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SKROTY STOSOWANE W ROZPRAWIE:

(A)PR — (A)OP (active) prmitive reflex — (aktywne) odruchy pierwotne

ATNR — ATOS asymmetric tonic neck reflex — asymetryczny toniczny odruch szyjny
STNR - STOS symmetric tonic neck reflex — symetryczny toniczny odruch szyjny
TLR — TOB tonic labyrinthine reflex- toniczny odruch btednikowy

MOT 4-6 The Motor Proficiency Test for children aged 4-6 — test sprawnosci motorycznej dla dzieci
w wieku 4-6 lat

R — P right - prawy
L — L left - lewy
FLX — flex — zgiecie(-owy)

EXT — extend — wyprost(ny)



|. WSTEP
I 1. Forma rozprawy doktorskiej

Rozprawe doktorska tworza spdjnie tematycznie dwa oryginalne artykuly opublikowane

w czasopismach naukowych pod wspolnym tytutem

AKTYWNOSC ODRUCHOW PIERWOTNYCH W ODNIESIENIU DO FUNKCJI
SENSORYCZNYCH | MOTORYCZNYCH DZIECI W WIEKU PRZEDSZKOLNYM

I 2. Wykaz publikacji

Publikacje naukowe przedstawiono chronologicznie wedtug daty publikacji (autor/autorzy,

tytul, nazwa wydawnictwa, rok wydania):

1. Anna Pecuch, Ewa Gieysztor, Marlena Telenga, Ewelina Wolanska, Mateusz Kowal,
Malgorzata Paprocka-Borowicz.: Primitive Reflex Activity in Relation to the Sensory
Profile in Healthy Preschool Children.

International Journal of Environmental Research and Public Health, 2020, Vol.17
no.21 art.8210. doi:10.3390/ijerph17218210
IF: 3,390 Pkt. MEIiN: 140

2. Anna Pecuch, Ewa Gieysztor, Ewelina Wolanska, Marlena Telenga, Malgorzata
Paprocka-Borowicz.: Primitive Reflex Activity in Relation to Motor Skills in Healthy
Preschool Children.

Brain Sciences, 2021, Vol.11 no.8 art.967. doi.org/10.3390/brainsci11080967
IF: 3,394 Pkt. MEIN: 100

Sumaryczna punktacja MEIN rozprawy doktorskiej wyniosta 240 pkt. Sumaryczny Impact
Factor, zgodnie z rokiem opublikowania, wyniost 6,784. Peine teksty opublikowanych prac

przedstawiono w formie zatacznikow (zatgczniki nr 1-2).

W obu pracach miatam decydujacy wktad w ich powstaniu i redagowaniu (zar6wno na etapie
tworzenia koncepcji badania, planowania i przeprowadzenia badan, analizy wynikow oraz pisania
artykutéw). Za pracg Primitive Reflex Activity in Relation to the Sensory Profile in Healthy Preschool

Children zostata przyznana nagroda Rektora I stopnia za osiggni¢cia naukowe.

Do rozprawy dotaczono roéwniez o$wiadczenia wszystkich wspolautorow w/w prac
zespotowych z okresleniem indywidualnego wktadu kazdego z nich w jej powstanie (zatacznik nr 3-
7).



| 3. Definicja odruchow pierwotnych

Odruchy pierwotne (OP) ksztattuja si¢ w trakcie zycia ptodowego, a nastepie wyrazone sg
w postaci stereotypowych i mimowolnych reakcji ruchowych, obserwowanych u noworodkow
i niemowlat [Goddard-Blythe, 2005]. Odruchy te umozliwiajg niemowleciu zdobycie pierwszych
doswiadczen sensorycznych i ruchowych. Ich aktywnos$¢ jest konieczna m.in. w dla prawidtowego
przebiegu porodu fizjologicznego — przy przejsciu niemowlecia przez kanat rodny odruchy aktywuja
si¢ ijednoczesnie, sa one wzmacniane. Sg one takze podstawg do rozwoju funkcji zyciowych takich
jak ssanie, oddychanie i rozwdj motoryczny. Centrum lokalizacji odruchéw pierwotnych znajduje si¢
w nizszych osrodkach uktadu nerwowego tj. w pniu mozgu. Wraz z funkcjonalnym dojrzewaniem
uktadu nerwowego niemowlecia w pierwszych miesigcach zycia, obserwuje si¢ stopniowe zanikanie
ich aktywnos$ci. Odruchy pierwotne po wypekieniu swojej roli, ktora jest poczatkowa mozliwos¢
dostarczania i doswiadczania bodzcow, zostajg stopniowo zintegrowane poprzez funkcjonalne
dojrzewanie wyzszych pigter osrodkowego uktadu nerwowego. Centrum kontroli postawy
i koordynacji ruchowej znajduje si¢ w korze mézgowej i to, dzigki stale postgpujacej mielinizacji
komorek nerwowych, nastepuje rozwoj $wiadomej motoryki spontanicznej [Zafeiriou 2004; De Jager
2005].

Pierwsze reakcje ruchowe pojawiaja si¢ W pigtym tygodniu zycia plodowego i sg to
odruchowe reakcje cofania. W dziewigtym tygodniu zycia plodowego wyksztatca si¢ jeden
z pierwszych odruchéw pierwotnych - odruch Moro. Jest to reakcja zlozona z dwoch faz —
symetrycznego ruchu ramion w gore i na boki od ciata, ktory skoordynowany jest z wdechem oraz
nastgpujacego W drugiej fazie, przywiedzenia ramion z jednoczesnym wydechem (towarzyszy¢é moze
mu ptacz lub krzyk). Odruch ten umozliwia wykonanie noworodkowi pierwszego wdechu zycia i jest
reakcjg w wyniku ktorej nastgpuje pobudzenie wspdlczulnego uktadu nerwowego (wyrzut hormonow
stresu, hiperwentylacja, przyspieszenie akcji serca, wzrost ci$nienia krwi). Odruch ten, okoto
czwartego miesigca zycia, powinien zosta¢ zastgpiony odruchem wzdrygnigcia (Straussa) ktory
obecny jest u kazdego cztowieka przez cate zycie. Reakcja Moro jest odpowiedzig na pobudzenie
uktadu przedsionkowego oraz receptoréw prioproceptywnych w odcinku szyjnym. Jego ekspresje
wiaze si¢ takze z odpowiedzig na bodziec dzwigkowy oraz wzrokowy.

W jedenastym tygodniu zycia ptodowego wyksztatca si¢ odruch dtoniowo-chwytny (Palmara).
Jest to odruch, ktory w peini wyksztalconej formie (w momencie narodzin) wyraza si¢ poprzez
zaci$niecie dloni, jako odpowiedz na bodziec dotykowy w jej obszarze. Odruch ten umozliwia dziecku
zaci$niecie dloni. Wraz z uptywem czasu odruch ten powinien zosta¢ stopniowo wyhamowany
poprzez rozwoj bardziej zlozonych umiejetnosci manualnych. W dwudziestym tygodniu zycia
ptodowego pojawia sie drugi odruch skorny opisany w niniejszej pracy - odruch grzbietowo-skorny
Galanta. Jest to reakcja ruchowa tulowia (ruch uniesienia biodra i wygigcie si¢ ciata w tuk

W plaszczyznie czotowej) W odpowiedzi na stymulacje skory plecow wzdtuz kregostupa. Odruch ten



jest silnie aktywny i wzmacniany w trakcie porodu (zapewnia dziecku mozliwo$¢ ruchéw bocznych).
Odruch ten poczatkowo zapewnia utrzymanie rownowagi w trakcie nauki pelzania i czworakowania.
Powinien ulec stopniowemu wygaszeniu Wraz z rozwojem pozycji pionoweyj.

Wsréd odruchéw pierwotnych wyrdznia si¢ takze m.in. trzy odruchy toniczne. Sa to toniczny
odruch btednikowy (TOB), asymetryczny toniczny odruch szyjny (ATOS) oraz symetryczny toniczny
odruch szyjny. Sg to odruchy ktorych ekspresja $cisle zwigzana jest z pobudzeniem i ksztattujaca si¢
dzigki temu, prawidlowa pracg uktadu przedsionkowego. TOB i ATOS ksztaltujg si¢ w ciagu zycia
ptodowego, za§ STOS po urodzeniu. Wszystkie trzy odruchy sa odpowiedzig ciala na ruch gltowy.
Schemat ruchowy ATOS-u jest odpowiedzig na ruch obrotu glowy w prawg lub lewg strong. Po
stronie twarzowej obserwuje si¢ wowczas wyprost konczyny gornej i dolnej, zas po stronie potylicznej
ich zgiecie. Odruch ten umozliwia niemowleciu do$wiadczenie schematu ruchowego wyciagniecia
reki w strong w ktora zwrdcona jest twarz, w wyniku ktorego nabywa ono umiejetnosci siggania po
przedmiot i przyciggania go do siebie, Niemowle uczy si¢ wowczas nowej, waznej umiejgtnosci
ruchowej jaka jest praca w linii §rodkowej ciala. Jest to jednocze$nie proces stopniowego wygaszania
asymetrycznego odruchu szyjnego. W przypadku TOB i STOS za odpowiedz ruchowa ciata
odpowiada ruch zgigcia gtowy w przod i w tyt (wyprost). W schemacie ruchowym TOB ruch glowy
w przod (zgigcie) generuje pozycje zgigciowa calego ciata i konczyn, za$ jej wyprost reakcje
wyprostng tutowia i koniczyn. Odruch ten, podobnie jak odruch Galanta, pelng aktywno$¢ osiaga przy
porodzie i jest kluczowy dla jego prawidlowego przebiegu. W schemacie ruchowym STOS zgiecie
glowy powoduje ugiecie ramion, przy jednoczesnym wyproscie konczyn dolnych. Wyprost glowy
generuje reakcje odwrotng, a zatem wyprost konczyn gérnych oraz zgigcie konczyn dolnych. STOS
jest podstawa do osiggnigcia przez niemowle pozycji czworaczej i stopniowo integruje si¢ poprzez

dalszg aktywno$¢ w tej pozycji.

| 4. Definicja odruchow niewyhamowanych/aktywnych odruchéw pierwotnych

Kazdy z odruchéw ma za zadanie wyposazy¢ dziecko w poczatkowe doswiadczenia
sensomotoryczne i jednocze$nie przygotowac je do osiagniecia dojrzalszych i bardziej zlozonych
umiejetnosci ruchowych. Jesli aktywnos$¢ ktorego$ z odruchow zauwazalna jest po za czasem jego
fizjologicznego wystgpowania wowczas opisane schematy odruchowe moga niekorzystnie wptywaé
na ksztaltowanie si¢ dojrzatych reakcji rownowaznych, motorycznych i sensorycznych. Obecno$é
pierwotnych reakcji odruchowych, poza okresem ich fizjologicznego wystepowania, jest zjawiskiem
$wiadczacym o niedojrzatosci w funkcjonowaniu uktadu nerwowego. Ich wystepowanie, w pelnej
formie po za okresem fizjologii, charakterystyczne jest dla dzieci z uszkodzeniem OUN, u ktorych
wybrane OP mogg utrzymywac sie przez cate zycie w wygorowanej formie [Sigafoos i wsp., 2021;
Kawakami, 2013]. U dzieci w wieku przedszkolnym, bez patologii w strukturze i funkcjonowaniu

OUN, ,,sladowa” obecno$¢ OP moze przybiera¢ roézny stopien nasilenia. Wedtug literatury przedmiotu



najczesciej badane sg one w kategoriach lekkiego i umiarkowanego stopnia nasilenia oraz znacznego
i bardzo znacznego (maksymalnego). Odruchy wyrazone w stopniu lekkim i umiarkowanym maja
szans¢, w raz z wiekiem i dojrzewaniem dziecka, ulec samoistnej i catkowitej integracji. Moga one
jednak podobnie jak odruchy wyrazone w stopniu znacznym i najwyzszym utrzymywac si¢, a ich
niewyhamowana obecno$¢ skutecznie zaktocaé rozwoj psychoruchowy dziecka. Aktywnos$¢ odruchow
przejawia si¢ w postaci napigé¢ i ruchow mimowolnych. W publikacji Primitive Reflex Activity in
Relation to the Sensory Profile in Healthy Preschool Children mechanizm ten zostal ukazany na
przyktadzie przetrwalej reakcji ATOS. W schemacie reakcji asymetrycznego tonicznego odruchu
szyjnego, skret gtowy dziecka powoduje odruchowe napigcie (aktywno$¢é wyprostng) konczyny gornej
i/lub dolnej po stronie twarzowej. Po stronie potylicznej nastgpi¢ moze odruchowa aktywno$é
zgigciowa konczyn. W sytuacji gdy ruch glowy generuje odruchowe napiecie W konczynach, dziecko
przedszkolne zmuszone jest do zwigkszonej kontroli swojego ciata oraz wzmozonego wysitku
w trakcie wykonywania codziennych czynno$ci [Goddard-Blythe, 2009; Konicarova, 2013;
McPhilips, 2007]. Zaobserwowano iz w przypadku przetrwatej reakcji ATOS, jego aktywno$¢ moze
utrudnia¢ np. jazde¢ na rowerze gdzie ruch glowy do boku moze powodowaé skret kierownicy
(spowodowany aktywnoscig zgieciowa i wyprostng konczyn gornych w odpowiedzi na bodziec jakim
jest skret glowy). Niewyhamowane odruchy pierwotne u dzieci przedszkolnych moga by¢ przyczyna

0golnej niezgrabnos$ci ruchowej i braku ptynnosci wykonywanych ruchow.

| 5. Epidemiologia i znaczenie wystepowania aktywnych odruchéw pierwotnych dla rozwoju
dziecka przedszkolnego

Z dotychczas opublikowanych badan wynika, iz wystgpowanie niezintegrowanych odruchow
pierwotnych w populacji dzieci przedszkolnych jest zjawiskiem powszechnym. W literaturze
przedmiotu wystepowanie przynajmniej jednego niewyhamowanego odruchu u dzieci w wieku
przedszkolnym odnotowane jest na poziomie 89% [Gieysztor i wsp., 2018] do 100% [Hickey
i Feldhacker, 2021] grupy badanej. Wartosci te istotnie zmniejszaja si¢ wraz z wiekiem dzieci
[Gieysztor et al. 2017] — u dzieci w wieku wczesnoszkolnym wykazano istotnie lepszy poziom
integracji odruchéw w stosunku do dzieci przedszkolnych. Wedtug badan u dzieci w wieku szkolnym
aktywne odruchy pierwotne wystepujg u 48% [Goddard-Blythe, 2005] - 55% [Grzywniak, 2010]
populacji, gtéwnie na poziomie niskim i umiarkowanym. Dotychczas opublikowane badania
w aspekcie wystgpowania OP w populacji dzieci przedszkolnych i wczesnoszkolnych przeprowadzone
zostaly z udzialem stosunkowo mato licznych grup. Niniejsza praca miata réwniez m.in. na celu
zbadanie zjawiska wystepowania OP w wigkszej grupie populacyjnej, a tym samym pomoc
w ustaleniu rozktadu nasilenia niewyhamowanych odruchéw pierwotnych. Celem posrednim pracy
byto takze odpowiedzenie na pytanie u jakiej czeSci populacji dzieci w wieku przedszkolnym

obecno$¢ OP rzeczywiscie stanowi problem wymagajacy podjecia dziatan terapeutycznych oraz czy



ich nieznaczna obecno$¢ moze by¢ uznana za pewnego rodzaju ,,niedojrzalo$¢” mieszczacy sie
w granicach fizjologii.

W literaturze przedmiotu problem wyst¢gpowania odruchoéw pierwotnych (OP) poruszany jest
glownie w konteks$cie dzieci z MPDz, zespotem Downa, ADHD lub zespotem Aspergera [Sigafoos
i wsp., 2021]. Poczatkowo problematyka wystgpowania OP wsrod zdrowych dzieci w wieku
przedszkolno-szkolnym byla badana i1 opisywana w literaturze naukowej gltownie zwiazku
z trudnosciami w nauce czytania i pisania [McPhilips i Jordan-Black, 2007; Bilbilaj, 2017],
koncentracji uwagi i zapamigtywaniu [Taylor 2004; Konicarova i wsp., 2013; Hazzaa i wsp., 2021].
W ostatnich  latach  opublikowano réwniez badania opisujace zwigzek  wystgpowania
niewyhamowanych odruchéw pierwotnych w kontekécie zaburzen mowy [Matuszkiewicz
i Gatkowski, 2021] oraz ich znaczenia dla postawy [Gieysztor i wsp., 2018] i sprawno$ci motorycznej
[Gieysztor i wsp., 2018]. Aktywnos¢ odruchow moze rowniez generowac trudnosci emocjonalne oraz
wystepowanie u dziecka zachowan trudnych i niewtasciwych spotecznie [Taylor, 2004]. Obecnosci
OP moga towarzyszy¢ takze zaburzenia integracji sensorycznej. Ustalenie przyczyn zaburzen
psychomotorycznych obserwowanych przez rodzicow i nauczycieli u dzieci w wieku przedszkolno-
szkolnym wymaga holistycznego spojrzenia i wieloptaszczyznowej analizy. W sytuacji gdy na etapie
edukacji przedszkolnej badZz wczesnoszkolnej, dziecko nie radzi sobie z zadaniami szkolnymi,
wymagajacymi dobrej sprawnosci w aspekcie koordynacji nerwowo-migsniowej jest to sygnat do tego
by zbadaé je rowniez pod katem dojrzatosci neuromotorycznej, a tym samym obecnosci aktywnych
odruchéw pierwotnych. Badanie dzieci w wieku przedszkolnym pod katem wystepowania u nich
aktywnych OP moze przyczyni¢ si¢ do wczesnego wyeliminowania trudno$ci w dalszym procesie

edukacyjnym oraz zyciu spotecznym, ktérych odruchy mogg by¢ przyczyna.

I 6. Postepowanie terapeutyczne u dzieci z OP

W obliczu problemu wystgpowania OP wsrdd dzieci przedszkolnych Instytut Psychologii
Neurofizjologicznej INPP opracowal zestaw ¢wiczen wspierajacych integracje odruchow pierwotnych.
Sa to ¢wiczenia opierajace si¢ na sekwencjach ruchowych przeciwnych do generowanych przez
mechanizm odruchow. Sa one przewidziane dla dzieci z nieznacznymi lub umiarkowanymi
problemami wygenerowanymi obecno$cig niewyhamowanych odruchéw pierwotnych [Goddard-
Blythe, 2005]. Cwiczenia te mozna wykonywaé z dzie¢mi indywidualnie lub w matych grupach (np.
na terenie przedszkola). Prowadzi¢ je moze osoba ktora ukonczy w tym celu odpowiednie szkolenie.
Cwiczenia te nie s3 w zadnym stopniu szkodliwe dla dzieci, a ich regularne wykonywanie moze
przyczyni¢ si¢ do poprawy umiejetnosci rownowazno-koordynacyjnych oraz koncentracji uwagi. Dla
dzieci z licznie wyrazonymi odruchami w wysokim stopniu przewidziana jest terapia indywidualna
prowadzona przez odpowiednio wykwalifikowanego terapeute. Istnieja rowniez inne koncepcje

terapeutyczne wygaszania aktywnych odruchow pierwotnych m.in. z wykorzystaniem technik



manualnych w trakcie pracy pacjentem. Metodologie oraz terapie stuzaca integracji odruchow
pierwotnych opracowatla rowniez Svetlana Masgutowa [Pilecki, Masgutova i wsp., 2012]. Dotychczas
ukazaty si¢ nieliczne publikacje naukowe w ktorych podjeto proby przeprowadzenia interwencji,
polegajacych na roznego rodzaju dziataniach terapeutycznych, wcelu wyhamowania
niezintegrowanych odruchéw pierwotnych. Na uwage zastuguja m.in. badania [Grzywniak, 2017;
Grigg i wsp., 2018; Melillo i wsp., 2020; Wagh i wsp., 2019]. Obecnos¢ odruchdéw pierwotnych
obserwuje si¢ takze u oso6b dorostych [Bruijn S.M. i wsp., 2013]. Jesli obecnosci niewyhamowanych
odruchéw pierwotnych zaktoca sprawne funkcjonowanie codzienne terapi¢ integracji odruchow

mozna przeprowadzi¢ na kazdym etapie wickowym.

Il. CEL PRACY
11 1. Cel gléwny

Ponizsza praca ma na celu ukaza¢ zjawisko wystgpowania aktywnych odruchéw pierwotnych
u dzieci w wieku przedszkolnym oraz ich znaczenie dla funkcjonowania dziecka w obszarze
sensomotorycznym.

W obu artykutach ukazano jakim trudno$ciom oraz zaburzeniom sensorycznym
i motorycznym dziecka towarzysza aktywne odruchy pierwotne. W badaniach okreslono takze stopien
nasilenia aktywnych odruchow pierwotnych w populacji dzieci przedszkolnych.

II 2. Cele szczegolowe

Obie prace mialy na celu dostarczy¢ informacji, jak w grupie dzieci przedszkolnych
przedstawia si¢ wystepowanie OP oraz jakie konsekwencje moga z nich wynikac.
e W publikacji pt.: Primitive Reflex Activity in Relation to the Sensory Profile in Healthy
Preschool Children celem pracy byla ocena aktywno$ci odruchow pierwotnych u dzieci
w grupie przedszkolnej wzgledem ich profilu sensorycznego.
e W publikacji pt.: Primitive Reflex Activity in Relation to Motor Skills in Healthy Preschool
Children celem pracy byta ocena aktywno$ci odruchow pierwotnych u dzieci w grupie

przedszkolnej wzgledem ich umiejetnos$ci motorycznych.

1. HIPOTEZY
1. Aktywne odruchy pierwotne u dzieci w wieku przedszkolnym maja wptyw na funkcje
sensoryczne i motoryczne.
2. Podwyzszonemu poziomowi aktywnych odruchow pierwotnych towarzysza zauwazalne
zaburzenia w obszarze funkcjonowania sensomotorycznego.
3. Wystepowanie aktywnych odruchéw pierwotnych w stopniu niskim i umiarkowanym u dzieci

w wieku przedszkolnym jest zjawiskiem powszechnym.
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IV. MATERIAL I METODY BADAWCZE

Na przeprowadzenie badan zostata wydana zgoda Nr KB-626/2018 (zat.8). Temat rozprawy
doktorskiej zostal nieznaczne zmieniony w podzniejszym czasie od uzyskania zgody, jednak

metodologia i podstawowe zatozenia badawcze pozostaty bez zmian.

Dokonano krytycznego przegladu literatury w zakresie tematyki rozprawy. Odbyt si¢ on
Z wykorzystaniem bazy biblioteki Uniwersytetu Medycznego oraz przy uzyciu wyszukiwarek
naukowych takich jak PubMed, Google Scholar. W przegladzie literatury szczegdlnie wzigto pod
uwage prace badawcze do pordwnania z wtasnymi wynikami badan. Znaczna Uwage przeznaczono na
opis i odniesienia do literatury opublikowanej w ostatnim dziesigcioleciu. W opisie przedmiotu oparto
si¢ rowniez na literaturze o charakterze przegladowym. Wszystkie zastosowane testy diagnostyczne
zostaly przeprowadzone w sposob zgodny z literaturg przedmiotu oraz tak by mozna byto uzy¢ ich do

celow poréwnawczych.

IV 1. Osoby badane

W artykule Primitive Reflex Activity in Relation to the Sensory Profile in Healthy Preschool
Children badaniami objeto grupe 44 dzieci w wieku przedszkolnym (od 4 do 7 lat). Srednia wicku
w danej grupie stanowita 4,8 lat (+0,98). Grupa badana liczyta 28 dziewczat oraz 16 chlopcow.
Rekrutacja do badan odbywata si¢ na terenie dwoch placowek przedszkolnych z Dolnego Slaska.
Gtownym kryterium wiaczenia do grupy badanej byt wiek dziecka, brak przeciwwskazan medycznych
do udziatu w badaniach oraz pisemna zgoda rodzica/opickuna na udzial w badaniach. Kryterium
wykluczenia z grupy badanej stanowily: niepelnosprawnos¢ motoryczna lub intelektualna dziecka,
a takze opinia psychologiczno-pedagogiczna o specjalnych potrzebach edukacyjnych.

W artykule Primitive Reflex Activity in Relation to Motor Skills in Healthy Preschool Children
do badan wiaczono 112 dzieci w wieku przedszkolnym. Grupa liczyta 63 dziewczat i 49 chtopcow.
Srednia wieku grupy wynosita 4,65 (£0,88) roku. Gtownym kryterium wiaczenia do grupy badanej byt
wiek dziecka, brak przeciwwskazan medycznych do udzialu w badaniach oraz pisemna zgoda
rodzica/opiekuna na udziat w badaniach. Kryteria wykluczenia obejmowaly potwierdzong pisemnie
niepeosprawnos$ci motoryczng lub intelektualng dziecka (np. porazenie mozgowe lub autyzm) oraz

diagnoza psychologiczno-pedagogiczna o specjalnych potrzebach edukacyjnych.

IV 2. Metody badawcze

Testy stosowane do oceny wystepowania aktywnych odruchéw pierwotnych u dzieci zostaty

wykonane wedhug ,,Zestawu testowego dla dzieci w wieku 4-7 lat” autorstwa Sally Goddard-Blythe
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(INPP, Chester, Wielka Brytania). Badanie przeprowadzaty zawsze dwie, te same osoby, ktore
ukonczyly szkolenie uprawniajgce je do oceny odruchow pierwotnych. Odruchy oceniane byty wedtug
pigciostopniowej skali (od 0 do 4) gdzie 0 oznaczato brak aktywnosci odruchoéw za$ 4 maksymalna
aktywno$¢ odruchow. Suma punktow uzyskana w badaniu odruchow przeliczona zostata
proporcjonalnie na poziom aktywno$ci odruchow, ktory nastgpnie zostal uwzgledniany w dalsze;j
analizie statystycznej. W obu publikacjach, w podrozdziatach po§wigconych metodologii badan zostat
szczegotowo omowiony sposob badania poszczegdlnych odruchéw. Pozycje wyjsciowe do badan
odruchow ukazane zostaly na zdjeciach. Kazdy odruch badany byt minimum dwukrotnie, jesli istniaty
rozbieznosci badanie wykonywane bylo po raz trzeci. W trakcie badan odruchéw tonicznych oraz
odruchu Moro dzieci miaty zamknigte oczy. W trakcie badan odruchow skoérnych oczy dzieci byly
otwarte.

W artykule Primitive Reflex Activity in Relation to the Sensory Profile in Healthy Preschool
Children dzieci zostaly przebadane pod katem wystepowania u nich szesciu odruchow pierwotnych
takich jak: ATOS, STOS, TOB, odruch dioniowo-chwytny Palmara, odruch skérny Galanta oraz
odruch Moro. Rodzice dzieci wypehiali takze karte oceny przesiewowej Profilu Sensorycznego
Dziecka. Oceniane w niej byty aspekty takie jak dyspraksja, nadreaktywno$¢ dotykowa, poszukiwanie
wzrokowo-czuciowo-przedsionkowe, poszukiwanie czuciowo-przedsionkowe, zaburzenia posturalne,
nadreaktywno$¢ przedsionkowa, poszukiwanie we¢chowo-Czuciowo-smakowe oraz nadreaktywnos¢
stuchowa. W Kazdej kategorii zostata obliczona suma punktoéw, a wyniki zostaly ukazane
w procentach. Dodatkowo autorzy badania uznali, iz uzyskanie wyniku powyzej 25% tacznej sumy
punktéw moze $wiadczy¢ o podwyzszonym poziomie zaburzen sensomotorycznych.

W artykule Primitive Reflex Activity in Relation to Motor Skills in Healthy Preschool Children
do badan wilaczono 112 dzieci w wieku przedszkolnym. Dzieci zostaty zbadane pod katem trzech
odruchéw tonicznych (ATOS, STOS oraz TOB). Ich umiejetnosci motoryczne zostaty ocenione za
pomocg testu MOT 4-6. Test ten zawiera 18 prob ruchowych (17 testow podlegajacych ocenie oraz
jednej proby startowej, nie podlegajacej ocenie) wraz z proba startowag nie podlegajaca ocenie)
oceniajgcych m.in. aspekty rownowazne, koordynacyjne oraz motoryke mata. Zadania zostaly
ocenione zostaly wedtug trzystopniowej skali ocen, gdzie 0 oznaczato brak ukonczenia zadania, 1 iz
zadanie zostalo wykonane czgsciowo poprawnie, zas 2 iz dana umiejetnos¢ ruchowa jest w pelni
opanowana. Laczny wynik koncowy testu wynosit 34 punkty. Im wyzszy wynik osiggneto dziecko,
tym wyzszy poziom umiej¢tnosci ruchowych prezentowato. Suma koncowa punktow zostata takze
przeniesiona na pieciopunktowa skale opisujaca rozwdj dziecka jako wybitny, bardzo dobry,
normalny, op6zniony i znacznie opozniony.

Gléwnym ograniczeniem badawczym byl brak obiektywnego narzedzia pomiarowego oceny
aktywnosci odruchéw pierwotnych. Odruchy oceniane byly dwukrotnie, a w przypadku watpliwos$ci
trzy krotnie przez dwoéch tych samych przeszkolonych ku temu badaczy. W celu obiektywizacji

uzyskiwanych wynikow zastosowano pigciostopniowa skalg oceny odruchéw wedlug metodologii
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zaproponowanej przez INPP Polska, jednak wcigz badanie obarczone byto ryzykiem subiektywnej
oceny badacza. Nalezy rowniez podkresli¢, iz zastosowanie kwestionariusza do oceny zagrozenia
deficytami sensorycznymi dostarczyto przesiewowych informacji o ryzyku wystapienia zaburzen.
W celu precyzyjnego, indywidualnego badania dziecka nalezatoby rozszerzy¢ badanie o peing

diagnostyke stopnia integracji sensorycznej.

IV 3. Metody statystyczne

W artykule Primitive Reflex Activity in Relation to the Sensory Profile in Healthy Preschool
Children analize statystyczng przeprowadzono przy uzyciu IBM SPSS Statistics w wersji 25. Dla
wszystkich danych ilosciowych obliczono statystyki opisowe (Srednie arytmetyczne i odchylenie
standardowe). Rozktad danych wyznaczono testem Shapiro-Wilka. W celu zbadania Kkorelacji
pomigdzy wynikami poziomu aktywnosci odruchowej, a wynikami profilu sensorycznego dla
poszczegolnych kategorii wykonano obliczenia regresji liniowej (oszacowane metoda najmniejszych
kwadratow) oraz obliczono wspdtczynnik determinacji R-kwadrat. R6znice w poziomie aktywnosci
odruchéw pierwotnych migdzy dziewczgtami ichlopcami zostaly okre§lone za pomocg testu
U Manna—Whitneya. Poréwnania w grupach wiekowych przeprowadzono za pomoca testu ANOVA.
Do interpretacji analiz przyjeto poziom istotnos$ci statystycznej p < 0,05.

W artykule Primitive Reflex Activity in Relation to Motor Skills in Healthy Preschool Children
analize statystyczng przeprowadzono przy uzyciu programu Statistica w wersji 13.0. Dla danych
antropometrycznych obliczono statystyki opisowe ($rednie arytmetyczne i odchylenie standardowe).
Rozktad danych wyznaczono testem Shapiro-Wilka. Stwierdzono, ze rozktad danych dla wynikow
MOT byt normalny, za$ rozktad dla wynikéw poziomu aktywnosci odruchéw niestandardowy. Zostat
okreslony wspotczynnik korelacji Pearsona migdzy koncowym wynikiem MOT, a sumg punktow za
wszystkie odruchy oraz poziomem aktywno$ci odruchow. Zwigzek migdzy wiekiem, poziomem
odruchéw, a sprawnoscia motoryczng badano za pomoca regresji wielokrotnej. Obliczenia regresji
liniowej przeprowadzono w celu oceny wptywu wieku i ptci na wyniki MOT 4-6 (GLM — ogdlny
model liniowy). Réznice migdzy wynikami odruchéw dla chtopcéw i dziewczat zostaty okreslone
testem U Manna-Whitneya. Sprawdzono réowniez korelacje BMI z wynikiem koncowym MOT 4-6

oraz aktywnos$ciag odruchow. Do interpretacji analiz przyjeto poziom istotno$ci statystycznej p < 0,05.

V. OMOWIENIE CYKLU PUBLIKACJI

W obu publikacjach naukowych, stanowiacych niniejsza prace doktorska, ukazany zostat
dotychczasowy stan wiedzy na temat wystepowania OP w populacji dzieci przedszkolnych
i szkolnych. W obu artykutach zwrocono uwage na to, iz dotychczas tematyke aktywnych odruchow

pierwotnych (zwanych rowniez w literaturze odruchami przetrwalymi, z angielskiego za$ primitive lub
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primal) u dzieci w wieku przedszkolnym i wczesnoszkolnym badano glownie w kontek$cie
problemow w nauce. Zjawisko wystepowania OP u dzieci w wieku przedszkolnym oraz ich znaczenie
dla rozwoju sensomotorycznego nie zostato dotychczas wystarczajaco zbadane, dlatego temat ten
zostal podjety w niniejszej pracy doktorskiej. We wstepie obu prac zostata przyblizona tematyka
wystepowania odruchdéw pierwotnych w kontekscie ich istotnosci dla okresu niemowlgcego oraz ich
znaczenia dla dalszego rozwoju. Ukazano, iz prawidlowy schemat ich narastajacej aktywnosci,
a nastgpnie wygaszanie si¢ (Wwyhamowywanie, integracja) odruchow pierwotnych we wiasciwym
czasie ma znamienne znaczenie dla ksztaltowania si¢ odruchéw posturalnych oraz dalszych
umiejetnosci motorycznych. Zwrocono uwage takze na fakt, iz u dzieci z przetrwale aktywnymi
odruchami pierwotnymi mozliwa jest takze nieprawidlowa percepcja i modulacja bodzcow
sensorycznych. Zagadnienie prawidlowego funkcjonowania i pracy zmystow rowniez nie zostalo
dotychczas wystarczajaco zbadane w kontekscie wystepowania u dzieci aktywnych odruchow
pierwotnych.

W prezentowanej pracy Anna Pecuch, Ewa Gieysztor, Marlena Telenga, Ewelina Wolanska,
Mateusz Kowal, Matgorzata Paprocka-Borowicz. Primitive Reflex Activity in Relation to the Sensory
Profile in Healthy Preschool Children. (Int. J. Environ. Res. Public Health, 2020) zaprezentowano
wyniki dotyczace oceny profilu sensorycznego dziecka, dokonanej przez rodzicow badanych dzieci,
w odniesieniu do zbadanej u nich aktywnosci odruchow pierwotnych. Postawiono hipoteze,
iz podwyzszonemu poziomowi odruchéw pierwotnych towarzysza zaburzenia Sensoryczne,
obserwowane na co dzien przez rodzicow dzieci. W grupie badanej zaobserwowano co najmniej jeden
przetrwaty odruch 97,7% u dzieci. U znacznej cze$ci grupy odruchy te byly wyrazone w stopniu
niskim (u 40,9%) lub umiarkowanym (u 43,2%). Podwyzszony poziom aktywno$ci odruchéw
zaobserwowano u 13,6%. W badaniach dotyczacych profilu sensorycznego wykazano, iz u 6,8%
dzieci rodzice nie zaobserwowali zadnych nieprawidtowosci sensorycznych. U 81,8% rodzice
obserwowali zaburzenia na poziomie od 2-24% oceny koncowej. U 11,4% dzieci rodzice obserwowali
zaburzenia na poziomie réwnym lub wyzszym niz 25% Iacznej sumy punktéw mozliwej do uzyskania
w badaniach. Badania wykazaly istotng zalezno§¢ migdzy uzyskiwaniem wyzszego wskaznika
aktywnos$ci odruchow, a zaburzeniami w kategoriach takich jak dyspraksja, problemy posturalne oraz
poszukiwanie czuciowo-przedsionkowe i wzrokowo-czuciowo-przedsionkowe, a takze poszukiwanie
wechowo-czuciowo-smakowe. Zaleznosci te zostaly okreslone za pomoca wspotczynnika determinacji
R-kwadrat. W okresleniu relacji wskaznik aktywno$ci odruchéw, a zaburzenia sensoryczne,
najwyzszy wynik wskaznika R-kwadrat zostat odnotowany w przypadku dyspraks;ji (0,771, p=0,0005),
poszukiwania czuciowo-przedsionkowego (0,642, p=0,0031) oraz zaburzen posturalnych (0,456,
p=0,0037). Na podstawie ponizszych wynikow postawiono wniosek, iz jedng z przyczyn problemow
takich jak trudnosci zwiagzane z koordynacja ruchowa, poczuciem rownowagi oraz ulozenia ciata
W przestrzeni oraz ogoélna niezgrabnos$¢ ruchowa zauwazane przez rodzicow, moze by¢ obecnosé

wigkszej ilosci odruchow pierwotnych niezintegrowanych w znacznym lub umiarkowanym stopniu.
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Podwyzszony wskaznik aktywno$ci odruchow pierwotnych wystapit u 13,6% dzieci. Trudnosci
sensoryczne obserwowane przez rodzicow w stopniu uznanym przez autorow za $§wiadczacy o ich
alarmujaco podwyzszonym stopniu (gdy wynik dziecka przekraczat 25% ogdlnego wyniku testu)
wystepowaly u okoto 11% dzieci. Dane te pokrywaja si¢ z badaniami [Ahn i wsp.; 2004] dotyczacymi
populacji dzieci w wieku przedszkolnym w aspekcie zaburzen sensorycznych. Dajg takze podstawy do
sformutowania wnioskow, iz W populacji dzieci przedszkolnych podwyzszony poziom OP oraz
obserwowane zaburzenia sensoryczne takie jak dyspraksja, zaburzenia posturalne i przedsionkowe sa
od siebie zalezne. Wykazano rowniez iz dziewczeta uzyskuja statystycznie nizsze wyniki w sumie
punktéw za odruchy pierwotne niz chtopcy. Dziewczeta prezentowaty rowniez istotnie nizszy poziom
zaburzen sensorycznych w kategorii poszukiwanie czuciowo-przedsionkowe.

W pracy Anna Pecuch, Ewa Gieysztor, Ewelina Wolanska, Marlena Telenga, Matgorzata
Paprocka-Borowicz. Primitive Reflex Activity in Relation to Motor Skills in Healthy Preschool
Children. (Brain Sci. 2021) zaprezentowano wyniki oceny Sprawno$ci motorycznej dzieci W wieku
przedszkolnym wzgledem aktywnosci trzech wybranych tonicznych odruchow pierwotnych (ATOS,
STOS i TOB). Postawiono hipotezg, iz podwyzszonej aktywnosci odruchéw pierwotnych towarzyszy¢
bedzie obnizona sprawnos¢ motoryczna. Postawiono rowniez pytanie czy wiek i pte¢ maja znaczenie
dla aktywnosci odruchéw oraz sprawnosci motorycznej. W grupie badanej zaobserwowano co
najmniej jeden przetrwaty odruch u 92,9% dzieci. U znacznej czgsci grupy odruchy te byty wyrazone
w stopniu lekkim (58%) lub umiarkowanym (27,7%). Podwyzszony poziom aktywnosci odruchow
zaobserwowano u 7,2% dzieci. W grupie badanej sprawnos$¢ motoryczna 31,3 % dzieci byla na
poziomie ponizej normy, u 60,7% z nich w normie za$ u 8,1% na poziomie wyzszym od normy.
Analiza wykazala istotng, ujemnag korelacje (-0,033) miedzy poziomem sprawno$ci ruchowej,
a aktywnoscig OP. Testem regresji liniowe] wykazano rdéwniez, iz wraz z wiekiem dziecka oraz
nizszym poziomem aktywnych OP, sprawno$¢ ruchowa dziecka jest wicksza. Testy ruchowe, ktérym
towarzyszyt istotnie podwyzszony poziom OP ocenialy przede wszystkim aspekty rownowazne
i koordynacyjne (balansowanie w przod iw tyl, pajacyki, przeskakiwanie przez lini¢ oraz obroty
wzdluz osi ciala). Wyniki badania potwierdzaja zatem teze, iz poziom niezintegrowanych OP ma
wplyw na sprawno$¢ motoryczng dziecka zwlaszcza w aspektach dotyczacych rownowagi
i koordynacji.

Jednym ze wspoélnych dla obu prac wnioskiem jest fakt, iz obecno$¢ odruchéw pierwotnych
w stopniu $ladowym w populacji dzieci przedszkolnych jest zjawiskiem powszechnym. W zaleznosci
od badan, zjawisko wystgpowania przynajmniej jednego odruchu obserwuje si¢ od 89-97,7%
populacji dzieci przedszkolnych. U ponad 80% wystgpuja one na poziomie niskim oraz
umiarkowanym. By¢ moze nalezy uznaé ten fakt za norme¢ $wiadczacg o tym, iz uktad nerwowy
dziecka w wieku przedszkolnym w dalszym ciggu dynamicznie dojrzewa na poziomie funkcjonalnym.
Majac na uwadze fakt, iz wystgpowanie OP w populacji dzieci przedszkolnych wyrazonych w stopniu

lekkim badz umiarkowanym ma szans¢ samoczynnie, badz z pomoca treningdéw ruchowych
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(ukierunkowanych na doskonalenie umiejetno$ci koordynacyjnych iréwnowaznych) ustgpi¢ wraz
z wiekiem, ukazujemy, iz obecno$¢ odruchow pierwotnych nie zawsze musi stanowi¢ powod do
niepokoju i wzmozonych dziatan terapeutycznych. Zasadnym wydaje si¢ jednak propozycja
prowadzenia ¢wiczen integrujacych OP w grupach przedszkolnych jako dziatanie prewencyjne.
Istotnym wydaje si¢ takze fakt, iz aktywno$¢ odruchow pierwotnych wyrazonych w stopniu znacznym
obserwuje si¢ u kilkunastu procent populacji przedszkolnej. Fakt ten potwierdzaja takze inni badacze
zajmujacy si¢ badaniem zalezno$ci pomigdzy zaburzeniami rozwojowymi, a obecnoscig OP. Jest to
zatem dowod, iz obecno$¢ OP moze stanowi¢ problem istotnie zaburzajacy rozwoj dziecka
przedszkolnego, a w dalszym etapie rowniez szkolnego. Objecie tych dzieci dodatkowym wsparciem
w postaci indywidualnych dziatan terapeutycznych wydaje si¢ stuszne i konieczne. Zasadnym wydaje
si¢ réwniez wprowadzenie rutynowych badan przesiewowych pod katem dojrzatosci
neuromotorycznej wsrod dzieci przedszkolnych celem wyeliminowania probleméw generowanych
przez podwyzszona ilo§¢ OP we wczesnym okresie rozwoju i edukacji przedszkolne;.

W wyniku prowadzonego projektu naukowego powstaly rowniez dwa artykuly nie ujgte
w ramach cyklu niniejszej pracy doktorskiej, jednak zastugujacych na krotka prezentacje ze wzgledu
na ich tre$¢ stanowigca uzupetnienie dla podjetego tematu. Pani Anna Pecuch jest wspotautorem obu
ponizej wymienionych artykutdéw. Za obydwa artykuly zostaly przyznane nagrody Rektora UMed
Wroc za osiagnigcia naukowe. Sa to artykuty pt.:

Pelvic Symmetry Is Influenced by Asymmetrical Tonic Neck Reflex During Young Children’s
Gait.  International Journal of Environmental Research and Public Health
Int.J.Environ.Res.Public Health 2020 Vol.17 no.13 art.4759 IF 3,390 MEIN 140

A Child’s Perception of Their Developmental Difficulties in Relation to Their Adult
Assessment. Analysis of the INPP Questionnaire. Journal of Personalized Medicine 2020 Vol.10
no.4 art.156, IF 4,945 MEIN 70

W artykule autorstwa Ewa Gieysztor, Anna Pecuch, Mateusz Kowal, Wojciech Borowicz,
Matgorzata Paprocka-Borowicz. Pelvic Symmetry Is Influenced by Asymmetrical Tonic Neck Reflex
During Young Children’s Gait opisana zostala zalezno$¢ wplywu przetrwalego asymetrycznego
odruchu szyjnego (ATOS) na symetri¢ ustawienia miednicy w trakcie chodu zbadang za pomoca
urzadzenia BTS G-SENSOR. Badaniami obje¢to grupe 50 dzieci w wieku przedszkolnym. Wykazano
ujemna korelacje aktywnosci ATOS z ustawieniem miednicy w aspekcie jej ustawienia sko§nego oraz
rotacji w trakcie chodu (zwigkszona aktywnos¢ ATOS wspoOtwystepowata z asymetrycznym
ustawieniem miednicy w trakcie chodu). Wynik ten dat podstawe do postawienia wniosku, iz
obecno$¢ przetrwatego ATOS moze istotnie wpltywa¢ na symetri¢ chodu dzieci w wieku
przedszkolnym, a tym samym zaburza¢ jego jakos¢. Wynik ten jest niejako potwierdzeniem dla
wyniku uzyskanego w badaniach testem MOT 4-6 gdzie wykazano ujemna korelacje¢ migdzy
podwyzszonym poziomem niezintegrowanych OP tonicznych z uzyskiwaniem nizszych wynikéw w

probach balansowania (chodu po linii prostej) w przod i w tyl.
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W publikacji Alina Demiy, Agata Kalemba, Maria Lorent, Anna Pecuch, Ewelina Wolanska,
Marlena Telenga, Ewa Gieysztor. A Child’s Perception of Their Developmental Difficulties in
Relation to Their Adult Assessment. Analysis of the INPP Questionnaire opisano jak postrzegane sg
trudnos$ci rozwojowe dziecka szkolnego zauwazane przez nauczycieli, rodzicow, a takze osobe ktorej
one dotycza. Badanie zostalo przeprowadzone zuzyciem testu przygotowanego przez Instytut
Psychologii Neurofizjologicznej INPP autorstwa Sally Goddard Blythe i jest kwestionariuszem
uzupeliajagcym badanie neurmotorycznej sprawnosci neuromotorycznej, a tym samym badania
U dziecka aktywnych odruchow pierwotnych. Pytania zawarte w kwestionariuszu dotyczyly
umigjetnosci rownowaznych, koordynacyjnych i zdolnosci do koncentracji uwagi, a takze radzenia
sobie w zadaniach szkolnych. Kompletnie zostalo wypetlnionych 49 kwestionariuszy. Badanie
dostarczyto informacji, iz dzieci dostrzegaja swoje trudnosci rozwojowe istotnie bardziej niz dorosli.
Najwigksze roznice dotyczyly zdolnosci do koncentracji uwagi. Wnioskiem plyngcym z badan jest
zacheta do uwazniejszego stuchania i obserwowania zachowan dzieci przez rodzicow i opiekunow

oraz udzielania im odpowiedniego wsparcia.

V1. WNIOSKI

1. Wysoki poziom aktywnych OP u dzieci w wieku przedszkolnym generuje zauwazalne
problemy sensomotoryczne. Zaburzenia zwigzane z obecno$cig niewyhamowanych OP moga
by¢ zauwazalne w trakcie chodu (balansowania), zadan zelementami podskokow oraz
W ogélnej postawie dziecka. Podwyzszonemu poziomowi OP mogag réwniez towarzyszy¢
zaburzenia sensoryczne takie jak dyspraksja, zaburzenia posturalne i przedsionkowe. U dzieci
u ktorych ,,niezgrabno$¢ ruchowa” zauwazalna jest przez rodzicéw, nauczycieli badz innych
opiekunow, zasadnym wydaje si¢ przeprowadzanie badan diagnostycznych pod katem
obecnych aktywnych odruchow pierwotnych. W sytuacji gdy wykluczono powazne
strukturalne przyczyny zaburzen psychomotorycznych dziecka, a obserwuje sie aktywnosc¢
odruché6w na poziomie umiarkowanym lub wyzszym oraz towarzyszace im opdznienie
psychoruchowe, nalezy wdrozy¢ terapi¢ neuromotoryczna.

2. Ze wzgledu na fakt, iz obecno$¢ OP na poziomie lekkim i umiarkowanym obserwuje si¢
U znacznej czesci populacji dzieci w wieku przedszkolnym, stusznym wydaje si¢ uznac, iz ich
nieznaczna obecno$¢ jest wyrazem fizjologicznej niedojrzatosci neuromotorycznej,
mieszczace] si¢ w granicach normy. Jesli w badaniu funkcjonalnym dziecka, niskiej lub
umiarkowanej aktywnosci OP nie towarzysza odchylenia od norm w sprawno$ci
psychomotorycznej dziecka, wowczas ich obecno$¢ nie musi stanowi¢ o koniecznosci
podjecia dziatan terapeutycznych.

3. Spontaniczna integracja odruchéw pierwotnych skorelowana jest z wyzszym poziomem

sprawnos$ci ruchowej. Jest to kolejny dowod na propagowanie, szczeg6lnie istotnej w rozwoju
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dziecka przedszkolnego, aktywnosci ruchowej ukierunkowanej na ¢wiczenia rownowazne

i koordynacyjne.
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VIII. STRESZCZENIE

Aktywno$¢ odruchéw pierwotnych w odniesieniu do funkeji sensorycznych i motorycznych

dzieci w wieku przedszkolnym

Stowa kluczowe: odruchy pierwotne, dzieci przedszkolne, sprawno$¢ motoryczna, rozwdj

sensomotoryczny, dojrzatos¢ neuromotoryczna

Wstep: Aktywnos¢ odruchow pierwotnych (OP) u dzieci w wieku przedszkolnym moze negatywnie
wptywac¢ na rozwoj psychomotoryczny dziecka, zaklocajac jego prawidtowy przebieg. Znaczenie
aktywnych OP dla prawidlowego funkcjonowania dziecka w obszarze sensomotoryki nie zostato
dotychczas wystarczajaco zbadane. Temat ten wydaje si¢ istotnym dla poprawy jakosci
funkcjonowania dzieci przedszkolnych, u ktoérych rodzice i opiekunowie obserwujg zaburzenia

w obszarze sensomotoryki oraz ich przygotowania do optymalnego uczestnictwa w dalszej edukacji.

Cel glowny: Celem gtownym byta ocena wystepowania aktywnych odruchéw pierwotnych u dzieci

w wieku przedszkolnym oraz ich znaczenie dla funkcjonowania sensomotorycznego.

Material i metody: Badaniami obj¢to grupe 112 dzieci w wieku przedszkolnym (od 4 do 6 lat).
Wszystkie dzieci zostaly zakwalifikowane do badan zgodnie z kryteriami wlaczenia i wykluczenia,
ktérymi byt wiek oraz brak istotnych przeciwwskazan medycznych takich jak niepelnosprawnosé¢
motoryczna lub intelektualna dziecka. Spos$réd odruchow pierwotnych oceniono przetrwata
aktywno$¢: trzech tonicznych odruchow pierwotnych tj. toniczny odruch blednikowy (TOB)
asymetryczny toniczny odruch szyjny (ATOS) oraz symetryczny toniczny odruch szyjny (STOS),
dwoch odruchéw skornych tj. odruchu chwytno-dtoniowego (Palmara) oraz odruchu skdrno-
grzbietowego (Galanta), a takze odruchu Moro. Do oceny funkcjonowania w obszarze sensorycznym
uzyto karty oceny Profilu Sensorycznego Dziecka, ktdrag wypekniali rodzice. Do oceny sprawnos$ci
motorycznej zastosowano test MOT 4-6, na ktory sktada si¢ 17 zadan ruchowych. Na podstawie
wynikow oceniono aktywno$¢ kazdego z poszczegoélnych odruchéw w skali 0-4 oraz wskaznik
koncowy aktywnosci odruchéw (suma punktéw uzyskanych w badaniu odruchéw oraz poziom
koncowy w skali od 0-4). Koncowa ocena profilu sensorycznego byta suma punktow poszczegdlnych
w kategoriach zaburzen, przeliczona odpowiednio na warto$ci procentowe. Zadania ruchowe MOT 4-
6 zostaly ocenione w skali od 0 do 2. Ocena sprawnosci ruchowej byta sumg punktow uzyskana
W poszczegolnych zadaniach. Zostata ona takze przedstawiona w skali opisowej. W celu zbadania
korelacji pomiedzy wynikami poziomu aktywnosci odruchowej, a wynikami profilu sensorycznego
dla poszczegolnych kategorii wykonano obliczenia regresji liniowej (oszacowane metoda
najmniejszych kwadratow) oraz obliczono wspoétczynnik determinacji R-kwadrat. Zostat okreslony
wspotczynnik korelacji Pearsona miedzy wynikami testow MOT oraz jego wynikiem koncowym,

a aktywnoscia odruchéw oraz ich koncowym poziomem. Zwigzek miedzy wiekiem, poziomem
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odruchéw, a sprawnoscig motoryczng badano za pomocg regresji wielokrotnej. Obliczenia regres;ji
liniowej przeprowadzono w celu oceny wptywu wieku i plci na wyniki MOT 4-6 (GLM — ogdlny
model liniowy). Réznice miedzy dziewczetami i chlopcami zostaty okre§lone za pomoca testu U
Manna—Whitneya test. Porownania w grupach wiekowych przeprowadzono za pomoca testu ANOVA.

Poziom istotnosci statystycznej do interpretacji analiz przyjeto p < 0,05.

Wyniki: W grupie badanej zaobserwowano co najmniej jeden przetrwaty odruch u 92,9%-97,7%
dzieci. U znacznej czeSci grupy odruchy te byly wyrazone w stopniu niskim (u 40,9%-58%) lub
umiarkowanym (u 27,7-43,2%). Podwyzszony poziom aktywnosci odruchéw zaobserwowano u 7,2%-
13,6%. W badaniach dotyczacych profilu sensorycznego wykazano, iz u 6,8% dzieci rodzice nie
zaobserwowali zadnych nieprawidlowosci sensorycznych. Badania wykazaly istotng zalezno$¢ miedzy
uzyskiwaniem wyzszego wskaznika aktywnosci odruchoéw, a zaburzeniami w kategoriach takich jak
dyspraksja, problemy posturalne oraz poszukiwanie czuciowo-przedsionkowe i wzrokowo-czuciowo-
przedsionkowe, a takze poszukiwanie wechowo-czuciowo-smakowe. Zaleznosci te zostaly okreslone
za pomoca wspotczynnika determinacji R-kwadrat. W okresleniu relacji wskaznik aktywnosci
odruchéw, a zaburzenia sensoryczne, najwyzszy wynik wskaznika R-kwadrat zostal odnotowany
w przypadku dyspraksji (0,771, p=0,0005), poszukiwania czuciowo-przedsionkowego (0,642,
p=0,0031) oraz zaburzen posturalnych (0,456, p=0,0037). Wykazano rowniez istotng, na poziomie -
0,33, korelacj¢ migdzy poziomem sprawnosci ruchowej, a aktywnoscia niezintegrowanych OP.
Testem regresji liniowej wykazano roéwniez, iz wraz z wiekiem dziecka oraz nizSzym poziomem
aktywnych OP, sprawno$¢ ruchowa dziecka jest wigksza. W jednym z badan wykazano réwniez, iz
dziewczeta uzyskiwaly statystycznie nizsze wyniki w kategorii suma punktow za odruchy pierwotne,
niz chilopcy. Badanie z udzialem wigkszej grupy dzieci nie potwierdzilo tej zalezno$ci jako
statystycznie istotnej, jednak zaobserwowano tendencj¢ do uzyskiwania przez dziewczeta nizszych

wynikéw w ocenie aktywnos$ci odruchéw pierwotnych wzgledem chtopcow.

Whioski: Na podstawie ponizszych wynikéw postawiono wniosek, iz przyczyng problemow takich
jak trudnos$ci w koordynacji ruchowej, utrzymanie rownowagi, poczucie swojego ciala w przestrzeni
oraz ogodlna niezgrabno$¢ ruchowa zauwazane przez rodzicow, moze by¢ aktywnos¢
niewyhamowanych odruchow pierwotnych. Wyniki badania potwierdzaja hipoteze, iz wysokiemu
poziomowi aktywnych OP u dzieci w wieku przedszkolnym towarzysza zauwazalne problemy

sensomotoryczne zwlaszcza w obszarze dotyczacym rownowagi i koordynacji.
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ABSTRAKT

The activity of primitive reflexes in relation to the sensory and motor functions of preschool

children

Keywords: primitive reflexes, preschool children, motor skills, sensory-motor development,

neuromotor maturity

Introduction: The presence of active primitive reflexes in healthy preschool children can influence
the psychomotor development and disrupting its normal course. The importance of APRs for the
proper child sensory-motor functioning has not been sufficiently studied so far. This topic seems to be
important for the improvement of the quality of the preschool children’s functioning, while parents
and guardians observe disorders in the sensory-motor area. It is also due to the preparation for optimal

participation in further education.

Purpose: The main goal was to assess the presence of active primary reflexes in preschool children

and their importance for sensory-motor functioning.

Material and methods: The data were collected from 112 preschool children (4 to 6 years old). All
children were qualified for the study in accordance with the inclusion and exclusion criteria, which
was age and the absence of significant medical contraindications, such as motor or intellectual
disability of the child. Among the primary reflexes, the persistent activity was assessed: three primary
tonic reflexes, i.e. the tonic labyrinthine reflex (TLR), the asymmetrical tonic neck reflex (ATNR) and
the symmetrical tonic neck reflex (STNR), two skin reflexes, i.e. the palmar reflex (Palmar reflex) and
the dorsal skin reflex (Galant reflex), as well as the Moro reflex. The sensory profile of children was
determined using Child Sensory Profile Cards, which was filled in by the parents. Motor performance
was examined with the MOT 4-6, which consists of 17 motor tasks. The reflexes activity were
assessed on a five-step scale (from 0 to 4). The total score of the examination of all reflexes was
converted to the level of reflex activity on a scale from 0 to 4. The final evaluation of the sensory
profile was the sum of the points of each disorder category, converted into percentage values. The
MOT 4-6 tasks were assessed on a three-point rating scale (0-2). Motor performance was the sum of
points obtained in individual tasks. It was also presented on a descriptive scale. In order to investigate
the correlation between the results of the level of reflex activity and the results of the sensory profile
for individual categories, linear regression calculations were performed (estimated by the least squares
method) and the coefficient of determination R-squared was calculated. Correlation coefficients
between MOT results and reflexes activity and their final results were determined. The relationship
between age, reflex level and motor performance was investigated using multiple regression. Linear
regression calculations were performed to evaluate the effects of age and gender on MOT 4-6 scores

(GLM - General Linear Model). The differences between girls and boys were determined using the
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Mann-Whitney U test. Age group comparisons were made using the ANOVA test. The level of
statistical significance for the interpretation of the analyses was set at p <0,05.

Results: In the group of examined children, at least one persistent reflex was observed in 92,9% -
97,7% of children. In a significant part of the group, these reflexes were expressed to a low degree (in
40,9% -58%) or moderate (in 27,7 % - 43,2%). The increased level of reflex activity was observed in
7,2% -13,6%. The studies on the sensory profile showed that in 6,8% of the children, no sensory
disorders were found. Studies have shown a significant correlation between obtaining a higher level of
reflex activity and disorders in categories such as dyspraxia, postural problems, and sensory-vestibular
seeking and visual-auditory-vestibular seeking, as well as olfactory-sensory-taste seeking. These
relationships were determined using the R-square determination coefficient. In determining the
relation between the reflex activity level and sensory disorders, the highest R-square index was noted
for dyspraxia (0,771, p=0.0005), sensory-vestibular seeking (0,642, p=0,0031) and postural disorders
(0,456, p=0,0037). The analysis showed an inverse correlation between the level of motor
performance and the activity of non-integrated PRs at p<0,05 (-0,33). The multiple regression model
has also shown that the older the child and the lower the reflex activity, the score of the child’s motor
skills is higher. One of the studies also showed that girls obtained statistically lower results in the
category of the sum of points for primary reflexes than boys. A study involving a larger group of
children did not confirm this relationship as statistically significant, but a tendency was observed for

girls to obtain lower results in the assessment of the activity of primary reflexes in relation to boys.

Conclusions: In conclusion the cause of problems such as difficulties in motor skills such as:
coordination skills, maintaining balance, the sense of one's body in space and general motor
clumsiness noticed by the parents, can be the activity of primitive reflexes. The results of the study
confirm the hypothesis that the level of non-integrated PR affects the child's sensory-motor

functioning, especially in terms of balance and coordination.
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Abstract: The presence of active primitive reflexes (APRs) in healthy preschool children can be
an expression of immaturity in the functioning of the nervous system. Their trace presence may
not significantly affect the quality of child functioning. They may also undergo spontaneous and
complete integration within the stages of child development. However, a higher level of active
reflexes and their significant number can disturb sensory-motor development and lead to additional
problems in a child’s motor activities, social life, and education. The main purpose of this study was
to examine the types of sensory disorders noticed by parents of children, if any, that accompany the
presence of active primitive reflexes. The study was conducted in a group of 44 preschool children
(aged 4-6 years). The sensory profile of children was determined using Child Sensory Profile Cards,
and Sally Goddard-Blythe tests were used to measure their primitive reflexes. The coefficient of
determination (R-squared) indicated that the level of reflex activity was most strongly associated
with sensory disorders such as dyspraxia, sensory-vestibular disorders, and postural disorders, at a
level of p < 0.005. The obtained research results show that the examination of non-integrated reflexes
might be a screening tool for children of preschool age. Knowledge of the subject of reflexes and
their impact on sensory-motor functions may contribute to more accurate diagnoses of the causes of
problems and higher effectiveness of possible therapy.

Keywords: sensory profile; primitive reflexes; preschool children; neurodevelopment

1. Introduction

Healthy preschool children may present varying levels of sensory and motor development [1].
Sensory-motor problems of a mild degree may have a chance to be integrated on their own as the child
grows. The problem, however, is serious for a preschool or elementary school-age child with numerous
significant sensory-motor disorders that do not disappear spontaneously, or begin to increase with
age [2]. Parents and teachers often notice these disorders in children in the form of difficulties in
maintaining balance and clumsiness during physical activities, or problems in learning and social
functioning [3]. Determining the origin of these problems is often crucial for the selection of appropriate
remedies and, consequently, improving the quality of the child’s functioning. One factor that may
negatively influences the functioning of a child over the period of infacy is the presence of active
primary reflexes (also known as ‘persistent primary reflexes’” (PPR)) [4]. However, the occurrence of
non-integrated primary reflexes is common among preschool children [1,5,6]. Authors dealing with
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this topic report that they occur in about 90% of healthy preschool children and about 55% of early
school-age children. In most preschool children (65%), these reflexes occur at a low level of activity
(visible as trace motor reactions). When a child has only one or two slightly non-integrated reflexes,
it can be assumed that, with the maturation in the functioning of the nervous system and further
development of the child, these reflexes will undergo spontaneous integration. A larger number of
non-integrated reflexes and their high level of activity might be a reason for problems that disturb
proper sensory-motor development and social functioning. Active primary reflexes can make a child’s
posture and motor skills appear clumsy. Children with APRs may have a specific gait picture [7] or
learning difficulties [8]. Instinctive reflexive movements caused by active reflexes can affect both the
large and small motor skills of children.

Primary reflexes develop during fetal life. They are responsible for stereotypical and involuntary
motor reactions in response to internal and external stimuli [9]. Their control center is located in the
brainstem. They facilitate child delivery and help children during their first moments after birth,
and enable normal psychomotor development in the first months of life [10]. Reflex activity persists up
to several months after birth and should spontaneously disappear (integrate into the nervous system)
as higher motor skills begin to develop [4,10]. This takes place when a primary reflex, e.g., the Moro
reflex, which is an instinctive defensive reaction and allows the child to take the first breath of life,
is replaced by the Strauss (startle) reflex, which can continue for the remainder of a person’s life [9].
The development of primary reflexes in fetal life is possible due the parallel development of equivalent
structures. After birth, primary reflexes are triggered by stimuli from the vestibular system and other
sensory channels. An example of this is the asymmetrical tonic neck reflex (ATNR), which can be
induced by the movement of the head. The tonic stimulus, which is the rotation of the neck, provokes
a deflection of the upper and lower limbs on the occipital side of the body, and trunk rotation [11].
On the facial side, the limbs straighten. ATNR in a three-month-old girl is shown in Figure 1.

Figure 1. Asymmetrical tonic neck reflex (ATNR) expression in an infant.

The activity of primary reflexes beyond the biological period of proper occurrence may influence
proper sensory-motor development [5,7,8]. If primary reflexes are not integrated completely during
the spontaneous development of the nervous system, they will be constantly provoked by the same
stimuli. These reactions are less strong and stereotypical compared to a newborn. However, even a
slight degree of reflex activity may result in muscle tensions that appear in the child’s body and cause
involuntary motor reactions. In stressful or new situations, an active reflex will cause a primitive

25


micha
Pływające pole tekstowe
25


Int. |. Environ. Res. Public Health 2020, 17, 8210 3of16

motor response such as a slight muscle tone or visible motion. The response of the body depends on
the degree and the number of APRs.

The tensions and movements generated by the activity of reflexes may hinder functioning and can
cause uncertainty about the child’s own bodily reaction in various everyday situations (during motor
activities such as cycling or physical games with peers). Fear of sudden changes in the environment
may cause a child to withdraw and abandon new intellectual and motor skill-oriented challenges [1,9].
Reflex activities can cause learning difficulties in preschool and elementary school [12-14]. They may
also cause difficulties in acquiring age-related mobility skills. Early experiences of “standing out”
from a group of peers in terms of mobility, manual abilities, and difficulties experienced by a child in
learning didactic material can cause frustration and lead to secondary problems [15-19]. Disorders in
sensory-motor development can affect the cognitive and emotional development of a child, and thus
the child’s contact with peers and social functioning [20,21].

The main purpose of this work was to address the issue of the existence of a relationship
between the presence of active primitive reflexes in healthy children and sensory disorders noticed by
their parents.

2. Materials and Methods

This work is part of the PRACS (Primitive Reflexes and All Children Sphere) project, which is
aimed at investigating primitive reflexes and their impact on the motor, sensory, and cognitive
development in preschool and school-age children. One paper showing the impact of ATNR on the
symmetry of a child’s gait is now available [7]. A second article, which has featured in a series of
publications as part of the project, shows a child’s perception of their developmental difficulties in
relation to the adult assessment of those difficulties [3].

In a group of preschool children, both quantitative and qualitative levels of the occurrence of
selected primitive reflexes were examined. The parents of the children were also asked to complete
questionnaires regarding their child’s sensory profile. The research was approved by the Ethics
Committee of the Wroctaw Medical University, approval number KB-626/2018. It was carried out in
accordance with the Helsinki Declaration. The children’s parents were kept informed of the purpose
and non-invasive nature of the research. Each gave written consent for their child to participate in
the study.

2.1. Participants

The data were collected from 44 children (28 girls and 16 boys). The mean age of the group was
4.8 (+ 0.98) years. Subjects’ characteristics is shown in Table 1. Exclusion criteria included a medical
or pedagogical diagnosis of special needs. Therefore, children diagnosed with motor or intellectual
disabilities, or children with a psychological and pedagogical opinion issued by a psychological
counseling center confirming the need to support their educational process, were excluded from
the research.

Table 1. Subjects’ characteristics.

Name of Group Age Girls Boys
Four-year-olds 4 years—4 years and 11 months 15 6
Five-year-olds 5 years-5 years and 11 months 7 5

Six-year-olds 6 years—6 years and 11 months 6 5

2.2. Assessment of Reflex Activity

Tests developed by Sally Goddard-Blythe in 1996 at the Institute of Neurophysiological Psychology
(INPP) in the UK were used to assess the prevalence of primitive reflexes in children. The above tests
were included in the “Test Set for Children Aged 4-7” in a script for people who have completed
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a course enabling them to diagnose the presence of surviving primary reflexes in preschool and
early-school children [22].

Tests were conducted to examine the integration of tonic reflexes during extension (EXT) and
flexion (FLX) variants for symmetrical tonic neck reflex (STNR) and tonic labyrinthine reflex (TLR).
Items for testing symmetrical tonic neck reflex and tonic labyrinthine reflexes are shown in Figures 2-5.
These reflexes are studied by changing the position of the head. If the child has fully integrated tonic
reflexes, then the change in head position should not cause any movement in the lower and upper
limbs, and torso. If the movement of the head causes movement and changes the position of the body
then an incomplete integration of this reflex in the child is confirmed.

e  The symmetrical tonic neck reflex (STNR) was tested in two variants. When the child’s head was
extended, it was observed whether there were symptoms such as extending the upper limbs at
the elbows, sitting on the heels, or trunk movements (Figure 2). After flexing the child’s head,
it was observed whether the elbows were bent, the pelvis lifted or knees extended, and the general
behavior of the child. The therapist also assessed the intensity level of the current compensations
(Figure 3).

e  The tonic labyrinthine reflex (TLR) test is presented in Figure 4. Compensations such as hand or
entire upper limb movements, climbing on toes, disturbance, or loss of balance were observed
during the test for TLR extension. When performing the test for TLR flexion, attention was paid
to the appearance of compensation in the form of fist-clenching, knee deflection, disturbances,
or loss of balance. The test position is presented in Figure 5.

e  The asymmetrical tonic neck reflex (ATNR) test for the right (R) and left (L) side is presented in
Figures 6 and 7. During the ATRN study, it was observed whether the rotation of the head to
the right or left was accompanied by a change in the position of the upper limbs (elbows and
shoulders bending), and movement in the trunk and pelvis.

e The Galant reflex (truncal incurvation reflex) test and the Palmar grasp test for the right (R) and
left (L) side are presented in Figures 8 and 9. The Palmar grasp and Galant reflex were caused
by stimulation of the skin. The Palmar grasp was induced by a spatula movement on the palm
(submaximal pressure). A diagnosis of Galant reflex was carried out by “drawing” a vertical
line along the paravertebral region from the thoracic to the lumbar region using a thumb. In the
case of current active skin reflexes, we can observe the presence of movement after the action of
the stimulus in the area of stimulation (after the stimulus was activated, children can rub the
stimulated area).

Figure 2. Position for the examination of symmetrical tonic neck reflex (STNR) extension.
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Figure 3. Position for the examination of STNR flexion.

Figure 4. Position for the examination of tonic labyrinthine reflex (TLR) extension.

Figure 5. Position for the examination of TLR flexion.
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Figure 6. Position for the examination of ATNR for the left side.

Figure 7. Position for the examination of ATNR for the right side.

Figure 8. Position for the examination of Galant reflex for the right side.

Figure 9. Position for the examination of Palmar reflex for the right side.
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The last reflex examined in one variant was the Moro reflex, as presented in Figure 10. The Moro
reflex was tested by leaning back on the therapist’s arm after closing the eyes and bending the head
back first. It was observed whether the child bends the knees, throws the arms to the side, controls the
movement during the tilting back, or performs other co-movements. Children who do not have an
active Moro reflex are eager to perform this test task.

Figure 10. Position for the examination of the Moro reflex.

The STNR, ATNR, and Galant reflex tests were carried out in four point-kneeling positions.
The Moro reflex, TLR, and Palmar reflex were tested in a standing position. While examining the STNR,
ATNR, TLR, and Moro reflex, it is recommended to have the child close the eyes before starting head
movements. The skin reflexes (Palmar grasp and Galant reflex) were tested with the child’s eyes open.

When assessing the ATNR, STNR, TLR, and Moro reflex, attention was paid to the quantitative and
qualitative compensations within the upper and lower limbs, in addition to the shoulders, the pelvic
girdles, and the trunk. The presence of an active primitive reflex may also be evidenced by a change in
the rhythm of breathing, frowning, pursing lips, and emotional reactions. All of the compensations
present during the performance of the tests were taken into account when assessing the degree of
activity of a given reflex. Reflexes were assessed on a five-step scale from 0 to 4. A 0 meant a complete
lack of reflex (full integration), and 1—low activity, 2—medium activity, 3—high activity, 4—maximum
activity. The total sum of points in the examination reflexes was 40. The sum of the points obtained
during the examination of all reflexes was converted to the level of reflex activity on a scale from 0 to 4.
The scale is shown in Table 2.

Table 2. The degree of primitive reflex integration scale.

Final Score in APR Examination Level of Reflex Activity
0-3 0—no activity
4-15 1—low
16-25 2—medium
26-35 3—high
3640 4—max

2.3. Sensory Profile Assessment

The Child Sensory Profile Cards issued by the Laboratory of Psychological and Pedagogical Tests
(a questionnaire for preschool and early-school children) [23] were used to assess the children’s sensory
profile. Parents answered questions about the presence or lack of appropriately described behavior in
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their child. To assess the level of sensory disorders, the sum of points obtained in each subgroup was
calculated. The results are presented as percentages. The authors listed eight subgroups of sensory
integration disorders in line with the Ayres concept. These are:

1.  Dyspraxia. Defined as an impairment of motor coordination, problems with balance, distance
assessment, and a sense of one’s own body in space.

2. Tactile sensitivity. Manifested by avoiding the touch of other people and textures along with an
exaggerated pain response (even to gentle touch).

3. Visual-auditory-vestibular seeking. Characterized by an excessive interest in glowing/spinning/
sound-emitting objects, the desire by the child to generate sounds/noise, and the enjoyment of
spinning around one’s body axis.

4.  Sensory-vestibular seeking. A penchant for scuffling and heavy objects, the need for pressure,
and intentional colliding with objects.

5. Postural problems. Manifested by reduced coordination-equivalent abilities, frequent stumbling,
and rapid fatigue, difficulty crossing the body centerline.

6.  Vestibular hyperactivity. Characterized by the avoidance of rapid movement, fear of positional
changes, and falls.

7. Olfactory-sensory-taste seeking. Characterized by an excessive interest in strong flavors and
olfactory stimuli, as well as the desire to touch, and put objects in the mouth to examine their
texture and taste.

8.  Auditory hyperactivity. Manifested by the avoidance of and distraction by even the soft or
otherwise inconspicuous sounds (e.g., the sound of an air conditioner or a watch) and responding
with fear to the sounds of animals, radio, etc.

The authors considered the final result at the level of 25% as the cut-off point indicating an
increased number of disorders.

Diagnosing disorders of the sensory integration processes requires a detailed interview with
parents and carrying out appropriate tests and trials. The diagnosis of sensory disorders in the child
can be made based on the Californian, SIPT (Senssory Integration and Praxis Test), or EASI (Evaluation
in Ayres Sensory Integration) tests [24,25]. The applied tool, i.e., children’s sensory profile, allows for a
preliminary assessment of children in terms of potential disorders and drawing the parents’ attention
to their child’s problems in a given area [20]. It is an excellent screening tool, but only allows for an
initial assessment of the child. In addition, the results of the sensory profile draw our attention to
abnormalities in children without identified disturbances in the processes of sensory integration.

2.4. Statistics

Statistic analysis was performed using IBM SPSS Statistics version 25 (IBM Corp., Armonk,
NY, USA). Descriptive statistics were computed for all variables. Arithmetic means and standard
deviation were calculated. The distribution was determined by the Shapiro-Wilk test. It was found
that the distribution of the data significantly deviates from a normal distribution. For the presented
results, linear regression calculations were performed (estimated by the least squares method) and the
R-squared determination factor was calculated. The test was conducted to examine the correlation
between the reflex activity level results and sensory profile results for individual categories. Differences
between girls and boys and comparison between age groups were tested by a Mann-Whitney U
test. Comparisons in age groups were performed using an ANOVA test. The level of significance for
purposes of interpretation of the analyses, p < 0.05 was adopted.
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3. Results

3.1. Reflex Activity Level in Examined Group

The sum of the points obtained during the examination of all reflexes was converted to the level of
reflex activity. The results show that 2.3% of the examined children had no reflex activity. A significant
proportion (84.1%) of examined children had a low (40.9%) or medium (43.2%) level of reflex activity.
A high level of reflex activity was observed in 13.6% of all subjects. The maximum level of reflex
activity was not demonstrated by any child included in the study. The results of the reflex activity
level in the examined group of preschoolers are shown in Figure 11.

50%
40%
30%
20%
> .
0% _ T T T T 1
0 —no reflex 1-low 2 —medium 3 - high 4 - max
activity

Figure 11. The results of the level of reflex activity.

3.2. Results of APR Examination

The most common reflexes in the group of examined preschoolers were TLR EXT (observed in
90.9% of children), ATNR L (84.1% of children) and ATNR P (84.1% of children), and Moro reflex
(observed in 84.1% of children). Slightly fewer children presented STNR EXT reflex (75%) and STNR
FLX (42%). Skin reflexes, i.e., Galant reflex and Palmar grasp, occurred less frequently. The reflexes that
were most often expressed to the maximum degree were the Moro reflex (70.5%) and TLR EXT (27.3%).
The maximum degree for the STNR FLX and the Palmar grasp in both the left and right hand was not
present in any of the children. The results expressed as a percentage are shown in Figures 12 and 13.

90%
80%
70%
60%
50%
40%
30% +——
20% -
10% -
0% -

Percent

m0

Figure 12. Results of the reflex test on a 0-2 scale.
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Figure 13. Results of the reflex test on a 34 scale.

3.3. Sensory Profile Results

Of the 44 children tested, 11.4% had a result equal to or above 25% of the mean value of the sum
of all disorders, whereas in 6.8% of children, no sensory disorders were found. Furthermore, 81.8% of
children had a result in the range of 2-24% of the mean value of the sum of all disorders. The average
values obtained in each category are presented in Table 3.

Table 3. Results of the sensory profile.

Sensory Disorders Mean Value Max Value SD
Dyspraxia 13% 60% 15%

Tactile hyperactivity 19% 71% 17%
Visual- auditory-vestibular seeking 15% 100% 22%
Sensory-vestibular seeking 19% 100% 25%
Postural problems 8% 50% 13%
Vestibular hyperactivity 8% 50% 13%
Olfactory-sensory-taste seeking 1% 33% 5%
Auditory hyperactivity 14% 80% 19%

The minimum value in each subgroup was 0%.

3.4. The Level of Reflex Activity and Sensory Disorders

The applied linear regression demonstrated that the level of reflex activity (the total points
obtained during the examination) is positively correlated with the occurrence of the individual sensory
disorders demonstrated by the sensory profile. The results are shown in Table 4.

Table 4. Coefficient of determination (R-squared) of sensory disorders with the corresponding activity
level of reflexes.

Sensory Disorders Level of Reflex Activity p-Value
Dyspraxia 0.771 0.0005
Visual-auditory-vestibular seeking 0.312 0.0362
Sensory-vestibular seeking 0.642 0.0031
Postural problems 0.456 0.0037
Olfactory-sensory-taste seeking 0.261 0.0006
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3.5. Differences between Girls and Boys in the Level of Reflex Activity and Sensory Profile

To determine whether girls and boys differed in the level of reflex activity, the Mann—Whitney U
test was carried out. The results are shown in Table 5. There were statistically significant differences
between the final results obtained by boys and girls. Statistical differences between girls and boys
were found for TLR EXT reflex and the Palmar grasp R. There was also a significant difference in the
sum of points obtained in the examination of all reflexes. Girls obtained a significantly lower mean
number of points than boys for the above-mentioned reflexes and in the final result.

Table 5. Differences between girls and boys in the results of the examination of reflexes.

Reflex Girls, Mean + SD Boys, Mean + SD U p-Value n2
STNR EXT 1.6+13 1.6 +1.05 223 0.5 0.0
STNR FLX 0.5+09 0.69 + 0.68 177.5 0.13 0.029

TLR EXT 175 +1.2 31+12 106 0.002 * 0.188
TLR FLX 0.96 + 1.05 12+12 202 0.3 0.007
ATNR L 17+13 25+13 171 0.1 0.038
ATNR R 1.8+1.15 23+14 168.5 0.09 0.042
Galant L 1.8+15 15+15 197 0.26 0.01
Galant R 1.5+1.6 1.6+15 209.5 0.36 0.003
Palmar grasp L 02+0.6 0.6 +0.99 164 0.07 0.049
Palmar grasp R 0.25+0.7 0.9 +£0.99 132.5 0.013* 0.113
Moro reflex 31+15 32+15 2125 0.39 0.002
Total reflex points 15.14 + 6.9 18.99 + 6.3 149 0.034 * 0.076
Level of reflex activity 1.5+07 1.9+0.75 180 0.119 0.026

SD-standard deviation; U-Mann-Whitney test results; p-level of significance; n2 — effect size; * p < 0.05.

Statistically significant differences were also observed between the results of boys and girls in two
categories of the sensory profile. In tactile hyperactivity, girls obtained a significantly higher score
than boys. Boys obtained a significantly higher result in sensory-vestibular seeking than tested girls.
The results are shown in Table 6.

Table 6. Differences between girls and boys in the results of the sensory profile.

Sensory Disorders Girls, Mean + SD  Boys, Mean + SD U p-Value n2
Dyspraxia 11% + 14% 15% + 17% 201.5 0.29 0.007
Tactile hyperactivity 23% + 18% 12% + 13% 143.5 0.026 * 0.088
Visual-auditory-vestibular seeking 16% + 20% 15% + 25% 2115 0.39 0.002
Sensory-vestibular seeking 12% + 19% 30% +29% 144.5 0.027 * 0.086
Postural problems 7% + 10% 9% + 16% 216.5 0.43 0.001
Vestibular hyperactivity 1% + 6% 0% + 0% 216 0.43 0.001
Olfactory-sensory-taste seeking 8% + 14% 8% + 10% 197.5 0.26 0.01
Auditory hyperactivity 14% + 19% 15% + 18% 213 0.4 0.002

SD-standard deviation; U-Mann-Whitney test results; p-level of significance; n2 — effect size; * p < 0.05.

3.6. Differences between the Activity of Reflexes and the Results of the Sensory Profile for Individual Age Groups

To check whether age was related to APR examination and sensory profile results, an ANOVA
test was carried out. Children were divided according to age into groups of 4-,5-, and 6-year-olds.
There were no statistically significant differences in the results obtained in the APR examination and
the sensory profile with regard to age.

4. Discussion

The presence of primary reflexes in a child in the first year of life affects the child’s motor and
cognitive-emotional development [10]. Accordingly, the presence of active primitive reflexes (APRs)
in trace form may have an impact on the sensory-motor development and intellectual spheres of the
preschool child [26,27].
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The literature provides copious information concerning the occurrence of primary reflexes in
people with a damaged nervous system, e.g., due to cerebral palsy or post-stroke [4]. There is still
little research on the prevalence of APRs and their importance for the development and functioning of
healthy populations. The majority of the published work is concerned with children with learning
disorders and attention deficits [8,17-19], but a few papers also exist about the co-existence of APRs
with postural and motor problems. Research has also been conducted that shows that APRs may have
an impact on motor skills [1], gait [7], and scoliosis processing [28,29]. However, studies show that the
prevalence of primary reflexes at the level of minor or moderate disorders is a common occurrence
in preschool and early school-age children [2,5,6]. Comparing the results of APR examination of
preschool and elementary school-age children, it is apparent that the number of reflexes and their
degree of expression decreases with the child’s age. Goddard-Blythe [26] states that the diminished
and rarely expressed reflexes may undergo spontaneous integration with age. However, the presence
of more than one or two significantly expressed reflexes can cause neurodevelopmental delay and may
have an impact on functioning throughout the child’s life [15].

Gieysztor et al. [1], who studied the presence of ATNR, STNR, and TLR among healthy children
aged 4-6 years, report that these residual degree reflexes occur in the majority (i.e., approximately
65%) of the preschool children population. In 25% of children, the reflexes were at the most significant
and highest level. This study showed the presence of these three tonic reflexes in 89% of subjects [2].
Due to the examination of three additional reflexes (Palmar, Galant, and Moro reflex) in our study,
the presence of APRs was found in 98% of examined children. In the majority (84.1%), the level of
reflex activity was low or moderate. In our studies, no child exhibited the highest level of reflex activity.
This observation seems to confirm the fact that, in a population of healthy children, there is no increase
or very strong presence of APRs, because it would indicate serious problems in the functioning of the
nervous system. According to Gieysztor et al. [1], among the three tonic reflexes they examined in
the preschool population, the most common reflex is ATNR L and the least common is STNR FLX.
Our research partially confirms this fact. There is also a frequent occurrence of the TLR EXT reflex,
as reported by Madejewska [6], who stated that it was the most common reflex occurring among
children aged 4-7 years. Gieysztor et al. [1] show that TLR EXT and ATNR L occur at a maximum
degree more often than STNR FLX. Our more recent study also confirms this relationship. The Moro
reflex was also often expressed to the maximum degree. It should be understood that the Moro reflex
expressed in a preschool- or school-aged child at the maximum level is only a trace of the reflex that
occurs in newborns. Its expression at the maximum level in preschool children is a strong reluctance to
take the test, the rejection of hands while moving, tilting backward, and bending the knees. Sometimes
the examination is accompanied by a strong emotional reaction. Due to the fact that the test for checking
the presence of the active Moro reflex is a strong sensory experience (the child closes their eyes during
the test, tilts their head back, and falls backward into the hands of the therapist), there is a risk of
over-recognition of this reflex in the youngest children.

Ahn et al. [20], who researched preschool children using a Short Sensory Profile (a questionnaire
assessing parents’ perceptions of behavioral responsiveness of children to sensations), showed that the
disorders of sensory processing occur in 5% to 10% of healthy children. In our research, the sensory
profile was also determined by the parents. The mean result for a sensory profile above 25% (which
may indicate sensory processing disorders) was found in 11% of the subjects. Our research shows that
for the initial assessment of the occurrence of sensory disorders in a child, one can use tools such as the
Sensory Profile, in which the parent answers questions about possible sensory disorders in their child.
For a detailed assessment of sensory disorders in a child, specially prepared tests should be used, i.e.,
those conducted by a qualified sensory integration therapist.

The prevalence of APRs in a significant proportion of the preschool child population is the
motivation at address the question: to what extent, if at all, do APRs have an impact on various spheres
of functioning? Our research shows that the percentage of the population of preschool children in
whom parents observe an increased number of sensory problems (in children who had a result of 25%
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in the Sensory Profile study) is about 11%. We observed a high level of APR in 13.6% of the examined
children. In 81.8% of cases, the sensory problems observed by the parents are at the level of mild
disorders (children who had results from 2 to 24% in the Sensory Profile test). Similarly, the presence of
low and moderately expressed APR occurs in 84.1% of the study group. These results suggest that
special attention, and perhaps appropriately selected therapy, should be given to children in whom
we observe significantly and numerously expressed reflexes. Children with slightly or moderately
present reflexes should be only under observation and have another examination after one year.
This would make it possible to determine the percentage of the population for which slightly and
moderately expressed reflexes disappear spontaneously, and whether their presence may be the cause
of noticeable developmental problems in the future (e.g., in preschool). It also seems important to
establish the norms of the occurrence of APR in the population of healthy children. Therefore, if we
observe the phenomenon of a trace form of primary reflexes at a low or moderate level in a significant
portion of preschool children (in about 65-84% of healthy preschool children), then perhaps such a
phenomenon should be considered normal. The same conclusion was suggested by Gieysztor in her
study [2]. The occurrence of primary reflexes to a low or moderate degree in such a large number of the
population contributes to the fact that this phenomenon cannot be a significant pathology. Perhaps due
to the fact that there is a phenomenon of neuromuscular memory, the traces of the primitive reflexes
may extend beyond infancy. It also appears justified to conduct long-term studies on the occurrence
and spontaneous integration of reflexes with age.

According to the children’s sensory profiles, which were completed by their parents, problems
such as dyspraxia and postural problems, were one of the categories that most strongly correlated
with a high level of reflex activity. No studies have been found that would conclusively confirm the
relationship between sensory disturbances and the activity of primary reflexes. However, the literature
provides information about the relationship between the activity of primary reflexes and sensory-motor
disorders concerning, inter alia, balance, coordination, and cognitive processes [1,5,12,13]. The results
of our study show that, although individual reflexes do not seem to be frequently correlated with
individual sensory disorders, their accumulation significantly correlates with them. The R-squared
determination coefficient indicated that dyspraxia, sensory-vestibular disorder, and postural disorders
were most strongly associated with reflex activity levels. These results show that children with
equivalent coordination and movement difficulties have more numerous and higher APRs than
children without difficulties mentioned above. The direct reason for this is the fact that primary
reflexes examined in children in our study are related to the work of structures responsible for balance,
proprioception, and touch. This fact is also confirmed by the results presented by Gieysztor [1],
who examined the relationship between the motor skills of preschool children and the occurrence of
tonic reflexes (ATNR, STNR, and TLR). The movement skill of preschool children was examined using
the Motor Proficiency Test (MOT 4-6). The final result of this test significantly correlated with the result
obtained in the examination of tonic reflexes. The MOT test assessed, among other things, coordination
abilities and equivalency in children in movement tests such as balancing, catching, and throwing or
jumping. Children perform less well in movement tasks such as catching a ball, cycling, or balancing,
which is due to poor posture and poor eye-hand coordination [13,24,26]. The relationship between
APRs and the way of moving and positioning the pelvis while walking in preschool children was
described by Gieysztor et al. [7]. The common occurrence of non-integrated primaryreflexes in the
child population was also described by Grzywniak [13] and Bilbilaj et al. [8]. They pointed to the
problem of APRs among children who had already reached school age. The presence of moderately
and strongly persistent primary reflexes can be an important reason for apparent but often inexplicable
learning difficulties. Children with persistent reflexes have problems with crossing the visual midline,
which prevents them from effectively learning how to to read and write (the effect of ATNR activity),
sitting calmly on a bench (the effect of Galant reflex), or copying notes from a blackboard to a notebook
(the result of STNR and TLR) [9]. Children with APRs are also emotionally unstable (they can be
excessively explosive, irritable, or extremely withdrawn and distrustful of their own abilities) and
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create educational difficulties (they often get hysterical while parents attempt to understand their
behavior) [17-19]. Masgutowa [30] also indicates the problem of coexistence and dependence of
sensory integration disorders and the presence of primitive reflexes with speech disorders. This facts
confirms that balance-coordination and congregational disorders are among those whose presence
may often be accompanied by primitive reflexes.

An increased presence of primary reflexes may be noticed by parents or teachers as clumsiness,
problems with balance and coordination, inadequate emotional behavior, or difficulties with
concentration. Based on our own and other authors’ studies [15,31] dealing with the coexistence of
various developmental problems with active primitive reflexes, it has been demonstrated that a proper
diagnosis of the causes of a child’s problems is necessary for the process of planning the therapy of
children with sensory-motor disorders. Focusing only on symptoms may result in an incorrect selection
of therapeutic measures and, as a consequence, ineffective therapy. The reflex tensions in the child’s
body as a consequence of the trace form of APR presence will prevent these problems from being
completely solved, despite the use of equivalent exercises or other elements of sensory integration
therapy (e.g., tactile desensitization). The effect of therapy can be disproportionately low compared
to the child’s and the therapist’s efforts because the causes of sensory-motor problems, which may
be non-integrated primary reflexes, will still be present in the child’s “body.” To integrate reflexes
at an age other than physiologically predicted during this period, properly targeted therapy may be
needed. Selected exercises performed individually with a child give the child a “second chance” to
integrate reflexes that are expressed to a degree that makes it difficult to function. Children with
only a few minimally expressed reflexes may benefit from properly selected and conducted group
exercises. Simple balance and coordination exercises, and the improvement of motor skills, are also
able to provide stimuli that will allow the child to reach neuromotor maturity and integrate primary
reflexes. In children with highly expressed primary reflexes, the Sally Goddard-Blythe method of reflex
extinction can be used, however, it should be performed by a qualified therapist.

The data were compared between girls and boys. In the TLR EXT reflex, Palmar reflex on the right
side, and total sum of points in the reflex examination, girls showed a higher degree of integration
(in these test mean results in girls were significantlly lower than in boys). Examined boys achieved
higher scores in one category (sensory-vestibular seeking) of the sensory profile, indicating they
showed greater problems in a given area. In the research of Gieysztor [1] and Madejewska [6] on the
presence of primitive reflexes in preschool children and their motor skills, the girls also obtained results
indicating a higher level of reflex integration and better motor skills. However, their results were not
statistically significant. Comparing these data, it can be noted that preschool-age girls are characterized
by a higher level of sensorimotor development than boys, which is a commonly accepted fact.

Results obtained after analyzing the data based on age may suggest that, for preschool children,
the level of reflexes and sensory disturbances is not necessarily age-related. The sum of the points
obtained in the study and the level of the reflex activity in all groups was similar. According to
Gieysztor’s study [2], differences in the level of reflex integration can be observed between preschool
and school children. The spontaneous gradual integration of reflexes occurs with the age of children
and reaching school maturity. However, high levels of reflexes are also observed in some school
children. Grzywniak [31] reports that in children with learning difficulties, reflexes do not seem to
integrate spontaneously, but increase with age. It is, therefore, reasonable to pay special attention,
including long-term observation, in the case of children who have been screened for numerous and
strongly expressed primitive reflexes and sensory-motor disorders.

5. Conclusions

Although parents often perceive their child’s problems, they find it difficult to establish the causes.
It is often difficult for therapists to pinpoint the exact cause of various sensory disorders. Sensory
problems (including dyspraxia and postural disorders) occurring in children are usually dismissed
as the child’s clumsiness. The reasons for clumsiness and sensory-motor problems could be active
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primary reflexes. The existence of a correlation between the presence of a higher level of APRs and
sensory disorders observed by parents shows that examination of the child’s primary reflexes may be a
good screening tool to determine the child’s development.

The presence of a low or mild level of active primary reflexes (this phenomenon affects a significant
part of the population of preschool children) does not seem to cause significant sensory-motor problems
in a child. It appears important for child therapists that numerous reflexes in a significant or very
intensified form can considerably impede the functioning and inhibit the proper development for some
children. The results obtained from the research on the activity of primitive reflexes show that correct
knowledge in this area might help determine the cause of a child’s problems and plan appropriately
targeted therapy. The elimination of the cause of problems, which may be the activity of persistent
reflexes, will result in a higher effectiveness of other therapeutic activities.

Author Contributions: Conceptualization, A.P. and E.G.; methodology, A.P; software, M.T.; validation, M.P.-B.;
formal analysis, A.P,; investigation, A.P; data curation, A.P., M.T., EW.; writing—original draft preparation, A.P;
writing—review and editing, A.P,, E.G., EW,; visualization, A.P,; supervision, M.P.-B.; project administration,
AP, EG., MK, funding acquisition, M.P.-B. All authors have read and agreed to the published version of
the manuscript.

Funding: The publication was prepared under the project financed from the funds granted by the Ministry of
Science and Higher Education in the “Regional Initiative of Excellence” program for the years 2019-2022, project
number 016/RID/2018/19 and amount of funding 11 998 121.30 PLN.

Acknowledgments: The authors gratefully acknowledge the teachers, parents, and children who participate in
the study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Gieysztor, E.Z.; Choiniska, A.M.; Paprocka-Borowicz, M. Persistence of primitive reflexes and associated
motor problems in health preschool children. Arch. Med. Sci. 2018, 14, 167-173. [CrossRef] [PubMed]

2. Gieysztor, E.Z.; Sadowska, L.; Choiriska, A.M. The degree of primitive reflexes integration as a diagnostic tool
to assess the neurological maturity of healthy preschool and early school age children. Pielggniarstwo Zdr.
Publiczne Nurs.Publ. Health 2017, 7, 5-11. [CrossRef]

3.  Demiy, A.; Kalemba, A.; Lorent, M.; Pecuch, A.; Wolariska, E.; Telenga, M.; Gieysztor, E.Z. A Child’s
Perception of Their Developmental Diffculties in Relation of Their Adult Assessment. Analysis if the INPP
Questionnaire. . Pers. Med. 2020, 10, 156. [CrossRef] [PubMed]

4. Zafeiriou, D.I. Primitive reflexes and postural reactions in the neurodevelopmental examination. Pediatr. Netrol.
2004, 131, 1-8. [CrossRef]

5. Pecuch, A.; Kotcz-Trzesicka, A.; Zurowska, A.; Paprocka-Borowicz, M. Psychomotor disorders assesment in
4-6 year-old children with INPP test battery. Pielegniarstwo Zdr. Publiczne Nurs. Publ. Health 2018, 8, 11-20.
[CrossRef]

6. Madejewska, M.; Choiriska, A.M.; Gieysztor, E.Z.; Trafalska, A. Neuromotorical Assessment of Children
Aged 4-7 from the Kamienna Gora District Based on Sally Goddard Tests. Pielegniarstwo Zdr. Publiczne Nurs.
Publ. Health 2016, 6, 179-186. [CrossRef]

7. Gieysztor, E.Z.; Pecuch, A.; Kowal, M.; Borowicz, W.; Paprocka-Borowicz, M. Pelvic Symmetry Is Influenced by
Asymmetrical Tonic Neck Reflex during Young Children’s Gait. Int. Environ. Res. Public Health 2020, 17, 4759.
[CrossRef]

8.  Bilbilaj, S.; Gjipali, A.; Shkurti, F. Measuring Primitive Reflexes in Children with Learning Disorders. Eur. ].
Multidiscip. Stud. (EJMS) 2017, 2, 285-298. [CrossRef]

9.  Goddard Blythe, S. The Well Balanced Child: Movement and Early Learning, 2nd ed.; Hawthorn Press: Stroud,
UK, 2005.

10.  De Jager, M. Sequence of Primitive Reflexes in Development; Mind Moves Institute: Johannesburg, South Africa, 2009.

11.  Zemke, R. Application of an ATNR rating scale to normal preschool children. Am. J. Occup. Ther. 1985, 39, 178-180.
[CrossRef]

38


http://dx.doi.org/10.5114/aoms.2016.60503
http://www.ncbi.nlm.nih.gov/pubmed/29379547
http://dx.doi.org/10.17219/pzp/69471
http://dx.doi.org/10.3390/jpm10040156
http://www.ncbi.nlm.nih.gov/pubmed/33027926
http://dx.doi.org/10.1016/j.pediatrneurol.2004.01.012
http://dx.doi.org/10.17219/pzp/75487
http://dx.doi.org/10.17219/pzp/64033
http://dx.doi.org/10.3390/ijerph17134759
http://dx.doi.org/10.26417/ejms.v5i1.p285-298
http://dx.doi.org/10.5014/ajot.39.3.178
micha
Pływające pole tekstowe
38


Int. |. Environ. Res. Public Health 2020, 17, 8210 16 of 16

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Alibakhshi, H.; Salmani, M.; Ahmadizadeh, Z.; Siminghalam, M. Relationship between primitive reflexes
and fine motor skills in children with specific learning disorders. Koormesh 2018, 20, 478-483.

Grzywniak, C. The effect of the form of persistent trace reflexes to rise the difficulties of school. Szkota Spec.
2010, 2, 98-112.

McPhilips, M.; Sheehy, N. Prevalence of persistent primary reflexes and motor problems in children with
reading difficulties. Dyslexia Chichester Engl. 2004, 10, 316-338. [CrossRef] [PubMed]

Bruijn, S.M.; Massaad, F.; Maclellan, M.].; Van Gestel, L.; Ivanenko, Y.P.; Duysens, J. Are effects of the
symmetric and asymmetric tonic reflexes still visible in healthy adults? Neurosci. Lett. 2013, 556, 89-92.
[CrossRef]

Jacobs, L.; Gossman, M.D. Three primitive reflexes in normal adults. Neurology 1980, 30, 184. [CrossRef]
[PubMed]

Konicarova, J.; Bob, P; Raboch, ]J. Persisting Primitive Reflexes in Medication-Naive Girls with
Attention-Deficit and Hyperactivity Disorder. Neuropsychiatr. Dis. Treat. 2013, 9, 1457-1461. [CrossRef]
McPhilips, M.; Jordan-Black, J.N. Primary reflex persistence in children with reading difficulties (dyslexia):
A cross-sectional study. Neuropsychologia 2007, 45, 748-754. [CrossRef]

Taylor, M.; Houghton, S.; Chapman, E. Primitive reflexes and attention-deficit/hyperactivity disorder:
Developmental origins of classroom dysfunction. Int. J. Spec. Educ. 2004, 19, 23-36.

Ahn, R.R.; Miller, L.]J.; Milberger, S.; McIntosh, D.N. Prevalence of Parents” Perceptions of Sensory Processing
Disorders Among Kindergarten Children. Am. J. Occup. Ther. 2004, 58, 287-293. [CrossRef]

Maas, V.F. Learning Through our Senses; Harmonia Universalis: Gdansk, Poland, 2016.

Blythe, S.G. Neuromotor Immaturity in Children and Adults: The INPP Screening Test for Clinicans and Health
Practitioners; John Wiley & Sons: Hoboken, NJ, USA, 2015.

The Child Sensory Profile Cards. Available online: https://www.pracowniatestow.pl/pl/p/Profil-Sensoryczny-
Dziecka-PSD/130 (accessed on 1 November 2020).

Galiana-Simal, A.; Vela-Romero, M.; Romero-Vela, V.M.; Oliver-Tercero, N.; Garcia-Olmo, V.; Benito-Castellanos, PJ.;
Mufioz-Martinez, V.; Beato-Fernandez, L. Sensory processing disorder: Key points of a frequent alteration in
neurodevelopmental disorders. Cogent Med. 2020, 7, 1736829. [CrossRef]

Petresen, J.; Mailloux, Z.; Leao, M.; Schaaf, R. Validity of the Vestibular and Proprioceptive Tests of the
Evaluation in Ayres Sensory Integration (EASI). Am. J. Occup. Ther. 2020, 74, 7411500061. [CrossRef]
Goddard-Blythe, S. The role of primitive survival reflexes in the development of visual system. |. Behav. Optom.
1995, 6, 31-36.

Goddard-Blythe, S. Attention, Balance and Coordination: The A.B.C of Learning Succes; Wiley: Hoboken, NJ,
USA, 2009.

Gieysztor, E.; Sadowska, L.; Choiniska, A.; Paprocka-Borowicz, M. Trunk rotation due to persistence of
primitive reflexes in early school age children. Adv. Clin. Exp. Med. 2018, 27, 363-366. [CrossRef]
Connolly, B.H.; Michael, B.T. Early detection of scoliosis. A neurological approach using the asymmetrical
tonic neck reflex. Phys. Ther. 1984, 64, 304-307. [CrossRef]

Masgutova, S.; Regner, A. The Development of Child’s Speech in the Light of Sensory Integration; Continuo:
Wroctaw, Poland, 2009.

Grzywniak, C. Role of early-childhood reflexes in psychomotor development of a child, and in learning.
Acta Neuropsychol. 2016, 14, 113-129. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

39


http://dx.doi.org/10.1002/dys.282
http://www.ncbi.nlm.nih.gov/pubmed/15573963
http://dx.doi.org/10.1016/j.neulet.2013.10.028
http://dx.doi.org/10.1212/WNL.30.2.184
http://www.ncbi.nlm.nih.gov/pubmed/7188797
http://dx.doi.org/10.2147/NDT.S49343
http://dx.doi.org/10.1016/j.neuropsychologia.2006.08.005
http://dx.doi.org/10.5014/ajot.58.3.287
https://www.pracowniatestow.pl/pl/p/Profil-Sensoryczny-Dziecka-PSD/130
https://www.pracowniatestow.pl/pl/p/Profil-Sensoryczny-Dziecka-PSD/130
http://dx.doi.org/10.1080/2331205X.2020.1736829
http://dx.doi.org/10.5014/ajot.2020.74S1-PO9801
http://dx.doi.org/10.17219/acem/67458
http://dx.doi.org/10.1093/ptj/64.3.304
http://dx.doi.org/10.5604/17307503.1213000
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.
micha
Pływające pole tekstowe
39


&Y brain
sciences

Article

Primitive Reflex Activity in Relation to Motor Skills in Healthy
Preschool Children

Anna Pecuch 1@, Ewa Gieysztor 1,#(5 Ewelina Wolanska 2(2, Marlena Telenga 1

and Malgorzata Paprocka-Borowicz

check for

updates
Citation: Pecuch, A.; Gieysztor, E.;
Wolariska, E.; Telenga, M.;
Paprocka-Borowicz, M. Primitive
Reflex Activity in Relation to Motor
Skills in Healthy Preschool Children.
Brain Sci. 2021, 11, 967. https://
doi.org/10.3390/brainsci11080967

Academic Editors: Christian Collet

and Genevieve Albouy

Received: 11 May 2021
Accepted: 12 July 2021
Published: 23 July 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1

Physiotherapy Department, Faculty of Health Sciences, Wroctaw Medical University, Grunwaldzka 2,
50-355 Wroctaw, Poland; anna.pecuch@student.umed.wroc.pl (A.P.);
marlena.telenga@student.umed.wroc.pl (M.T.); malgorzata.paprocka-borowicz@umed.wroc.pl (M.P-B.)
Department of Pediatrics, Division of Pediatrics and Rare Disorders, Wroctaw Medical University, ul. Bartla 5,
51-618 Wroclaw, Poland; ewelina.wolanska@student.umed.wroc.pl

*  Correspondence: ewa.gieysztor@umed.wroc.pl

Abstract: Psychomotor development in the first year of life is possible due to activity and then
integration of primitive (neonatal) reflexes. The presence of active primitive reflexes (APRs) in
preschool and school-aged children indicates neuromotor immaturity. Studies show dependencies
between the preserved activity of primary reflexes and developmental problems such as learning
difficulties (problems with reading, writing, reduced mathematics skills, and dyslexia), difficulties
with coordination, and attention deficit. The primary purpose of this study is to present the activity
of three tonic reflexes in a sample of 112 Polish children aged 4-6 in relation to their motor skills. The
children were examined for the presence of the asymmetric tonic neck reflex (ATNR), symmetric
tonic neck reflex (STNR), and tonic labyrinthine reflex (TLR). Motor performance was examined
with the MOT 4-6. Statistical analysis shows an inverse correlation between the score in the test of
reflexes and motor efficiency (MOT 4-6) at p < 0.05 (—0.33). Children with increased reflex activity
presented a lower level of motor efficiency. The multiple regression model showed that with the older
age of the child and the decrease in the level of reflex activity, the motor skills of children improve.
Thus, there is a need for early screening of primitive reflexes in children. Properly selected exercises
and therapeutic activities aimed at integrating APRs in children with developmental difficulties can
improve their motor skills, perceptual abilities, and emotional behavior.

Keywords: primitive reflexes; preschool children; neuromotor maturity; physical development

1. Introduction

The first year of life is a time of intensive psychomotor development. The baby ac-
quires motor skills such as stable lying on the back/belly accompanied by the development
of eye-hand coordination, supporting oneself on forearms/hands, or quadrupling. These
skills are made possible by the preceding activity of neonatal reflexes and their subsequent
gradual integration [1]. Primary reflexes are stereotypical, and the brainstem governs in-
voluntary motor reactions. They develop during fetal life and are strengthened postnatally
(during childbirth and a few weeks afterward). They help function and interact with the
environment in the first months of life [2,3]. After fulfilling their function, they are inte-
grated (inhibited) through the emerging cortically directed volitional movements (there is
a process of continuous myelination and maturation of connections with higher brain cen-
ters) [2,4]. Reflexes are replaced by more mature postural reactions that we use throughout
our lives. Well-developed postural responses provide the basis for good balance, posture,
and coordination [5]. The proper dynamics of functional maturation of the central nervous
system enable the acquisition of higher-level cognitive skills like purposeful use of objects,
learning to function independently, and participate in education and social activities [1,4,5].
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Both the motor performance of a preschool child and the integration of primary reflexes
are indicators (markers) of functional neuromotor maturity [5,6].

Primary reflexes include tonic reflexes. Particularly noteworthy are the asymmet-
rical tonic neck reflex (ATNR), the symmetrical tonic neck reflex (STNR), and the tonic
labyrinthine reflex (TLR). All of them are activated by a tonic stimulus induced by the
head and neck movement. ATNR is formed in the 18th week of fetal life; it is integrated
between 3 to 9 months after birth [5,6]. The lateral head rotation provokes an extension of
the upper and lower limbs on the facial side and a deflection on the occipital side. It is an
activity that is the basis for the formation of eye-hand coordination. Its integration begins
with gradual improvement of the work of the centerline of the body. The consequence
of incomplete integration of ATNR might be poor eye-hand coordination, difficulties in
crossing the visual midline. In the educational process, it can interfere with learning to
read and cause orientation problems. In motor development, improper posture can be
observed while walking [7]. The formation of scoliosis is also possible [8]. STNR emerges
later, i.e., 6 to 8 months after birth, and integrates 9 to 11 months after birth. STNR flexion
is caused by the flexion of the head, accompanied by the elevation of the pelvis with the
simultaneous extension of lower limbs and flexion of upper limbs. STNR extension is
caused by the extension of the head, accompanied by the extension of upper limbs and the
flexion of lower limbs. At 6 to 9 months after birth, this reflex enables the baby to come out
of the prone lying position in preparation for the quadruple position. At the same time, this
reflex is gradually integrated by holding the quadruple position and swinging movements
(rocking on hands and knees). Children with retained STNR may forgo crawling or do it in
a clumsy pattern (hands or feet in unusual positions). In the future, the children with active
STNR may have a problem with the fluency of activities requiring shifting the eyes in a
vertical line or controlling the sitting posture [5,6]. The onset of TLR is observed prenatally
and disappears around the sixth month of life. TLR flexion is caused by the forward flexion
of the head with simultaneous flexor tone. TLR extension (in a supine position) is observed
as an increase in extensor tone. TLR can entail poor posture, balance, and coordination
(careless mistakes and clumsiness).

After entering the preschool period, the child continues intensive motor development,
acquiring new motor skills such as jumping, playing ball (catching, throwing, kicking),
riding a bike, or balancing. A sign of high neuromotor maturity is increasingly better
coordination and control of body movements, including the ability to remain seated for
extended periods and concentrate (a skill needed for school education) [5]. Persistent
reflex activity can influence the quality of a child’s motor skills, especially coordination
and balance. They may be linked to learning difficulties and behavioral problems [9,10].
Incomplete integration of primitive reflexes may cause an involuntary motor response in
a reflex pattern. The reflex tensions and uncontrolled movements require conscious and
increased control over the child’s motor activities. Their activeness prevents the child from
moving fluidly. Non-integrated primary reflexes are described in the literature among the
factors that contribute to disorders in the harmonious motor development of the child—
they are manifested by clumsiness and frequent learning difficulties [10-16]. The degree
of expression, number, and frequency of reflex activity in healthy children (without a
diagnosis of disease or disability) is an indicator of neuromotor maturity.

In a pathological situation, when primitive reflexes are observed in persons with a dam-
aged nervous system (in children with cerebral palsy or after a stroke), strongly expressed
automatic reflex movements are still present during motor activities [2—4]. The delay of
integrating these reflexes at a typical developmental correlates with delays or deficien-
cies in reaching milestones and a reduced ability to process sensory information [1,12,15].
However, as studies show, a trace form of APR in the population of healthy children is
common. According to research, over 90% of children aged 4-6 have at least one of the
resisted reflexes present to some extent [1,5,6,12]. Gieysztor [17] showed statistically signif-
icant differences in the level of reflex integration between preschoolers (children aged 4-6)
and schoolchildren (children aged 7-8). Preschool children are more likely to encounter
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moderate and higher primary reflex activity. A much larger percentage of children have
active reflexes to a low or moderate degree in the school-age group. Grzywniak’s [18]
research shows that in school-age children, primary reflexes occur in 55% of the healthy
population only at a low or moderate level. Earlier research by Goddard-Blythe [19] shows
a similar result—48% of school-age children had some APRs. It should be assumed that in
some children, the complete integration of reflexes as the child grows up is a spontaneous
process. However, active primary reflexes in a large proportion of school-age children
indicate that the process of self-integration of reflexes does not occur at the same rate in all
children. Even partial reflexes beyond the period of their physiological occurrence may
interfere with normal neuromotor development.

This article presents the influence of active reflexes on the motor skills of preschool children.

The fundamental research question is whether the level of reflex activity correlates
with the level of motor performance in terms of balance and coordination skills.

The following hypothesis is tested: an increased index of primary reflexes is associated
with decreased motor performance.

An additional research question is whether age and gender are important for a higher
index of the integration of primary reflexes and motor skills.

2. Materials and Methods

The study is part of the PRACS (Primitive Reflexes and All Children Sphere) project.
The project investigates primitive reflexes and their impact on the motor, sensory, and
cognitive development in preschool and school-age children. The first article under the
PRACS project demonstrates the effect of one of the primitive tonic reflexes (ATNR) on
the symmetry of a child’s gait [7]. The second article concerns a child’s perception of their
development and difficulties in relation to an adult’s assessment of those difficulties [20].
Finally, the third article in the series presents how the activity of primary reflexes in
preschool children correlates with various sensory problems [12]. The research took place
in 2016-2019 in three different kindergartens in Lower Silesia. It was carried out by two
authors of this article. Both researchers completed special courses entitling them to examine
children using select research methods. The reflex test was carried out independently of
the MOT test to minimize the risk of non-conscious bias and prevent the children from
getting tired during the examination.

The project was approved by the Medical University’s Ethics Committee (approval
number KB-626/2018). The parents of all children were informed about the purpose and
process of the examination. They were also asked to give written consent for their child to
participate in the study and completed information questionnaires about the children.

2.1. Participants

The data were collected from 112 children (63 girls and 49 boys) aged 4 to 6 from Lower
Silesia preschools (Wroctaw, Poland). The mean age of the group was 4.65 (£0.88) years.
The characteristics of the participants are shown in Table 1 (61 four-year olds, 34 five-year
olds, and 17 six-year olds). The exclusion criteria included confirmation of neuromotor
disabilities (cerebral palsy or autism, for example) or pedagogical diagnosis of special
needs (intellectual disability, for example).

Table 1. Characteristics of the participants.

Parameter 4 Years 5 Years 6 Years
Age, mean + SD 414+02 51+0.2 6.24 + 0.4
Girls 38 15 10
Boys 23 19 7
Height, mean & SD [m] 103.7 6.1 111.1+£55 118.69 + 5.9
Weight, mean + SD [kg] 17.6 + 3.8 19.4 + 3.1 2292 +4.7
BMI, mean =+ SD [kg/mz] 18.3 +13.6 158 +2.2 16.19 £ 3.1
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Each child was assessed with the Primitive Reflex Test [21] (ATNR, STNR, TLR) and
the Motor Proficiency Test for children aged 4-6 years (MOT 4-6) [22].

2.2. Assessment of Reflex Activity

Tests used to assess the prevalence of primitive reflexes in children were included in the
“Test Set for Children Aged 4-7" developer by Sally Goddard-Blythe (INPP, Chester, UK) [21].
The research methodology was described in articles by Goddard [5], Gieysztor et al. [6],
Konicarova [14], and Hazza [23]. Due to the specifics of the research, the method of recording
the results of the reflex tests sometimes varies among some researchers, but the basis is a set
of tests developed by Sally Goddard. The researchers have completed a course enabling
them to diagnose active primary reflexes in preschool and early school children. The two-
day course conducted following the guidelines of the INPP makes it possible to test children
aged 4-7 for active primary reflexes. It also allows conducting exercises aimed at integrating
reflexes and improving motor functions. However, it does not authorize individual therapy
for children with strongly and maximally expressed reflexes. This examination cannot be
used to diagnose diseases or pathologies of the nervous system. This test is intended for
children with an undamaged central nervous system structure.

The asymmetrical tonic neck reflex (ATNR) and the symmetrical tonic neck reflex
(STNR) were tested in a four four-point kneeling position. In the starting position, shoul-
ders, hips, and knees were flexed to 90°, elbows extended, hands flat, fingers extended,
with the head in a neutral position. Next, the tonic labyrinthine reflex (TLR) was tested in a
standing position, feet parallel to the width of the hips and hands along the trunk. Before
the reflex examination, children were asked to close their eyes.

In the ATNR test, the examiner gently rotated the head passively to the right side and
held it for 5 s. Next, the head was slowly rotated back to the midline, and the rotation
was repeated on the left side. The whole sequence was performed three times. During the
study, it was observed whether the rotation of the head generated changes in the position
of the upper limbs (elbow or shoulder bending or hand movements), trunk, and pelvis.
The ATNR for both variants: the left (L) and right (R), is presented in Figures 1 and 2.

Figure 1. The examination of ATNR L. On the facial side, there is an excessive extension of the upper
limb.

Figure 2. The examination of ATNR R. Upper limb flexion is visible on the occipital side, and pelvic
movement/descent may occur.
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The STNR was tested for flexion (STNR FLX) and extension (STNR EXT). For STNR
FLX (Figure 3), the children were observed for elbows bent and/or pelvis lifted after flexing
the child’s head by the examiner. Sometimes children try to extend the knees. For STNR
EXT (Figure 4), the children were observed for elbow extending or sitting on the heels after
head extending. The trunk movements are also symptoms of active STNR.

Figure 3. The examination of STNR FLX. The flexion of the head is accompanied by the flexion of the
arms, and hip extension may appear.

Figure 4. The examination of STNR EXT. The straightening of the head may accompanied by sitting
on the heels and arm strength.

In the TLR test, the children were asked to flex and extend the head by themselves. For
the TLR FLX (Figure 5) test, the children were asked to bend the head slowly, as if “looking
at their feet,” and stand in this position for 10 s. Next, the children were asked to tilt the
head back as far as possible for 10 s (TLR EXT test, presented in Figure 6). Compensation,
such as fist-clenching, upper limb movements, knee deflection (in TLR FLX), or climbing
on toes (in TLR EXT), and/or general balance disturbance, constituted symptoms of an
active TLR.

Figure 5. The examination of TLR FLX. The bend of the head is accompanied by a bent knee and
slumped posture.
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Figure 6. The examination of TLR EXT. The tilting back of the head is accompanied by climbing on
the fingers and folding the hands back.

No reaction (no body movements) to the change in the head position is a symptom
of the complete integration of APRs in the child’s central nervous system. The level of
the reflex activity is determined based on the quantitative and qualitative compensatory
movements that occur in response to the head movement. Emotional reactions (screaming
or confusion), changes in the rhythm of breathing, frowning, or pursed lips may also
indicate that the reflex is still active. The reflexes were assessed on a five-step scale (0—lack
of reflex, 1—low activity, 2—medium activity, 3—high activity, 4—maximum activity). The
higher the score, the worse reflex integration. The maximum total score in the study is
24 points. The total score of the examination of all reflexes was converted to the level of
reflex activity on a scale from 0 to 4, presented in Table 2.

Table 2. The degree of primitive reflex integration scale.

Final Score in APR Examination Reflex Activity Level
0-1 0—no activity
2-8 1—low activity
9-14 2—medium activity
15-21 3—high activity
21-24 4—maximum activity

2.3. Motor Proficiency Test (MOT) Assessment

The Motor Proficiency Test for children aged 4-6 (MOT 4-6) includes 18 items [22].
The MOT 4-6 is a standardized test developed in a six-month study of 548 German children.
The MOT 4-6 refers to a norm. The tool has a high assessment protocol efficiency [24]. The
MOT test has been constructed in such a way that some tasks are easier and others more
difficult so that it can be used to assess children in the 4-6 age group. All tasks included
in the MOT test require maintaining balance, good coordination, and concentration from
the children. The tests are repeatable, easy to evaluate and write down in the research
protocol, and adequately matched to the skills of preschool children, which best testify to
their physical performance (it is not, for example, muscle strength or endurance). These
tasks are divided into four performance areas: (a) stability, (b) locomotion, (c) object control,
and (d) fine movement skills. Tasks divisions are shown in Table 3.
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Table 3. MOT 4-6 items.

Description of Items

. Reverse balance (b)
. Throwing at a target disk (c)
. Collecting matches (d)

. Forward jump in a hoop *

. Forward balance (b) 10. Passing through a hoop (a,b)

. Placing dots on a sheet (d) 11. Jumping in a hoop on 1 foot, standing on 1 leg (a,b)
. Grasping a tissue with toes (d) 12. Catching a tennis ring (c)

. Sideward jump (b) 13. Jumping jacks (b)

. Catching a stick (c) 14. Jumping over the cord (b)

. Carrying balls from one box to another (b,c) 15. Rolling around the long axis of the body(a,b)

16. Standing up while holding a ball on the head (b,c)
17. Jumping and turning in a hoop (a,b)

* The first item was not rated because it was used to accustom the child to the test situation. (a) stability; (b) locomotion; (c) object control;

(d) fine movement skills.

The tasks were assessed on a three-point rating scale, where 0 means that the task was
not completed, 1—the task was completed to about 50% of the child’s capacity, 2—the skill
is fully mastered. All task points after adding up give a total score of 34 points. The higher
the children scored in the MOT 46 assessment, the higher the movement skill level. The
points in the MOT test were transferred to a five-point scale describing child development
as accelerated, very good, normal, delayed, or altered (Table 4).

Table 4. The MOT test range scale.

Final Score in MOT Test Level of Psychomotor Efficiency
0-8 O0—altered
9-15 1—delated
16-25 2—normal
26-29 3—very good
30-34 4—accelerated

The MOT test was deliberately chosen by the authors of this study to test the motor
skills of children. Its focus on the study of balance and coordination aspects allows for
its results to be compared with the study of reflexes, which also assess the neuromotor
maturity as evidenced by these areas of physical performance.

2.4. Statistics

The statistical analysis was carried out using Statistica version 13.0. Descriptive statis-
tics were computed for all variables. Arithmetic means and standard deviation were
calculated. The distribution was determined by the Shapiro-Wilk test. It was found that
the distribution of the data for MOT results was normal. However, the reflex results signifi-
cantly deviate from the norm. The correlation coefficient between the final MOT result and
the total score for reflexes was determined. The relationship between age, reflex level, and
motor performance was investigated using multiple regression. Linear regression calcula-
tions were performed to assess the influence of age and gender on the MOT 4-6 results
(GLM—general linear model). The differences between the reflex scores for boys and girls
were tested with the Mann—Whitney U test. The correlation of BMI with physical fitness
and the reflex test results was also analyzed. All parameters were considered statistically
significantly different if p < 0.05.

3. Results
3.1. Reflex Activity Level in the Examined Group

The total score (max. 24 points) for reflex examination was converted to the level
of reflex activity. The results show that 7.1% of the examined children have no retained
primitive reflexes. A significant part (58%) of the preschool population has a low level of
reflex activity. In 27.7% of children, a medium level of reflex activity was observed. In
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5.4% of participants, a high level of reflex activity was found, while the maximum level
was demonstrated by 1.8% of subjects. The results of the reflex activity level are shown in
Figure 7.

70%
0,

: 60% 58%
S 50%
S
5 40%
=]
§ 30%
o 20%
a

10% 7.1%

on 1 IR .
0 - no reflex 1-low 2 - medium 3 - high 4 - max
activity
Reflex activity level

Figure 7. The results concerning the level of reflex activity.

3.2. Results of APR Examination

The most frequently occurring reflexes were ATNR L (observed in 80.4% of children)
and ATNR R (in 73.2%), and TLR EXT (in 74.1%). The least frequent one was the STNR FLX
(observed in 44.6% of children). The reflexes most frequently expressed at the maximum
intensity were TLR EXT (17% of children), ATLR L (10.7%), and the least STLR FLX and
STLR EXT (2.7%). The percentage results are shown in Table 5

Table 5. The results of the examination of reflexes.

SCALE ATNR R ATNR L STNRFLX STNREXT TLRFLX TLREXT

0 26.8% 19.6% 55.4% 32.1% 44.6% 25.9%
1 28.6% 41.1% 28.6% 32.1% 33.0% 28.5%
2 23.2% 19.7% 6.2% 19.6% 12.5% 18.8%
3 13.4% 8.9% 7.1% 12.5% 4.5% 9.8%
4 8.0% 10.7% 2.7% 2.7% 5.4% 17.0%
MEAN 1.5 1.5 0.7 1.2 0.9 1.6
SD 1.2 1.2 1.0 1.1 1.1 1.4

ATNR R/L—asymmetrical tonic neck reflex (right/left); STNR FLX/EXT—asymmetrical tonic neck reflex (flex-
ion/extension); TLR FLX/EXT—tonic labyrinthine reflex (flexion/extension).

3.3. MOT 4-6 Results

The preschoolers’ final results in the MOT 46 are shown in Figure 8.

The most difficult tasks for children included carrying balls from one box to another
(No. 6), reverse balance (No. 7), and throwing at a target disk (No. 8)—about 80% of
children did not complete these tasks. The easiest tasks were standing up while holding a
ball on the head (No. 16) and passing through a hoop (No. 10). Task 16 was completed by
91.1% of children, and task 10 by almost 76%. Tables 6 and 7 present the percentage results
of the maximum and minimum scores achieved by children in the MOT 4-6.
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Figure 8. The MOT 4-6 final results.
Table 6. The results of MOT 4-6 for tasks 1-8.
TASK
SCALE 1 2 3 4 5 6 7 8
0 33.0% 18.2% 31.5% 49.1% 28.6% 87.5% 85.7% 74.1%
1 35.7% 23.5% 18.2% 34.8% 58.9% 10.7% 10.7% 23.2%
2 31.3% 58.3% 50.3% 16.1% 12.5% 1.8% 3.6% 2.7%
MEAN 1.0 14 1.2 0.7 0.8 0.2 0.2 0.3
SD 0.8 0.8 0.9 0.7 0.6 0.4 0.5 0.5
Table 7. The results of MOT 4-6 for tasks 9-17.
TASK
SCALE 9 10 11 12 13 14 15 16 17
0 57.1% 7.1% 42.0% 45.2% 26.8% 23.2% 11.6% 0.9% 23.5%
1 28.6%  17.0%  268%  274%  339%  33.0%  38.4% 8.0% 29.8%
2 14.3% 75.9% 31.2% 27.4% 39.3% 43.8% 50.0% 91.1% 46.7%
MEAN 0.6 1.7 0.9 0.8 1.2 1.2 14 1.9 1.3
SD 0.7 0.6 0.9 0.8 0.8 0.8 0.7 0.3 0.9

3.4. The Results of the Motor Proficiency Test and Reflex Activity

Statistical analysis showed an inverse correlation between the number of points in the
test of reflexes and motor efficiency (MOT 4-6) at p < 0.05 (—0.33). Thus, children with
increased reflex activity presented a lower level of motor efficiency.

There is also a visible correlation between motor efficiency (MOT level) and the activity
of individual reflexes. A statistically significant correlation is the strongest for STNR EXT
and TLR FLX (—0.32 and —0.29). The correlation coefficient between the result of the motor
efficiency level and the reflex activity is presented in Table 8.

Table 8. The correlation coefficient between reflex activity and MOT level.

Reflex Correlation Coefficient
ATNR R —0.204 *
ATNR L —0.161
STNR FLX —0.201 *
STNR EXT —-0.317*
TLR FLX —0.294 *
TLR EXT —0.157
TOTAL SCORE —0.327 *
REFLEX ACTIVITY LEVEL —0.306 *

* p < 0.05; ATNR R/L—asymmetrical tonic neck reflex (right/left); STNR FLX/EXT—asymmetrical tonic neck
reflex (flexion/extension); TLR FLX/EXT—tonic labyrinthine reflex (flexion/extension).
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The correlation was also found for individual MOT 4-6 tasks and reflex activity level.
Tasks forward balance (No. 1), reverse balance (No. 7), jumping jacks (No. 13), jumping
over a cord (No. 14), and rolling around the long axis of the body (No. 15) correlated most
strongly with the total score of tonic reflexes. The correlations of individual tasks from
MOT 4-6 with the reflex activity level are shown in Table 9.

Table 9. The correlation coefficient of reflex activity level with individual tasks from the MOT test.

MOT 4-6 Task Correlation Coefficient
1. Forward balance —0.215*
2. Placing dots on a sheet —0.125
3. Grasping a tissue with toes —0.190
4. Sideward jump —0.010
5. Catching a stick —0.072
6. Carrying balls from one box to another —0.100
7. Reverse balance —0.256 *
8. Throwing at a target disk —0.092
9. Collecting matches —0.055
10. Passing through a hoop —0.028
11. Jumping in a hoop on 1 foot, standing on 1 leg —0.030
12. Catching a tennis ring —0.072
13. Jumping jacks —0.262 %
14. Jumping over a cord —0.288 *
15. Rolling around the long axis of the body —0.251*
16. Standing up while holding a ball on the head —0.158
17. Jumping and turning in a hoop —0.090
¥p<0.05.

3.5. Relationship between Age, Reflex Activity and Motor Perfomance

In a multiple regression model, the MOT 4-6 final scores were significantly related to
the set of two predictors, i.e., age and APR (F = 32.6, df = 2, p < 0.0001, adjusted R2 = 0.36).
This analysis showed that both age (positively) and reflex integration (negatively) affected
the final score of the MOT test in a statistically significant manner. Furthermore, the effect
of age was stronger, as reflected by the beta coefficient. Concluding, it has been shown that
the older the child and the lower the reflex activity, the score of the child’s motor skills is
higher. The results are shown in Table 10.

Table 10. The results of the multiple regression model of the effect of age and APR (both Box-Cox
transformed) on MOT 4-6.

Coefficient 95% CI Beta (8) 95% CI t p
Intercept —50.67 (—69.15; —32.19) —5.43 0.000
Age 91.86 (67.81;115.91) 0.57 (0.42;0.73) 7.57 0.000
APR —0.66 (—1.23;, —0.09) -0.17 (—0.33; —0.02) —2.30 0.023

3.6. Relationship between Age, Gender, and Motor Performance

A GLM analysis was performed to assess the effect of age, gender, and the interac-
tion between the two predictors on the MOT 4-6. The relationship between the motor
performance and the set of predictors was highly significant (F = 20.67, df = 3, p < 0.0001,
adjusted R2 = 0.35). Furthermore, it was established that age had a positive and statistically
significant influence on motor performance. On the other hand, both gender and the
interaction gender x age had an insignificant effect. The results are shown in Table 11.
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Table 11. The results of the GLM analysis of the effect of age and gender on MOT 4-6.

Coefficient 95% CI Beta (8) 95% CI t P
Intercept —58.69 (—77.70;,—-39.69) —6.12 0.000
Gender (=1) —15.02 (—34.02;3.98) —2.55 (—5.78; 0.68) —1.57 0.120
Age 99.28 (74.28; 124.28) 0.62 (0.46; 0.78) 7.87 0.000
Gender (=1) X Age 19.13 (—5.87;44.13) 2.47 (—0.76; 5.69) 1.52 0.132

3.7. Differences between Girls and Boys in the Reflex Activity and MOT 4-6

The Mann-Whitney U test was carried out to determine whether girls and boys
differed in motor performance and reflex activity level. The relationship between gender
and reflex integration was not found. When the children were divided into age groups, the
Mann-Whitney U analysis showed no differences in the MOT 4-6 score (the results of girls
and boys did not differ statistically).

3.8. The Relation of Results of the Reflex Level and MOT Test to BMI

Based on the measurements of height, weight and the age of children, the body mass
index (BMI) was calculated. No statistically significant relationships were found after
analyzing the correlation between BMI for children’s motor skills and reflex activity.

4. Discussion

The aim of our study was to verify if the level APRs are related to motor performance
in terms of balance and coordination skills. The study of APR in relation to motor skills
is a kind of innovative and unique approach to the subject. Previous studies have mostly
focused on showing the relationship between unquenched reflexes and problems with
reading, learning, and difficulties in maintaining concentration. We hypothesized that
the increased index of primary reflexes is associated with decreased motor performance.
The results were also analyzed in terms of age and gender. This paper also aims to show
that the child’s motor performance in terms of good balance and coordination skills are
a fundamental element for the proper pace of neuromotor maturation and the correct
development of many areas of the child’s functioning (such as learning to read, focus, and
speech development).

4.1. The APRs Releted to Motor Skills

The correlation between the activity of tonic reflexes and the final score of the MOT
4-6 shows an inverse relationship between the degree of non-integration of reflexes and
motor efficiency of preschool children. The same fact is stated in research by Gieysztor [6],
who also examined preschool children (a group of 35 children) for the presence of tonic
reflexes and motor performance using the MOT 4-6. Our new research was carried out on
a much larger group of children (112 study participants) than most of the current reflex
studies. We also extended the analysis of the results to establish the correlation for all three
reflexes with the MOT level and for individual movement tests with the level of active
reflexes. Most of the reflexes significantly correlated with the level of motor performance
of the children. The MOT test trials, which correlated most strongly with the final score for
reflex activity, mainly assessed the skills in group B, i.e., locomotor (dynamic) skills. In tests
such as balancing forward and backward, jumping over a cord, and jumping jacks, balance
and coordination are essential skills needed to complete the task correctly. Active tonic
reflexes mean that the head movement may cause uncontrolled tension and/or movement
of the lower and upper limbs and the trunk, thus preventing the child from effectively
carrying out a motor task requiring total balance and body control.

So far, only a few studies show that the APRs co-exist with disturbances in child
relationship of active reflexes with motor and posture [6,7,12,25]. The confirmation of this
finding is described by Gieysztor et al. [7] in an article on gait in preschool children. ATNR,
which was active in them, affects the symmetry of the pelvic alignment during gait and
thus its quality. In our research, we also observed an inverse correlation between the level
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of APRs and the results obtained in the forward and backward balancing test. In studies in-
volving school children with reading difficulties, Bilibaj [10] notices a relationship between
ATNR activity and difficulties in eye-hand coordination. Taylor et al. [16], who studied the
relationship of persistent tonic reflexes and the Moro reflex with the achievement, report
that the APRs were linked with carelessness and difficulty sitting still. In studies using
the sensory profile, Pecuch et al. [12] show that children whose parents notice sensory
problems such as dyspraxia and postural disorders have an increased degree of active
primary reflexes. Parents of children tested for the activity level of six selected reflexes,
including those described in this article, were asked to complete the sheet describing the
child’s sensory profile. Based on the research, it was established that there is an inverse
relationship between the activity of reflexes and the parents’ noticing problems with coor-
dination and balance in their children, the ability to assess the distance, and the sense of the
body in space. They also noticed difficulties such as frequent stumbling and rapid fatigue.
Hazzaa [23] also described the problem of an increased number of reflexes and poor balance
in children with learning difficulties (manifested by problems with maintaining concen-
tration, poor memory, reading, and writing). Children from the study group performed
significantly worse in terms of the one-leg stand test results than the group of children with
no learning difficulties. Alibakhshi’s research [26] shows that in school-age children with
specific learning difficulties, these problems were also accompanied by poor fine motor
skills and the persistence of ATLR statistically more often than in children without learning
difficulties. Matuszkiewicz’s research [27] shows that active primitive reflexes can also
cause speech development problems. Research also indicates many other developmental
aspects, including the formation of scoliosis [8,25]. While examining girls with ADHD,
Koniciarova [14] observed a correlation between ATNR with anxiety, impulsive behavior,
and perfectionism, present in their parents’ opinion. In these studies, girls were assessed
with the CPQ test, which indicated disorders typical of ADHD. The final score of this
test and learning problems correlated with active STNR. In Hickey [1] research, the active
ATNR L has a significant relationship within the Opposition/Defiance (the inattention
subtest of the SNAP-IV). Accardo [28] found a link between characteristic toe walking
and active TLR in individuals on the autism spectrum. Research shows that prolonged
and increased occurrence of primary reflexes past infancy may be an alarming signal of
future development problems or various types of disorders [3]. Moreover, in high-risk
newborns, the occurrence of primary reflexes differs qualitatively and quantitatively from
non-risky children [29]. Gieysztor [6] showed that in children born before term (preterm
infants), integration of primary reflexes and physical performance is lower compared to
children born at term. The persistent occurrence of primary reflexes can be observed in
both children and adults [30]. It means that their occurrence may persist throughout life
and thus affect its quality. Demiy et al. [20] show that children with motor difficulties
concerning balance, coordination, or concentration find difficulties in these areas of mo-
tor skills in themselves. They even notice them much more than their parents. Usually,
however, the child’s “clumsiness” or emotional difficulties and problems with developing
skills necessary for effective participation in the educational process, such as writing and
understanding the read text, are unknown.

4.2. APRs in Preschool Children in Relation to Age

The presence of primary reflexes is described in the literature mainly in children
with cerebral palsy [2,4]. In recent years, there have been several studies on primary
reflexes in children in the healthy population and children with specific developmental
difficulties [1,5,6,12]. Research shows that primary reflexes in a trace form concern a
significant percentage of the population of children in preschool and school-age. In our
research, APRs were found in 92.9% of the examined children. Hickey and Feldhacker [1]
show that 100% of children aged 4-6 had at least one retained reflex. The same finding is
reported by Goddard, who studied children aged 4-5 [5]. Pecuch et al. [12] examined six
APRs (ATNR, STNR, TLR, Moro reflex, and skin reflexes: Palmar and Galant) in children
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aged 4-6, and the study shows at least one of these reflexes in 98% of preschool children. In
Gieysztor’s research [17], at least one of the three active tonic reflexes was detected in 89%
of preschoolers (age 4-6), but in 65%, they had a barely residual degree. In 25% of children,
the reflexes demonstrated at a higher level (3-4). In the Goddard study, where the study
group consisted of children aged 4-5 moderate to maximum reflexes occurred in even more
children (approximately 70-80% of the sample depending on the reflex). In our research,
58% of children have a low level of reflex activity. The differences in the results may be
due to the fact that the Goddard study group does not take into account the six-year olds.
According to Hickey [1], the most popular reflex in the preschool population was STNR, as
it was found in 81.4% of children. Gieysztor [6] found that ATLR L was least integrated
with age (this reflex was present in 78% of preschool children and 34% of schoolchildren).
The best-integrated reflex was TLR FLX (full integration reached by 65% of preschoolers
and 95% of schoolchildren). Our research shows that the STNR FLX is fully integrated in
55.4% of preschool children (together with TLR FLX, it is the best-integrated reflex). ATLR
L occurred in 81.7% of children, and STNR EXT was present in 67.9% of children (the result
is similar to that obtained in Hickey’s research).

Therefore, the question arises whether primary reflexes always constitute a severe
problem to the psychomotor development and when it should become a reason for in-
creased observation of the child and possibly therapy.

In our research, the results of multiple regression show that there is a tendency
to achieve better motor performance in older children with a simultaneous decrease in
the level of reflex activity. Studies comparing preschool and schoolchildren show that
the level of reflex activity decreases with age [17]. There is a lack of long-term studies
demonstrating unambiguously at what age children completely integrate their reflexes.
However, it could be assumed that slightly expressed reflexes in preschool children may
integrate completely by the school age. However, Grzywniak [31] reports that in children
with learning difficulties, reflex activity increases with age (and there is no spontaneous
integration). In response to the above question posed by the researchers, it is necessary to
state that special attention should be paid to children with increased activity of primary
reflexes and specific sensorimotor, emotional, or educational difficulties. Based on own
research, it can also be concluded that if the child’s reflexes do not integrate automatically
with age, their motor skills will not develop properly.

4.3. APRs Integrating Therapies

It is worth noting that researchers dealing with primary reflexes have developed
strategies and exercises that integrate reflexes. The best-known strategies and techniques
proposed by Swietlane Masgutowa [32] and Sally Goddard-Blythe [5,33] have been re-
searched so far. Few studies describe interventions in the form of exercise programs
or techniques to extinguish active primal reflexes. Goddard’s research has shown that
appropriate movement exercises positively affect the integration of primary reflexes in
preschool and school-age children [5]. The exercises are programmed to allow the child to
repeatedly experience movement patterns as opposed to those generated by non-integrated
reflexes. These exercises improve balance and coordination skills and proprioception (a
sense of their own body in space). Grzywniak reported the same finding in her research [34].
Grigg et al. [35] describe the positive effects of using the Rhythmic Movement Training
by parents to integrate primary reflexes in children aged 7-12. Melillo et al. [36], in a
study of ADHD patients, observed a significant improvement in reflex reduction and im-
provement in motor and cognitive functions after using a 12-week training program. In a
study by Wagh et al. [37], children aged 12-24 m with confirmed CP also exhibited strongly
expressed primitive reflexes. Researchers showed that a specific reflex-quenching program
lasting six weeks in such children also resulted in improvement, as demonstrated by the
HINE test (clinical neurological examination to assess the motor development of infants).
In all interventions, after using techniques integrating the primary reflexes, improvements
in reflex retesting and motor function tested using various tests were noted.
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4.4. Motor Skills of Preschool Children

Our research shows that the most difficult test to perform from the MOT 4-6 set
of tasks was carrying the balls from one box to another (No. 6)—87.5% failed the test
and reverse balance (No. 7)—85.7% of children did not receive any point for this task.
The easiest task was to stand up and sit down with a ball (No. 16) and passing through
a hoop (No. 10). Gieysztor’s research [6] confirms that these two tests were the most
difficult to perform for children in the preschool group, and task No. 16 was the easiest.
Cools et al. [24] examined the distribution of test results in the MOT test in the group of
preschool children. In our study, the children’s MOT 4-6 mean performance was 16.7
(SD = 5.8). In Cools et al., mean performance was 19 (SD = 4.8), in Gieysztor—15 (SD = 4.7).
Cool et al. and Gieysztor’s studies on the distribution of children’s performance were
comparable to our research findings. Most children were in the “normal development”
range (in Cools et al.—75%, Gieysztor—59%, our research—60%). In our research, 6.3% of
children were classified under “altered development” (in Cools et al.—4%, Gieysztor—9%).
In our research, “very good development” was found in over 6%; in Cools et al.—1%; and
Gieysztor—3%. In Cools et al. and Gieysztor’s research, no child obtained an “accelerated
development” result. In our study, this result was found in 1.8% of cases. There is a tendency
for the number of children with the normal result to decrease toward the extreme ones.
Perhaps it is the effect of the increasingly limited spontaneous activity of children toward a
stationary way of spending free time. It also appears that in recent years the availability
of additional sports activities, where even very young children can significantly improve
their motor skills, has increased. Reference to motor performance could be expanded in a
study considering the analysis of other correlates such as time spent at home in front of a
computer/smartphone and participation in extra-curricular activities focused on physical
activity. However, this is an issue that should be addressed in a separate article, due to the
fact that the context of the issue is too broad. Preedy’s [38] research on the motor skills of
preschool children showed that poor physical development impacts readiness for school,
learning achievement, behavior, and social development.

4.5. APRs and Motor Skills Releted to Gender and BMI

The GLM test shows that gender and the interaction gender and age had an insignifi-
cant effect on motor performance. The Mann-Whitney U analysis showed no relationship
between gender and the level of reflex integration. Hickey’s [1] research shows that males
demonstrated more reflex activity than females in most examined reflexes. Pecuch [12]
compared the data between girls and boys. In the total score of the reflex examination, girls
showed a higher degree of integration. In Gieysztor’s [6,17] research, girls also obtained
scores indicating a higher level of reflex integration and better motor skills. According to
the authors of the MOT test based on population studies, there is no need for a separate
norm in the assessment of motor performance for boys and girls in preschool-age [39]. Due
to the lack of significant differences between the sexes in total motor activity, these tests
are used for boys and girls on the same scale. However, based on the research, there is a
tendency to obtain a higher index of reflexes integration and motor fitness by girls.

The index of physical fitness and the level of reflexes did not correlate significantly
with the BMI of children. Moreover, Gieysztor [6], who tested the level of reflexes and
motor performance of children with the MOT test, did not report such dependencies. It
seems reasonable because parameters such as BMI appear to have a greater impact on
aspects of physical fitness such as strength or speed, not parameters related to balance and
coordination.

5. Conclusions

A relationship between APRs and motor skills shows that the presence of active
primary reflexes in preschool children can and should be an indicator of neuromotor
development. APRs are expected to become integrated with age parallel to motor skills
development. It has been shown that the older the child and the lower reflex activity, the
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score of the child’s motor skills is higher. However, when the process of spontaneously
integrating reflexes is not run properly, it may disturb other areas of the child’s functioning
in terms of acquiring motor skills (related to balance and coordination), education, and
social life.

An important piece of information for persons who work with children is the fact
that there are methods of therapeutic work on the integration of reflexes. Screening for
APRs among children may be helpful in selecting appropriate integrating exercises at
preschool or during individual therapy. It provides a chance to reduce the activity of
reflexes and thus improve the balance and coordination of children resulting in better use
of their educational potential and the ability to self-regulate emotional processes and social
behavior. Evidence-based research to address the problem of primary reflexes in children
should be the focus of research for scientists in various fields.
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prof. dr hab. Krzysztof Grabowski (chirurgia)

dr Henryk Kaczkowski  (chirurgia szczgkowa, chirurgia stomatologiczna)
mgr Irena Knabel-Krzyszowska (farmacja)

prof. dr hab. Jerzy Liebhart (choroby wewngtrzne, alergologia)

ks. dr hab. Piotr Mrzygtod (duchowny)

mgr Luiza Miller  (prawo)

dr hab. Stawomir Sidorowicz (psychiatria)

dr hab. Leszek Szenbormn (pediatria, choroby zakazne)

Danuta Tarkowska (pielegniarstwo)

prof. dr hab. Anna Wiela-Hojenska (farmakologia kliniczna)

dr hab. Andrzej Wojnar (histopatologia, dermatologia) przedstawiciel Dolnoslaskiej Izby
Lekarskiej)

dr hab. Jacek Zielinski (filozofia)

pod przewodnictwem i
prof. dr hab. Jana Kornafela ( ginekologia i potoznictwo, onkologia)

Przestrzegajac w dzialalnosci zasad Good Clinical Practice oraz zasad Deklaracji Helsinskiej,
po zapoznaniu si¢ z projektem badawczym pt.

., Ocena sensomotoryczna oraz obecnoéci odruchow przetrwatych u dzieci z zaburzeniami
integracji sensorycznej”
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zgloszonym przez mgr fizjoterapii Anng¢ Pecuch uczestniczke studiow doktoranckich

w Zakladzie Rehabilitacji w Dysfunkcjach Narzady Ruchu Katedry Fizjoterapii Wydziatu
Nauk o Zdrowiu Uniwersytetu Medycznego we Wroclawiu oraz ztozonymi wraz z
wnioskiem dokumentami, w tajnym glosowaniu postanowita wyrazi¢ zgodg na
przeprowadzenie badania w Oddziale Fundacji ,,Promyk Stonica” Centrum Diagnostyczno-
Rehabilitacyjnym we Wroctawiu oraz w Przedszkolu Integracyjnym nr 125 im. Janusza
Korczaka we Wroctawiu pod nadzorem dr hab. Matgorzaty Paprockiej-Borowicz, prof.
nadzw. pod warunkiem zachowania anonimowosci uzyskanych danych.

Uwaga: Badanie to zostalo objete ubezpieczeniem odpowiedzialnosci cywilnej Uniwersytetu
Medycznego we Wroctawiu z tytutu prowadzonej dzialalnosci:

Pouczenie: W ciagu 14 dni od otrzymania decyzji wnioskodawcy przystuguje prawo
odwotania do Komisji Odwolawczej za posrednictwem Komisji Bioetycznej UM we
Wroclawiu

Opinia powyzsza dotyczy: projektu badawczego bgdacego podstawg rozprawy doktorskiej
bd

Wroctaw, dnia/ﬁ listopada 2018 1. i
Uniwersytet Medyczny we Wroctawiu

KOMI
- OM TYCZNA

prof. Ak hab. Jan Kornafel
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