

— front and back holds with the rise of one of the
lower limbs;
— side plank with the rise of one of the lower limbs.

The following equipment was used to carry out the
training unit: TheraBand tape with low resistance level,
exercise canes, medicine and gym balls, balance soft disks,
dumbbells and exercise benches.

The part of the training unit in the form of restitution
after physical activity consisted of a slow march, reducing
the movement amplitude until stop and breathing exercises
in a standing position. Its duration was 5-7 min.

Statistical methods

For statistical calculations, Statistica version 13.0 Pl was
used. The normality of the analyzed variables was verified
by the Shapiro—Wilk test. The arithmetic mean, maximum
and minimum values and standard deviation were used to
analyze the selected values and describe statistical vari-
ables. To test the differences in temperatures between the
sex groups, Student’s 7 test was carried out. The assessment
of differences between the analyzed variables was based on
the results of a multivariate analysis of variance (MAN-
OVA) followed by the post hoc Duncan’s test. All verified
tests and coefficients at the level of p < 0.05 were con-
sidered statistically significant.

@ Springer

Results

An analysis of average temperature values of specific body
areas revealed their differentiation. The highest mean val-
ues were recorded in the rear view of the A7 field of the
shoulder belt (32.9 °C) and the A1l frontal area (32.7 °C).
The lowest average values were recorded in the area of the
lower limbs in frontal views A5 (28.5°C) and A6
(29.3 °C).

The difference in mean temperatures of individual body
regions in girls was lower than that in boys. The lowest and
highest values oscillated between 32.5 °C and 29.1 °C.
Similarly to boys, the highest mean temperatures were
measured within the shoulder belt in the A7 rear view
(32.5 °C) and Al from the front (32.3 °C). The lowest
mean temperatures were recorded in the area of the lower
limbs, A5 (29.2 °C) and A6 (29.1 °C). After statistical
analysis, no statistically significant differences between the
groups were found in any of the areas measured in Test 1
(Table 1).

A statistical analysis carried out with Student’s 7 test for
independent samples in Test 2 showed statistically signif-
icant differences with respect to sexual dimorphism mainly
in the area of upper limbs (A9, A10), in the back view of
the shoulder belt (A7) and of the lower left limb (Al1)
(Table 2).

An analysis of the obtained results revealed that sexual
dimorphism in the period of post-exercise restitution, i.e.,
in Test 3, manifested itself only in the upper-limb area in
frontal view (Table 3), where the differences were statis-
tically significant.
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T?ble ! .Te.mp erature. Measurement field Average temperature/°C  SD Average temperature/°C  SD t P

differentiation analysis for all M M F F

measurement fields in girls and

boys in Test 1 (Student’s 7 test A 3275 1100 3235 0632 1393 0.172

for independent samples)
A2 32.34 1.414 31.87 0.803 1.279 0.209
A3 30.51 0.969 30.49 0918 0.067 0.947
A4 30.43 0.963  30.34 0.729 0333 0.741
A5 29.43 0.935 29.25 0.843 0.622 0.538
A6 29.31 1.042  29.12 0.867 0.610 0.545
A7 32.96 0.958 32.58 0.654 1.484 0.146
A8 3247 1.139 3222 0.734 0.809 0.424
A9 29.56 0.782  29.35 0.737 0.874 0.387
A10 29.49 0.908 29.28 0.792 0.780 0.441
All 29.78 1.110 29.42 0475 1333 0.190
Al12 29.73 1.147  29.38 0.532 1220 0.230

T?ble 2 .Te'mperature‘ Measurement field ~ Average temperature/°C ~ SD Average temperature/°C ~ SD t p

differentiation analysis for all

L M M F F

measurement fields in girls and

boys in Test 2 (Student’s 7 test 5 31.90 101 31.34 080 195 0.06

for independent samples)
A2 31.47 1.01  30.87 0.87 193 0.06
A3 29.34 090 28.97 0.87 132 0.19
A4 29.25 0.87 28.76 0.89 1.77 0.09
AS 28.56 090 28.51 1.09 0.18 0.86
A6 28.52 0.86 28.33 1.05 0.64 0.52
A7 32.15 1.03  31.38 092 251 0.02
A8 31.41 1.19  30.78 1.02 181 0.08
A9 29.05 091 28.39 0.89 234 0.03
A10 28.98 090 28.22 095 258 0.01
All 29.38 1.13  28.68 0.69 235 0.02
Al12 29.19 1.05 28.73 064 1.68 0.11

Table 3 Temperature 5 5

L .. Measurement field ~Average temperature/°C  SD Average temperature/°C  SD t )4
differentiation analysis for all
L M M F F

measurement fields in girls and

boys in Test 3 (Student’s ¢ test Pl 32.73 0.96 32.83 061 —039 070

for independent samples)
P2 3242 1.19 3249 067 —-025 0.81
P3 30.38 1.05 31.03 070 —231 0.03
P4 30.29 1.03  30.87 062 —2.14 0.04
P5 29.69 1.04 30.16 069 —1.68 0.10
P6 29.53 0.98 30.01 0.58 —1.89 0.07
P7 32.87 098 32.86 0.65 0.06 0.95
P8 32.31 1.07 3246 065 —054 0.60
P9 29.71 0.65 30.00 076 —127 0.1
P10 29.78 0.77  29.90 065 —056 0.58
P11 30.47 230 30.02 0.59 0.84 0.41
P12 29.89 1.13 2997 050 —029 0.77

By analyzing the average temperature values of indi-
vidual body regions, differences in response to physical
effort were observed between both sex groups. To illustrate

these changes, the temperature of measurement fields Al,
A2, A7, A8 was averaged as a temperature in the area of
the torso. The temperature of measurement fields A3, A4,
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A9, A10 was averaged and shown as the temperature
representing the area of upper limbs, and the average
temperature in fields A5, A6, All, Al2 referred to the
lower limbs. Immediately after physical activity, temper-
atures in boys and girls decreased in the area of the trunk
(Fig. 3), upper limbs (Fig. 4) and lower limbs (Fig. 5). The
changes were greater in girls and oscillated between 0.6 °C
and 1.6 °C, while in boys the biggest difference was
1.2 °C.

The differences between the analyzed variables were
assessed taking into account the two groups of subjects and
the three subsequent tests, based on MANOVA and post
hoc Duncan’s test.

In Test 2, the recorded decrease in average temperatures
in the trunk area in both groups reached the level of sta-
tistical significance (Table 4). The temperature of upper
and lower limbs in Test 2 also revealed statistically sig-
nificant lower values than that in Test 1 (Tables 5, 6).

In Test 3, average body surface temperatures in boys in
most of the analyzed areas oscillated close to the initial
values. It was observed that only in the area of the lower
limbs the temperature exceeded the values recorded during
Test 1 in a statistically significant way (Table 3). On the
other hand, in Test 3 surface body temperatures in girls in
all the measurement fields exceeded the baseline values
(Table 3). Statistically significant differences between Test
1 and Test 3 in girls were found in the area of the trunk as
well as upper and lower limbs (Tables 4-6).

Discussion

The correct development of a child is influenced by many
factors, including those responsible for the mental state and
those connected with the physical sphere. Young people’s
physical capacity and fitness are subject to positive changes
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Fig. 3 Change dynamics of average body surface temperatures in
both groups in the trunk area
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Fig. 4 Change dynamics of average body surface temperatures in
both groups in the upper-limb area
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Fig. 5 Change dynamics of average body surface temperatures in
both groups in the lower-limb area

Table 4 Detailed presentation of average surface temperatures of the
trunk area using Duncan’s test

Sex Exam 1 2 3 4 5 6
32.63 31.73 3258 3225 31.09 32.66

M 1 0.00 0.76 0.21 0.00 0.91
M 2 0.00 0.00 0.07 0.03 0.00
M 3 0.76 0.00 0.25 0.00 0.80
F 1 0.21 0.07 0.25 0.00 0.01
F 2 0.00 0.03 0.00 0.00 0.00
F 3 0.91 0.00 0.80 0.01 0.00

in accordance with the principles of ontogeny. In order to
assess physical capacity, biological age should be taken
into account because the difference between people who
are of the same chronological age may reach up to 3 years
in terms of biological development. Cardiopulmonary
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Table 5 Detailed presentation of average surface temperatures of the
upper-limb area using Duncan’s test

Sex Exam 1 2 3 4 5 6
29.99 29.15 30.04 29.86 28.584 30.447

M 1 0.00 0.81 0.59 0.00 0.08
M 2 0.00 0.00 0.00 0.02 0.00
M 3 0.81 0.00 0.50 0.00 0.10

F 1 0.59 0.01 0.50 0.00 0.00

F 2 0.00 0.02 0.00 0.00 0.00

F 3 0.08 0.00 0.10 0.00 0.00

Table 6 Detailed presentation of average surface temperatures of the
lower-limb area using Duncan’s test

Sex Exam 1 2 3 4 5 6
29.557 28.911 29.893 29.291 28.560 30.039

M 1 0.00 0.02 0.32 0.00 0.09
M 2 0.00 0.00 0.16 0.19 0.00
M 3 0.02 0.00 0.03 0.00 0.58
F 1 0.32 0.16 0.03 0.00 0.00
F 2 0.00 0.19 0.00 0.00 0.00
F 3 0.09 0.00 0.58 0.00 0.00

parameters, muscle strength, fluid and electrolyte man-
agement, development of the central and peripheral ner-
vous system and the efficiency of thermoregulation
processes determine physical capacity. Changes in the
individual systems occur at various stages of development
and with varying intensity. The development of the nervous
system is the fastest, whereas the reproductive system
matures most slowly.

Children’s physical capacity is influenced by properly
conducted training. Physical activity should be encouraged
regardless of age and not only to improve capacity, but also
to ensure that body mass and the amount of fat are at the
correct reference level [10]. However, it is necessary to
make certain that physical activity is appropriately matched
to children’s motor abilities and physical capacity. This is a
form of prevention against the risk of injury and excessive
burden to the motor organ [8].

Increased blood supply to muscles during physical
exercise, their overload due to the influence of physical
activity and lack of post-exercise restitution affect changes
in the thermogenesis of the body. By measuring the surface
body temperature of athletes with back pain, Badza [11]
was able to determine the exact location and advancement
of dysfunction. As a result, the athletes received special

local cooling treatment as part of the physiotherapeutic
procedure.

In this research, differences in surface body tempera-
tures were observed between boys and girls in the indi-
vidual measurement fields. The highest average
temperature values were measured in the shoulder belt and
the trunk area. Lower values were recorded in the lower-
limb area. A similar distribution of temperatures was
described by Chudecka and Lubkowska [13], who exam-
ined a group of healthy men and women aged 20-23. The
differences in the anatomical structure of the lower limbs
and torso can be the reason for variation in the distribution
of surface body temperatures.

The torso contains organs that constitute the main source
of heat in humans, which is additionally distributed through
large blood vessels. Heat generated in lower-limb muscles
is distributed through small capillaries [14]. The fact that
the surface of the lower limbs is larger in relation to their
volume results in easier heat transfer, which may be the
reason for the observed differences in the distribution of
surface body temperatures. Another element that could
explain the differences in the obtained measurements is the
amount of adipose tissue. Because it is a poor conductor of
heat, lower body temperatures are recorded in areas of its
high accumulation [15]. Similar conclusions were drawn
by Sobiech et al. [16], whose research showed that the
temperature of body areas with a higher content of adipose
tissue is lower.

The energy generated by the human body (about 60%) is
released as infrared radiation (IR), which makes it possible
to measure the distribution of temperatures on human skin.
Thermal energy emitted from the core of the body is
mainly supplied by blood flow. Heat transfer also occurs on
the skin surface through sweating and evaporation, con-
vection and conduction. All these processes that are per-
formed to maintain thermal homeostasis are controlled by
the hypothalamus—it is responsible for controlling blood
flow and monitoring thermoregulatory mechanisms. If the
human thermostat is not stimulated, thermoregulation
processes result from a specific pattern. Heat transfer is
closely related to the temperature gradient between the
body surface and the environment. At rest, thermal energy
is transported to skeletal muscles from the core of the body.
The proximity of large body cavities and the internal
organs inside them affects the surface temperature distri-
bution; hence, the thermal map of the body can present the
distribution of the warmest regions in the trunk, corpus and
then upper and lower limbs [15, 20].

This research has shown a statistically significant
decrease in the surface body temperature in the area of the
trunk, upper limbs and lower limbs after general physical
training in both girls and boys. Similar results were
obtained by Chudecka and Lubkowska, whose research
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was conducted on a group of volleyball players. The
players did a 90-min workout. Thermographic measure-
ments were taken before, immediately after and 10 min
after the completion of the workout. The measurements
taken immediately after the exercises showed a statistically
significant decrease in temperature. The efficiency of the
athletes’ thermoregulation system enabled them to con-
tinue physical effort without increasing their core body
temperature [17]. Systematic training improves physical
capacity. Thanks to this, during physical exertion there is a
smaller increase in core temperature, whereas the amount
of sweat excretion increases. These processes decrease the
temperatures recorded on the body surface [18].

Korman et al. [19] observed in their analysis that body
temperatures in a group of Polish runners decreased as a
response to physical activity. This change was noticed
immediately after the warm-up, and measurements taken
after the main part of the exercise showed that the tem-
peratures remained at a very similar level. Such a rapid
response of the body to physical effort indicates the proper
functioning of the thermoregulation system. Research by
Kasprzyk et al. [20], which analyzed the efficiency of
thermoregulatory processes in cyclists, demonstrated an
analogous reaction of the body thermostat in response to
physical activity in the form of cycloergometer exercise.

Having analyzed the thermoregulatory response of the
human body to cycling endurance test, Cholewka et al. [21]
demonstrated a decrease in body surface temperature at the
beginning of the test. It is connected with the movement of
blood in the cutaneous vasculature to the muscles, where
the work is done and oxygen is needed. In fact, blood
circulation is very important in the transport of body heat.
However, the exchange of heat on the surface of the body
will not take place immediately because of the time needed
for microcirculation changes in the capillaries, which are
responsible for the temperature of the skin. These processes
are dependent on each other. Heat transport takes time,
which is a consequence of body core thermoregulation
inertia. The mechanism of heat exchange is activated when
information about body and blood temperature change is
delivered to the hypothalamus.

The literature on the subject contains works that
emphasize differences in the process of thermoregulation
between children and adults during exercise. Falk and
Dotan [7] highlight metabolic, morphological and cardio-
vascular differences and above all less effective perspira-
tion as the biggest physiological discrepancy between the
two groups. Due to the above, the amount of sweat pro-
duced in children is small [22]. The results of research
carried out by Bar-Or et al. [23] emphasize that the reduced
production of sweat in children compared to adults is more
pronounced in boys than in girls. When analyzing the
results of the research described in this paper, lower body
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temperatures in the torso and upper-limb areas were
observed in girls directly after the physical activity. This
may indicate that the sweating and cooling process is more
developed in girls than in boys.

By analyzing surface body temperature distribution after
post-workout restitution in boys and girls, it was possible to
determine that temperature values increased in both groups,
although there were intergroup differences. In Test 3, an
increase in the initial temperatures was observed in all the
measured areas in girls, whereas in boys this parameter
increased only in the area of the lower limbs. It should be
noted that thermographic measurements in Test 2 showed a
greater reduction in temperature in girls than in boys, and
yet after 15 min of restitution the girls’ body surface
temperatures exceeded the temperatures measured in Test
1. The obtained results may suggest that the thermoregu-
lation system in 7-year-old girls included in this research
functioned more efficiently than in boys.

The results of this research are similar to the conclusions
of Cholewka et al. who, by analyzing the surface body
temperatures of cyclists, showed a similar relationship in
the athletes’ thermal map gradient during the training unit
and in the restitution process. The authors observed tem-
perature distributions similar to the results obtained in this
research and also demonstrated the usefulness of thermal
imaging as a diagnostic tool in sport and as a useful method
in assessing sports performance [21].

Hunold et al. [24] also studied how surface body tem-
peratures change in response to physical effort. The
research subjects underwent cycloergometer exercise at
100 W. Curves of the thighs and forearms were taken
before, during (5 min) and after 10 min of exercise. The
initial temperature was 31.9 °C, and after 5 min a regres-
sion of 0.4 °C was recorded. The body temperature after
10 min was greater than that at the beginning (32.4 °C).
The researchers explained the increase in temperature in
the third measurement as the beginning of the widening of
blood vessels, i.e., vasodilatation.

In order to observe the efficiency of thermoregulatory
processes both while performing physical activity and
during restitution, Merla et al. [25] studied a group of 15
runners. The subjects ran on a treadmill until each of them
achieved individually determined maximum heart rate. As
it was the case in Korman’s study, a reduction of surface
body temperatures already occurred after the warm-up. The
obtained values were 3-5 °C lower than those at the
beginning of the test. During restitution, an increase in
body temperatures was measured in all the studied areas
(forearm, torso, thighs), but this process was observed first
in peripheral parts.

Due to their noninvasiveness and ease of conducting,
thermographic tests are becoming increasingly often used
to assess the efficiency of thermoregulation processes and
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consequently to assess the physical capacity of human
beings.

This research was conducted in order to evaluate ther-
moregulation processes in early school-age girls and boys as
a way of monitoring the load of training or therapeutic
exercise in children and preventing musculoskeletal injuries.

Conclusions

1. Thermographic tests showed that the distribution of
body surface temperature differed in boys and girls
depending on the measurement field. The thermal map
of the body of the examined children presented a
similar gradient of the tested parameter.

2. After general physical exercise, a statistically signifi-
cant decrease in temperature in all the measurement
fields was recorded in both groups, although it was
higher in the group of girls.

3. The results of this thermographic study demonstrated a
greater efficiency of thermoregulation processes in
girls, whose body temperatures changed faster in
response to physical effort. During post-exercise resti-
tution in girls, it was observed that temperature values
returned to and exceeded the baseline values in all the
measurement areas.
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Abstract The aim of the study was to assess the impact of
cryotherapy on changes of surface body temperate and effi-
ciency of thermoregulatory processes in relation to the
intensity of cryogenic stimuli. The study included 30 football
players and 30 students. Intervention: both groups were
divided into three subgroups treated with cryostimulation at
—100, —120 and —140 °C. Body surface temperature was
measured at baseline (before cryostimulation), 5 and 30 min
after the treatment. Regions of trunk, lower limbs and upper
limbs were examined. The difference of baseline raw curves
and raw curves performed directly and 30 min after
cryotherapy at the three levels of temperature in both studied
groups. Baseline surface body temperature was lower in
athletes than in student. Decrease in surface temperature
observed after cryotherapy was significant and greater in
football players than in students. The drop in surface tem-
perature in athletes by 4.87° in the regions of upper limbs,
trunk by 5.9 °C and lower limbs by 7.81 °C was reported.
After 30-min restitution, the surface temperature restored to
baseline in all subjects in all examined regions with greater
dynamics in athletes. The study results indicate better
effectiveness of thermoregulatory processes in football
players. In this group, the greatest changes in temperature
occurred after cryostimulation at temperature —120 °C.
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Further research is required to assess recommended values of
thermal stimuli.
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Introduction

Rapid advances in cryogenics became a basis for the
development of methods of the use of low temperatures in
biological regeneration of athletes from various sports
disciplines. Scientific researches are performed in order to
analyse efficacy of methods that improve body adaptation
to effort during intensive training process influencing
physical endurance of an athlete.

The whole-body stimulation by extremely low temper-
atures aims at cooling the whole organism in order to
achieve positive physiological effects. Intensity of whole-
body cooling depends on temperature of cryostimulation
and its duration. Precise parameters of this procedure are
recommended in numerous papers. The body adaptation
takes place in a pre-chamber in temperature range from
—50 to —60 °C and lasts tens of seconds. In a cryocham-
ber, the temperature ranges from —110 to —160 °C and the
duration of therapy does not exceed three minutes [1].
Review of the research papers, which analyse the use of
extremely low temperatures in sports, shows popularity of
this physical method in improving regeneration after
training effort as well as facilitating and enhancing efficacy
of rehabilitation after injuries [2, 3]. Studies on the appli-
cation of cryostimulation treatments proved beneficial
effect of extremely low temperatures on trained body of an
athlete resulting in increase in pain threshold, reactivation
of antioxidants and reduction in inflammation metabolites
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[4]. Cooling the whole body by extremely low tempera-
tures is regarded as a “method of recovery” in biological
regeneration. Combining cryostimulation with specialised
training enables obtaining a high level of efficiency by an
athlete and simultaneously reduces the risk of injuries [5].

Capabilities of performing intensive efforts and obtain-
ing good sports results are the basis and crucial part of
training work of an athlete. Motor activity increases
metabolism. It has an effect on acceleration of blood flow,
which causes the faster oxygen transport. It also elevates
body temperature, which is additionally affected by the
work of the muscles. A very important physiological
reaction in sports is an increased capability to remove heat
from the organism trough the ability to quick perspiration
and mechanisms limiting the increase in the internal tem-
perature [6].

Changes observed in skin surface temperature largely
provide information about the efficiency of thermoregula-
tory processes. They have a great impact on the return the
body to homoeostasis after effort. Efficiency of the ther-
moregulatory system is an important element of body
adaptation to physical effort. Thermoregulation is the
ability of an organism to keep constant body temperature.
Athletes in relation to regular trainings and a high level of
sports performance are probably better prepared to cope
with physical effort. Their defence mechanisms should
function better in comparison with people who do not
practice sports [7].

Thermography is a non-invasive and safe diagnostic
method. Thermography is a non-invasive and safe diag-
nostic method. It is used for diagnostics and monitoring in
several fields such as electrical components [8], thermal
comfort [9], buildings [10], artworks [11], security [12],
ceramics [13] and composite materials [14]. Thermo-
graphic examinations allow to analyse thermoregulatory
reactions and enable to locate various types of inflamma-
tory processes, which may later cause injuries. With ther-
mography, physiological status of examined tissues or
organs may be determined on the basis of non-visible
infrared radiation emitted by them. Thermography is a very
sensitive and extremely precise examination, which enable
to create a thermal map presenting the temperature distri-
bution on the skin surface [15, 16].

The analysis of raw curves is mainly based on com-
parison of surface temperature distribution registered from
different parts of the body. It enables morphological and
functional imaging of selected body surface. This is pos-
sible thanks to the fact that human body emits a large
spectrum of infrared radiation and thermography allows us
to visualise the signal emitted by it. Many studies have
revealed considerable differences in thermographic exam-
inations of body surface temperature among athletes
practicing various sports disciplines. This indicates
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differentiation of factors which are not yet fully known. It
may be only assumed that they are related to age, type of
physical activity and changes in peripheral circulation [17].

A wide range of cryostimulation treatments suggested
by many authors, frequently scientifically unjustified, do
not provide a clear basis for the recommended dosage in
biological regeneration of athletes.

Our proposed research experiment allowed us to
demonstrate the action of extremely low temperatures on
changes of surface body temperate and efficiency of ther-
moregulatory processes in athletes practicing football
professionally and volunteers who do not practice sport
professionally. The analysis of changes of body tempera-
ture in relation to applied cryostimulation (—100, —120,
—140 °C) allows the authors to define these that have the
greatest impact on the body of examined subjects. Obtained
results may be used in clinical practice as they help to
optimise the use of extremely low temperatures in bio-
logical regeneration.

Materials and methods

A group of 60 young males aged between 19 and 25 years
(mean age 21.9 + 1.96) took part in the research experi-
ment. All of them gave their written informed consent for
participation in the study after being informed about the
study procedures. The research was approved by the local
Commission of Ethics. One of the research groups (F) en-
compassed 30 athletes—football players (mean age
21.58 + 1.55) from class III team league from Lower
Silesian Voivodeship, volunteers regularly training foot-
ball. The other group (S) consisted of 30 volunteers (mean
age 22.22 + 1.64)—students, who were qualified to this
research experiment by a specialised physician on the basis
of valid control tests. In each of the study groups (football
players—F; students—S), participants were randomly
assigned to the three subgroups (1-3) of 10 subjects each
and subjected to treatments in cryochamber in the follow-
ing temperatures: —100, —120 and —140 °C. The study
procedure for the subgroups is presented in Table 1.

The study protocol

The examinations were performed in Cryotherapy Labo-
ratory of Prevention and Rehabilitation Centre.
Examination I was performed at baseline before cryos-
timulation and included blood pressure parameters mea-
surement and registration of body surface temperature by a
thermal camera directly before treatment. Next, the
research experiment was conducted. The study volunteers
were subjected to exposure to extremely low temperatures
in cryochamber according to parameters presented in
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Table 1 Procedure of cryogenic treatments in subgroups

Subgroups Pre-chamber Cryochamber
Temperature/°C Duration/min Temperature/°C Duration/min
IF, 1S —60 1 —100
2F, 28 —60 1 —120
3F, 38 —60 1 —140

F group of football players, S group of students

Table 1. Treatments were performed in the cryochamber
type CR-2002/05/E covered by patent no 193363 certified
by the CE Certificate (CREATOR Sp. z o0.0., Wroctaw,
Poland). This cryogenic chamber is designed to perform
systemic cryotherapy and biological regeneration treat-
ments by application of short-term exposure to tempera-
tures from —100 to —160 °C. The structure of the
cryochamber consists of a vestibule (pre-chamber) and
treatment chamber. To meet the safety conditions of sys-
temic cryotherapy treatment, with each participant blood
pressure was measured before entering the cryochamber.
According to the rules of Cryotherapy Laboratory, blood
pressure may not exceed 150/100 mmHg. All participants
had the same treatment attire including a T-shirt, sports
shorts, socks, gloves, ear muffs or a cap made of natural
materials. Additional equipment consisted of a mask and
shoes with wooden soles as protective footwear was pro-
vided for all participants.

After cryostimulation, surface body temperature was
registered with thermal camera on Examination II—5 min
after cryotherapy, and Examination III-—30 min after
cryotherapy.

Hemodynamic parameters measurement

To meet the safety conditions of performing systemic
cryotherapy treatment, blood pressure (mmHg) was mea-
sured before each entering to the cryochamber. The mea-
surement was taken with the use of BIG BEN
sphygmomanometer with measuring scale from 0 to
300 mmHg and maximum error tolerance =+3 mmHg.
Before the readings, examined person rested for 15 min in
sitting position. The cuff was located on the left arm of the
subject who stayed in sitting position with his arm resting
on a firm surface. Hemodynamic measurements were taken
by the same person in the same, repeatable conditions at
the same time of the day in the afternoon (16.00 h),
including circadian rhythm.

Surface body temperature registration

Surface body temperature was registered with the use of ther-
mal camera—ThermoVision A20 M Researcher (Technical

Specifications — field of view/min focus distance: 19° x 14°/
0.3 m; spectral range 7.5-13 um; spatial resolution [IFOV]
2.7 mrad; and automatic emissivity correction: variable from
0.1 to 1.0) and transmitted to personal computer type PC with
the Therma CAM Researcher Professional 2.9 software
installed. The body temperature registration took place in
dedicated laboratory. Examinations were performed three
times: directly before cryostimulation (Examination I), five
(Examination IT) and 30 min (Examination III) after the treat-
ment. Measurements of minimal, maximum and mean tem-
perature from selected body regions were taken in standing
position. The thermal images were captured from both the front
and the back side of the body from the distance of 2 m
(Figs. 1,2). Before capturing raw curves, the subjects remained
without outerwear (only in underwear) for about 10 min in
order to equalise body temperature. Qualitative and quantitative
analysis of thermal images was performed in 10 regions of the
body: trunk area, left and right upper limb as well as left and
right lower limb (captured from the front and from the back).

For the purpose of statistical analysis, results of raw
curves were averaged as follows: the front and the back
side measurements were averaged, and measurements from
left and right extremities were averaged. Finally, three
areas (upper extremities, trunk and lower extremities) were
compared.

Statistical analysis

Statistical analysis was carried out with the use of Statistica
PL software v.9 (StatSoft, Tulsa, Oklahoma, USA). The
examined variables were tested by Shapiro-Wilk test,
which showed no evidence to reject the hypothesis of
normal distribution.

Statistical analysis of examined parameters is presented
by means of arithmetic mean, standard deviation, coeffi-
cient of variation and 95 % confidence intervals. In order to
assess differences between parameters in the group of
football players (F) and students (S), the analysis of vari-
ance (ANOVA) was applied along with the post hoc
comparison with the use of the least significant differences
(LSD) method. In all applied statistical methods, values of
tests and coefficients on the level of p < 0.05 were
regarded statistically significant.
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Fig. 1 Sample thermal images, showing temperature differences in the tested areas of the body, before and after cryostimulation (—120 °C/

3 min) in case of football player

Results

There is no significant statistical difference between both
investigated groups in terms of weight and height of the
body and the BMI index (Table 2). All subjects constituted
a homogeneous group in terms of basic somatic charac-
teristics; therefore, no additional detailed body composition
research, for example with the bioimpedance method, was
performed.

Analysing significance of differences between body
temperature values before cryostimulation (Examination I)
and directly after its application (Examination II) statisti-
cally significant differences with p value below 0.001 was
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found, both in the group of students and in the group of
football players. Such changes were observed in all
examined regions that is in the upper limbs (Table 3), trunk
(Table 4) and in the lower limbs (Table 5).

Analysing significance of differences between mean
body temperature in the group of students after 30-min
restitution (Examination III) statistically significant dif-
ferences was found in comparison with the baseline values
in all examined regions except lower limbs (—120 °C).
This indicates that in the group of student temperature level
did not return to baseline values after 30 min after cryos-
timulation treatment in nearly any of the analysed regions.
On the other hand, in the group of football players, the
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Fig. 2 Sample thermal images, showing temperature differences in the tested areas of the body, before and after cryostimulation (—120 °C/

3 min) in case of students

Table 2 The BMI index variation between the examined groups
(LSD method)

Group Mean Athlete Athlete Athlete
—140 °C —120 °C —100 °C
23.588 23.739 24.127

Student 24.727 0.336857 0.404312 0.612287

—140 °C

Student 23.256 0.782849 0.688513 0.469826

—120 °C

Student 23.717 0.913017 0.985275 0.728403

—100 °C

temperature did not return to baseline values only in three
regions: trunk (—140 and —120 °C) and in the region of
lower limbs (—140 °C) after 30 min after cryostimulation
treatment, presenting significant differentiation in relation

to baseline temperature (Examination I). In the remaining
six out of nine regions, the temperature returned to baseline
values and did not show significant differentiation.

Confirmation of conducted analyses of differentiation
between the group of athletes and students is the graphical
presentation of surface temperature changes in selected
regions of the body in consecutive examinations (Figs. 3-5).
All intergroup comparisons reveal that mean surface tem-
perature was lower in the group of athletes. Significantly
greater body reaction to extremely low temperatures in
Examination II and fast return to baseline values in Exami-
nation III is observed in athletes. The dynamics of these
changes is much lower in the group of students.

In case of application of cryostimulation at temperature
—140 °C (Figs. 3-5), significant differences between
baseline temperature (Examination I) in students and
football players were not found. Directly after the treat-
ment, the differences of mean values of temperature
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Table 3 Comparison of means of the surface body temperature in the region of upper limbs (probabilities for post hoc tests with LSD method)

No. Group T E 1 2 3 4 5 6 7 8 9
31.604 27.910 30.490 32.983 30.208 31.921 32.400 29.883 31.081
1 Student —140 I 0.0000 0.0012 0.0006 0.0005 0.4202 0.0399 0.0000 0.1754
2 Student —140 I 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 Student —140 I 0.0012 0.0000 0.0000 0.4731 0.0004 0.0000 0.1157 0.1264
4 Student —120 I 0.0006 0.0000 0.0000 0.0000 0.0028 0.1389 0.0000 0.0000
5 Student —120 I 0.0005 0.0000 0.4731 0.0000 0.0000 0.0000 0.4076 0.0275
6 Student —120 I 0.4202 0.0000 0.0004 0.0028 0.0000 0.2236 0.0000 0.0337
7 Student —100 I 0.0399 0.0000 0.0000 0.1389 0.0000 0.2236 0.0000 0.0001
8 Student —100 I 0.0000 0.0000 0.1157 0.0000 0.4076 0.0000 0.0000 0.0005
9 Student —100 I 0.1754 0.0000 0.1264 0.0000 0.0275 0.0337 0.0001 0.0005
10 Athlete —140 I 0.2751 0.0000 0.1101 0.0000 0.0257 0.0688 0.0029 0.0024 0.8620
11 Athlete —140 II 0.0000 0.0040 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
12 Athlete —140 11 0.0066 0.0000 0.9606 0.0000 0.5337 0.0007 0.0000 0.1560 0.1403
13 Athlete —120 I 0.2233 0.0000 0.1410 0.0000 0.0350 0.0521 0.0019 0.0036 0.9628
14 Athlete —120 I 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
15 Athlete —120 I 0.0031 0.0000 0.7660 0.0000 0.7049 0.0003 0.0000 0.2412 0.0854
16 Athlete —100 I 0.4620 0.0000 0.0512 0.0001 0.0101 0.1408 0.0084 0.0007 0.5955
17 Athlete —100 I 0.0000 0.2742 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
18 Athlete —100 I 0.0133 0.0000 0.8423 0.0000 0.3867 0.0016 0.0000 0.0961 0.2192
No. 10 11 12 13 14 15 16 17 18
31.153 26.708 30.470 31.100 26.230 30.368 31.300 27.458 30.572
1 0.2751 0.0000 0.0066 0.2233 0.0000 0.0031 0.4620 0.0000 0.0133
2 0.0000 0.0040 0.0000 0.0000 0.0001 0.0000 0.0000 0.2742 0.0000
3 0.1101 0.0000 0.9606 0.1410 0.0000 0.7660 0.0512 0.0000 0.8423
4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000
5 0.0257 0.0000 0.5337 0.0350 0.0000 0.7049 0.0101 0.0000 0.3867
6 0.0688 0.0000 0.0007 0.0521 0.0000 0.0003 0.1408 0.0000 0.0016
7 0.0029 0.0000 0.0000 0.0019 0.0000 0.0000 0.0084 0.0000 0.0000
8 0.0024 0.0000 0.1560 0.0036 0.0000 0.2412 0.0007 0.0000 0.0961
9 0.8620 0.0000 0.1403 0.9628 0.0000 0.0854 0.5955 0.0000 0.2192
10 0.0000 0.0765 0.9048 0.0000 0.0750 0.7368 0.0000 0.1875
11 0.0000 0.0000 0.0000 0.2774 0.0000 0.0000 0.0888 0.0000
12 0.0765 0.0000 0.1524 0.0000 0.8153 0.0599 0.0000 0.8153
13 0.9048 0.0000 0.1524 0.0000 0.0575 0.6487 0.0000 0.2304
14 0.0000 0.2774 0.0000 0.0000 0.0000 0.0000 0.0057 0.0000
15 0.0750 0.0000 0.8153 0.0575 0.0000 0.0348 0.0000 0.6405
16 0.7368 0.0000 0.0599 0.6487 0.0000 0.0348 0.0000 0.0592
17 0.0000 0.0888 0.0000 0.0000 0.0057 0.0000 0.0000 0.0000
18 0.1875 0.0000 0.8153 0.2304 0.0000 0.6405 0.0592 0.0000

E examination (I baseline, II directly after cryotherapy, III 30 min after cryotherapy); p values less than 0.05 denote statistically significant—
marked in bold; T temperature

between groups were statistically significant in all exam- lower limbs 24.04 and 22.29 °C in students and athletes,
ined regions. Mean temperature values directly after action  respectively. After 30-min restitution (Examination III),
of cryogenic stimuli in the area of upper limbs accounted  the temperature returned to values similar to baseline
for 27.91 °C in students and 26.71 °C in football players,  results in all comparisons and did not present statistically
in the area of trunk 29.36 and 26.98 °C, and in the area of  significant intergroup differentiation.
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Table 4 Comparison of means of the surface body temperature in the region of trunk (probabilities for post hoc tests with LSD method)

No. Group T E 1 2 3 4 5 6 7 8 9
32.646 29.356 31.846 33.887 31.525 33.231 33.508 31.254 32421
1 Student —140 I 0.0000 0.0108 0.0050 0.0109 0.1802 0.0449 0.0014 0.5978
2 Student —140 I 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 Student —140 I 0.0108 0.0000 0.0000 0.4608 0.0018 0.0002 0.1662 0.1789
4 Student —120 I 0.0050 0.0000 0.0000 0.0000 0.0436 0.3833 0.0000 0.0010
5 Student —120 I 0.0109 0.0000 0.4608 0.0000 0.0000 0.0000 0.5334 0.0410
6 Student —120 I 0.1802 0.0000 0.0018 0.0436 0.0000 0.5255 0.0000 0.0643
7 Student —100 I 0.0449 0.0000 0.0002 0.3833 0.0000 0.5255 0.0000 0.0006
8 Student —100 I 0.0014 0.0000 0.1662 0.0000 0.5334 0.0000 0.0000 0.0002
9 Student —100 I 0.5978 0.0000 0.1789 0.0010 0.0410 0.0643 0.0006 0.0002
10 Athlete —140 I 0.7826 0.0000 0.1421 0.0038 0.0340 0.1281 0.0322 0.0063 0.8288
11 Athlete —140 II 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
12 Athlete —140 11 0.0380 0.0000 0.7327 0.0000 0.7229 0.0012 0.0001 0.3408 0.1114
13 Athlete —120 I 0.9236 0.0000 0.0666 0.0110 0.0134 0.2460 0.0754 0.0020 0.5567
14 Athlete —120 I 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
15 Athlete —120 I 0.0977 0.0000 0.9323 0.0000 0.4396 0.0044 0.0005 0.1689 0.2421
16 Athlete —100 I 0.9457 0.0000 0.0943 0.0070 0.0204 0.1869 0.0525 0.0034 0.6716
17 Athlete —100 i 0.0000 0.1795 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
18 Athlete —100 111 0.3245 0.0000 0.4459 0.0004 0.1515 0.0274 0.0047 0.0411 0.6209
No. 10 11 12 14 15 16 17 18
32.520 26.977 31.690 32.690 26.793 31.885 32.615 28.740 32.195
1 0.7826 0.0000 0.0380 0.9236 0.0000 0.0977 0.9457 0.0000 0.3245
2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1795 0.0000
3 0.1421 0.0000 0.7327 0.0666 0.0000 0.9323 0.0943 0.0000 0.4459
4 0.0038 0.0000 0.0000 0.0110 0.0000 0.0000 0.0070 0.0000 0.0004
5 0.0340 0.0000 0.7229 0.0134 0.0000 0.4396 0.0204 0.0000 0.1515
6 0.1281 0.0000 0.0012 0.2460 0.0000 0.0044 0.1869 0.0000 0.0274
7 0.0322 0.0000 0.0001 0.0754 0.0000 0.0005 0.0525 0.0000 0.0047
8 0.0063 0.0000 0.3408 0.0020 0.0000 0.1689 0.0034 0.0000 0.0411
9 0.8288 0.0000 0.1114 0.5567 0.0000 0.2421 0.6716 0.0000 0.6209
10 0.0000 0.0201 0.7265 0.0000 0.1928 0.8450 0.0000 0.5040
11 0.0000 0.0000 0.0000 0.7035 0.0000 0.0000 0.0004 0.0000
12 0.0201 0.0000 0.0412 0.0000 0.6883 0.0587 0.0000 0.2998
13 0.7265 0.0000 0.0412 0.0000 0.0241 0.8774 0.0000 0.3094
14 0.0000 0.7035 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000
15 0.1928 0.0000 0.6883 0.0241 0.0000 0.1348 0.0000 0.5239
16 0.8450 0.0000 0.0587 0.8774 0.0000 0.1348 0.0000 0.2358
17 0.0000 0.0004 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000
18 0.5040 0.0000 0.2998 0.3094 0.0000 0.5239 0.2358 0.0000

E examination (I baseline, II directly after cryotherapy, III 30 min after cryotherapy); p values less than 0.05 denote statistically significant—
marked in bold; T temperature

In the groups of students and football players, who were

treated with cryostimulation at temperature equal to
—120 °C (Figs. 3-5), statistically significant intergroup
differences of baseline temperature in the region of upper
limbs, trunk and lower limb (Figs. 3-5) occurred. Mean

temperature values in students were 32.98, 33.89 and
31.82 °C, respectively, while in football payers 31.10, 32.69
and 30.18 °C, respectively. Directly after cryostimulation
(Examination II) the temperature of examined body regions
decreased to 30.21, 31.53 and 27.36 °C, respectively, while
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Table 5 Comparison of means of the surface body temperature in the region of lower limbs (probabilities for post hoc tests with LSD method)

No. Group T E 1 2 3 4 5 6 7 8 9
30.767 24.040 29.402 31.819 27.356 31.081 31.852 27.275 30.110
1 Student —140 I 0.0000 0.0023 0.0487 0.0000 0.5540 0.0381 0.0000 0.2066
2 Student —140 I 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 Student —140 I 0.0023 0.0000 0.0000 0.0002 0.0018 0.0000 0.0001 0.1743
4 Student —120 I 0.0487 0.0000 0.0000 0.0000 0.1092 0.9501 0.0000 0.0015
5 Student —120 I 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.8782 0.0000
6 Student —120 I 0.5540 0.0000 0.0018 0.1092 0.0000 0.1474 0.0000 0.0683
7 Student —100 I 0.0381 0.0000 0.0000 0.9501 0.0000 0.1474 0.0000 0.0001
8 Student —100 I 0.0000 0.0000 0.0001 0.0000 0.8782 0.0000 0.0000 0.0000
9 Student —100 I 0.2066 0.0000 0.1743 0.0015 0.0000 0.0683 0.0001 0.0000
10 Athlete —140 I 0.1752 0.0000 0.2759 0.0017 0.0000 0.0603 0.0011 0.0000 0.8581
11 Athlete —140 II 0.0000 0.0020 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
12 Athlete —140 11 0.0012 0.0000 0.3949 0.0000 0.0062 0.0002 0.0000 0.0034 0.0351
13 Athlete —120 I 0.2905 0.0000 0.1651 0.0043 0.0000 0.1124 0.0030 0.0000 0.9030
14 Athlete —120 I 0.0000 0.0031 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
15 Athlete —120 I 0.0332 0.0000 0.7595 0.0001 0.0001 0.0085 0.0001 0.0001 0.3356
16 Athlete —100 I 0.4760 0.0000 0.0837 0.0114 0.0000 0.2109 0.0085 0.0000 0.6403
17 Athlete —100 I 0.0000 0.6180 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
18 Athlete —100 111 0.0699 0.0000 0.5294 0.0004 0.0000 0.0202 0.0002 0.0000 0.5217
No. 10 11 12 13 14 15 16 17 18
30.010 22.290 28.928 30.177 22.373 29.573 30.370 23.762 29.752
1 0.1752 0.0000 0.0012 0.2905 0.0000 0.0332 0.4760 0.0000 0.0699
2 0.0000 0.0020 0.0000 0.0000 0.0031 0.0000 0.0000 0.6180 0.0000
3 0.2759 0.0000 0.3949 0.1651 0.0000 0.7595 0.0837 0.0000 0.5294
4 0.0017 0.0000 0.0000 0.0043 0.0000 0.0001 0.0114 0.0000 0.0004
5 0.0000 0.0000 0.0062 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000
6 0.0603 0.0000 0.0002 0.1124 0.0000 0.0085 0.2109 0.0000 0.0202
7 0.0011 0.0000 0.0000 0.0030 0.0000 0.0001 0.0085 0.0000 0.0002
8 0.0000 0.0000 0.0034 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000
9 0.8581 0.0000 0.0351 0.9030 0.0000 0.3356 0.6403 0.0000 0.5217
10 0.0000 0.0325 0.7773 0.0000 0.4605 0.5435 0.0000 0.6638
11 0.0000 0.0000 0.0000 0.8892 0.0000 0.0000 0.0138 0.0000
12 0.0325 0.0000 0.0361 0.0000 0.2770 0.0158 0.0000 0.1649
13 0.7773 0.0000 0.0361 0.0000 0.2292 0.7452 0.0000 0.4734
14 0.0000 0.8892 0.0000 0.0000 0.0000 0.0000 0.0200 0.0000
15 0.4605 0.0000 0.2770 0.2292 0.0000 0.1794 0.0000 0.7612
16 0.5435 0.0000 0.0158 0.7452 0.0000 0.1794 0.0000 0.2198
17 0.0000 0.0138 0.0000 0.0000 0.0200 0.0000 0.0000 0.0000
18 0.6638 0.0000 0.1649 0.4734 0.0000 0.7612 0.2198 0.0000

E examination (I baseline, II directly after cryotherapy, III 30 min after cryotherapy); p values less than 0.05 denote statistically significant—
marked in bold; 7 temperature

in the group of football players to 26.23,26.79 and 22.37 °C,  however, they still differed significantly in all analysed
respectively. All intergroup comparisons after performing  regions while compared between groups. Mean temperature
the treatment showed statistically significant differentiation  values in students increased to 31.92, 33.23 and 31.08 °C,
of parameters. After 30-min relaxation (Examination III),  respectively, while in football players increased to 30.37,
values of tested parameters approached baseline values; 31.89 and 29.57 °C, respectively.
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Fig. 4 Changes in surface body temperature in the region of trunk
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3 Changes in surface body temperature in the region of upper limbs
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Fig. 5 Changes in surface body temperature in the region of lower limbs

The analysis of difference significance between groups
exposed to temperature of —100 °C (Figs. 3-5) revealed
statistically significant differences. The baseline tempera-
ture (Examination I) differed significantly between stu-
dents and football players in the upper limbs region (mean
values in students 32.40 °C and athletes 31.30 °C) as well
as in the region of lower limbs (mean values in students
31.85 °C and athletes 30.37 °C). Baseline temperature
obtained in Examination I did not differ significantly in the
trunk region, where its value accounted for 33.51 °C in
students, while 32.62 °C in football players. After systemic
cryostimulation by stimuli of —100 °C (Examination II),
the analysis revealed statistically significant differences
between students groups and football players groups in all
regions. In the region of upper limbs, trunk and lower
limbs, mean temperature in students groups was 29.88,
31.25 and 27.28 °C, respectively, while in football players

groups 27.46, 28.74 and 23.76 °C, respectively. After
30-min restitution (Examination III), the temperature in all
comparisons restored to baseline values and did not show
statistically significant differences between groups of stu-
dents and football players.

Observation of studied groups revealed similar temper-
ature distribution. Both in students and in football players,
the lowest values occurred in the region of lower limbs in
comparison with upper limbs and trunk area.

Moreover, analysing the decrease in body surface tem-
perature directly after cryostimulation showed that a
stimulus of —120 °C is the most effective in the group of
athletes. Body temperature in athletes dropped by 4.87 °C
in the regions of upper limbs, trunk by 5.9 °C and lower
limbs by as much as 7.81 °C.

Summarising conducted comparative analyses, it can be
stated that the group of athletes with a high level of sports
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performance is more sensitive to exposure to low temper-
atures in the cryochamber than the group of students.
Athletes displayed greater decrease in body surface tem-
perature after cryostimulation treatments and more
dynamic return to baseline status after 30 min than stu-
dents. Moreover, it was observed that mean baseline tem-
perature in athletes was lower than in students in all groups
subjected to different treatment parameters.

Discussion

Systemic cryostimulation becomes increasingly available
and more often used by athletes practising various sports
disciplines. Extremely low temperatures decrease the body
temperature, reduce inflammatory process and possible
muscle pain as well as improve regeneration of the body
directly after training. In sports medicine, cryotherapy is
applied mainly as an element of analgesic action and also
as a supplement of the whole training process [18]. It is
believed that cooling action on the body of an athlete
increases tissue metabolism, physical endurance, and a
level of adaptation to pain occurring during or directly after
performed effort [19-21]. Generally, cryotherapy should be
started within the first 24 h after an effort and can be
repeated even several times per week. Despite increasing
popularity of this method, further scientific investigations
including examination of physiological reactions and
clinical results are recommended in order to confirm
validity of its use [22].

Cryotherapy is premised on heat removal from tissues of
the body in order to achieve various clinical effects. To
optimise effects of activity of this process, a critical level
of tissue cooling must be achieved [23]. General assump-
tion exists that systemic cryotherapy allows greater cooling
effect in relation to local forms of cryotherapy. Although in
recent years a considerable number of reports on compar-
ison of various forms of cryotherapy and their impact on
human body were published, studies relating efficacy of
thermoregulatory process as a response to differentiated
cryogenic stimuli are still sparse [1, 7, 20].

In physiological conditions, the temperature inside the
body cavity is constant (37 & 0.5 °C). It depends on
mechanisms responsible for thermoregulatory process that
is capability of preserving the temperature in optimal range
for an organism. In contrast, the surface body temperature
ranges from 36.2 to 37.8 °C and depends on a segment of
the body. Any form of physical activity increases tissue
metabolism, which accelerates oxygen transport due to
increased blood flow leading to elevation of body tem-
perature caused by heat production by working muscles
[24, 25]. In case of professional sport, the increase in
capability of heat removal from the body is important
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(limitation of increase in inner temperature and dynamics
acceleration of sweat secretion) which as a consequence
allows for continuation of exercise [25]. Efficiency of
thermoregulatory mechanism is therefore an important
element of adaptation of athlete’s body to physical effort in
professional sport. Changes in surface body temperature
after application of thermal stimulus as a part of biological
regeneration reflect velocity of removal the endogenous
heat generated during exercise, as well as thermoregulatory
response of the system in order to maintain temperature
regulation.

Proper management of training process of every athlete
and care of his health status requires application of non-
invasive and safe diagnostic methods [26, 27]. In the recent
years, non-invasive diagnostic tools of body temperature
imaging become increasingly popular [28, 29]. They
include thermography. Already in the 1970s of the last
century, thermographic analysis was used in thermal
monitoring in athletes. It aimed at measure and analyse
increase or decrease in body temperature in terms
of observation of reaction rate of thermoregulatory
processes [17].

In the own studies, the authors attempted to perform
analysis of the impact of extremely low temperature
activity on changes in surface body temperature and
effectiveness of thermoregulatory processes in athletes who
practice football professionally and volunteers who do not
practice sport professionally. Creating a thermal map of
examined segments of the body delivered information
about differentiation of mean temperature values in relation
to localisation of examined body region. Thermographic
registration before application of cryogenic temperature
revealed characteristic temperature distribution. The study
revealed that the trunk regions were the warmest, while
lower limb the coolest. The skin covering the areas of the
body which have dense vasculature manifests a higher
temperature than this directly covering the areas of bone.
Such temperature distribution may be caused by the shape
of examined surface as well as its thermal inertia. More-
over, internal organs located in the abdominal cavity within
trunk produce heat due to metabolic processes and con-
tribute to maintain higher constant temperature in this
region [1]. Similar temperature distribution was reported
by Chudecka et al. and Zalewski et al., and such distribu-
tion indicates differentiated thermal map in selected body
parts and is consistent with physiological thermal inertia
[30, 31]. When analysing thermoregulatory reaction to
applied stimulus of systemic cryostimulation in the present
study, the authors observed that the temperature decreased
significantly after treatments in all examined subjects.
Observation of study groups revealed the lowest tempera-
tures in the region of lower limbs in comparison with upper
limbs and trunk region as well. Similar findings were
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reported by Cholewska et al. [19] who showed significant
decrease in surface body temperature after systemic
cryotherapy in a group of 22 participants in all examined
regions of the body. The lowest temperatures occurred in
the region of lower limbs while the highest in the region of
trunk and head. In the study performed by Dgbiec-Bak
et al. [1], the temperatures were distributed similarly. The
lowest temperatures were observed in the region of lower
limbs, particularly in the area of knee joints.

In the present study, the comparison of both study
groups revealed greater changes after application of all
cryogenic stimuli (—100, —120, —140 °C) in the group of
football players than in the group of subjects who do not
practice intensive effort. The greatest cooling of the body
occurred in the group of athletes in all examined regions at
temperature —120 °C. Thermoregulatory efficiency is an
important element of body adaptation to physical effort.
Athletes are better prepared to cope with the physical effort
due to regular trainings and a high level of physical per-
formance. Their defence mechanisms function better in
comparison with those who do not practice sport. Physical
exercise improves effectiveness of thermoregulatory pro-
cesses, which may also have an influence on reaction
velocity after application of thermal stimuli. This element
of biological regeneration is often complement to training
[32, 33].

Thermal effects after cryostimulation are observed also
during restitution (rest after cryostimulation). It is descri-
bed as so-called after-effect phenomenon, consisting in the
fact that further lowering of temperature of examined
region, despite cessation of cooling, may contribute to
prolongation of restitution after the treatment and at the
same time foster beneficial reactions after stimulation
[34, 35]. Short-term temperature elevation in comparison
with values before treatment is often observed during
restitution. This is due to warming of skin caused by
increase in blood flow in body regions treated with
cryostimulation [36].

In the present study, after 30-min restitution after the
treatment body temperature restored to baseline values in
all participants in all examined regions. However, its
restoration was more dynamic in subjects with a high level
of sports performance, which may attest faster physiolog-
ical response to applied thermal stimulus and may influ-
ence effectiveness of biological regeneration based on
cryostimulation [37-40]. In the study, Tanda [40], assess-
ing the efficiency of the thermoregulatory processes in
athletes, indicates the reduction in a body temperature to
the relative minimum at the training effort with a constant
load, as well as the incremental load. Over time, after the
effort, the author observed a gradual increase in the tem-
perature of the surface of a body associated with the
vasodilatation, which is the sign of the efficiency of the

thermoregulatory reaction in response to the load of effort
and the speed of achieving homoeostasis after the effort.

Conclusions

Surface body temperature in the study subjects confirms
differentiation in relation to examined region of the body.
The regions of lower limbs were the coolest, while the
trunk the warmest. Body temperature directly after
cryostimulation treatment decreased significantly in all
studied subjects. Greater changes were observed in the
group of football players than in students. The greatest
changes in temperature occurred after cryostimulation at
—120 °C in the group of athletes. In all studied subjects,
the temperature restored to baseline values in 30 min after
cryostimulation treatment. Greater dynamics of these
changes found in the groups of football players. The study
results may confirm better effectiveness of thermoregula-
tory processes in athletes, who react more dynamically to
applied thermal stimuli. This fact may give the rationale
for the use of cryotherapy in biological regeneration in
athletes.
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Abstract

The ability to maintain thermal homeostasis is one of the key criteria for the proper functioning of the organism in response
to physical exercise. The aim of this work was to analyze the variations in basal temperatures, temperatures immediately
after exercise, and after 15 min of restitution in selected body areas in people with Down syndrome and in the control
group. Thirty-six people of both sexes were examined. Group 1 (the control group) comprised 18 healthy people whose
average age was 29.89 years (4 1.41) and whose average BMI was 30.21 (& 0.92). Group 2 consisted of 18 people
suffering from Down syndrome, with an average age of 27.44 (£ 1.58) and an average BMI of 30.49 (& 1.73). It was
determined that body surface temperatures varied in both groups, depending on the tested area. Statistically significantly
lower temperature values were detected in people with Down syndrome, in all body areas. After the general rehabilitation
exercise, a statistically significant decrease in body surface temperatures was observed in both groups, which was greatest
in the torso area of people with Down syndrome. After a period of post-exercise restitution, people in the control group
exhibited a greater efficiency of thermoregulatory processes, with mean values exceeding basal temperatures.

Keywords Thermoregulation - Down syndrome - Obesity - Thermography - General rehabilitation

Introduction which would improve the quality of life of people with DS

and enable them to actively participate in social and pro-

Down syndrome (DS) is one of human’s most researched
chromosome abnormalities. The clinical symptoms of DS
are determined by the additional presence of the third copy
of chromosome 21 (trisomy), instead of two copies as is the
case in healthy humans [1, 2]. Research teams all over the
world are looking for the most efficient therapy methods,
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fessional life. Undoubtedly, well-developed motor skills as
well as stamina and endurance constitute an important
aspect determining the proper functioning of the body. It
entails physiotherapeutic efforts that are correlated with
motor skills.

Down syndrome accounts for ca. 1% of genetic birth
defects. In Poland, the estimated livebirth prevalence of DS
is 1:605, in Germany and the Netherlands, it is 1.36:1000,
while in the USA is 1:733 [3, 4].

Trisomy 21 causes a number of multi-level changes in
the build and functioning of the body, different internal
organs defects, significant metabolic disorders, the
appearance of characteristic phenotypic traits, severe
hypotonia of skeletal muscles, and varying degrees of
mental impairment. It has been proven that excessive gene
expression increases the risk of cardiovascular diseases,
which leads to the impairment of tolerance to physical
effort and decreased endurance. Affected individuals are
more prone to fatigue and exhibit intolerance of sustained
periods of exercise, especially of aerobic exercise [5, 6].
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DS is connected with abnormalities of nine genes
responsible for the development, functioning, and structure
of the nervous system [3]. Research has indicated the exis-
tence of dysfunctions in hormone balance, which triggers
irregularities in the body’s adaptation functions [6].

Another characteristic feature of people with DS is
decreased muscle tension. In human motor development, the
appearance of muscle hypotonia is particularly significant
for the body posture and disorders of motor functions [7-9].

The broad spectrum of phenotypic variety in people with
DS depends on many factors. From the point of view of
physiology and the methodology of effort in the physical
activeness of affected individuals, it has been observed that
physical function is impaired, which results from changes
in the functioning and structure of body systems, motor
organs, and the central nervous system, which is also
responsible for thermal regulation processes.

The optimal temperature maintained by the human body
is determined by the efficiency of thermoregulatory
mechanisms. The primary center for thermoregulatory
processes is located in the preoptic area, in the frontal
region of the hypothalamus, and regulates the intensity of
heat reduction responses. The heat conservation center,
located in the anterior hypothalamus, controls the intensity
of responses that reduce the heat loss ratio by strengthening
the processes increasing the body temperature. The set
point temperature for maintaining thermal homeostasis is
determined by the activeness of the hypothalamus [10, 11].

Technological progress has enabled us to remotely
measure body surface temperatures in many areas at the
same time using thermography. Thermogram imaging of
the distribution of temperatures invisible to the human eye
is increasingly often used in medical diagnosis. This
method makes it possible to analyze the changes in body
surface temperatures occurring in thermoregulatory
response to a thermal stimulus or effort [12—-14].

This study is intended to analyze the changes in body
surface temperatures in people with Down syndrome and in
healthy people with simple obesity after general rehabili-
tation exercise. Of importance is also the understanding of
correlations between physical effort and the dynamics of
body temperature changes in both groups. The research
issue and the assessment of thermoregulatory processes
efficiency in healthy people after physical effort or thermal
stimuli was analyzed by Cholewka et al. [11, 15, 16]. It
allowed the researchers to assess thermal homeostasis of
the body in response to thermal or effort stimuli. The
obtained results will make it possible to plan the therapy of
people with trisomy 21 more precisely.

Research questions:

1. What is the distribution of body surface temperatures
in both research groups?

@ Springer

2. Does general rehabilitation training affect the temper-
ature distribution in the research subjects?

3. What is the distribution of body surface temperatures
in the research subjects after post-exercise restitution?

Materials and methods
Research material

Within the scope of this study, 36 people of both sexes (19
women and 17 men) were examined. The subjects fell into
one of two research groups. Group 1 (the control group)
comprised 18 healthy people (9 women, 9 men) whose
average age was 29.89 years (£ 1.41) and whose average
BMI was 30.21 (£ 0.92). Group 2 consisted of 18 people
suffering from Down syndrome (10 women, 8 men), with
an average age of 27.44 (£ 1.58) and an average BMI of
30.49 (£ 1.73).

Both groups underwent identical general rehabilitation
training, with 45-min sessions held twice a week for
30 days. Each session took the form of circuit training with
training accessories, adapted to the subject’s individual
abilities. Training intensity was monitored with the Polar
Team 2 system and oscillated at 60—70% HRmax.

The study protocol was approved by the Senate Ethics
Committee at the Academy of Physical Education in
Wroclaw.

Fig. 1 View of areas covered by the subsequent thermograms
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Fig. 2 Measurement areas in twelve regions of the body
Surface body temperature registration

Surface body temperatures were registered with the use of
thermal camera ThermoVision FLIR SYSTEM 335,
Researcher (technical specifications—field of view/min.
focus distance: 19° x 14°/0.3 m; spectral range:
7.5-13 pum; spatial resolution [IFOV] 2.7 mrad; automatic
emissivity correction: variable from 0.1 to 1.0) and trans-
mitted to a personal computer with the Therma CAM
Researcher Professional 2.9 software installed. The body

temperatures registration took place in a dedicated labo-
ratory. Examinations were performed three times: directly
before the general rehabilitation exercise (Examination I)
and five (Examination II) and 15 min after general reha-
bilitation exercise (Examination III). Measurements of
minimal, maximal, and mean temperatures from selected
body regions were carried out in standing position. The
thermal images were captured both from the front and from
the back side of the body, at a distance of 2 m (Figs. 1-4;
Table 1). Before capturing raw thermograms, the subjects
remained without outerwear (only in underwear) for about
15 min in order to equalize the body temperature. Quali-
tative and quantitative analysis of thermal images was
performed in 12 regions of the body: the trunk, left and
right upper limb regions, and left and right lower limb
regions (captured from the front and from the back).

For the purpose of statistical analysis, the results of raw
thermograms were averaged as follows: the front and the
back side. Finally three areas (upper extremities and trunk
and lower extremities) were compared.

Thermal imaging performance protocol

Prior to each thermal imaging of the examined subject, the
measurement room was prepared to maintain the same
measuring conditions such as the room size of 2 x 3 m
(without windows, installation of the floor and wall heat-
ing, tiled surfaces or the plumbing system) and the room
equipment (the hytherograph, thermometer, insulation mat,
LED light, and manual air-conditioning).

The room temperature was kept constant (by cooling or
heating the room during the breaks). The values of the
temperature up to 23 °C and air humidity 45-55% were
monitored during the whole examination.

The subjects were informed about the examination and
completed the consent and health form. Next, they received

Fig. 3 Thermal imaging whit Examination I the front and the back side of the body, in the trunk and upper limbs region (A1-A8)
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Fig. 4 Thermal imaging whit
Examination I the front and the
back side of the body, in the
lower limbs region (A9-A12)

Table 1 Description of measurement points on the thermograms

Al Shoulder belt front A5
A2 Trunk front A6
A3 Right upper limb front A7
A4 Left upper limb front A8
A9 Right lower limb front All
Al10 Left lower limb front Al2

Shoulder belt back
Trunk back

Right upper limb back
Left upper limb back
Right lower limb back
Left lower limb back

=& Down Synndrome Group

disposable examination outfit (slippers, underwear, head-
band/cap) which they wore to the end of the examination.
Afterward, they were adapted to the examination taking
into account the time relative to the endomorph body type
(about 15 min before making the thermogram) in standing
or sitting position without the backrest. Subsequently, the
thermogram was made. Each time the room was occupied
by one subject and one examiner.

=&~ Control Group

Vertical lines indicate 0.95 confidence intervals

33

32t

31+

30+

29+t

Temperature/°C

28t

27 ¢+

26

Examination 1 2 3
Sex: F

Examination 1 2 3
Sex: M

Fig. 5 Distribution of average temperatures in the lower limbs region, measured before the exercise, after the exercise and after 15-min

restitution
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Fig. 6 Distribution of average =4 Down Syndrome Group —i— Control Group

temperatures in the trunk
region, measured before the

Vertical lines indicate 0.95 confidence intervals

exercise, after the exercise and 36
after 15-min restitution
35}

34
33|
32|

31t

Temperature/°C

30+

29+t

28}

27t

26

Examination 1 2
Sex: F

3 Examination 1 2 3
Sex: M

Fig. 7 Distribution of average ——Down Syndrome Group == Control Group

temperatures in the upper limbs
region, measured before the

Vertical lines indicate 0.95 confidence intervals

exercise, after the exercise and 35
after 15-min restitution

34
33
32
31
30

29

Temperature/°C

28

27

26

25

Examined 1 2
Sex: F

Statistical analysis

The statistical analysis was carried out with the use of
Statistica PL software v.9 (StatSoft, Tulsa, Oklahoma,
USA). The analyzed variables were checked by the

3 Examined 1 2 3
Sex: M

Shapiro—Wilk test, which showed no evidence to reject the
hypothesis of normal distribution.

The statistical analysis of the analyzed parameters is
presented using the following measures: arithmetic mean,
standard deviation, coefficient of variation, and 95%

@ Springer
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Fig. 8 Changes in surface body 35

temperature in all studied

regions in group female Examination: —&— | —&— Il —$— III

34}

331

32t

31t

30t

Temperature/°C

20t

28+

27t

26

1 2 3 45 6 7 8 9101112 12 3 45 6 7 8 9101112

Down syndrome group Control group

Fig. 9 Changes in surface body 35

temperature in all studied

regions in group male Examination: —4— 1 =8 1l —$— 11l

34}

33+t

32t

31t

30 +

Temperature/°C

29+

281

27t

26

12 3 456 7 8 9101112 123 456 7 8 9101112

Down syndrome group Control group

confidence intervals. In order to assess the differences
between the parameters in the group of people with Down
syndrome and the control group, an analysis of variance
(ANOVA) was applied along with a post hoc comparison

@ Springer

based on the least significant differences (LSD) method. In
all the applied statistical methods, values of examinations
and coefficients at a level of p < 0.05 were regarded as
statistically significant.
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Table 2 Variations of average temperatures in lower limbs regions in the subsequent examinations, between females in the research group and

control group

Duncan’s test; variable DV_1 (matrix Down syndrome and control gr.) approx. probability for post hoc comparisons. Error: intergroup mean

square, repeated measures, matched = 31,249 df

Group Sex Examination {1} 28,640 {2} 27,908 (3} 28,315 {4} 30,208 {5} 29,436 {6} 30,692
DS F 1 0.0001 0.0399 0.0000 0.0056 0.0000

DS F 2 0.0001 0.0108 0.0000 0.0000 0.0000

DS F 3 0.0399 0.0108 0.0000 0.0002 0.0000
Control F 1 0.0000 0.0000 0.0000 0.0001 0.0028
Control F 2 0.0056 0.0000 0.0002 0.0001 0.0000
Control F 3 0.0000 0.0000 0.0000 0.0028 0.0000

Table 3 Variations of average temperatures in lower limbs regions in the subsequent examinations, between males in the research group and

control group

Duncan’s test; variable DV_1 (matrix Down syndrome and control gr.) Approx. probability for post hoc comparisons. Error: intergroup mean

square, repeated measures, matched = 31,249 df

Group Sex Examination {1} 29,975 {2} 29,266 {3} 29,472 {4} 31,200 {5} 30,783 {6} 31,600
DS M 1 0.0001 0.0020 0.0001 0.0061 0.0000

DS M 2 0.0001 0.2145 0.0000 0.0000 0.0000

DS M 3 0.0020 0.2145 0.0000 0.0001 0.0000
Control M 1 0.0001 0.0000 0.0000 0.0092 0.0122

Control M 2 0.0061 0.0000 0.0001 0.0092 0.0001
Control M 3 0.0000 0.0000 0.0000 0.0122 0.0001

Results The subsequent analyses of the research results

In order to image the dynamics of changes in surface body
temperatures, the mean values of the analyzed parameters
are presented for the regions of the trunk, upper limbs, and
lower limbs. An analysis of mean body temperatures in all
the body regions in both groups showed statistically sig-
nificant differences. Since they were observed in all com-
parisons, this material is so extensive that it is not
presented here in a numerical or graphic form.

Additional analyses showed that both groups were
consistent in terms of the BMI mass—height ratio, which
did not differ in a statistically significant way.

An analysis of the results of Examination I (basal)
revealed that surface body temperatures in people with DS
were lower in all the regions of the body, both for men and
women (Figs. 3-9) and exhibited statistically significant
differences (Tables 2-7). For women, the temperature of
the trunk region was lower by 1.03 °C, of the upper
limbs—by 1.48 °C, and of the lower limbs—by 1.57 °C. In
males, the respective differences were 1.07 °C (trunk),
1.28 °C (upper limbs), and 1.22 °C (lower limbs) (Figs. 3—
9).

obtained 5 min after the training showed a statistically
significant decrease in the temperatures of all the body
regions in both groups (Tables 2—7). The greatest decrease
in surface body temperatures was recorded in the trunk
region in women (by 3.0 °C) and in men (by 2.6 °C) with
DS. In the control group, the decrease was, respectively,
2.3 and 2.5 °C. The statistical analyses showed a similar
decrease in the temperature of upper and lower limbs in
both groups (Fig. 5-9).

The analysis of Examination III (15 min after the
training), which measured post-exercise restitution, showed
the existence of statistically significant differences in
comparison with Examination I before the exercise. This
tendency was visible in all the body areas of subjects in
every subgroup (with the exception of upper limbs in
women with DS) (Tables 2—7). In the control group, the
temperature recorded during Examination III exceeded the
basal value in a statistically significant way, in all the
regions of the body (Fig. 5-9). In all the examined body
regions of the subjects in the control group, there was a
similar increase in temperature, both in men and in women
(Fig. 5-9). The dynamics of changes in people with DS
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Table 4 Variations of average temperatures in the trunk region in the subsequent examinations, between females in the research group and

control group

Duncan’s test; variable DV_1 (matrix Down syndrome and control gr.) Approx. probability for post hoc comparisons. Error: intergroup mean

square, repeated measures, matched = 60,782 df

Group Sex Examination {1} 31,263 (2} 28,343 {3} 30,400 {4} 32,294 (5} 30,033 (6} 32,694
DS F 1 0.0000 0.0018 0.0114 0.0026 0.0006

DS F 2 0.0000 0.0001 0.0000 0.0001 0.0000

DS F 3 0.0018 0.0001 0.0000 0.3239 0.0000
Control F 1 0.0114 0.0000 0.0000 0.0000 0.1214
Control F 2 0.0026 0.0001 0.3239 0.0000 0.0000
Control F 3 0.0006 0.0000 0.0000 0.1214 0.0000

Table 5 Variations of average temperatures in the trunk region in the subsequent examinations, between males in the research group and control

group

Duncan’s test; variable DV_1 (matrix Down syndrome and control gr.) Approx. probability for post hoc comparisons. Error: intergroup mean

square, repeated measures, matched = 60,782 df

Group Sex Examination {1} 32,019 {2} 29,372 {3} 31,469 {4} 33,089 {5} 30,561 {6} 33,544
DS M 1 0.0000 0.0347 0.0087 0.0004 0.0003

DS M 2 0.0000 0.0000 0.0000 0.0036 0.0000

DS M 3 0.0347 0.0000 0.0001 0.0219 0.0000
Control M 1 0.0087 0.0000 0.0001 0.0000 0.0785
Control M 2 0.0004 0.0036 0.0219 0.0000 0.0000
Control M 3 0.0003 0.0000 0.0000 0.0785 0.0000

Table 6 Variations of average temperatures in the upper limbs region in the subsequent examinations, between females in the research group and

control group

Duncan’s test; variable DV_1 (matrix Down syndrome and control gr.) approx. probability for post hoc comparisons. Error: intergroup mean

square, repeated measures, matched = 64,520 df

Group Sex Examination {1} 29,560 {2} 27,778 {3} 29,138 {4} 31,039 {5} 29,453 {6} 31,439
DS F 1 0.0000 0.1152 0.0006 0.7788 0.0000

DS F 2 0.0000 0.0001 0.0000 0.0001 0.0000

DS F 3 0.1152 0.0001 0.0000 0.4100 0.0000
Control F 1 0.0006 0.0000 0.0000 0.0000 0.1148
Control F 2 0.7788 0.0001 0.4100 0.0000 0.0000
Control F 3 0.0000 0.0000 0.0000 0.1148 0.0000

was different—15 min after the training, the mean tem-
peratures did not reach the basal values. They were sig-
nificantly lower than during Examination I (Fig. 5-9,
Tables 2-7).

Discussion

The temperature analysis of body surface temperatures is a
safe and noninvasive method of observing the thermoreg-
ulatory response of the human body to a thermal stimulus
or following physical exertion [12, 15-17].

@ Springer

Changes in physiological parameters, which have a
visible effect on the difference in body temperatures dis-
tribution, are dependent on many factors and processes
occurring in the body of every person, such as hormone
balance, blood flow dynamics, the differentiation of per-
centage distribution of various types of body tissues, and
personal predispositions to maintain a certain body tem-
perature range (normothermy) [11].

The ability to do physical exercise of varying intensity
and achieve satisfying results in physiotherapy is the basic
and fundamental aspect of a physiotherapist’s work with
the patient. Physical movement increases the metabolic
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Table 7 Variations of average temperatures in the upper limbs region in the subsequent examinations, between males in the research group and

control group

Duncan’s test; variable DV_1 (matrix Down syndrome and control gr.) approx. probability for post hoc comparisons. Error: intergroup mean

square, repeated measures, matched = 64,520 df

Group Sex Examination {1} 30,831 (2} 28,747 {3} 30,300 {4} 32,058 {5} 29,903 (6} 32,467
DS M 1 0.0000 0.0376 0.0036 0.0231 0.0002

DS M 2 0.0000 0.0000 0.0000 0.0070 0.0000

DS M 3 0.0376 0.0000 0.0001 0.3001 0.0000
Control M 1 0.0036 0.0000 0.0001 0.0000 0.1076
Control M 2 0.0231 0.0070 0.3001 0.0000 0.0000
Control M 3 0.0002 0.0000 0.0000 0.1076 0.0000

rate, which is connected with faster blood circulation and
the speed of oxygen transport. This leads to an increase in
temperature, which is also affected by muscle work. In this
situation, a very important physiological response is the
ability to remove heat from the body be excreting sweat
and reducing the increase in internal temperature of the
body [18].

The observed changes in body surface temperatures
provide much information about the efficiency of ther-
moregulatory processes, which are decisive for post-exer-
tion homeostasis. Efficient thermoregulation is an
important factor in the body’s adaptation to physical effort
[19-21].

The analysis of the thermograms was based on a com-
parison of the distribution of surface temperatures in dif-
ferent regions of the body. It offers the possibility to
morphologically and functionally depict selected body
regions. This is possible thanks to the fact that the human
body emits a wide spectrum of infrared radiation, and
thermography enables us to visualize the emitted signals.
Many studies have shown significant differences in body
surface temperatures in thermographic examinations,
which seems to indicate the existence of factors that are not
fully understood at present. One could speculate that they
are connected with somatic traits, age, BMI, type of per-
formed physical exercise, and changes in peripheral cir-
culation [22, 23].

Thermographic images of people with DS in the state of
thermal homeostasis provide valuable information about
the average mean temperatures of their bodies. Potentially,
they can complement the results of screening tests in the
diagnostics of existing dysfunctions. It is hugely important
in planning the physiotherapeutic process because it can
prevent overexertion and injuries to the motor organs;
indirectly, it can be helpful in analyzing the human body’s
response and in preventing hyperthermia. The method can
be used in planning the physiotherapeutic process based on
movement therapy, taking into account the strength of the

motor organ of people with DS and its resistance to training
and rehabilitation load.

Disorders of the central nervous system resulting from
trisomy 21 are also connected with dysfunctions of the body
thermostat—the frontal and tuberal hypothalamus. Due to
the impairment of thermoregulatory processes in people with
DS, it seems justifiable to analyze how they respond to
changes in temperature resulting from the influence of the
external environment and physical exercise.

Thermoregulatory disorders and their effects in people
with DS, i.e., intolerance of changes in the external envi-
ronment and the impairment of the body’s ability to adapt
to increased training load, have been the subject of many
researches [24, 25]. Cocchi studied 432 people with tri-
somy 21 and focused on their reception of thermal stimuli.
The analysis focused on the subjects’ individual responses
to heat and cold stimuli, their reactions to changes in the
temperature of the environment, and observations made by
caregivers, e.g., whether the subjects removed sheeting at
night, whether they preferred to stay in the sun or in the
shade, whether they sweated irrespective of physical effort.
The obtained results made it possible to establish that
67.36% of the subjects showed low tolerance of heat,
5.78% were more sensitive to cold, 2.08% were sensitive to
both heat and cold, and 19.61% were indifferent to the
changes in temperatures. In 4.1% of the cases, it was
impossible to obtain credible points of reference. There
were also differences depending on the subjects’ sex.

Cocchi concluded that people with DS are clearly
intolerant of heat, which can be connected with the
improper functioning of the thermoregulatory mechanism
in the hypothalamus. This conclusion had been supported
by his earlier research on people with trisomy 21. By
focusing on the substantial deficiency of y-aminobutyric
acid (GABA) in people with DS it was proven that this
substance influences the thermoregulation center in the
hypothalamus. The results indicated that people with DS,
who have low levels of GABA in their bodies, exhibit low

@ Springer
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tolerance of exogenous and endogenous heat load [24].
Davidenkova [25] identified the reason for errors in the
thermoregulatory mechanism in damage to the red nucleus
and showed a direct correlation between improper muscle
tension and the ability of people with DS to adapt to the
changing temperatures. She also listed significant changes
in the anatomical structure, such as the atrophy of the
frontal sinuses in people with DS, which leads to the
impairment of the possibility of actively regulating the
body temperature by using ventilation near the brain.
Another important aspect of impaired thermoregulation in
trisomy 21 is the lack of the correct systolic blood pres-
sure reaction to a thermal stimulus, which can also
influence the use of physical exercise in people with
Down syndrome [25].

Taking into account the improper functioning of the
thermoregulatory center in people with DS, this research
focused on the analysis of the dynamics of body surface
temperature changes and the efficiency of the body’s
thermoregulatory response to physical exercise in general
rehabilitation. The findings could be useful in planning the
optimal physiotherapy load or using alternative thermal
physical stimuli as a component of treatment.

In this research, thermographic registration of the sub-
jects’ body temperatures necessary to create an initial
thermal map led to the observation of a variation in the
analyzed parameter. The temperature analysis accounted
for a correlation with the subjects’ sex and the BMI of both
sexes. In order to eliminate the influence of the body
composition on the variation in body temperatures, there
were no significant differences in BMI. According to the
WHO classification, people with BMI > 25.0, which sig-
nifies overweight or obesity, may exhibit changes in the
distribution of body temperatures [26]. Fatty tissue serves
the role of an insulator against both exogenous (external)
and endogenous (internal) temperatures, which results from
metabolic processes occurring in the human body. Similar
distributions of average temperatures in the human body
have been recorded by other researchers. In their analysis
of average body temperature distribution, Skrzek observed
the highest temperatures in the region of the shoulder belt,
chest, and the abdominal cavity [27]. Chudecka [28] in
their research showed that the temperature of individual
regions of the body varies.

In this research, the highest temperatures in both groups
were observed in the trunk, upper limbs, and then lower
limbs. However, subjects with DS had lower average val-
ues in all the analyzed body regions. Supposedly, such
significant variations in body temperatures in both groups
could result from impairments of the functioning of the
hypothalamus in people with trisomy 21.

By analyzing the variations in the distribution of average
body temperatures in people with DS and breaking the
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results down with respect to sex, a clear difference was
observed between women and men. Women with DS had
lower average temperatures in the analyzed body regions
than men.

However, a statistical analysis of the findings did not
indicate a correlation between the variations in both
groups’ body temperatures and their BMI. Because both
research groups showed similar levels of simple obesity as
measured by BMI, it enabled the authors to draw the
conclusion on the basis of literature on the subject that the
linear gradient of both groups with respect to each other
may result from the impairment of hypothalamus func-
tioning in subjects with trisomy 21.

The thermal imaging of subjects after general rehabili-
tation exercise showed a significant decrease in the tem-
peratures of all body regions in both groups. The greatest
decrease in surface temperatures was observed in the trunk
region of women and men with Down syndrome. At the
same time, the decline of temperatures in the lower limbs
region in women and the upper limbs region in men was
similar in the research group and the control group. Any
form of physical activity results in increased tissue meta-
bolism accelerating the transport of oxygen due to faster
blood circulation, which in turn increases the body tem-
perature as a consequence of producing heat by the
working muscles [29, 30]. If the body is subject to physical
or sports exercise, it is important to improve the ability of
removing excess heat from the organism (limiting the
increase of endogenous temperature and accelerating the
excretion of sweat), which makes it possible to continue
the effort [30, 31]. The efficiency of the thermoregulatory
mechanism is therefore an important element of the body’s
adaptation to physical exertion. Changes in body surface
temperatures in the wake of movement therapy, for
example, reflect the speed of removing endogenous heat
produced during the effort as well as the body’s ther-
moregulatory response aimed at maintaining its thermal
balance.

The general rehabilitation training used in this research
project resulted in a significant change in body tempera-
tures both in the group of people with DS and in the control
group. The distribution of temperatures confirmed earlier
research findings which demonstrate that skin covering
areas of the body with rich vascular network displays
greater heat than skin directly covering bone areas [32].
Such distribution of temperatures could be explained both
by the shape of the analyzed surface and by its thermal
inertia. Moreover, the internal organs situated in the trunk
and the abdominal cavity, whose functioning results in the
production of heat, contribute to maintaining a constant
increased temperature in these body regions [27]. The
analysis of temperature distribution in the research group
could indicate a correct functioning of the hypothalamus.
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However, it seems necessary to control the decrease of
temperature accompanying physical activity because peo-
ple with trisomy 21 exhibit greater sweating near the face
and neck and an impairment of this ability in response to
increased temperature in other body areas. Cocchi’s
research highlights the number of sweat glands in people
with DS in comparison with healthy individuals. In coun-
tries with higher average air temperatures, such as Italy or
the Sudan, the survival rate for people with DS is lower.
The reason for it is the fact that as temperature increases, so
does the body’s demand for oxygen. This triggers ther-
moregulatory processes based on faster heart rate, among
others, and since ca. 40% of people with trisomy 21 suffer
from innate cardiovascular diseases, the excessive burden on
the cardiovascular system leads to cardiopulmonary epi-
sodes that often cause the patient’s death. Numerous
genetically conditioned changes in the bodies of people with
DS probably influence not only their mental retardation, but
also the impaired ability of functioning and adapting to the
thermal changeability of the environment [24].

The effects of the subjects’ thermal response are also
visible in the process of restitution after general rehabili-
tation effort. Literature on the subject provides many
examples of short-term increase of temperature on the
basal values during restitution. It results from higher
warmth of skin caused by faster blood flows in the ana-
lyzed body regions [33].

In this research after 15-min restitution following gen-
eral rehabilitation exercise, temperatures returned to the
basal values, or slightly exceeded them, in all the body
regions of the subjects in the control group. The return was
very dynamic, which may indicate a quicker response of
the body to a thermal stimulus and may influence the
efficiency of the body’s thermal regeneration [34-36].

The analysis of findings concerning post-effort restitu-
tion in both groups revealed a greater increase in average
temperatures of all the body regions in the control group.
The biggest increase of temperature was observed in the
trunk region in both women and men, followed by upper
limbs and lower limbs. The same order was observed in
subjects with DS, although the increase was less dynamic.
However, the values of the analyzed parameters did not
reach the basal values, which may indicate an impairment
of thermoregulatory processes. Based on the findings of
other researchers, it is possible to explain the reasons for
the changes in temperatures during the restitution process.
The short-term increase in body temperatures on the basal
values as shown by the body’s thermal imaging map before
the training may result from the warming up of the skin
caused by faster blood flow after training [30].

Thus, in the therapy and rehabilitation of people with
DS, it is necessary to focus on the global character of the
applied effort as well as stimulation with physical stimuli,

taking into account the impaired functioning of the ther-
moregulatory mechanisms.

Conclusions

1. The surface body temperatures showed significant
differentiation depending on the analyzed regions of
the body in both groups.

2. In both groups, a statistically significant decrease in

surface body temperatures after general rehabilitation
exercise was observed in all the regions of the body; it
was highest in the trunk region in people with Down
syndrome.

3. In the group of healthy subjects, after 15-min restitu-

tion the body temperatures returned to the basal values
and even increased them significantly, whereas in the
group of people with Down syndrome, the body
temperatures did not return to the basal values. It could
indicate a greater efficiency of thermoregulatory
processes in the control group.
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Abstract

Purpose: The aim of the study was to evaluate the usefulness of thermography in the diagnosis of lymphedema.
Methods: The study included 43 women after axillary dissection caused by breast cancer, whose mean age was
64.4+7.8 years. The subjects were divided into two groups, with the criterion for division being the appearance
of secondary lymphedema. The size of lymphedema was verified by Limb Volumes Professional 5.0; body
surface temperatures were registered using a thermal camera.

Results: In the control group, the difference in the volume of the limb on the operated side and the contralateral
limb was 7.5+77.7mL (3.6%). The temperature on the nonoperated side tended to be higher than on the
opposite side. In the test group, the difference in size between the limbs was 54.5+312.7mL (29.3%). In the
case of mild or moderate edema, a reverse tendency was observed. While measuring the difference in the mean
surface temperatures of both limbs belonging to two groups, a significance of differences at the level of p=0.04
was observed. Moreover, a negative Spearman correlation coefficient (—0.34) was observed between the size of
secondary lymphedema and the surface temperature.

Conclusion: Noninvasive thermography can provide a valuable supplementary tool in the diagnostics of sec-

ondary lymphedema.

Keywords: lymphedema, thermography, surface temperature, breast cancer

Introduction

L YMPHEDEMA IS A chronic debilitating disease that never
remits spontaneously. It is often misdiagnosed, diag-
nosed too late, or completely untreated." Apart from consti-
tuting a health risk, it also negatively impacts on the
socioeconomic situation.” The disease affects more than 90
million people worldwide, especially in Asia and the Far
East. In developed countries, the primary cause of lymphe-
dema is radiation therapy, most often used during the treat-
ment of breast cancer, gynecologic cancers, prostate cancer,
cancers of the urinary system, head and neck, as well as
melanoma, sarcoma, and lymphoma.'

Secondary lymphedema develops as a result of abnormal
accumulation of lymph fluid in the tissue; as it progresses, the
extensibility of the subcutaneous tissue decreases. Apart
from changes in the volume or circumference of the affected
area, patients suffer from a feeling of heaviness, reduced
mobility, trophic changes in the skin, and recurrent cellulitis.
Consequently, it leads to the development of tissue fibrosis.*

One of the main factors affecting the effectiveness of
lymphedema treatment is the fast and correct diagnosis;

however, there are no commonly accepted standards in this
regard.” The most common methods of diagnostics include
circumference measurements, water displacement, tissue
tonometry, perometry, bioimpedance spectroscopy, contrast-
enhanced magnetic resonance lymphangiography, and in-
docyanine green lymphangiography.

Thermography is a medical imaging method that has been
used increasingly often in recent years. It is a completely safe,
noninvasive, and noncontact method that makes it possible to
determine the distribution of body surface temperatures,
which are often connected with the phg/siological or patho-
logical condition of tissues or organs.”

Thermal phenomena on the surface of the human body
result from metabolic changes in the subcutaneous tissue, the
blood supply to the tissue, thermal conductivity of the mus-
cular and adipose tissues, and the exchange of heat with the
environment through skin.”'® Morbidities, especially in-
flammations, change the heat flow rate, which results in a
large temperature gradient between the affected area and the
symmetrical body area.’” Thus, noncontact thermography can
provide excellent support for the traditional screening
methods. Moreover, due to the possibility of analyzing the

Departments of 'Physiotherapy in Motor Organ Dysfunctions and *Rehabilitation in Internal Medicine, Faculty of Physiotherapy,
University School of Physical Education in Wroctaw, Wroctaw, Poland.
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distribution of body surface temperatures, thermography can
be considered a supplementary method in the diagnostics of
lymphedema.®

This study was intended to assess the usefulness of ther-
mography in the diagnostics of lymphedema. It was assumed
that the temperature of surface tissues is connected with the
stage of lymphedema, and consequently that noncontact
thermography can be used as a method complementing other
diagnostic methods.

Test Group

The study included 43 women after axillary dissection
caused by breast cancer, whose mean age was 64.4t7.8
years. The average height was 159.8+5.6cm, and average
body weight was 74.8£10.9 kg. A total of 83.7% of the sub-
jects had undergone mastectomy, while 16.3% had had
breast-conserving surgery. Moreover, 51.2% of the research
participants had been subjected to radiotherapy, 55.8% had un-
dergone chemotherapy, and 48.8%—hormonal therapy. The
average time since the treatment was 7.9 6.3 years. The sub-
jects were divided into two groups, with the criterion for divi-
sion being the appearance of secondary lymphedema (detailed
analysis of the studied groups is presented in Tables 1 and 2).

The test group was also verified for the size of lymphe-
dema. In eight women it was mild (the size of the edema was
10%-20%), in eight—moderate (the size of the edema was
20%—-40%), and in four women—severe, with the size of the
edema greater than 40%.

The research was approved by the Senate Committee on
Ethics of Scientific Research at the University School of
Physical Education (June 28, 2007).

Informed consent was obtained from all individual par-
ticipants included in the study.

The authors of the research obtained consent from the
persons examined with the probe to participate in the re-
search.

Research Methods
Assessment of the size of lymphedema

In all the women, the circumference of both upper limbs
was measured at five points with the use of a measuring tape.
The first measurement was made at the height of the ulnar
styloid process, and the four subsequent measurements were
made at 10-cm intervals, beginning from the styloid process.
The examination was performed in the standing position,
with the upper limb held at a 90° angle and resting on wall
bars. The size of lymphedema, expressed in milliliters and as
a percentage, was obtained with the use of Limb Volumes

TABLE 1. DESCRIPTIVE CHARACTERISTICS
OF THE STUDIED GROUPS

Test group,  Control group,
Variable N=20 N=23 p
Age, years 64.4£8.6 64.4+£7.2 0.79
Body weight, kg 74.6112.3 74.8+9.8 0.80
Height, cm 159.2+4.5 160.2+6.4 0.63
Time since 9.4+6.8 9.2+58 0.78

treatment, years

DEBIEC-BAK ET AL.

TABLE 2. TREATMENT USED IN THE STUDIED GROUPS

2

Test group  Control group b4
Variable (N=20), % (N=23), %  Pearson—p
Mastectomy 75.0 91.3 0.14
Radiotherapy 70.0 34.8 0.02
Chemotherapy 70.0 43.5 0.08
Hormonal 50.0 47.8 0.88
therapy

Professional 5.0 software. To assess the severity of secondary
lymphedema, the following criteria were applied:

¢ no edema—below 10%

e mild edema—10%—-20%

e moderate edema—20%—-40%
¢ severe edema—above 40%

Registration of body surface temperatures

Body surface temperatures were registered with the use of
thermal camera ThermoVision FLIR SYSTEMS T335 con-
nected to a personal computer with the Therma CAM Re-
searcher 2.9 software installed. All the measurements were
made in identical conditions. The measurements of the
minimal, maximal, and average temperatures of a given body
area were taken in the standing position, from the front and
from the back side of the body, at a distance of 2 m. Before
making the thermograms, the patients remained without
outerwear for ~ 10 minutes to balance the body temperature.
A quantitative and qualitative analysis of the thermograms
was performed for 16 body regions (Fig. 1), for areas of the

FIG. 1. Description of measurement areas.
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TABLE 3. THE SIGNIFICANCE OF DIFFERENCES IN THE SIZE OF THE EDEMA
IN BoTH THE STUDIED GROUPS (KRUSKAL-WALLIS TEST)

Control group (1)

Mild edema (2)

Moderate edema (3) Severe edema (4)

Edema size 70.5£77.7mL 322.3+126.6 mL 614.8+136.7 mL 1098 +37.4 mL
3.6% 16.3% 29.8% 54.3%

1 p=0.02 p<0.01 p<0.01

2 p=0.02 p=1.00 p=0.35

3 p<0.01 p=1.00 p=1.00

4 p<0.01 p=0.35 p=1.00

upper limbs on the postoperative side and the contralateral
side (from the front and back).

For the needs of the statistical analyses, the results of the
front and back thermograms were averaged for the limb on
the operated side and the contralateral limb, so that two re-
sults were eventually compared.

Statistical analysis

The statistical analysis was performed using Statistica 10.0
software. Normality of distribution was verified with the
Shapiro—Wilk test, while Levene’s test was used to assess the
equality of variances. The Mann—Whitney U test was used to
determine whether two independent samples were selected.
The analysis for comparing multiple independent samples
was conducted on the basis of the Kruskal-Wallis test and
Dunnett’s test. Moreover, the chi-squared test was used, and
Spearman’s rank correlation was calculated. Results at a level
p <0.05 were considered to be statistically significant.

Results

In the control group, the difference in the volume of the
limb on the operated side and the contralateral limb was

7.5+77.7mL (3.6%), while in the test group, irrespective of
the size of edema, it was 54.5+312.7mL (29.3%) (p<0.01,
Mann-Whitney U test). The results for each size of the edema
are presented in Table 3.

Figure 2 shows the analysis of temperature distribution for
both upper limbs (the limb on the operated side vs. the con-
tralateral limb) in each group. In the control group, it was
observed that the temperature on the nonoperated side tended
to be higher than on the opposite side. In the test group,
particularly in the case of mild or moderate edema, a reverse
tendency was observed—the surface temperatures were
higher on the operated side, which was more edematous.
However, the differences were not statistically significant
(Mann—Whitney U test).

While measuring the difference in the mean surface tem-
peratures of both limbs in subjects belonging to the control
group and the test group, a significance of differences at the
level of p=0.04 was observed (Mann—Whitney U test, Fig. 3).

Regarding the size of secondary lymphedema, it was ob-
served that the average surface temperatures of the tested
upper limbs tended to increase in parallel to the size of
lymphedema, until the moderate size. In case of severe sec-
ondary lymphedema, the difference in surface temperatures

FIG. 2. Distribution of average body surface temperatures within both limbs for individual group.
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FIG. 3. The distribution of the difference in average surface temperatures for both groups.

decreased. The distribution of average body surface tem- Discussion

peratures in the tested limbs is shown in Figure 4, while

detailed data are presented in Table 4. Secondary lymphedema is a serious complication ob-
Moreover, a negative Spearman correlation coefficient served in patients treated for cancers; it is estimated to de-

(—0.34) was observed between the size of secondary lym-  velop in ~50% of patients undergoing lymphadenectomy. "

phedema and the surface temperature. Secondary lymphedema is considered to be a disease caused

FIG. 4. The distribution of average body surface temperatures in upper limbs in the studied groups depending on the size
of secondary lymphedema.
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TABLE 4. THE SIGNIFICANCE OF DIFFERENCES BETWEEN THE STUDIED GROUPS DEPENDING ON THE SIZE
OF SECONDARY LYMPHEDEMA WITH REGARD TO THE AVERAGE DIFFERENCE IN BODY SURFACE TEMPERATURES
oF UpPPER LiMBs (DUNNETT’S TEST)

Control group (1)

Mild edema (2)

Moderate edema (3) Severe edema (4)

Difference in temperatures, ° -0.09+0.4

0.11+0.2
p 0.23

0.2+0.3 0.05+£0.4
0.07 0.48

by damage to the lymphatic system, which is characterized by
a complex pathophysiological chain. At the early stages, the
deposition of interstitial fluid is obstructed as a result of
lymphostasis, which gradually leads to a chronic inflamma-
tory state of lymphatic vessels and their impairment; it results
in adipose tissue deposition and fibrosis."*'* All of this
leads to the classification of lymphedema as a chronic and
irreversible condition. The inflammation is an essential com-
ponent for the development of lymphedema, especially T
cell-mediated pathogenesis. Inflammatory cytokines have been
implicated in both the development of fibrosis and adipose
tissue deposition.'?

In the research, it was observed that surface temperatures
in the edematous limb tended to be higher, particularly vis-
ible in moderate edema. Moreover, the average difference in
surface temperatures between the control group and the test
group was significant. The results are compatible with the
previous research by Clodius et al.'"* Lymphedematous limb
was found to have an increased temperature up to 2°C. In
addition, the skin of the lymphedematous arm in ~70% of
the patients was found to be drier than the normal one.'*
Lymph stasis leads to chronic inflammation with destruction
of elastic fibers, stimulation of fibroblasts, keratinocytes, and
adipocytes, increased production of collagen, and accumu-
lation of glycosaminoglycans causing hypertrophy of the skin
and subcutaneous tissue.'> Ammer also reported higher skin
temperature on the edematous side (of about 0.02°C) com-
pared with the OPePOSite healthy side, but in this case only for
primary edema. ° However, for secondary lymphedema, in
women treated for breast cancer, lower skin temperature
in the swollen arm was reported, on average 1.3°C cooler
than the healthy side. Mean difference in circumference be-
tween the examined limbs was only 0.7 cm."'® According to
the accepted standards, such a difference does not indicate
lymphedema but only the latent stage of lymphedema de-
velopment without clinical symptoms.'® Stanton et al.
documented decreased skin blood flow in lymphedematous
arm, which may suggest a rather lower skin temperature.
However, this may be affected by lymphadenectomy that
directly results in lymph circulation disorder in the flow area
and in the initial stage of the edema development (latent
edema). This may affect the surface skin temperature.'” This
aspect might have influenced the differences between the
conducted researches.

The literature on the purposefulness of using thermo-
graphic methods emphasizes the possibility of fast analysis of
pathological processes in tissues by means of an increase in
temperature visible in thermograms. Registering hyperther-
mia in thermal examined areas can be caused by an inflam-
matory state.'® An inflammatory state is observed in the
initial stage of lymphedema and is defined as an essential
component for the development of lymphedema.'?

To estimate the dynamism of temperature changes in in-
flammatory states, the usefulness of the thermographic
method in the diagnostics and assessment of infrared emis-
sion of the soft tissues has been demonstrated even in the
initial stages of the inflammatory process.'®*°

A significant increase in temperature in comparison with
the contralateral area (without inflammatory state) is ob-
served in professional sportspeople after injuries to the active
motor organ of various etiologies.?' > Significant changes in
skin surface temperatures have been shown in tests of in-
flammatory states in dental surgery.”**

The data above indicate the usefulness of thermography in
the diagnostics of lymphedema. Thermographic screening
tests seem to be justifiable in the monitoring of changes in
patients exposed to a greater risk of developing lymphedema
due to prior cancer treatment, particularly in the latent stage
of lymphedema development, when there are no clinical
symptoms despite the ongoing changes in lymphatic vessels.

It is noteworthy that in the presented research, further
analysis indicated a decrease in body surface temperatures in
the severe stage of secondary lymphedema. Asymmetrical
distribution of body surface temperatures could be analyzed
from the point of view of hyperthermia. Reduced blood flow,
decreased muscle activeness, degeneration of soft tissues due
to prolonged damage, chronic tendon injury, and keloidal
scars manifest themselves in decreased surface temperatures
(hyperthermia) of the analyzed area.®*” Apart from signif-
icant limb edema, advanced stages of lymphedema lead to the
fibrosis of skin and subcutaneous tissue. Skin fibrosis is a
clinically serious pathological process of secondary lym-
phedema.?® Moreover, muscular dystrophy is caused by the
disposition of adipose tissue. The dysfunctional adipose tis-
sue and its secretion products can worsen lymphatic vessels’
function, aggravating lymph leakage and stagnation, which
can promote further adipose tissue deposition and fibrosis,
similar to what may happen in obesity.*"* It is assumed that
body composition (in particular the adipose content) and skin
thickness of the tested areas can serve the role of heat insu-
lators, and thus make heat dissipation more difficult. Due to
decreased heat conductivity and simultaneously greater vol-
ume of the insulator, the size of skin and fat folds and the
thickness of adipose tissue in the body provide insulation
barrier to heat conductivity. It can decrease the body’s ability
to effectively react to changes in the environmental temper-
ature. A correlation between temperature decrease and the
subjects’ body fat percentage was demonstrated by Debiec-
Bak et al.>* and Chudecka et al.>’

Analyses of the physiological mechanisms of body tem-
perature control conducted in recent years have generated a
broad diagnostic spectrum, both in treatment and physio-
therapy. The advancement of thermography makes it possible
today to precisely detect and locate thermal disorders
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characterized by increased or decreased body surface tem-
peratures. Injuries, disease processes, and their secondary
consequences cause changes in blood flow, and indirectly
affect the body surface temperature.>**? This method should
also be considered in the diagnostics of lymphedema.

Limitations

The above information appears to confirm the purpose-
fulness of using thermography not only in the early stages of
lymphedema development but also in the diagnostics of
lymphedema severity. To confirm the above procedures,
prospective research on a bigger research sample should be
conducted.

In addition, it is important to determine the specific eti-
ology of edema. Infection is a frequent sequel of edema and
causes increased capillary permeability. This aspect was not
included in the research, as in the history of lymphedema
development, skin infection was not recorded. The patients
did not report any complications or skin inflammation in the
edematous limb during the examination.

Conclusions

Noninvasive thermography may support a clinical diag-
nosis of lymphedema both within screening test models and
tests connected with structural changes connected with the
evaluation of the stage of lymphedema.
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