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Streszczenie w jezyku polskim

Stopa plasko-koslawa jest jedng z najbardziej powszechnych wad postawy wsrod dzieci.
Czestos¢ wystepowania korygowalnej stopy ptasko-koslawej wsrod dzieci szacuje si¢ na kilka
do kilkudziesieciu procent i uwaza si¢, ze roznice w czgstosci wynikajg z roznych czynnikéw
takich jak: wiek, ple¢, waga, zastosowane metody diagnostyczne, ich precyzja oraz przyjete
kryteria oceny. Dla klinicystow zajmujacych si¢ problemem wad stop u dzieci bardzo wazne
jest dysponowanie standardows, niezawodng metodg diagnostyczng w celu identyfikacji
korygowalnej stopy plasko-koslawej. Tymczasem istnieje wiele rdéznych metod
diagnostycznych, poczawszy od obserwacji klinicznych i pomiaréw po techniki obrazowania,
badanie w obcigzeniu jak i bez obcigzenia, w warunkach statycznych i dynamicznych. Nadal
nie ma tez zgody co do tego, kiedy, czy w ogole i jakiego rodzaju interwencje nalezy podja¢ w
przypadku stwierdzonego ptaskostopia u dzieci. Obecnie dostgpnych jest wiele réznych metod
leczenia, ktore dzielimy na nieinwazyjne i chirurgiczne. Leczenie nieinwazyjne obejmuje
stosowanie wktadek ortopedycznych, ortez, odpowiedniego obuwia, modyfikacje obuwia,
zwigkszenie aktywnosci fizycznej, zmniejszenie masy ciata, manipulacje stawowe, zakltadanie
gipsow, ¢wiczenia wzmacniajgce 1 rozciagajace migsnie oraz leki przeciwzapalne. Najczesciej
stosowang nieinwazyjng metoda leczenia stop ptasko-koslawych u dzieci sa wkiadki
ortopedyczne do butéw. Ostatnio coraz wigksza popularno$¢ zyskuje metoda leczenia
deformacji stop zwana trojwymiarowa terapia manualng, opracowana przez niemiecka
fizjoterapeutke Barbar¢ Zukunft-Huber.

Glownym celem pracy byta ocena i poréwnanie skutecznosci dwoch zachowawczych metod
leczenia korygowalnych stop plasko-koslawych u dzieci: trojwymiarowej manualnej terapii
stop wg Barbary Zukunft-Huber wraz z bandazowaniem korekcyjnym stop i stosowaniem
indywidualnych wktadek ortopedycznych oraz wylacznie stosowanie indywidualnych wktadek
ortopedycznych. Dodatkowym celem byto sprawdzenia w jaki sposob metoda diagnostyczna
zastosowana do oceny stop u dzieci wptywa na rozpoznanie stopy ptasko-koslawej. Rozprawa
doktorska zostala przygotowana w formie zbioru oryginalnych prac opublikowanych w
mi¢dzynarodowych, recenzowanych czasopismach. W badaniu wzi¢lo udziat 49 dzieci (37
chtopcow i1 12 dziewczynek) w wieku 5-9 lat ze zdiagnozowang korygowalng stopa ptasko-
koslawa. Uzyskane wyniki potwierdzily, ze wybdr metody diagnozujacej stope ptasko-koslawa
oddziatuje na wyniki badan dotyczacych wptywu stopy plasko-koslawej na parametry chodu
oraz ze, stopy i ich funkcj¢ powinno si¢ ocenia¢ w warunkach dynamicznych, podczas chodu.
Potwierdzitlam réwniez, ze dotaczenie dodatkowej interwencji pod postacig tréjwymiarowe;j
terapii manualnej i1 bandazy korekcyjnych poprawi skuteczno$¢ stosowania wktadek
ortopedycznych. Analizujac wyniki z platformy pedobarograficznej w grupie leczonej przez
rok terapig skojarzong zaobserwowano istotne statystycznie zmiany 11 parametrow. Wszystkie
zmiany byly to zmiany korzystne, czyli po roku leczenia nastapita poprawa 11 z 29 badanych
parametrow w kierunku zmniejszenia cech plaskostopia W grupie leczonej wylacznie za
pomocg wktadek do butow, po roku leczenia zaobserwowano istotne statystycznie zmiany 7 z
29 parametrow z platformy pedobarograficznej, w tym 6 byty to zmiany korzystne.

W przypadku instrumentalnej analizy chodu: po 12 miesigcach stosowania terapii nie
stwierdziliSmy zadnych statystycznie istotnych zmian parametrow czasowo-przestrzennych i
wartosci katowych w stawach konczyn dolnych (parametry kinematyczne).



Jesli chodzi o parametry kinetyczne, to analizujgc wyniki po 12 miesigcach leczenia,
zaobserwowali$my statystycznie istotny wzrost szczytowego momentu zgiecia podeszwowego
i mocy w stawie skokowym w obu grupach oraz dodatkowo statystycznie istotny wzrost
szczytowego momentu zgi¢cia w stawie biodrowym w grupie dodatkowo leczonej technikami
manualnymi 1 bandazowaniem korekcyjnym. Zaobserwowane zmiany szczytowych
momentow 1 mocy w stawach byly zmianami korzystnymi. Podsumowujac, metoda Zukunft-
Huber (taczaca techniki manualne, bandazowanie korekcyjne i wktadki) wydaje si¢ by¢
bardziej efektywna niz samo noszenie wktadek.



Streszczenie w jezyku angielskim

Flatfoot is one of the most common postural deformity among children. The estimated
prevalence of flexible flatfoot in children ranges from several to several dozen percent. It is
believed that differences in prevalence result from various factors such as age, gender, weight,
diagnostic methods employed, their precision, and the criteria used for assessment. For
clinicians dealing with children's foot deformities, having a standardized and reliable
diagnostic method for identifying flexible flatfoot is of utmost importance. However, there are
many different diagnostic methods available, ranging from clinical evaluations and
measurements to imaging techniques, assessments with and without load, and in both static and
dynamic conditions. There is also no consensus on when, if at all, and what type of intervention
should be undertaken in the case of diagnosed flatfoot in children. Currently, various treatment
methods are available, which can be categorized as non-invasive and surgical. Non-invasive
treatments include the use of orthopedic insoles, orthoses, suitable footwear, footwear
modifications, increased physical activity, weight reduction, joint manipulations, casting,
strengthening and stretching exercises, and anti-inflammatory drugs. The most commonly used
non-invasive treatment for flatfoot in children is orthopedic insoles. Recently, there has been a
growing interest in a foot deformity treatment method known as three-dimensional manual
therapy, developed by the German physiotherapist Barbara Zukunft-Huber.

The main objective of this study was to assess and compare the effectiveness of two
conservative treatment methods for flexible flatfoot in children: three-dimensional manual foot
therapy according to Barbara Zukunft-Huber, combined with corrective foot bandaging and the
use of individual orthopedic insoles, and the sole use of individual orthopedic insoles. An
additional aim was to examine how the diagnostic method employed for assessing children's
feet influences the diagnosis of flatfoot. The doctoral dissertation was prepared in the form of
a collection of original papers published in international, peer-reviewed journals.

The study included 49 children (37 boys and 12 girls) aged 5-9 years with a diagnosed flexible
flatfoot. The results obtained confirmed, that the choice of the foot diagnostic method affects
the results of studies related to the impact of flatfoot on gait parameters and that feet and their
function should be assessed under dynamic conditions, during walking. |1 also confirmed that
adding additional intervention in the form of three-dimensional manual therapy and corrective
bandaging improves the effectiveness of orthopedic insole use. Analysing the results from the
pedobarographic platform in the group treated for one year with combined therapy, statistically
significant changes in 11 parameters were observed. All changes were positive, meaning that
after a year of treatment, there was an improvement in 11 out of 29 analysed parameters,
towards reducing flatfoot characteristics. In the group treated solely with shoe insoles,
statistically significant changes in 7 out of 29 parameters from the pedobarographic platform
were observed after one year of treatment, with 6 of these being positive changes.

Regarding instrumental gait analysis: after 12 months of treatment, no statistically significant
changes were observed in the spatio-temporal and angular parameters in the lower limb joints
(kinematic parameters).

As for kinetic parameters, when analysing the results after 12 months of treatment, we observed
a statistically significant increase in peak plantar flexion moment and power in the ankle joint



in both groups. Additionally, there was a statistically significant increase in peak flexion
moment in the hip joint in the group that received additional manual techniques and corrective
bandaging. The observed changes in peak moments and power in the joints were positive
changes.

In summary, the Zukunft-Huber method (combining manual techniques, corrective bandaging,
and insoles) appears to be more effective than the use of insoles alone.



SLOWA KLUCZOWE:

Stopa plasko-koslawa korygowalna, dzieci, warunki statyczne, warunki dynamiczne,
parametry chodu, indywidualne wktadki ortopedyczne, trojptaszczyznowa terapia manualna
stop
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Wykaz zastosowanych skrotow

SFF — symptomatic flat foot - elastyczna stopa ptasko-koslawa objawowa
ASFF — asymptomatic flat foot - elastyczna stopa ptasko-koslawa bezobjawowa
FPI - Foot Print Index

Al — Arch Index — wskaznik wysklepienia

FO — Foot Orthoses - ortezy/wktadki ortopedyczne

FZ1 - pierwszy szczyt sity reakcji podioza pionowe;j

FZ2 - drugi szczyt sity reakcji podtoza pionowej

FZ3 - pierwszy szczyt sity reakcji podioza pionowe;j

FX1 - boczny szczyt sity reakcji podloza w ptaszczyznie przysrodkowo-bocznej
FX2 - przysrodkowy szczyt sity reakcji podtoza w ptaszczyznie przysrodkowo-bocznej
FY1 - przedni szczyt sity reakcji podtoza w plaszczyznie przednio-tylnej

FY2 - tylny szczyt sity reakcji podtoza w ptaszczyznie przednio-tylnej

MHL1 - glowa I kosci §rddstopia

MH2 - glowa Il kosci §rddstopia

MH3 - gtowa Ill kos$ci $rodstopia

MH4 - glowa 1V kosci $rodstopia

MHS - gltowa V ko$ci $rddstopia
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WSTEP

Stopa ptasko-koslawa definiowana jest jako cze¢sciowe lub catkowite zapadnigcie si¢
przysrodkowego tuku podtuznego spowodowane obnizeniem si¢ kosci tddkowatej, co z kolei
jest efektem niestabilno$ci 1 nieprawidlowej osi stawu skokowego dolnego [1]. Towarzysza
temu nastgpujace trojwymiarowe deformacje stawow stopy: ewersja kosci pigtowej, zgiecie
podeszwowe kosci pigtowej 1 skokowej w stosunku do kosci piszczelowej, odwiedzenie i
supinacja przodostopia oraz zgigcie grzbietowe stawu Choparta [2-9]. Objawy te nasilajg si¢
zwlaszcza podczas obcigzania. Dzieje si¢ tak, poniewaz podczas chodu w fazie podporu, stawy
tuku przysrodkowego pozostajg odblokowane dtuzej niz powinny, co prowadzi do nadmierne;j
pronacji tytostopia i supinacji przodostopia [1].

Stope plasko-koslawg u dzieci dzielimy na sztywna (niekorygowalng) i -elastyczna
(korygowalng). Jesli bez obciazenia tuk stopy odbudowuje si¢, stopa jest definiowana jako
elastyczna (korygowalna). Jesli natomiast tuk nie odbudowuje sie, stope kwalifikujemy jako
sztywna. Sztywna stopa ptasko-ko§lawa dotyczy okoto 1% populacji [6, 10, 11]. Elastyczna
stopa ptasko-koslawa moze by¢ objawowa (SFF — symptomatic flat foot) lub bezobjawowa
(ASFF — asymptomatic flat foot). Bezobjawowg stop¢ ptasko-koslawg dzielimy dalej na dwie
grupy: stope plasko-koslawa rozwojowa, w ktorej wraz z wiekiem rozwija si¢ tuk podtuzny,
oraz stope ptlasko-koslawa nierozwojowsg, ktorej cechy morfologiczne z czasem ulegaja
pogorszeniu [5,12]. U dzieci z objawowag stopg ptasko-koslawa (SFF) wyst¢pujg takie
symptomy jak boéle stop, zaburzenia rOwnowagi czy ograniczenia aktywnosci [2, 6, 10, 11].
Kothari oraz Lin zaobserwowali u dzieci z objawowym ptaskostopiem (SFF) zmniejszong
predkos¢ chodu [13, 8]. Lin wykazat tez u dzieci z ptaskostopiem obnizong sprawnos¢ konczyn
dolnych w takich zadaniach fizycznych jak kucanie, stanie, stanie na palcach, chodzenie na
palcach, chodzenie na pigtach, stanie na jednej nodze czy podskoki [8]. Dzieci z objawowym
ptaskostopiem (SFF) cz¢s$ciej skaza si¢ na bol bioder, kolan czy plecow [14]. Uzyskuja rowniez
nizsze wyniki w kwestionariuszu Oxford Ankle Foot Questionnaire dla dzieci (OxAFQ C),
oceniajagcym jako$¢ zycia [13]. Stopa ptasko-koslawa utrzymujaca si¢ w wieku dorostym
wigzana jest z bolami dolnego odcinka kregostupa, boélem przedniej czesci stawu kolanowego,
zwyrodnieniem 1 niestabilno$cig stawow oraz ograniczeniami funkcjonalnymi [15, 16, 17].
Stopa ptasko-koslawa jest jedng z najbardziej powszechnych wad postawy wsrod dzieci [18-
22]. Czgstos¢ wystepowania korygowalnej stopy ptasko-koslawej wsrdd dzieci szacuje si¢ na
kilka do kilkudziesigciu procent i uwaza sie, ze czestosc ta zalezy od réznych czynnikow takich
jak: wiek, pte¢, waga, zastosowane metody diagnostyczne, ich precyzja oraz przyj¢te kryteria
oceny [3, 22, 23]. Jest to rowniez najczesciej zgltaszany problem przez rodzicow i opiekundw,
zmuszajacy ich do szukania profesjonalnej pomocy medycznej [10, 24-27]. Chen i in.
stwierdzili, ze problem plaskostopia dotyczy od 2,8% do 24,2% dzieci [4], natomiast
Radziminska w swoich badaniach wykazata, ze czestos¢ wystgpowania ptaskostopia wsrod
dzieci wczesnoszkolnych (klasy 1-3) jest znacznie wyzsza i wynosi 33% [20]. Pfeiffer w swoim
badaniu ocenit 835 dzieci w wieku od 3 do 6 lat i udowodnit, ze wystepowanie ptaskostopia w
tej grupie wynosi 44% [22]. Jednak patologiczng (niekorygowalng) stopg ptasko-koslawa
stwierdzono u mniej niz 1% badanych dzieci. W zdiagnozowaniu niekorygowalnej stopy
ptasko-koslawej Pfeiffer zastosowat kryteria przyjete przez Niemieckie Towarzystwo
Ortopedyczne, a s3 to: koslawos¢ guza pigtowego >20° i/lub niemozno$¢ dokonania aktywnej
autokorekty podczas stania na palcach.
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Dla klinicystow zajmujacych si¢ problemem wad stop u dzieci bardzo wazne jest
dysponowanie standardowa, niezawodng metoda diagnostyczng w celu identyfikacji
korygowalnej stopy plasko-koslawej. Tymczasem istnieje wiele rdéznych metod
diagnostycznych, poczawszy od obserwacji klinicznych i pomiaréw po techniki obrazowania,
badanie w obcigzeniu jak i1 bez obcigzenia, w warunkach statycznych i dynamicznych. Ale
wiarygodno$¢ tych metod, ich trafno$¢ 1 powtarzalno$¢ pozostajg wcigz nieudowodnione [11,
12]. W swoim artykule przegladowym Banwell znalazt okoto 20 réznych sposobéw badania
oraz 40 roznych definicji stopy ptasko-koslawej u dzieci [25]. Tylko w niektorych z
zakwalifikowanych do przegladu artykutéw poréwnano rézne metody badan czy definicje
stopy ptasko-koslawej. Wigkszo$¢ pomiarow byta wykonana w warunkach statycznych, bez
uwzglednienia dynamicznej funkcji stopy. Pomimo wielu badan naukowych nadal nie ma
zgody co do tego, kiedy, czy w ogdle i jakiego rodzaju interwencje nalezy podja¢ w przypadku
stwierdzonego ptaskostopia u dzieci. Obecnie dostepnych jest wiele roznych metod leczenia
tej wady. Metody te dzielimy na nieinwazyjne i chirurgiczne. Leczenie nieinwazyjne obejmuje
stosowanie wktadek ortopedycznych, ortez, odpowiedniego obuwia, modyfikacje obuwia,
zwigkszenie aktywnosci fizycznej, zmniejszenie masy ciata, manipulacje stawowe, zakltadanie
gipsow, ¢wiczenia wzmacniajace 1 rozciggajace migsnie oraz leki przeciwzapalne [5, 6, 10, 26,
28].

Najczgscie] stosowang nieinwazyjng metodg leczenia stop ptasko-koslawych u dzieci sg
wktadki ortopedyczne do butow [10, 28-32]. Jednak pomimo wielu badan naukowych, wcigz
brakuje przekonujacych dowodow na ich skutecznosé¢ [10, 11, 26-28, 33, 34]. Najnowszy
przeglad literatury naukowej dotyczacej skutecznos$ci stosowania wktadek ortopedycznych w
leczeniu stop ptasko-koslawych zostat opublikowany w 2020 roku przez Dars’a [10]. W swoim
artykule stwierdzil, ze wcigz niewiele jest dowoddéw pozwalajacych na wyciagnigcie
wigzacych wnioskdw na temat skutecznosci stosowania wktadek u dzieci ze stopg ptasko-
koslawa.

Do podobnych wnioskéw doszli wezeséniej Choi [35], McKenzie [27] i Evans [34]. Ze wzgledu
na niejednorodnos$¢ 1 niedociggniecia metodologiczne przegladanych prac naukowych,
wszyscy wyzej wymienieni naukowcy nie byli w stanie wyciggna¢ ostatecznych wnioskéw na
temat skutecznosci stosowania wktadek ortopedycznych. Pomimo tego, zsumowane wyniki
wszystkich przegladanych badan wskazuja, ze noszenie wktadek ortopedycznych moze miec
pozytywny wplyw na zmniejszenie bolu oraz poprawe postawy i funkcji stopy. Pandey 1 in.
zaobserwowali w swoim badaniu pozytywny wptyw noszenia wktadek lub zmodyfikowanego
obuwia oraz zastosowanych ¢wiczen na zmniejszenie bolu, poprawe chodu oraz obnizenie
wskaznika FPI (Foot Print Index — stosunek szerokosci przodostopia do §rodstopia) i Valgus
Index (opisujacego koslawos¢ guza pietowego) [36]. Whitford i Esterman poréwnujac 2 grupy
dzieci (noszace indywidualnie dopasowane wktadki i noszace fabrycznie gotowe wktadki)
zaobserwowali po roku podobne wyniki w zakresie zmniejszenia bolu i poprawy funkcji
motorycznych w obu grupach [29]. Hong-Jae Lee i in. odnotowali znaczne zmniejszenie
intensywnos$ci 1 czestotliwo$ci wystgpowania bolu u dzieci noszacych indywidualnie
dopasowane wktadki przez 1-3 miesigce. Ponadto stwierdzono u nich poprawe réwnowagi
[37]. Jafarnezhadgero odnotowal pozytywny wplyw wkladek ortopedycznych na niektore
parametry Kinetyczne i kinematyczne takie jak: maksymalna ewersja stawu skokowego,
maksymalna rotacja wewngtrzna w stawie skokowym, minimalny i maksymalny kat
odwiedzenia w stawie kolanowym, maksymalna rotacja wewnetrzna i zewngtrzna w stawie
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kolanowym, maksymalny wyprost w stawie biodrowym, maksymalna rotacja zewngtrzna w
stawie biodrowym oraz maksymalne warto$ci tylnych i poziomych sit reakcji podtoza [38, 39].
Zaobserwowal tez rozny wplyw stosowania wkiadek na momenty sit w stawach konczyny
dominujacej 1 niedominujacej. Natomiast Kido i in. zaobserwowali, ze w porOwnaniu ze
zwyklymi wktadkami podpierajacymi, wktadki terapeutyczne istotnie zmniejszyly ewersje
stawu skokowo-pictowego [40].

Ostatnio coraz wigksza popularno$¢ wsrdd fizjoterapeutéw w Europie zyskuje metoda leczenia
deformacji stop zwana trojwymiarowa terapia manualng, opracowana przez niemiecka
fizjoterapeutke Barbar¢ Zukunft-Huber [41]. Terapia ta jest efektem kilkudziesigciu lat
doswiadczenia w pracy. Poczatkowo trojwymiarowa terapia manualna stop byta stosowana u
niemowlat z r6znymi wrodzonymi deformacjami stopy, a nast¢gpnie zostata rozszerzona ona
dla starszych dzieci z r6znymi wadami stop, w tym z ptaskostopiem.

Trojwymiarowa manualna terapia stop polega na zastosowaniu specjalnych technik
manualnych przywracajacych prawidlowe ustawienie stawdw stopy, a nastgpnie bandazowaniu
stop dla podtrzymania efektu. Dla starszych dzieci ze stopa ptasko-koslawa, oprocz
specjalnych technik manualnych i bandazowania, Zukunft-Huber poleca wktadki ortopedyczne
do noszenia w ciaggu dnia, ze wzgledu na trudno$ci z noszeniem bandazy korekcyjnych w
butach np. w szkole.

Poniewaz ta metoda leczenia opracowana przez B. Zukunft-Huber tgczy wktadki ortopedyczne
1 terapi¢ manualng z bandazowaniem korekcyjnym, glownym celem mojej rozprawy
doktorskiej byto poréwnanie skutecznos$ci tego podejscia z leczeniem polegajagcym na samym
tylko noszeniu wktadek, aby sprawdzi¢, czy dodatkowa interwencja przyniesie lepsze rezultaty
w leczeniu stopy plasko-koslawe;.

CEL BADAN

Glownym celem pracy byta ocena i poréwnanie skutecznosci dwoch zachowawczych metod
leczenia korygowalnych stop ptasko-koslawych u dzieci: trojwymiarowej manualnej terapii
stop wg Barbary Zukunft-Huber wraz z bandazowaniem korekcyjnym stop i stosowaniem
indywidualnych wktadek ortopedycznych oraz wytacznie stosowanie indywidualnych wkladek
ortopedycznych. Dodatkowym celem byto sprawdzenia w jaki sposéb metoda diagnostyczna
zastosowana do oceny stop u dzieci wptywa na rozpoznanie stopy ptasko-koslawe;.

Hipotezy badawcze:

e  Wybor metody diagnozujacej stope ptasko-koslawa oddziatuje na wyniki badan
dotyczacych wplywu stopy ptasko-koslawej na parametry chodu.

e Diagnostyka stopy plasko-koslawej powinna odbywa¢ si¢ w warunkach
dynamicznych, podczas chodu.

e Zastosowanie dodatkowej interwencji pod postacig trojwymiarowej terapii
manualnej i bandazy korekcyjnych w leczeniu stop ptasko-koslawych u dzieci
poprawi skuteczno$¢ stosowania wktadek ortopedycznych.

Cele szczegbdtowe:
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e Definicja korygowalnej stopy ptasko-koslawe;j

e Porownanie wynikéw diagnozy stop ptasko-koslawych przeprowadzonej w
warunkach statycznych i dynamicznych

o  Wplyw korygowalnej stopy ptasko-koslawej na kinematyczne parametry chodu
w zaleznos$ci od wybranej metody diagnostycznej

o  Wplyw korygowalnej stopy plasko-koslawej na kinetyczne parametry chodu w
zaleznosci od wybranej metody diagnostycznej

e Wplyw korygowalnej stopy plasko-koslawej na czasowo-przestrzenne
parametry chodu w zaleznos$ci od wybranej metody diagnostyczne;j

e Porownanie wynikow leczenia stop ptasko-koslawych po zastosowaniu dwoch
r6znych metod terapii — wyniki dotyczace parametrow kinematycznych,
kinetycznych i czasowo-przestrzennych chodu, a takze rozktadu naciskow na
stopach podczas chodu

Rozprawa doktorska zostata przygotowana w formie zbioru oryginalnych prac w jezyku
angielskim opublikowanych w mi¢dzynarodowych, recenzowanych czasopismach:

1)

2)

3)

4)

A. Boryczka-Trefler, M. Kalinowska, E. Szczerbik, J. Stepowska, A. Lukaszewska, M.
Syczewska, How to define paediatric flatfoot. Comparison of 2 methods: foot posture
in static and dynamic conditions in children 5 to 9 years old. Foot & Ankle Specialist,
2023; 16: 43-49, , 70 pkt

A. Boryczka-Trefler, M. Kalinowska, E. Szczerbik, J. Stepowska, A. Lukaszewska, M.
Syczewska, Effect of Plano-Valgus Foot on Lower-Extremity Kinematics and
Spatiotemporal Gait Parameters in Children of Age 5-9. Diagnostics 2022, 12, 2.
https://doi.org/10.3390/diagnostics12010002, Impact Factor 3.600, 70 pkt

A. Boryczka-Trefler, M. Kalinowska, E. Szczerbik, J. Stepowska, A. Lukaszewska, M.
Syczewska, Comparison of 2 conservative treatment approaches for the flat foot in
children aged 5 to 10: Foot orthoses vs foot orthoses supplemented with Zukunft-Huber
manual therapy. Clinical Peditarics, 2023, on-line first, published 11.05.20023
https://doi.org/10.1177/00099228231172480. Impact Factor 1,5, 70 pkt

A. Boryczka-Trefler, M. Kalinowska, E. Szczerbik, J. Stepowska, A. L.ukaszewska, M.
Syczewska, Changes of the gait induced by two different conservative methods applied
to correct flexible flat feet in children 5 to 9 years old: foot orthoses vs foot orthoses
supplemented with Zukunft-Huber manual therapy. Biomedical Human Kinetics, 2023,
zaakceptowany do druku, Impact Factor 0,8, 140 pkt

t.aczna punktacja zbioru prac wynosi IF = 5,9 oraz MEN = 350 pkt, a we wszystkich jestem
pierwszym autorem.

Zagadnienia te byty rowniez przedmiotem doniesien konferencyjnych:

1.

X111 Sympozjum "Analiza ruchu - teoria i praktyka w zastosowaniach klinicznych 2018
»Poréwnanie wynikow badania stop dzieci w wieku 5-8 lat w warunkach statycznych i
dynamicznych”
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2. XVI Sympozjum "Analiza ruchu - teoria i praktyka w zastosowaniach klinicznych™
2021 ,,Stereotyp chodu dzieci w wieku 5 do 9 lat z ptaskostopiem”

3. XVII Sympozjum "Analiza ruchu - teoria i praktyka w zastosowaniach klinicznych"
2022 ,,Poréwnanie wynikow leczenia stopy plasko-koslawej u dzieci w wieku 5-9 lat
dwiema metodami za pomocg pedobarografii”

MATERIAL I METODY BADAWCZE

MATERIAL

W badaniu wzi¢to udziat 49 dzieci (37 chlopcow 1 12 dziewczynek). Rekrutacje do badania
przeprowadzono w Klinice Rehabilitacji Instytutu ,,Pomnik - Centrum Zdrowia Dziecka” w
Warszawie. Kryteria wlgczenia byty nastepujace: wiek 5-9 lat i przynajmniej jedna stwierdzona
podczas badania lekarskiego korygowalna stopa ptasko-koslawa. Z badania wytgczono dzieci
ze sztywng stopa ptasko-koslawa, ze stopg ptasko-koslawa bedaca nastepstwem uszkodzenia
OUN (osrodkowego ukladu nerwowego), chorob nerwowo-mig¢sniowych, chordb
genetycznych, urazu lub interwencji chirurgicznej konczyn dolnych. Charakterystyke
demograficzng badanej grupy przedstawia tabelka nr 1.

Tabelka 1. Charakterystyka demograficzna badanej grupy

I(‘jlzclzté? Mediana |Minimum | Maksimum | Percentyl 25 | Percentyl 75
Wzrost 49 124,50 109,50 140,00 119.00 129.00
Masa ciata 49 24,00 18,70 39,00 21.0 28.0
BMI 49 16,23 12,61 21,72 15.11 17.5
Wiek 49 6,41 5,04 10,37 5.87 7.48

Na przeprowadzenie badania uzyskano zgod¢ Komisji Bioetycznej Instytutu ,,Pomnik -
Centrum Zdrowia Dziecka” w Warszawie — nr zgody 196/KBE/2015. Zapoznano rodzicow
dzieci bioragcych udzial w badaniu z jego przebiegiem oraz poinformowano o mozliwos$ci
zrezygnowania z udzialu w badaniu na kazdym jego etapie, bez koniecznosci podania
przyczyny. Rodzice poswiadczyli formularz $wiadomej zgody na udziat dzieci w badaniu
naukowym wlasnorgcznym podpisem.
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METODY BADAWCZE
Publikacja 1

A. Boryczka-Trefler, M. Kalinowska, E. Szczerbik, J. Stepowska, A. Lukaszewska, M.
Syczewska, How to define paediatric flatfoot. Comparison of 2 methods: foot posture in static
and dynamic conditions in children 5 to 9 years old. Foot & Ankle Specialist, 2023; 16: 43-
49, , 70 pkt, Opublikowany online 19 lutego 2021

Publikacja 2

A. Boryczka-Trefler, M. Kalinowska, E. Szczerbik, J. Stepowska, A. Lukaszewska, M.
Syczewska, Effect of Plano-Valgus Foot on Lower-Extremity Kinematics and Spatiotemporal
Gait Parameters in  Children of Age 5-9. Diagnostics 2022, 12, 2.
https://doi.org/10.3390/diagnostics12010002, Impact Factor 3.600, 70 pkt

Wstepna kwalifikacja do badania w poradniw
Klinice Rehabilitacji IP CZD

Badanie w staniu na plantokonturografie,
klasyfikacja stop ptasko-koslawych na podstawie
wzorow obrysow wg Clarke’a.

lesli pacjent spetnia kryteria witgczenia do
badania, prawni opiekunowie podpisujg
swiadoma zgode na udziat dziecka w badaniu
naukowym

Badanie chodu na pedobarografie na systemie
emed firmy Novel, rejestrowano 6 prawidtowych
sladow po 3 na kazda stope. Wyliczenie Arch
Index (indeks wysklepienie stopy

Analiza chodu na systemie VICON,
przeprowadzono 6 prob dla kazdego dziecka.
Wyliczenie czaso-przestrzennychi
kinematycznych parametrow chodu

Analiza statystyczna danych. ]

Rys. 1 Przedstawia schemat badania dotyczacego publikacji 1 i publikacji 2.

Y .
A
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Publikacja 3

A. Boryczka-Trefler, M. Kalinowska, E. Szczerbik, J. Stepowska, A. Lukaszewska, M.
Syczewska, Comparison of 2 conservative treatment approaches for the flat foot in children
aged 5 to 10: Foot orthoses vs foot orthoses supplemented with Zukunft-Huber manual therapy.
Clinical Peditarics, 2023, on-line first, published 11.05.20023
https://doi.org/10.1177/00099228231172480. Impact Factor 1,5, 70 pkt

Publikacja 4

A. Boryczka-Trefler, M. Kalinowska, E. Szczerbik, J. Stepowska, A. Lukaszewska, M.
Syczewska, Changes of the gait induced by two different conservative methods applied to
correct flexible flat feet in children 5 to 9 years old: foot orthoses vs foot orthoses supplemented
with Zukunft-Huber manual therapy. Biomedical Human Kinetics, 2023, zaakceptowany do
druku
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Wstepna kwalifikacja do badania w poradni w
Klinice Rehabilitacji IP CZD

Badanie w staniu na plantokonturografie,
klasyfikacja stop ptasko-koslawych na podstawie
wzoréw obrysow wg Clarke’a.

Jesli pacjent spetnia kryteria wigczenia do badania,
prawni opiekunowie podpisujg Swiadomg zgode na
udziat dziecka w badaniu naukowym

Badanie chodu na pedobarografie na systemie
emed firmy Novel, rejestrowano 6 prawidtowych
sladéw po 3 na kazdg stope. Wyliczenie Arch Index
(indeks wysklepienie stopy

( )

Analiza chodu na systemie VICON, przeprowadzono
6 prob dla kazdego dziecka. Wyliczenie czasowo-
przestrzennych i kinematycznych parametréw
chodu

4 3\
Losowe przydzielenie uczestnikom badania jednej z
2 metod leczenia: terapia manualna z korekcyjnym
bandazowaniem i wktadki oraz wytgcznie wkadki
ortopedyczne. Udzielenie instruktazu dotyczacego
przebiegu leczenia dla obu grup.

4 3\
Co 3 miesigce: badanie chodu na pedobarografie na
systemie emed firmy Novel, rejestrowano6
prawidtowych $ladéw po 3 na kazdg stope.
Wyliczenie Arch Index, parametréwgeometrycznych
i naciskow w trakcie chodu.
| J/

Po 12 miesigcach: Analiza chodu na systemie

VICON, przeprowadzono 6 préb dla kazdego

dziecka. Wyliczenie czasowo-przestrzennych,
kinematycznych i kinetycznych parametréw chodu

Analiza statystyczna danych.

Rys.2 Przedstawia schemat badania dotyczacego publikacji 3 i publikacji 4.
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WYNIKI I DYSKUSJA

W rozprawie doktorskiej przygotowanej jako zbidr prac uzyskane wyniki potwierdzity
postawione wczes$niej hipotezy badawcze. W dwoch pierwszych pracach ze zbioru, a
mianowicie w:

A. Boryczka-Trefler, M. Kalinowska, E. Szczerbik, J. Stepowska, A. Lukaszewska, M.
Syczewska, How to define paediatric flatfoot. Comparison of 2 methods: foot posture in static
and dynamic conditions in children 5 to 9 years old. Foot & Ankle Specialist, 2023; 16: 43-
49, , 70 pkt

A. Boryczka-Trefler, M. Kalinowska, E. Szczerbik, J. Stepowska, A. Lukaszewska, M.
Syczewska, Effect of Plano-Valgus Foot on Lower-Extremity Kinematics and Spatiotemporal
Gait Parameters in  Children of Age 5-9. Diagnostics 2022, 12, 2.
https://doi.org/10.3390/diagnostics12010002, Impact Factor 3.600, 70 pkt

wyniki potwierdzilty dwie pierwsze hipotezy, ze wybor metody diagnozujacej stope ptasko-
koslawg oddziatuje na wyniki badan dotyczacych wptywu stopy ptasko-koslawej na parametry
chodu oraz ze, stopy i ich funkcje powinno si¢ ocenia¢ w warunkach dynamicznych podczas
chodu.

Poniewaz w badaniu wg testu Wilcoxona dla par obserwacji, nie znaleziono rdéznic mi¢dzy
parametrami dla stopy prawe;j i lewej, dane z prawej 1 lewej stopy zostaly scalone i byly one w
dalszej czg¢$ci pracy analizowane razem. A poniewaz celem badania byto poréwnanie 2 metod
a nie grup pacjentow, stopy badano jako niezalezne jednostki.

W badaniu stope sklasyfikowano jako stope plasko-koslawa najpierw w warunkach
statycznych, na podstawie badania klinicznego i wzoru obryséw Clarke’a uzyskanych na
pedografie Harris & Beath, a nastepnie w czasie chodu na platformie pedobarograficznej
Novel, na podstawie indeksu wysklepienia (Arch Index), wyliczonego przez oprogramowanie
emed.

W oparciu o badanie kliniczne i wzor obrysow Clarke'a, stopa ptasko-koslawa to stopa o
obnizonym lub zapadni¢tym luku podtuznym z wyraznym wybrzuszeniem ponizej kostki
przysrodkowej bedacym nastepstwem wystajacej glowy kosci skokowej 1 jednocze$nie
zakwalifikowana do typu 7-10 wg wzoru obryséw Clarke’a (rys.3).
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Wspotczynnik Arch Index (indeks wysklepienia) obliczony przez oprogramowanie emed dla
stopy ptaskiej jest rowny lub > 0,27.

W statyce (w staniu), na podstawie badania klinicznego i wzoru obrysow Clarke’a do stop
ptasko-koslawych zaliczono 87 stop ( typ 7 — 10) a 11 stop (typ 6) do stop prawidlowych.
Natomiast na podstawie wartosci Arch Index (indeksu wysklepienia) wyliczonego podczas
chodu na platformie pedobarograficznej, 56 stop zakwalifikowano do stop ptasko-koslawych
(Al'>0,27), a 42 stopy do stop prawidlowych (Al < 0,27). Poréwnujgc oba badania, okazato
si¢, ze 35 stop sklasyfikowanych na podstawie badania klinicznego i obrysow Clarke’a jako
stopy ptasko-koslawe, wg Al wyliczonego w czasie chodu, byly prawidtowe, a 4 stopy
sklasyfikowane wg obrysow Clarke’a jako prawidtowe, wg Al zostaty sklasyfikowane jako
ptasko-koslawe. (Tab.2)

Tabelka 2. Podsumowanie liczby stop sklasyfikowanych jako ptaskie na podstawie indeksu wysklepienia z emed
(Arch Index) oraz wzoru obryséw stop wg Clarke'a.

Ocena na podst. wzoru Ocena na podst. wzoru
obryséw wg Clarke’a — obryséw wg Clarke’a— | Razem
stopa prawidtowa stopa ptasko-koslawa
Ocena na podst. emed 7 35 42
(Al) — stopa prawidtowa
Ocena na podst. emed 4 52 56
(Al) — stopa ptasko-
koslawa
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Razem 11 87 98

W drugiej publikacji ze zbiou: Effect of Plano-Valgus Foot on Lower-Extremity Kinematics
and Spatiotemporal Gait Parameters in Children of Age 5-9. Diagnostics 2022, 12, 2.
https://doi.org/10.3390/diagnostics12010002, udowodnitam, jak wybdr metody diagnozujace;j
stope ptasko-koslawa oddziatluje na wyniki badan dotyczacych wptywu stopy ptasko-koslawe;j
na parametry kinematyczne i czasowo-przestrzenne chodu.

W przypadku, gdy stope plasko-koslawa definiowano na podstawie badania klinicznego 1
wzorow obryséw Clarke’a w statyce, nie znaleziono statystycznie znaczgcych rdznic
dotyczacych parametrow czasowo-przestrzennych, kinematycznych i sit reakcji podtoza
mi¢dzy stopami prawidlowymi a stopami ptasko-koslawymi.

W przypadku, gdy klasyfikacji dokonano na podstawie wartosci indeksu wysklepienia (Arch
Index) wyliczonego podczas chodu na platformie pedobarograficznej, pomigdzy stopami
prawidlowymi a stopami ptasko-ko§lawymi znaleziono statystycznie znamienne roznice
dotyczace nastepujacych parametrow: znormalizowana predko$¢ chodu (rys.4A),
znormalizowana czgsto$¢ krokéw (rys.4B), rotacja miednicy w plaszczyznie poprzecznej
(rys.5A), zakres ruchu w stawie skokowym w plaszczyznie strzatkowej (rys.5B), zakres
progresji stopy (rys.5C) i 2 parametry bedace sktadowymi pionowych sit reakcji podtoza FZ2
(faza podporu — pelne obcigzenie stopy) (rys.6A) i FZ3 (faza przenoszenia - odbicie) (rys.6B).

Galt spaed ['%] Cadence [%)

ol . . & Mediana 60 o Mediana
- + - -

O 25%-75% [ 25%-75%

] 25%-T5%
Arch_indax T Min-Maks Asch_index T Min-Maks

Rysunek 4. Wplyw stopy zdefiniowanej na podstawie Al (indeksu wysklepienia) na parametry czasowo-
przestrzenne chodu: (A) predkosé, .-, — stopa prawidtowa (mediana = 84%), ,,+” stopa ptasko-koslawa
(mediana=72%) oraz (B) czestotliwo$¢ krokoéw, ,,-,, — stopa prawidtowa (mediana = 83%), ,,+” stopa plasko-
koslawa (mediana=78%)
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Rysunek 5. Wptyw typu stopy zdefiniowanej na podstawie Al (indeksu wysklepienia) na parametry
kinematyczne chodu: (A) rotacja miednicy w plaszczyznie poprzecznej, ,,-,, — stopa prawidlowa (mediana =
2.0), ,,+” stopa plasko-koslawa (mediana = 0.0), (B) zakres ruchu w stawie skokowym w plaszczyznie
strzatkowej, ,,-,, — stopa prawidlowa (mediana = 32.5), ,,+” stopa ptasko-koslawa (mediana = 26.0) oraz (C)
zakres progresji stopy, ,,-,, — stopa prawidtowa (mediana = 15.0), ,,+” stopa ptasko-ko$lawa (mediana = 12.
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Rysunek 6. Wptyw typu stopy zdefiniowanej na podstawie Al (indeksu wysklepienia) na sktadowe pionowych sit
reakcji podioza: (A) FZ2 (faza podporu — petne obcigzenie stopy) ,,-,, — stopa prawidtowa (mediana = 81.5% c.c.),
T stopa ptasko-koslawa (mediana = 85.0% c.c.) oraz (B) FZ3 (faza wymachu — odbicie), ,,-,, — stopa prawidtowa
(mediana = 105.0% c.c.), ,,+” stopa ptasko-koslawa (mediana = 101.5% c.c.).

W dwadch kolejnych pracach, a mianowicie:

Comparison of 2 conservative treatment approaches for the flat foot in children aged 5 to 10:
Foot orthoses vs foot orthoses supplemented with Zukunft-Huber manual therapy. Clinical
Peditarics, 2023, on-line first, published 11.05.20023
https://doi.org/10.1177/00099228231172480 oraz
Changes of the gait induced by two different conservative methods applied to correct flexible
flat feet in children 5 to 9 years old: foot orthoses vs foot orthoses supplemented with Zukunft-
Huber manual therapy. Biomedical Human Kinetics, 2023, zaakceptowany do druku
uzyskatam potwierdzenie trzeciej hipotezy badawczej, zaktadajacej, ze dotaczenie dodatkowe;
interwencji pod postacig trojwymiarowe;j terapii manualnej i bandazy korekcyjnych w leczeniu
stop plasko-koslawych u dzieci poprawi skuteczno$¢ stosowania wktadek ortopedycznych.

Dzieci biorgce udzial w badaniu zostaty losowo podzielone na 2 grupy: grupa leczona
wyltacznie z zastosowaniem wkiadek ortopedycznych i1 grupa leczona z zastosowaniem
wktadek ortopedycznych oraz dodatkowo z zastosowaniem tréjwymiarowej terapii manualnej
i bandazy korekcyjnych.

Poréwnujac 2 badane grupy, po wykonaniu testu t-Studenta stwierdzono istotne réznice miedzy
nimi w odniesieniu do nast¢pujacych parametrow: indeks wysklepienia, kat koslawosci
palucha, szerokos$¢ przodostopia, szeroko$¢ podbicia, szeroko$¢ $rédstopia, sita nacisku na
glowe I kosci §rodstopia (MH1), sita nacisku na glowe III kosci $rdédstopia (MH3), sita nacisku
na gtowe IV kosci $rodstopia (MH4), sita nacisku na glowe V kosci $rdédstopia (MHS), sita
nacisku na $§rddstopie, powierzchnia pod gltowa I kosci §rodstopia (MH1) i powierzchnia
$rddstopia. Jest to ograniczenie tego badania. Dlatego nie porownywaliSmy wynikow leczenia
bezposrednio miedzy tymi grupami, lecz obserwowaliSmy wyniki rocznego leczenia wewnatrz
kazdej grupy z osobna.

Analizujagc wyniki z platformy pedobarograficznej w grupie leczonej przez rok terapig
manualng wraz z bandazowaniem korekcyjnym i wktadkami ortopedycznymi zaobserwowano
istotne statystycznie zmiany 11 parametrow: zmniejszenie wartosci wskaznika wysklepienia
stopy (p< 0,001), szerokos$ci $rodstopia (p= 0,006), sity nacisku na $rodstopie (p= 0,002) i
powierzchni $rodstopia (p< 0,001) oraz statystycznie istotny wzrost sity ), sity nacisku na
gltowe II kosci $rédstopia MH2 (p< 0,001), ), sity nacisku na gltowe III kosci $rodstopia
MH3(p< 0,001) , ), sity nacisku na glowe IV kosci §rodstopia MH4 (p< 0,001) 1), sity nacisku
na gtowe V kosci $rédstopia MHS (p= 0,032), powierzchni pod glowa IV kosci §rodstopia MH4
(p= 0,004) 1 powierzchni pod tylostopiem (p< 0,001). Wszystkie zmiany dotyczace 11
parametrow byty to zmiany korzystne, czyli po roku leczenia nastgpita poprawa 11 z 29
badanych parametréw w kierunku zmniejszenia cech ptaskostopia

W grupie leczonej wylgcznie za pomocg wktadek do butow po roku leczenia zaobserwowano
istotne statystycznie zmiany 7 parametréw z platformy pedobarograficznej: zmniejszenie
wartosci wskaznika wysklepienia stopy (p< 0,001), szerokosci $rddstopia (p= 0,006), sity
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nacisku na $rdédstopie (p= 0,007) i powierzchni $rodstopia (p< 0,001)szerokosci $rddstopia
(p=0,034) 1 jednoczesnie istotny statystycznie wzrost sity nacisku na glowe Il kos$ci §rodstopia
MH2 (p=0,003) i powierzchni pod tytostopiem (p=0,016). Z tych 7 parametrow, 6 parametrow
ulegto poprawie w kierunku zmniejszenia cech ptaskostopia, natomiast wzrost sity nacisku na

glowe II kosci §rodstopia MH2 (p=0,003) jest zmiang niekorzystng.

Analizujgc parametry czasowo-przestrzenne oraz sily reakcji podloza, zar6wno w grupie
leczonej z zastosowaniem wktadek i terapii Zukunft-Huber, jak i w grupie leczonej tylko za
pomoca wkladek, nie zaobserwowano zadnych, znamiennie statystycznie zmian po roku
stosowania terapii: tabelka 3 1 4. Patrzac na niewielkie réznice stwierdzone po leczeniu, mozna

uznac je przypadkowe, a wigc nieistotne dla zastosowanej interwencji.

Tabelka 3. Porownanie wynikow leczenia w grupie leczone;j tylko z zastosowaniem wktadek

t p $rxSD srxSD
przed po
Predkos¢ _[%] (w odniesieniu do danych 0171 0.864 75.3+16.4 | 76.8+21.7
referencyjnych)
Y ——
Czestotliwosé [A)_] (w odniesieniu do 0.182 0.855 80.6£8.5 | 77.4+19.9
danych referencyjnych)
Szerokos¢ kroku [m] 0.500 0.617 0.15+0.029 | 0.14+0.035
Dhugos¢ kroku [%] (w odniesieniu do 0.167 0.868 92.4+15.3 | 92.5+23.8
danych referencyjnych)
Faza podporu [%] 2.089 0.037 61.0£2.0 59.9+1.5
Faza pojedynczego podporu [%] 0.696 0.486 39.6+3.7 40.0+£1.8
[I\fl]lednlca w plaszczyznie strzatkowe;j 4.773 0.000 6.2+5.0 10.4+4.2
Zakres ruchuomlednlcy w plaszczyznie 0.612 0.540 3.2£1.0 3.3+0.7
strzatkowej [°]
Miednica w ptaszczyznie czotowej [°] 0.196 0.844 0.08+1.2 0.4+1.9
Zakres rgc[\u miednicy w ptaszczyznie 1.066 0.286 7.3£1.9 7.8+2.2
czotowej [°]
[I\fl]lednlca w plaszczyznie poprzecznej 0913 0.361 1.1+2.6 0.8+2.7
Zakres ruchu [nlednlca w plaszczyznie 0.567 0571 10.1£5.1 9.2+3.2
poprzecznej [°]
Staw plodrewy — kontakt picty z 4526 <0.001 22.746.3 28.4+5.7
podtozem [°]
Staw biodrowy (hamowanie) [°] 5.167 <0.001 -14.5+8.5 -9.346.1
Staw biodrowy faza wymachu [°] 4.066 <0.001 24.7+6.8 29.8+6.4
Dodatkowe zgiecie w st. biodrowym w 1750 0.080 2.0£2.2 12422
fazie wymachu [°]
Staw biodrowy zakres ruchu [°] 0.177 0.860 37.8+6.1 38.4+3.7
Staw bloglrowy rotacja w fazie 0.530 0.596 -2.3£13.1 | -0.08+14.0
podporu[°]
Staw blodr?wy rotacja w fazie 0.177 0.860 0.3+18.3 0.3+19.2
wymachu [°]
Staw biodrowy rotacja zakres ruchu [°] 0.857 0.391 22.4+12.1 | 23.9+10.0
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Staw biodrowy odwiedzenie [°] 1.393 0.164 -0.5+3.7 -0.9+6.6
Staw biodrowy pt czotowa [°] 2.694 0.007 10.2+2.9 11.8+4.7
Staw blgdfowy zakres ruchu w pt 1033 0.301 0.6£3.7 -1.0+3.8

czotowej [°]

Staw kolangwy - kontakt piety z 1,950 0.211 10.3£5.2 | 14.9+24.7

podtozem [°]

(S;it;\,: [ko(])lanowy — przyjecie cigzaru 0.750 0.453 0.8+5.0 -0.6x4.9
Staw kolanowy faza podporu [°] 1.549 0.121 52.1+5.0 53.4+4.9

Staw kolanowy faza wymachu [°] 0.866 0.386 -3.2+17.4 -5.8+3.2

Staw kolanowy — hamowanie [°] -0.250 0.802 54.745.6 56.6+4.2

Staw kolanowy zakres ruchu [°] 2.739 0.006 -4.7+4.3 -2.315.4

Staw gkoko:/vy - kontakt piety z 1937 0.216 13.5+£3.2 14.0+£3.8

podiozem [°]

Sta_w skokowy zgiccie grzbietowe w -0.000 1.000 -15.1+8.3 | -14.3+11.0

fazie wymachu [°]

Przedwczesne oderwanie pigty 1.373 0.167 2.7+4.1 2.4+3.3

Staw skokOW}: maks. Zgiecie L0177 0.860 29.5+6.3 30.4+6.4

podeszwowe[ ]

Staw skokowy faza wymachu [°] -0.000 1.000 -0.12+7.9 -0.946.9

Staw skokowy zakres ruchu [°] 1.044 0.296 15.1+6.0 14.515.6

FZ1 (plerwszy szgzyt sity reakcji 0171 0.864 104.1+8.6 | 105.2+8.7

podtoza pionowej) [N/kg]

F_Z2 (dru_gl szczyt sity reakcji podtoza 0.676 0.499 83.5+8.8 81.2+6.2

pionowej) [N/kg]

FZ3 (plerwszy szczyt sity reakcji 0171 0.864 103.7+6.6 | 106.6+6.6

podtoza pionowej) [N/kg]

FX1 (boczny szczyt sity reakcji 8.9+2.3 8.7+1.9

podtoza w ptaszczyznie przysrodkowo- 0.913 0.361

bocznej) [N/kg]

FX2 (przysrodkowy szczyt sity reakcji 1.1+1.9 0.9+1.0

podtoza w ptaszczyznie przysrodkowo- 0.000 1.000

bocznej) [N/kg]

FY1 (przedni szczyt sity reakcji 17.1+4.6 18.2+3.2

podioza w ptaszczyznie przednio- 0.182 0.855

tylnej) [N/kg]

FY2 (tylny szczyt sity reakcji podtoza 17.5x4.4 19.3+4.0

gy . . 0.177 0.860
w plaszczyznie przednio-tylnej) [N/kg]
Tabelka 4. Porownanie wynikdéw leczenia w grupie leczonej za pomoca wkladek i terapii manualnej z
bandazowaniem korekcyjnym
t p $r£SD $r+SD
przed po

Predkosé _[%] (w odniesieniu do danych 0.474 0.635 77.1£15.2 | 70.8£25.9

referencyjnych)

Czestotliwos¢ [%] (w odniesieniu do 0.154 0.877 79.6£9.7 72.2+£24.6

danych referencyjnych)
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Szerokos¢ kroku [m] 1107 0.268 0.1730.03 0.15+0.039
~ 5 —

Dhugos¢ kroku [/_o] (w odniesieniu do 0.312 0.755 95.4+£12.4 | 96.0+16.5

danych referencyjnych)

Faza podporu [%] 1.562 0.118 60.9+1.8 60.2+1.8

Faza pojedynczego podporu [%] 1.423 0.155 39.3£2.6 40.1+2.3

1[\51]16(111103 w plaszczyznie strzatkowe] 0171 0.864 10.0+4.8 9.0+6.3

Zakres ruchuomlednlcy w plaszczyznie 3.064 0.002 3.7£1.3 3.0£1.0

strzatkowej [°]

Miednica w ptaszczyznie czotowej [°] 3.601 <0.001 -0.7£2.1 0.9+1.6

Zakres rgcflu miednicy w plaszczyznie 2245 0.025 6.3+4.1 6.9+2.0

czotowej [°]

1[\c{[]1edn1ca w plaszczyznie poprzecznej 0.980 0.327 0.9+2.0 1.4+2.5

Zakres ruchp fnledmca w plaszczyznie 0.857 0.391 9.5+4.1 0.7£3.5

poprzecznej [°]

Staw plodrewy — kontakt picty z 0.329 0.742 27.5%6.9 27.917.1

podtozem [°]

Staw biodrowy (hamowanie) [°] 1.460 0.144 -11.2+6.2 | -10.4+7.1

Staw biodrowy faza wymachu [°] 0.320 0.749 29.8+6.9 29.9+6.8

Dodatkowe zgiecie w st. biodrowym w 0.671 0.502 1.9+2.0 1.2+2.0

fazie wymachu [°]

Staw biodrowy zakres ruchu [°] 0.487 0.626 39.0+5.6 37.945.5

Staw b|0(iIrowy rotacja w fazie 1135 0.256 -8.2+£15.4 | -7.1+13.7

podporu[°]

Staw blodr?wy rotacja w fazie 0.474 0.635 1.1+14.5 -0.1+16.3

wymachu [°]

Staw biodrowy rotacja zakres ruchu [°] -0.158 0.874 22.8+£7.9 25.0£9.3
Staw biodrowy odwiedzenie [°] 0.961 0.337 -0.3+3.4 -2.1+7.3
Staw biodrowy pt czotowa [°] 1.167 0.243 9.3+2.5 12.1+6.2
Staw blgdfowy zakres ruchu w pt 0.236 0.814 0.7£3.7 0.2+2.8

czotowej [°]

Staw l_(OIan?Wy - kontakt piety z 0.459 0.646 12.2+5.6 10.145.1
podiozem [°]

[Sot]aw kolanowy — przyjecie cigzaru ciata -0.236 0.814 1.8+4.9 1.0+4.4

Staw kolanowy faza podporu [°] -0.224 0.823 52.7£7.7 54.1+4.7
Staw kolanowy faza wymachu [°] -0.000 1.000 -6.1+3.6 -6.6+3.9
Staw kolanowy — hamowanie [°] 0.707 0.479 54.9+8.6 57.4+7.0
Staw kolanowy zakres ruchu [°] 1.543 0.123 -3.6+3.9 -1.3+3.8
Staw gkoko:/vy - kontakt piety z 0.000 1.000 9.4+2.6 13.2+3.6
podtozem [°]

Sta_w skokowy zgiecie grzbietowe w 0.833 0.405 -10.1+129 | -6.9+15.2
fazie wymachu [°]

Przedwczesne oderwanie pigty 0.167 0.868 3.0+£5.2 3.1+2.9

Staw skokOW}: maks. Zgiecie 1315 0.188 27.616.4 28.3+5.8
podeszwowe[ ]

Staw skokowy faza wymachu [°] 0.487 0.626 -4.7£9.0 -4.348.1
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w plaszczyznie przednio-tylnej) [N/kg]

Staw skokowy zakres ruchu [°] -0.000 1.000 12.9+4.4 12.9+5.9
FZ1 (pierwszy szczyt sity reakcji 105.6+11. | 107.8+12.2
podtoza pionowej) [N/kg] 0.657 0.511 2

FZ2 (drugi szczyt sity reakcji podtoza 0.961 0.337 82.2+10.2 82.0£6.3
pionowej) [N/kg] ' '

FZ3 (pierwszy szczyt sity reakcji 1601 0.109 101.945.9 | 105.1+7.5
podtoza pionowej) [N/kg] ' '

FXI1 (boczny szczyt sily reakcji podioza 9.6+2.0 9.1+7.5
w plaszczyznie przysrodkowo-bocznej) 0.696 0.486

[N/kg]

FX2 (przysrodkowy szczyt sity reakcji 0.8+1.1 0.7+1.0
podtoza w ptaszczyznie przysrodkowo- 0.000 1.000

bocznej) [N/kg]

FY1 (przedni szczyt sity reakcji podloza 0.154 0.877 17.8+5.7 18.0+4.0
w plaszczyznie przednio-tylnej) [N/kg] ' '

FY2 (tylny szczyt sily reakcji podioza -0.158 0.874 18.1+5.4 18.5+3.7

Predkos¢ [%] (w odniesieniu do danych
referencyjnych)

Czestotliwos¢ [%] (w odniesieniu do
danych referencyjnych)

Analizujgc parametry kinetyczne po roku terapii stwierdzono istotne statystycznie roznice
miedzy badanymi grupami dotyczace momentdéw sil i mocy. W grupie leczonej metoda B.
Zukunft-Huber po roku leczenia zaobserwowano statystycznie istotne zmiany momentu
zgigcia stawu biodrowego, momentu zgi¢cia podeszwowego stawu skokowego oraz sity stawu
skokowego. W grupie leczonej wytgcznie za pomocg wktadek po 12 miesigcach stwierdzono
statystycznie istotne réznice momentu zgigcia podeszwowego stawu skokowego 1 mocy stawu

skokowego.

Tabelka 5. Poréwnanie wynikéw w obu grupach przed i po leczeniu za pomocg testu t-Studenta dla powigzanych

préb — momenty i sity
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Zmienna Grupa leczona wytacznie Grupa leczona za pomocg
za pomocg wktadek wktadek 1 manualng terapig
trojptaszczyznowa wraz z
bandazowaniem
t p t p
Zgigcie w st. -1.694 0.099 -2.301 0.027
biodrowym [Nm/kg]
Wyprost w st. 0.283 0.779 -1.332 0.190
biodrowym [Nm/kg]
Zgiecie w st. -0.512 0.611 -1.101 0.323
kolanowym [Nm/kg]
Wyprost w st. -0.847 0.402 -0.969 0.338
kolanowym [Nm/kg]
Zgigcie podeszwowe w -4.546 <0.001 -7.023 <0.001
st. skokowym [Nm/kg]




Sita w st. skokowym -2.785 0.008 -2.027 0.049
[W/kg]

Tabelka 6. Test t-Studenta dla prob zaleznych w obu grupach przed i po leczeniu. Inny niz przed terapia - - # -
p<0.05, ## - p<0.01, ### - p<0.001

Zmienna Grupa leczona wytacznie za Grupa leczona za pomocg
pomoca wktadek wktadek i manualng terapia
trojptaszczyznowa wraz z
bandazowaniem
przed po $r+SD | Sita przed po $r+SD | Sita
$r+SD Wielkos¢ | §r+=SD Wielko
efektu §¢
Cohen’s efektu
d Cohen’
sd
Szczytowy 0.99+0.17 | 1.1+0.13** | 0.98 0.95+0.17 | 1.1+0.16* | 0.99
moment 0.727 0.909
zgigcia
grzbietowego
st.
skokowego
[Nm/kg]
Sita w st. 2.28+0.68 | 2.67+0.69* | 0.87 2.17+0.86 | 2.36+0.71% | 0.62
skokowym 0.569 0.241
[Wikg]
Szczytowy 0.66+0.37 | 0.82+0.37% | 0.69
moment 0.432
zgigcia st.
biodrowego
[Nm/kg]
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PODSUMOWANIE
Hipotezy badawcze:

e  Wybor metody diagnozujacej stope ptasko-koslawa oddziatuje na wyniki badan
dotyczacych wplywu stopy ptasko-kos$lawej na parametry chodu.

e Diagnostyka stopy plasko-koslawej powinna odbywa¢ si¢ w warunkach
dynamicznych, podczas chodu.

e Zastosowanie dodatkowej interwencji pod postacig trojwymiarowej terapii
manualnej i bandazy korekcyjnych w leczeniu stop ptasko-koslawych u dzieci
poprawi skutecznos$¢ stosowania wktadek ortopedycznych

W rozprawie doktorskiej potwierdzitam prawdziwos¢ postawionych wczes$niej hipotez
badawczych. Uzyskane wyniki badan dowiodly, Ze rzeczywiscie wybdr metody zastosowanej
do diagnozy stop ptasko-koslawych bedzie w konsekwencji determinowaé wyniki badan
dotyczacych wptywu stopy plasko-koslawej na parametry chodu, oraz ze klasyfikacja
przeprowadzona w warunkach dynamicznych, identyfikuje dzieci ze stopa ptasko-koslawa, u
ktorych funkcja chodu jest obiektywnie zaburzona.

Badane w warunkach statycznych cechy strukturalne stopy wcale nie muszg korelowaé z
jakoscig funkcji stopy 1 ich znaczenie kliniczne w oderwaniu od funkcji moze by¢ watpliwe.
Na pewnym etapie rozwojowym stopa sklasyfikowana jako nieprawidtowa na podstawie cech
strukturalnych w statyce, w warunkach dynamicznych moze funkcjonowa¢ prawidlowo i
odwrotnie, stopa strukturalnie wydajaca si¢ stopa prawidlowg, moze funkcjonowac
nieprawidlowo. W szczeg6dlnosci ocena i klasyfikacja stop na podstawie dwuwymiarowych
odciskow wydaje sie¢ by¢ niewystarczajaca, aby odzwierciedli¢ ztozono$¢ ludzkiej stopy, ktora
jest strukturg tréjwymiarowa i1 ktorej ruchy odbywaja si¢ zazwyczaj jednocze$nie w trzech
ptaszczyznach. Stopy, zdiagnozowane w staniu jako ptasko-koslawe, niekiedy dobrze
funkcjonuja podczas chodu, poniewaz, jak si¢ wydaje, maja potencjat dynamicznej korekty
samych siebie. Poniewaz pomig¢dzy wynikami w statyce i dynamice jest zasadnicza rdznica,
powstaje pytanie, czy ocena stop wytagcznie w warunkach statycznych jest wystarczajaca do
zdiagnozowania stopy plasko-koslawej i podjecia wilasciwej decyzji dotyczacej leczenia.
Wyzwaniem dla klinicysty jest stwierdzenie, czy badana stopa u dziecka miesci si¢, czy juz
wykracza poza prawidtowe wzorce rozwojowe, w szczegdlnosci w odniesieniu do funkcji
chodu i postawy catego ciata. Wydaje sig¢, ze podstawg planowania leczenia powinny by¢ testy
dynamiczne, ktore realnie identyfikuja dzieci z problemami funkcjonalnymi. Dzieci ze stopa
ptasko-koslawa zdiagnozowang w warunkach statycznych, u ktérych nie wystepuja zaburzenia
chodu, prawdopodobnie powinny zosta¢ objete obserwacja, a nie od razu leczeniem.
Klasyfikacja przeprowadzona w warunkach dynamicznych identyfikuje te dzieci ze stopa
ptasko-koslawa, ktore maja obiektywne zaburzenia chodu i rzeczywisScie wymagaja leczenia.

W swojej rozprawie doktorskiej uzyskatam rowniez potwierdzenie trzeciej hipotezy
badawczej, zaktadajacej, ze dotaczenie dodatkowej interwencji pod postacig tréjwymiarowej
terapii manualnej 1 bandazy korekcyjnych w leczeniu stop ptasko-koslawych u dzieci poprawi
skuteczno$¢ stosowania wktadek ortopedycznych.
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Dzieci bioragce udzial w badaniu zostaty losowo przydzielone do jednej z dwoch grup: grupa
leczona tylko za pomoca wktadek oraz grupa leczona z zastosowaniem wktadek oraz metody
B. Zukunft-Huber terapia manualna, bandazowanie i wktadki). Po 12 miesigcach leczenia
badane bylo, czy w ogdle, a jesli tak, to w jakim stopniu, zmienig si¢ parametry determinujgce
jako$¢ chodu w obu badanych grupach. Sprawdzali$my sity nacisku mierzone na platformie
pedobarograficznej emed firmy Novel, oraz parametry kinematyczne i Kinetyczne chodu
uzyskane podczas analizy chodu z zastosowaniem systemu MX VICON z 12 kamerami,
sprzezonym z 2 platformami dynamicznymi Kistler.

Aktualne badania naukowe dowodza, ze parametry dotyczace sil nacisku mierzone na
platformie pedobarograficznej i1 ich rozktad podczas chodu odzwierciedlajg nieprawidtowosci
biomechaniczne stopy ptasko-koslawej zarowno u dzieci, jak i dorostych 1 moga dostarczy¢
obiektywnych informacji na temat skutecznosci leczenia.

Analizujac najpierw na grup¢ leczong z zastosowaniem technik manualnych, bandazowania
korekcyjnego oraz wktadek, po roku zaobserwowali$my statystycznie istotne zmniejszenie
warto$ci wskaznika wysklepienia tuku, szerokosci $rddstopia, sity nacisku na $roédstopie i pola
powierzchni $rddstopia, a jednoczesnie statystycznie istotny wzrost szerokosci podbicia, sity
nacisku na glowg II k. $rdédstopia (MH2), sity nacisku na glowg III k. §rodstopia (MH3), sity
nacisku na glowe IV k. $rodstopia (MH4) i sity nacisku na glowe V k. §rédstopia MHS, pola
powierzchnia pod MH4 i pola powierzchnia tytostopia. Wszystkie te parametry zostaty
znormalizowane do cech geometrycznych lub masy ciata, aby usung¢ wplywu procesu
wzrastania dzieci.

Z prac innych badaczy wiadomo, ze wskaznik wysklepienia u dzieci stabilizuje si¢ 1 odpowiada
normom dla oséb dorostych w wieku migdzy 5 a 6 lat. Wobec tego spadek jego wartosci u
dzieci leczonych przez rok metoda Zukunft-Huber nalezy traktowac jako korzystny efekt
terapii, a nie jako nastgpstwo wzrostu i/lub dojrzewania. Do korzystnych efektow leczenia
metoda Zukunft-Huber nalezy zaliczy¢ zmniejszenie wartos$ci szerokos$ci $rodstopia, sity
nacisku na srodstopie oraz pola powierzchni srodstopia. Wyniki te sg zgodne z wynikami badan
innych autoroéw, w ktérych udowodnili, ze zwigkszenie sity nacisku na $rodstopie oraz pola
powierzchni $rodstopia sa charakterystyczne dla stopy ptasko-koslawej. Za korzystny wynik
mozna rowniez uzna¢ zwigkszenie szerokos$ci podbicia, sity nacisku na gtowe II, III, IV1V k.
$rddstopia, zwigkszenie pola powierzchni pod MH4 i pola powierzchnia tytostopia. Na
podstawie literatury wiemy, ze w stopie ptasko-koslawej w poréwnaniu do stopy normalnej
obserwuje si¢ spadek sily nacisku na przodostopie i tylostopie, przy réwnoczesnym
zwiekszeniu nacisku na srodstopie.

Patrzac na druga grup¢ leczong tylko za pomoca wkiadek, zaobserwowalismy po roku
statystycznie istotne zmniejszenie wartosci wskaznika wysklepienia tuku, szerokoS$ci
srodstopia, sity nacisku na §rédstopie 1 pola powierzchni srodstopia - wyniki te byly podobne
jak w grupie leczonej metoda taczong. . ZaobserwowaliSmy roéwniez statystycznie istotny,
izolowany wzrost sity nacisku na glowe II k. §rédstopia (MH2), zwigkszenie pola powierzchni
pod MH4 1 pola powierzchnia tylostopia. O ile na podstawie literatury mozna uznaé
zwiekszenie pola powierzchni pod MH4 i pola powierzchni tytostopia za wynik pozytywny, to
musimy blizej przyjrze¢ si¢ izolowanemu wzrostowi sity nacisku na gtowe II k. §rédstopia
(MH2). Na podstawie badan naukowych wiemy, Ze mniejszy nacisk na glowg I k. §rodstopia,
przy jednoczesnym zwigkszonym nacisku na gltowe II k. $rddstopia sa charakterystyczne dla
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stopy plasko-koslawej. Takie zjawisko moze by¢ wedlug Hillstroma, Subotnika i Henniga
zwigzane z hipermobilnos$cig pierwszego promienia, co roéwniez jest czgsto obserwowane w
stopie plasko-koslawej [42-44]. W stopie plasko-koslawej z hipermobilnym pierwszym
promieniem, I ko$¢ srodstopia podczas chodu w fazie obcigzenia unosi si¢, tym samym
powodujac zwigkszenie nacisku na gltowe II kosci $srodstopia. Taki izolowany wzrost sity
nacisku na MH2 po rocznym leczeniu samymi wktadkami nalezy interpretowaé wigc jako
wynik niekorzystny i powinien by¢ on przedmiotem dalszych badan. Wydaje si¢, ze samo
noszenie wktadek moze nie by¢ wystarczajace do skutecznego leczenia ptaskostopia u dzieci i
potrzebna jest dodatkowa interwencja.

Aby w pelni opisa¢ ewentualne zmiany jakos$ci chodu po zastosowanym leczeniu, zebrano
réwniez dane dotyczace parametrow kinematycznych i kinetycznych w stawie skokowym i
pozostatych stawach konczyny dolnej. Podczas chodzenia, biegania lub innych czynnosci
zwigzanych z obcigzeniem konczyn dolnych prawdopodobne jest, ze zmieniony mechanizm
pronacji-supinacji w stopie ptasko-koslawej moze prowadzi¢ do zmiany kinematyki i/lub
kinetyki proksymalnych stawow, o czym pisali juz Lin, Kothari oraz inni badacze [8, 14].

Aby zweryfikowa¢ skuteczno$¢ obu zastosowanych metod wykonano pomiary parametrow
kinematycznych i kinetycznych chodu przed i po 12-miesigcznej terapii.

Parametry kinematyczne: po 12 miesigcach stosowania terapii nie stwierdziliSmy zadnych
statystycznie istotnych zmian parametrow czasowo-przestrzennych i wartosci katowych w
stawach konczyn dolnych. Udowodnione jest, ze noszenie wktadek ma pozytywny wptyw na
pronacje stopy 1 ewersj¢ tytostopia. A poniewaz wszystkie stawy konczyny dolnej tworza jeden
tancuch biomechaniczny, pojawia si¢ oczywiscie pytanie, W jaki sposob tak pozytywne zmiany
pronacji stopy czy ewersji tylostopia spowodowane noszeniem wkiadek, nie powoduja
znaczacych zmian wartosci katowych w stawach proksymalnych ? Przyczyng moze by¢
niewystarczajagca czulo§¢ metody pomiaru, pozwalajaca uchwyci¢ niewielkie zmiany.
Mozliwe, ze markery skorne uzywane w systemie VICON MX do rejestrowania ruchu, ze
wzgledu na niewielkie ruchy miedzy skorg a ko$sémi, nie odzwierciedlaja doktadnie
niewielkiego ruchu kosci, i stad braku precyzji pomiaru. Uzyskane przez nas wyniki sg zgodne
z wynikami innych badaczy, ktérzy rowniez nie zaobserwowali zadnych lub tylko minimalne
zmiany kKinematyki stawdw proksymalnych.

Parametry kinetyczne: analizujac wyniki po 12 miesigcach leczenia zaobserwowaliSmy
statystycznie istotny wzrost szczytowego momentu zgigcia podeszwowego w stawie
skokowym 1 sity w stawie skokowym w obu grupach oraz dodatkowo statystycznie istotny
wzrost szczytowego momentu zgigcia w stawie biodrowym w grupie dodatkowo leczonej
technikami manualnymi i bandazowaniem korekcyjnym. Wszystkie te parametry
znormalizowano do cech geometrycznych lub masy ciala, aby usung¢ wplyw rdznic
wynikajacych z procesu wzrastania dzieci.

Poréwnujac normatywne dane kinetyczne z wynikami tego badania, mozna stwierdzi¢, ze
zmiany obserwowane w obu grupach po 12 miesigcach leczenia sg korzystne [tab. 6]. Patrzac
na grup¢ leczong metoda Zukunft-Huber (terapia manualna, bandazowanie, wktadki) wzrost
szczytowego momentu zgigcia stawu biodrowego tuz przed uderzeniem pieta z 0,659 Nm/kg
do 0,817 Nm/kg nalezy interpretowac jako wynik korzystny (Srednie dane normatywne dla
tego parametru to okoto 1,1 Nm/kg) [tab. 6]. Uzyskana warto$¢ nie osiagneta wprawdzie
optimum, ale po leczeniu byta jemu blizsza. Wraz ze wzrostem momentu zgigcia
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podeszwowego stawu skokowego z 0,952 Nm/kg do 1,096 Nm/kg uczestnicy niniejszego
badania osiggneli niemal optymalng dla ich wieku warto$¢ normatywng, ktéra wynosi 1,10
Nm/kg dla 5-6-latkow. 1,19 Nm/kg dla 7-8-latkow i 1,40 Nm/kg dla 9+ lat [tab. 6]. To samo
dotyczy sity w stawie skokowym: wzrastajac z 2,17 Nm/kg do 2,365 Nm/kg po roku leczenia,
parametr ten miesci si¢ w optymalnym zakresie danych normatywnych (sita w stawie
skokowym wynosi 2,11 Nm/kg przez 5- 6-latkdw, 2,31 Nm/kg dla 7-8-latkow i 2,99 Nm/kg
dla 9+ lat) [tab.6]. Patrzac na druga grupe, leczong samymi wkladkami, ze wzrostem
szczytowego momentu zgi¢cia grzbietowego stawu skokowego z 0,995 Nm/kg do 1098 Nm/kg
[tab 6.] i sily w stawie skokowym z 2279 Nm/kg do 2676 Nm/kg [tab. 6], uczestnicy tego
badania osiagneli optymalne wartosci parametrow normatywne dla ich wieku. R6znicg migdzy
dwiema badanymi grupami byt szczytowy moment zgig¢cia stawu biodrowego, ktorego warto$é
w drugiej grupie byla ponizej warto$ci normatywnych i nie zmienita si¢ istotnie.

Teraz nalezy zastanowi¢ sie, jaki byl mozliwy mechanizm obserwowanych zmian
kinetycznych po roku leczenia. W naszym badaniu wykazalismy, ze obie porownywane przez
nas metody terapii miaty korzystny wptyw na niektore sity nacisku podczas chodu, poprawiajac
W ten sposob funkcje dynamiczng stopy. Wiadomo, ze sity nacisku i ich rozktad podczas chodu
odzwierciedlaja nieprawidtowosci biomechaniczne stopy ptasko-koslawej zarowno u dzieci,
jak i dorostych. Poniewaz nie stwierdzono istotnych zmian katowych w stawach skokowych i
pozostatych stawach konczyny dolnej, mozna przypuszczaé ze zaobserwowane przez nas
zmiany sit nacisku, wynikajace ze zmienionej struktury stopy, a co za tym idzie jej
biomechaniki, wptyngty na kierunki wektoréw sit reakcji podtoza, zmieniajac tym samym
dhugos$¢ ramienia sity w stawach, a poprzez to modyfikujac szczytowe momenty i moce w
stawach. Zaobserwowane zmiany szczytowych momentdéw 1 mocy w stawach byly zmianami
korzystnymi, i podobnie jak w przypadku danych z platformy pedobarograficznej, metoda
Zukunft-Huber (taczaca techniki manualne, bandazowanie korekcyjne i wktadki) wydaje si¢
by¢ bardziej efektywna niz samo noszenie wktadek.

Wyniki uzyskane po rocznym leczeniu, oceniano w kazdej grupie oddzielnie. Nie
porownywano bezposrednio 2 badanych grup, poniewaz przed rozpoczeciem leczenia
stwierdzono réznice miedzy tymi grupami dotyczace nastepujgcych parametrow: wskaznik
wysklepienia tuku, kat koslawosci palucha, szerokos$¢ przodostopia, szerokos¢ srodstopia, sita
nacisku na MH1, sita nacisku na MH3, sita nacisku na MH4, sita nacisku naMHS, sita nacisku
na $rodstopie, pole powierzchni pod MH1 1 pole powierzchni $rdédstopia. Mimo, iz patrzac na
rozklad i zakresy parametrow, roznice nie byly duze, to jednak jest to ograniczenie tego
badania. Okazato si¢, ze proste, losowe przyporzadkowanie dzieci do jednej z dwoch metod
leczenia bylo niewystarczajace. W przyszlos$ci, aby unikng¢ réznic migdzy grupami leczonymi,
nalezatoby zastosowac¢ randomizacje ze stratyfikacja.
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OPINIA KOMISJI BIOETYCZNEJ
przy INTYTUCIE ,POMNIK-CENTRUM ZDROWIA DZIECKA"

Komisja Bioetyczna przy Instytucie ,Pomnik-Centrum Zdrowia Dziecka” na posiedzeniu w dniu
25.03.2015 r. rozpatrzyta badanie pt.. Poréwnanie skutecznosci leczenia stop plasko-
koslawych u dzieci dwiema metodami: leczonych metoda klasyczna lub manualng terapig
tréjplaszczyznowa wg. B. Zukunft-Huber, PT.

Gt. Badacz/Doktorant: mgr Anna Boryczka

Badanie wlasne w ramach dziatalnoéci klinicznej/praca doktorska [ rei. Komisii: 0sP-1s] realizowane
bedzie przez zesp6t badaczy z Oddziatu Dziennego Rehabilitacji Neurologicznej Kliniki Neurologii,
Epileptologii i Rehabilitacji Pediatrycznej oraz Pracowni Diagnostyki Narzadu Ruchu IPCZD.

Do zespotu badaczy naleza:

Dr hab. n. med. Malgorzata tukowicz

Dr hab. n. med. Malgorzata Syczewska

Mgr Ewa Szczerbik

Mgr Matgorzata Kalinowska

Dr n. k-f Jolanta Stgepowska

Lek. Elzbieta Jelonek

Lek. Edyta Zgorka.

Jest to badanie prospektywne, poréwnujace dwie metody leczenia stép plasko-koélawych u dzieci:

metodg klasyczng (éwiczenia i wkiadki korygujace) lub manualng terapig trojptaszczyznowg i

korekcyjnym bandazowaniem wg. B. Zukunft-Huber.

Protokét badania

Dzieci ze stopami plasko-koslawymi, po wykonaniu badania goniometrem i badania

plantokonturograficznego, bedaq kwalifikowane do projektu. Nastepnie pacienci beda mieli

wykonane badania chodu na platformie pedobarograficznej Novel oraz badanie wyskoku na

platformie Kistier (wyniki badania beda opracowywane komputerowo).

Ocena wynikéw leczenia bedzie przeprowadzona w trakcie badari kontrolnych na platformie

pedobarograficznej Novel co 4 miesiace do roku (facznie 4 badania, czas trwania badania okolo 25

minut) oraz na platformie Kistler (dwukrotnie, na poczatku i po 12-stu miesiacach, czas trwania

badania okoto 25 minut).

Grupa badana to 50-60 dzieci w wieku 6-8 lat.

Formuta protokotu badania, jest wyczerpujgca, zrozumiata i spéjna. Jasno sg przedstawione

kryteria wiaczenia | wylaczenia. Liczba pacjentéw jest wystarczajaca do uzyskania

reprezentatywnych wynikow.

Badanie jest prowadzone prospektywnie, ale w obu grupach pacjenci beda poddawani leczeniu.
orzysci i ryzyko wynikajace z prowadzenia badania

Wszystkie dzieci bedace w projekcie bedg poddawane terapii. By¢ moze badania wskaze, ktéra

terapia jest bardziej efektywna (u jakich dzieci?).

wallliralle OSTO0KS 1eaLeyl Daddnie | ig LB ;* LUaldlLd
Projekt realizowany bedzie w Oddziale Dziennym Rehabilitacji i Pracowni Diagnostyki Narzadu
Ruchu. Projekt bedzie realizowany przez miodego badacza, ale do zespoiu badaczy nalezy
rowniez dr hab. Malgorzata Syczewska majgca bardzo duze doswiadczenie w realizacji projektow
badawczych.
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Przediozone dokumenty
Whniosek do Komisji Bioetycznej o wydanie opinii o projekcie z dnia 06.03.2015

Protokét badania

Informacja dla Rodzica/Opiekuna Prawnego

Formularz Swiadomej Zgody

Schemat badania dzieci ze stopami ptasko-koslawymi

Karta badania

Zgoda Dyrektor Instytutu ,Pomnik — CZD" Dr hab. n. med. Malgorzaty Syczewskiej na
prowadzenie badania w ramach badar wiasnych IPCZD.

Zgoda Zastepcy Kierownika Kliniki Neurologii, Epileptologii i Rehabilitacji Pediatryczne;,
Kierownik Oddziatu Rehabilitacji Neurologicznej i Pediatrycznej, Kierownik Oddziatu
Dziennego Rehabilitacji Neurologicznej Dr hab. n. med. Malgorzaty tukowicz na
prowadzenie badania.

NohkwN =

@

Na podstawie przedtozonej dokumentacji, prezentacji dr G. Stepowskiej, dyskusji i wyniku tajnego
glosowania Komisja Bioetyczna przy IPCZD wyrazita zgode na przeprowadzenie badania.

Skiad i dziatanie Komisji zgodne z GCP oraz wymogami lokalnymi.

Lista czlonkéw Komisji biorgcych udziat w posiedzeniu stanowi zatacznik do niniejszego
dokumentu.

PRZEWODNICZACA KOMISJI BIOETYCZNEJ
przy Instytucie ,Bomnik-Centrum Zdrowia Dziecka”
_é?d/c)m;écg
Prof. dr hab. n. med. Joanna Pawlowska
Warszawa, dnia 02.04.2015 .
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How to Define Pediatric

Hatfoot

Gomparison of 2 Methods: Foot
Posture in Static and Dynamic
Gonditions in Children 510 9

Years Old

Abstract: Flexible flatfoot is the most
common posture deformity among
children. There are many diagnostic
techniques to identify it, from clinical
observation to measurements and
imaging techniques, both in static

and in dynamic conditions, but their
reliability, validity, and accuracy are
still unproven. The static and dynamic
conditions differ; thus, the aim was to
compare the results of the evaluation of
[atfeet in 50 children (5-9 years of age)
in both conditions: standing versus gait.
Static evaluation. Comparison of the
footprints (Harris and Beath pedograph)
with the Clarke’s footprinting graphics.
Dynamic evaluation. On the

same day, all children underwent
pedobarography during gait. Geometric
measures of the feel (midfoot width,
instep width, instep, foot width) were
calculated together with the Arch

Index. In the static condition, 87 of 100
were classified as a flatfool, whereas
during walking, there were just 56 feet

classified as flat. So 35 feel classified on
the basis of the clinical examination
and Clarke’s footprint chart as flatfeet,
according to the Arch Index calculated
during walking were not flat, and 4
Jeet classified on the basis of Clarke’s
Jootprint chart as
normal according to the
Arch Index were flat.

Levels of Evidence:
Prospective cobort study

Keywords: flatfoot;
children; statics;
dynamics
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supination, and lateral subluxation of the
navicular bone and heel valgus deformity."
Flexible flatfoot is the most common
posture deformity among children.””
The prevalence of flexible flatfoot
among children is estimated from a few

Despite the fact that flexible flatfoot is
one of the main problems in children,
there are still neither commonly accepted
criteria for the diagnosis of flatfoot nor

generally used methods for feet
assessment.”

Introduction

Pes planus (or flatfoot)
is a postural deformity,
defined as a partial or
total collapse of the medial longitudinal
arch of the foot, accompanied by the
following 3-dimensional foot deformities:
hindfoot eversion, forefoot adduction and

percent to tens of percent, and it
depends on several factors such as age,
gender, weight, diagnostic methods
used, their accuracy, and evaluation
criteria.*® Chen et al’ stated that the
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problem of flatfoot affects from 2.8% to
24.2% of children, whereas Radziminska
et al’ in their study showed that the
prevalence of flatfoot in early school
children (levels 1-3) is much higher, at
33%. Pfeiffer et al” evaluated 835
children who were 3 to 6 years old in
their study and proved that the
prevalence of flatfoot in this group was
44%; however, a pathological flatfoot
was found in less than 1% of evaluated
children. The authors used criteria
defined by the German Orthopedic
Association: a pathological flatfoot has a
valgus angle of the heel >20° and/or
the patient is unable to perform active
self-correction while standing on tiptoes.

Some studies show that the
prevalence of flexible flatfoot among
children is between 48% and 77.9%, but
there is a deficiency of unambiguous
flatfoot criteria, standard diagnostic
methods, and treatment strategies.*”"* It
seems that one of the main reasons for
such great discrepancies in the
prevalence of flatfoot is the age of
children taking part in studies because
prevalence depends very much on age:
it is higher among young children than
in older ones. Flatfoot prevalence is
estimated to range from 37% to 59.5%
in children aged 2 to 6 years and from
4% to 19.1% in children aged 8 to 13
years.7'“'12'15

Pediatric flatfoot can be classified either
as rigid or flexible. If the foot arch
rebuilds in non-weight-bearing
conditions, it is defined as a flexible pes
planus, whereas if it does not rebuild, it
is a rigid pes planus. Rigid pes planus
occurs in around 1% of the
population.'™"®"” Pediatric flexible
flatfoot can be further classified as
symptomatic or asymptomatic. Children
with symptomatic flatfoot suffer from
symptoms such as pain, balance
disorders, or activity limitations, whereas
children with asymptomatic pes planus
present no such symptoms, 1077
Asymptomatic flatfoot can be categorized
into 2 groups: developmental pediatric
flatfoot, in which an arch develops with
age, and nondevelopmental pediatric
flatfoot, where the morphological
features deteriorate with time.*!°

Some researchers suggest that
treatment of asymptomatic pediatric
flatfoot is not necessary because such a
flatfoot does not decrease motor
activities of the children and does not
cause any motor limitations or
disabilities.”'**® However, some studies
proved that pediatric flatfoot may cause
poor balance, motor and gait
abnormalities, and participation
withdrawal and this can be sufficient
reason for intervention,”'*'""*

For pediatric clinicians, it is very
important to have a standard, reliable
diagnostic method to identify a pediatric
flexible pes planus. Meanwhile, there are
a lot of diagnostic techniques, from
clinical observation to measurements and
imaging techniques, including those in
weight-bearing and non-weight-bearing
positions or in static and in dynamic
conditions. But their reliability, validity,
and accuracy are still unproven.'** In
their study, Evans et al** tried to provide
an evidence-based clinical tool for the
standardized evaluation of pes planus in
children, which led to the development
of the algorithm for diagnosis of
pediatric flatfoot proforma (p-FFP),
which can be considered as an attempt
at a standardized diagnostic method.
p-FFP is, according to its authors, a
reliable tool for diagnostic purposes,
assessment, and treatment planning of
flatfoot in children. The goal of the
p-FFP is to help the clinician make a
correct diagnosis and direct treatment
depending on it. The p-FFP includes
information about the presence/absence
of symptoms, medial arch height,
navicular height, heel position, resting
calcaneal stance position, knee position,
and muscle tone/ligament laxity. Three
flatfoot subtypes emerge from this test,
and any action taken is related to these
subtypes. Treatment is recommended
when symptomatic flexible flatfoot (type
1) is diagnosed. Asymptomatic,
nondevelopmental typical flexible flatfoot
(type 2) should be observed over time to
determine whether morphological
features deteriorate. When asymptomatic,
developmental typical flexible flatfoot
(type 3) is diagnosed, no treatment is
needed. The limitation of this tool is the

fact that all tests are performed in static
conditions.

Nowadays, much more frequently, pes
planus is also examined in dynamic
conditions by measuring plantar loads
during walking. It can be made with the
help of different pedobarographic
systems, such as the in-shoe system,
platforms, or walkways. Such systems
and measurement of plantar pressure
and force data provide information about
how the foot is functioning during
movement in weight-bearing conditions.

Despite the fact that flexible flatfoot is
one of the main problems in children,
there are still neither commonly accepted
criteria for the diagnosis of flatfoot nor
generally used methods for feet
assessment. In a review paper, Banwell
et al” found that there are approximately
20 foot measures used and 40 definitions
of the pediatric flatfoot. Only in a limited
number of papers were comparisons
between different methods or flatfoot
definitions done,”* and in the majority
of such studies, these were performed in
static conditions.

The evaluation in static and dynamic
conditions differ; thus, the aim of this
study was to compare the results of the
evaluation of flatfeet in children between
5 and 9 years of age in static and
dynamic conditions and to see if the
results of the 2 evaluations are similar
because standing position and walking
are 2 different motor control functions.

Material and Methods
Material

A total of 50 children (38 boys and 12
girls) took part in the study. Children
were recruited to this study during the
clinical examination. The inclusion criteria
were as follows: age from 5 to 9 years
and flexible flatfoot found during a
clinical examination. Exclusion criteria
were rigid flatfoot, feet failure caused by
damaged CNS, neuromuscular diseases,
lower-limb injury, or surgical intervention.
The demographic characteristic of the
group is presented in Table 1.

The study was approved by the local
ethical committee. Informed consent was
obtained from the parents of all children
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Table 1.
Demographic Characteristics of the Group.
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Number of Percentile
patients Median Minimum Maximum Percentile 5.0 95.0

Age 50 6.4 5.0 8.8 5.1 8.6
Height (cm) 50 124.80 12.0 1415 111.0 137.0
Weight (kg) 50 24.5 18.5 39.2 19.3 36.0
BMI (kg/m?) 50 16.0 13.0 22.0 14.0 21.0

Flatfoot was diagnosed when during times on a pathway with a built-in

Figure 1. the examination, while standing, the pedobarography platform with their

Clarke’s footprinting graphics

for feet assessment: numbers

4 to 6 present the footprints of
correctly built feet; numbers 1 to
3 are footprints of hollow feet; and
numbers 7 to 10 are footprints of
flatfeet.

taking part in the study, before their
enrollment.

Methods

Diagnosis of the flexible flatfoot was
based on physical exam and
comparison of the footprints obtained
on the Harris and Beath pedograph with
the Clarke’s footprinting graphics
presented in Figure 1.

longitudinal arch was not visible and/or
the medial side of the foot was bulging
because of the talus head protruding
below to the medial malleolus and the
ink footprint from the Harris and Beath
pedograph matched Clarke’s footprinting
graphics types 7 to 10. Flexible flatfoot
was diagnosed when the longitudinal
arch rebuilt while standing, with raised
heels and in non-weight-bearing
conditions.

Before the examination, the mat of the
Harris and Beath pedograph was inked
on its rigid side with ink. Then a sheet of
paper was placed on it and a child was
asked to stand with one foot on the mat
and the second foot on the ground.
Children were asked to keep the feet
parallel to each other, with the distance
between them approximate to the pelvis
width, arms hanging along the trunk,
and the body weight divided evenly
between the feet. Then, the child
changed their standing foot on the mat.
After that, the obtained ink footprint was
matched with Clarke’s footprinting
graphics (see Figure 1). The matching of
footprints was performed by 2
independent, experienced examiners. In
this study, no discrepancy between the
examiners’ assessment occurred. On the
same day, all children participating in the
study underwent pedobarography during
gait.

Plantar loads were registered using the
emed system (Novel Company). Children
were asked to walk barefoot several

normal, self-selected speed. Data from 3
plantar loads of the left and 3 plantar
loads of the right foot of each child were
averaged and taken for further analysis.
Before collection of the data, children
walked several times on the pathway to
get accustomed to the new experimental
environment. These trials also enabled
the examiner to set the best start line to
ensure proper walking distance, which
helped avoid unnatural gait patterns.
Geometric measures (parameters) of the
feet (midfoot width, instep width, instep,
foot width) were calculated by Novel
software. The Arch Index was calculated
according to the definition presented in
Figure 2.

Statistical analysis of the data was done
using the following methods:

o the y” test to check that the variables
were normally distributed;

e the Wilcoxon signed-rank test for
matched pairs to find differences
between parameters of left and right
feet;

¢ the Spearman rank correlation to
calculate coefficient between foot
types classified according to Clarke’s
footprint chart and parameters
calculated during the examination on
the emed platform;

o multiple regression to determine the
relationship between foot types
classified according to Clarke’s
footprint chart and parameters
calculated during the examination
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Figure 2.

The definition of geometric foot parameters.®
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(walking trials) on the
pedobarography platform; and

o discriminant analysis of the groups
classified according to Clarke’s
footprint classification as flatfeet and
normal feet, and age. This analysis
was performed as additional
confirmation that Clarke’s
classification from the footprint and
Arch Index calculated from
pedobarography while walking gave
different results.

The level of statistical significance was
set as 0.05.

Only 3 parameters in the study were
normally distributed; therefore, all
variables were summarized by medians
and ranges (minimum, maximum; 5th
and 95th percentiles).

Using the Wilcoxon signed-rank test for
matched pairs, no significant differences
between parameters of left and right feet
were found. Therefore, the data of left
and right feet were pooled together, and
data of 100 feet were further analyzed.
Because the aim of the study was the
comparison of the 2 methods and not
groups of patients the feet were regarded

Hallux angle

Instep width
Forefootwidth
Heel width
Midfootwidth

Forefoot/heel coefficient
Foot width (instep)

Foot width (narrowest)

Foot Iength defined by placing a rectangle around the
maximum pressure picture whose long side is parallel to
the bisection of long plantar angle.

Archindex is equal to a ratio of midfoot area / area of
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Y7
A’B’/AB
MB-MC
MA-MB
A’B’
AB
MM-LM
MF-LF

hindfoot + midfoot + forefoot (without toes) in accordance
e to definition introduced by Cavanagh & Rodgers 1987

as independent units. The summary of
the measurements by emed parameters is
presented in Table 2.

Based on Clarke’s footprinting graphics,
a flatfoot is a foot classified as types 7 to
10. The ratio of the Arch Index
calculated by emed software for a
flatfoot is equal to or >0.27.7* Based
on Clarke’s footprint chart, the feet were
classified as follows: type 6, 11 feet; type
7, 27 feet; type 8, 22 feet; type 9, 18 feet;
and type 10, 20 feet. Thus, there were 87
feet classified as flat (types 7-10) and 11
feet as not flat (type 6). After the
examination on the pedobarography
platform during walking, based on the
Arch Index ratio, there were 56 feet
described as flat and 42 as not flat. So 35
feet classified on the basis of Clarke’s
footprint chart as flatfeet were not flat
according to the Arch Index, and 4 feet
classified on the basis of Clarke’s
footprint chart as normal were flat
according to the Arch Index (Table 3).

The Spearman rank correlation
coefficient between foot types classified
according to Clarke’s footprint chart and
values calculated during the examination
on the pedobarography platform were
calculated. The following correlation
coefficients were statistically significant,

but weak or medium: forefoot/heel
coefficient (R = 0.368), forefoot width

(R = -0.289), narrowest foot width (R =
0.591). The strongest correlations were
observed with instep width (R = -0.739),
midfoot width (R = 0.642), and Arch
Index (R = 0.64D).

Multiple regression proved that the
only parameter that statistically
significantly correlated with Clarke’s
footprint classification was foot width
(instep). The model has moderate
statistical significance (R = 0.652).
Discriminant analysis was additionally
performed for the 2 feet groups classified
according to Clarke’s footprint
classification as flatfeet and normal feet.
Discriminant analysis of emed
parameters and age revealed that proper
adjustment to Clarke’s footprint
classification was age and none of the
dynamic parameters from the emed
platform.

Also, a discriminant analysis was
performed for the 2 feet groups using
the Arch Index value as flatfeet and
normal feet. The results showed that the
only parameter that discriminates the 2
groups (predictor) was midfoot width.
The classification matrix showed that this
model correctly classifies 88.0% of all
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Table 2.

Foot Parameters on the Platform System emed Registered While Walking.

Number Percentile  Percentile

of feet Median Minimum  Maximum 5.0 95.0
Hallux angle (deg) 100 3.95 -7.90 22.10 -4.00 13.05
Forefoot/heel coefficient 100 0.58 0.47 0.91 0.52 0.75
Foot width (cm) 100 3.90 0.50 7.00 2.45 6.70
Instep width (cm) 100 2.25 0.10 4.20 0.30 3.45
Arch index 100 0.29 0.12 0.38 0.22 0.36
Forefoot width (cm) 100 7.70 -2.30 9.50 6.65 8.70
Heel width (cm) 100 4.50 3.70 6.50 3.90 5.60
Midfoot width (cm) 100 3.40 1.00 5.80 1.90 5.40
Foot width (cm) 100 2.95 0.40 20.00 1.35 4.25
Foot length (cm) 100 20.50 17.50 23.60 18.60 22.55

Table 3.

Summary of the Number of Feet Classified as Flat According to emed (Arch Index) and Clark’s Footprint.

Evaluation according to

Evaluation according to

Clarke’s footprint chart: Clarke’s footprint chart:
not flatfoot flatfoot
Evaluation according to emed: no flatfeet 7 35 42
Evaluation according to emed: flatfeet 4 52 56
Total 11 87 98

feet (97.6% to the no flatfoot group, and
81.0% to the flatfoot group). The median
value of the midfoot width for the no
flatfoot group was 2.55 (cm) and for the
flatfoot group, 4.60 (cm); the mean foot
length was 20.5 (cm).

Discussion

The study was designed to investigate if
the evaluation of the feet in children aged
between 5 and 9 years in static and
dynamic conditions gives similar results.
The results of this study proved that there

is a significant difference between the
outcome of classifying the feet in static
and dynamic conditions. In the static
condition, 87 feet of 100 were classified as
a flatfoot (type 7-10), whereas in the
dynamic condition, there were just 56 feet
described as flat. So 35 feet classified on
the basis of the clinical examination and
Clarke’s footprint chart as flatfeet, were
not flat according to the Arch Index
calculated in dynamic conditions, and 4
feet classified on the basis of Clarke’s
footprint chart as normal were flat
according to the Arch Index (see Table 3).

We need to evaluate why there is such
a difference depending on the condition
under which the examination was done.
Barisch-Fitz et al” in their study
identified significant differences between
loaded static and dynamic foot
morphology in developing feet. In this
study, the following foot measures were
analyzed: foot height, length, width, and
girth, and it was found that all of them
were statistically different in static and
dynamic conditions. There was a
reported increase in foot height, length,
and width and also a reduction in foot
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girth. This finding might be a result of
muscle activity during walking. What is
important is that all measured foot
indices may not fully reflect foot function
and may need placement within a
clinical context.”** Structurally
abnormal feet in the static condition can
function correctly in the dynamic
condition and vice versa: a seemingly
structurally correct foot could be
functionally poor. Moreover, we are still
not sure which of the foot measures are
best suitable to assess the posture of the
developing foot™" and how important,
if at all, measurements of the developing
foot in the static condition are, in the
absence of functional and clinical data.*’
Especially evaluating and categorizing of
a foot posture based on 2-dimensional
footprints seems to be not enough given
the complexity of a human foot, which is
a 3-dimensional structure and moves in
all 3 planes.”

Because there is a significant difference
in results between static and dynamic
values, the question arises as to whether
the evaluation of feet only in static
conditions is enough to diagnose a
flatfoot and to take a right decision about
the intervention. The challenge for
clinicians is to identify when a child’s
foot posture is within or out of
developmental patterns, particularly in
relation to foot function and whole body
posture. 195

Relying on static, 1- or 2-dimensional
foot evaluations may very often lead to
pediatric flatfeet being unnecessarily
treated."*""® That is why, recently, there
were attempts to create evidence-based
algorithms on how to diagnose and
when to undertake treatment of flexible
flatfoot in children.'%**** Also, there are
some further controversies. First,
although there is consensus among
researchers that symptomatic foot should
be treated, there is still no agreement
about what to do with an asymptomatic
foot, especially given that the number of
children with asymptomatic feet is pretty
high.'** Some researchers and clinicians
say that the absence of symptomatology
in very young children is an unreliable
indicator of optimum foot function.”
Also, because there are not enough data

to help guide us, Harris stated as follows:
“You have to examine the child and
decide whether the approach you take
will achieve the goal, and you have to
consider the long-term consequences

of doing nothing.” Harris agrees

with Scherer: “We have to make
decisions based on what we know—on a
combination of evidence-based
information and anecdotal information.
Second, even though these recently
developed algorithms do consider the
3-dimensional complexity of a foot, all of
them are based on examination in static
conditions and do not include
examination in dynamic conditions. Even
2 different static foot measures can give
varying results: Gijon-Nogueron et al*
proved that Clarke’s angle calculated
from the footprint overestimates the
occurrence of flatfeet in comparison to
the foot posture index.

Considering the different results from
the foot examination in static and
dynamic conditions, it could be of great
value to add dynamic tests to already
existing algorithms for pediatric flexible
foot evaluation. Such dynamic tests need
to be valid, reliable, and appropriate for
the developing foot posture and easy to
use for clinicians and children because
for complete evaluation of a pediatric
foot, it is necessary to consider not just
its posture but also its dynamic function
together with the child’s physical
performance and participation in their
environments.

There are a few limitations to this
study. The first is that there was
imbalance between the number of
female and male participants, but this
was not intended; rather, it arose from
the flow of patients in the outpatient
clinic who fulfilled the study criteria and
agreed to participate. Another limitation
is the use of different definitions of
flatfoot for the 2 methods. The reason
behind this decision was the fact that
Clarke’s is characteristic for the footprint
and the Arch Index for pedobarography.
The Arch Index is calculated from the
foot parameters calculated by the emed
software. Maybe the same parameters
could be obtained from the footprints,
but only manually, and their reliability
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would have to be proved first. All
patients were examined while barefoot.
The use of footwear could change the
foot biomechanics, especially during
walking, but such changes could strongly
depend on the type of footwear;
therefore, no footwear was used.
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Abstract: Aim of the study was to see how a definition of the flexible flat foot (FFF) influences the
results of gait evaluation in a group of 49 children with clinically established FFF. Objective gait
analysis was performed using VICON system with Kistler force platforms. The gait parameters were
compared between healthy feet and FFF using two classifications: in static and dynamic conditions. In
static condition, the ink footprints with Clarke’s graphics were used for classification, and in dynamic
condition, the Arch Index from Emed pedobarograph while walking was used for classification.
When the type of the foot was based on Clarke’s graphics, no statistically significant differences were
found. When the division was done according to the Arch Index, statistically significant differences
between flat feet and normal feet groups were found for normalized gait speed, normalized cadence,
pelvic rotation, ankle range of motion in sagittal plane, range of motion of foot progression, and two
parameters of a vertical component of the ground reaction force: FZ2 (middle of stance phase) and FZ3
(push-off). Some statically flat feet function well during walking due to dynamic correction mechanisms.

Keywords: children; flat foot; gait; classification; statics vs. dynamics

1. Introduction

A plano-valgus foot is the most common posture deformity among children [1-3].
Despite this fact, there are still neither unambiguous diagnostic criteria of pediatric plano-
valgus foot nor commonly agreed foot assessment methods. That is why the prevalence of
pediatric flexible flat foot in the literature is rated from a few to ten per cent, and it depends
very much on diagnostic methods used, their accuracy, evaluation criteria, children’s age,
their gender, and weight [4-8]. Assessment methods used by clinicians vary from clinical
observation to measurements and imaging techniques both in weight-bearing and no
weight-bearing positions or in static and dynamic conditions. Still, the reliability, validity,
and accuracy of all these methods are unproven [9-11]. In our previous study [12], when
the same feet were assessed using two different methods, one in static condition and one
while walking, we found out the significant difference between the classification outcome:
35 feet (out of 100) classified as flat by static method were not flat according to dynamic
classification method, and four feet classified as normal according to static method were
flat according to the dynamic method.

Nowadays, the plano-valgus foot kinematics assessment methods are gaining impor-
tance because they can be used not only for the evaluation of the flat foot posture but
also for the assessment of the flat foot performance during walking. Additionally, the
influence of the flat foot on the overall gait pattern can be assessed. They seem to be
more objective and their results more compatible among researchers. Twomey et al. [13]
found increased forefoot supination and medial longitudinal arch (MLA) collapse during
walking in children with a flat foot; Caravaggi et al. [14] reported greater hindfoot eversion
and its plantarflexion relatively to the tibia, larger MLA collapse, and hallux dorsiflexion
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throughout most of the stance phase, dorsiflexion, eversion, and abduction of the midtarsal
joint and plantarflexion and adduction of the tarso-metatarsal joint. He did not observe any
significant forefoot abduction relatively to the hindfoot. Similar to Caravaggi, Saraswat
et al. [15] also observed larger hindfoot eversion and plantarflexion together with increased
midfoot pronation and dorsiflexion in plano-valgus foot. Similar observation concerning
plano-valgus foot during gait was also made by Kerr et al. [16], Kothari et al. [17], and
others [18,19].

The human musculoskeletal system is a biomechanical chain; therefore, a pertinent
question is whether the plano-valgus foot deformity affects not only foot joints but also
upper joints of the lower extremities, pelvis. and lower back [19]. Duval et al. [20] ob-
served that placing a foot in eversion caused subtalar pronation and this resulted in the
increased internal knee and hip rotation, while placing a foot in inversion resulted in
subtalar supination and increased external knee and hip rotation. However, he did not find
any evidence of dependence between increased foot pronation or supination and pelvic
anterior or posterior tilt. Opposite results were obtained by Pinto et al. [21]. He stated
that both unilateral and bilateral calcaneal eversion obtained using medially tilted wedges
resulted in pelvic anteversion. Additionally, unilateral calcaneal eversion caused a lateral
pelvic tilt. Svoboda et al. [19] also reported an increase in pelvic anteversion as a result
of unilateral and bilateral hindfoot eversion and additionally a significantly higher hip
external rotation during the first half of the stance phase with bilateral everted hindfoot.
Additionally, a study of Lopez and co-workers [22] found that the foot arch height has a
global, negative impact on the quality of life of the schoolchildren, proving the importance
of the foot deformities on the overall wellbeing. The similar study done under the same
leadership [23] in the adults did not show any dependence between the height of the
foot arch and quality of life although another study performed in the adults with foot
pathologies showed that they have a worse quality of life than the general population [24].

Taking into consideration the wide range of clinical diagnostic tools and findings
concerning the influence of the flat foot on gait pattern, the aim of this study was to see
how a definition of the flexible flat foot (FFF) influences gait parameters in children five to
nine years of age and if the choice of a diagnostic method of FFF used in the study (in static
vs. dynamic conditions) affects its results. The definitions of FFF used in practice differ
from each other, which means that the applied method of foot classification influences the
assessment of the patient’s gait stereotype and the resulting therapeutic management. The
importance of the research undertaken is due to the potentially negative impact of foot
deformation on the quality of life in adulthood.

2. Materials and Methods
2.1. Patients

Forty-nine children (37 boys and 12 girls) were recruited to the study. Recruitment
was carried out in the period of two years during the clinical examination at The Children’s
Memorial Health Institute in Warsaw, Dept. Rehabilitation, at the Outpatient Clinic. All
children fulfilling the criteria were invited to participate. The inclusion criteria were as follows:
age from 5 to 9 years and flexible flat foot, clinically established. The exclusion criteria were:
rigid flat foot, secondary flat foot caused by the damaged central nervous system (CNS),
neuromuscular diseases, lower-limb injury, or surgical intervention in the lower legs in the
past. The demographic characteristic of the group is presented in Table 1. The study was
approved by the Local Ethical Committee. It was a prospective cohort type study.
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Table 1. Demographic characteristics of the group.
No of Subjects Median Minimum Maximum 10th Percentile =~ 90th Percentile
Height 49 124.5 109.5 140.0 113.0 135.0
Body mass 49 24.0 18.7 39.0 20.5 34.6
BMI 49 16.23 12.62 21.73 14.22 19.19
Age 49 6.41 5.04 10.37 5.24 8.20

Informed consent was obtained from the parents of all children taking part in the

study before their enrolment.

2.2. Methods

Figure 1 presents the flow chart of the study.

Visit in Qutpatient Clinic —

clinical evaluation

A 4

The patient meets the
criteria, and the guardian
signs informed consent

A 4

standing, classification of

Inkfootprinting while

the feet according to
Clarke’s classification

l

Pedobarography on emed

calculation of Arch Index

Novel, six gait trials,

l

Instrumented gait analysis

six gait trials, VICON
system, calculation of
spatio-temporal and
kinematic parameters

A 4

Data analysis

Figure 1. Flow chart of the study.

2.3. Clinical Feet Assessment

Preliminary diagnose of the flexible flat foot was based on a clinical examination

conducted independently by an experienced physician and physiotherapist. A foot was
defined as flat when, during the examination while standing, the MLA was collapsed,
and/or the medial side of the foot was bulging because of the talus head protruding
just under the medial malleolus. The heel valgus angle was measured with a goniometer
during standing on both feet. It was measured three times, and then, an averaged result was
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calculated. Flexible flat foot was identified when the MLA rebuilt in non-weight-bearing
position and while tiptoe standing.

2.4. Ink Footprints

After the preliminary examination, ink footprints from the Harris and Beath pedograph
were obtained, and they were further compared with Clarke’s footprinting graphics. A foot
was diagnosed as flat if the ink footprint from the Harris and Beath pedograph matched
Clarke’s footprinting graphics types between 7 and 10. The matching of footprints was
performed independently by two experienced examiners, and no discrepancy between
their results occurred. The complete description of the examination methodology on the
Harris and Beath pedograph is included in the previous study [12].

2.5. Pedobarography

Next, plantar loads during gait were evaluated (Figure 2A). Plantar loads were cap-
tured using the emed system (Novel Company) [25]. The complete description of the
examination methodology on the emed platform is included in a previous study [12].

A B

S

Figure 2. (A) Gait trial during pedobarography (photo from Novel’s web page www.novel.de,
accessed on 15 December 2021). (B) Instrumented gait analysis.

Data from three plantar loads of left and three plantar loads of right foot of each child
were averaged and taken for further analysis. Geometric measures of the feet (midfoot
width, instep width, instep, foot width) were calculated by Novel software. The Arch Index
was calculated based on the definition introduced by Cavanagh and Rodgers. The value of
Arch Index equal to 0.27 was taken as cut-off value between normal and flat foot.

2.6. Instrumented Gait Analysis

Objective gait analysis was performed using a 12 camera VICON MX System
(Figure 2B). The Plug-In-Gait marker set and lower-body model were used. Patients walked
with their preferred, self-selected speed several times along the walkway to obtain six
technically correct trials, which were later imported to the Polygon software and averaged.
The data extracted from the averaged reports were later analysed. Spatio-temporal data
were expressed as per cent of the age- and sex-matched reference data [26]. The following
parameters were taken into the analysis: gait speed, cadence, step length, step width, stance
phase, single-stance phase, pelvic tilt, pelvic range of motion (ROM) in sagittal plane, pelvic
obliquity, pelvic range of motion in frontal plane, pelvic rotation, pelvic range of motion in
transversal plane, hip flexion at initial contact, hip flexion in terminal stance, hip flexion
in swing, pass retract, hip range of motion, hip abduction, hip range of motion in frontal
plane, hip rotation in swing, hip range of motion in transversal plane, knee flexion at initial
contact, knee flexion in weight acceptance, knee flexion in standing, maximal knee flexion in
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swing, knee flexion in terminal swing, knee range of motion, dorsiflexion at initial contact,
maximal dorsiflexion in standing, maximal plantarflexion, plantarflexion in swing, ankle
range of motion in sagittal plane, foot progression, range of motion in foot progression, and
maximal values of ground reaction force components (vertical, medio-lateral, and fore-aft).

2.7. Statistical Analysis

Statistical analysis of the data comprised a chi-square test to check the variables’
distribution, the Wilcoxon signed-rank test for matched pairs to find differences between
parameters of left and right leg, and the Mann-Whitney U test to compare lower extremities
ROM and kinematic and spatio-temporal parameters of the healthy and flat feet. The
statistically significant level was set as 0.05.

Two different comparisons were performed in the analysis. In the first one, the data
were divided into two groups based on Clarke’s classification: the first group consisted of
flat feet and the second of normal feet. In the second one, the division to flat and normal
feet was based on the Arch Index from dynamic walking on emed platform.

3. Results

The comparisons of the parameters between left and right leg, done with Wilcoxon signed-
rank test, showed no differences; thus, the data from left and right legs were pooled together.

When the type of the foot was based on Clarke’s footprinting graphics, no statistically
significant differences were found between flat feet and normal feet groups in spatio-
temporal, kinematic, or ground reaction force parameters.

In the second case, when the division was done according to the Arch Index from
the pedobarography, the following parameters were statistically significantly different
between flat feet and normal feet groups: normalized gait speed (Figure 3), normalized
cadence (Figure 3B), pelvic rotation (Figure 4A), ankle range of motion in sagittal plane
(Figure 4B), range of motion of foot progression (Figure 4C), and two parameters of a
vertical component of the ground reaction force: FZ2 (middle of stance phase) (Figure 5A)
and FZ3 (push-off) (Figure 5B).

Gait speed [%] s Cadence [%]

110

100

100
95
90

85

80

75

70
65

o Mediana 60 o Mediana
¥ [0 25%-75% 2 L [025%-75%
Arch_Index T Min-Maks Arch_Index T Min-Maks

Figure 3. The influence of the type of the foot defined by the Arch Index on the spatio-temporal
parameters: (A) speed, “-”"—normal foot (median = 84.0%), “+” flat foot (median = 72.0%), and (B)
cadence, “-” normal foot (median = 83.0%), “+” flat foot (median = 78.0%).
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Figure 4. The influence of the type of the foot defined by the Arch Index on the kinematics: (A) pelvic
rotation in transverse plane, “-” normal foot (median = 2.0), “+” flat foot (median = 0.0). (B) Ankle
range in sagittal plane, “-” normal foot (range = 32.5), “+” flat foot (median = 26.0), and (C) the foot
progression range, “-” normal foot (median = 15.0), “+” flat foot (median = 12.0).
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Figure 5. The influence of the type of the foot defined by the Arch Index on the parameters of the
vertical ground reaction force: (A) FZ2 (middle of stance phase), “-” normal foot (median = 81.5%
BW), “+” flat foot (median = 85.0% BW), and (B) FZ3 (push-off), “-” normal foot (median = 105.0%
BW), “+” flat foot (median = 101.5% BW). BW, body weight.

The summary statistics of all analysed parameters is given in Tables 2 and 3. Table 2
presents the parameters when the feet were divided into flat and normal feet groups
according to the ink footprinting and Clarke’s definition and Table 3 when the feet were
divided according to the Arch Index from pedobarography. As all the parameters were
non-normally distributed (as showed by the results of the chi-square test), the data were
summarized by the medians and 10th and 90th percentiles.



Diagnostics 2022, 12, 2 7 of 11

Table 2. The gait parameters when the feet were divided according to the ink footprinting. The
parameters were summarized by medians and 10th and 90th percentiles. Z—the results of the

Mann-Whitney U test, p-level—probability value.

Parameter Flat Foot Group Normal Foot Group z p-Level
Normalized gait speed (%) * 75.0 <56.0-100.0> 74.5 <61.5-104.0> —0.333 0.739
Cadence (%) * 79.0 <68.0-92.0> 81.0 <71.0-94.5> —0.369 0.711
Step width (m) 0.16 <0.12-0.2> 0.155 <0.13-0.235> —0.454 0.649
Normalized step length (%) * 93.0 <79.0-115.0> 95.5 <84.0-115.0> —0.916 0.360
Stance phase (%) 60.6 <58.8-63.2> 61.7 <58.3-64.1> —0.734 0.463
Single stance phase (%) 39.5 <35.0-43.0> 39.2 <36.6-44.4> 0.006 0.995
Pelvic tilt (deg) 8.0 <2.0-15.0> 10.0 <—0.5-15.5> —0.340 0.734
Pelvic range in sagittal plane (deg) 3.0 <2.0-5.0> 3.0 <2.0-5.0> —0.261 0.794
Pelvic obliquity (deg) 0.0 <—3.0-2.0> 0.0 <—3.5-3.0> 0.024 0.981
Pelvic range in frontal plane (deg) 6.0 <5.0-10.0> 6.0 <5.5-8.5> —0.455 0.649
Pelvic rotation (deg) 0.0 <—2.0-5.0> 0.0 <0.0-4.0> —0.366 0.714
Pelvic range in transverse plane (deg) 9.0 <5.0-14.0> 8.5 <4.5-12.5> 0.540 0.589
Hip flexion at initial contact (deg) 24.0 <15.0-34.0> 26.5 <16.5-36.5> —0.309 0.757
Hip flexion at terminal stance (deg) —13.0 <—22.0--3.0> —11.0 <—25.5--5.5> —0.170 0.865
Hip flexion in swing (deg) 26.0 <17.0-36.0> 28.0 <18.5-40.5> —0.449 0.654
Pass retract (deg) 0.0 <0.0-5.0> 3.0 <0.0-5.0> —0.914 0.361
Hip range in sagittal plane (deg) 38.0 <31.0-46.0> 38.5 <33.5-49.0> —0.285 0.776
Hip range in sagittal plane (%) 90. 0 <76.0-105.0> 92.0 <77.5-116.5> —0.358 0.721
Hip abduction (deg) 0.0 <—5.0-5.0> —1.0 <—5.0-4.5> 0.667 0.505
Hip range in frontal plane (deg) 10.0 <6.0-13.0> 10.0 <7.0-13.5> —0.164 0.870
Hip rotation (deg) —8.0 <—22.0-14.0> —7.5<-15.0-13.5> —1.644 0.100
Hip range in transverse plane (deg) 20.0 <14.0-35.0> 19.0 <13.5-34.0. 0.434 0.664
Knee flexion at initial contact (deg) 0.0 <—4.0-5.0> 1.0 <—-2.5-8.0> —0.819 0.413
Knee flexion at weight acceptance (deg) 11.0 <5.0-17.0> 11.5 <5.5-21.0> —0.400 0.689
Knee flexion at midstance (deg) 1.0 <—4.0-5.0> 0.5 <—4.5-7.0> —0.182 0.856
Max knee flexion at swing (deg) 53.0 <46.0-58.0> 54.0 <48.5-60.0> —0.673 0.501
Knee flexion in terminal swing (deg) —5.0 <—11.0--2.0> —5.0 <—6.0--3.0> —0.772 0.440
Knee range in sagittal plane (deg) 55.0 <47.0-62.0> 55.0 <47.0-64.0> —0.461 0.645
Ankle flexion at initial contact (deg) —5.0 <-10.0-0.0> —4.5<-9.0-2.0> 0.018 0.985
Max dorsiflexion in swing (deg) 14.0 <8.0-17.0> 14.5 <9.5-18.5> —0.606 0.544
Max plantarflexion (deg) —13.0 <—28.0-—2.0> —17.0 <—20.0-—2.0> 0.434 0.664
Ankle range in sagittal plane (deg) 27.0 <22.0-39.0> 29.0 <21.0-33.5> —0.109 0.914
Foot progression (deg) —3.0 <—15.0-8.0> 0.0 <—8.0-13.5> —0.806 0.420
Range of foot progression (deg) 13.0 <9.0-22.0> 12.5 <9.5-17.0> 0.327 0.743
FZ1 ** 104.0 <94.0-120.0> 101.0 <93.5-114.5> 0.891 0.373
Fz2 ** 85.0 <71.0-94.0> 82.5 <66.5-94.0> 0.509 0.611
FZ3 ** 102.0 <95.0-110.0> 103.0 <98.5-115.5> —0.685 0.493
FX1 ** 9.0 <7.0-13.0> 9.0 <8.0-11.0> —0.200 0.841
FX2 ** 0.0 <0.0-2.5> 0.3 <0.0-3.8> —0.382 0.702
FY1 ** 18.0 <12.0-23.0> 16.5 <11.0-26.0> 0.315 0.753
FY2 ** 18.0 <12.0-24.0> 18.0 <14.5-25.0> —0.806 0.420

* normalized to age matched reference data of healthy children; ** normalized to body weight.
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Table 3. The gait parameters when the feet were divided according to the Arch Index from pedobaro-
grahy. The parameters were summarized by medians and 10th and 90th percentiles. The statistically
significant differences were marked by bolded font. Z—the results of the Mann-Whitney U test,
p-level—probability value.

Parameter Flat Foot Group Normal Foot Group V4 p-Level
Normalized gait speed (%) * 72.0 <56.0-102.0> 84.0 <61.0-100.0> 2.112 0.035
Cadence (%) * 78.0 <68.0-92.0> 83.0 <72.0-94.0> 2.243 0.025
Step width 0.16 <0.12-0.22> 0.15 <0.13-0.19> —1.373 0.170
Normalized step length (%) * 90.0 <77.0-113.0> 96.0 <80.0-116.0> —1.699 0.089
Stance phase (%) 61.0 <59.0-63.8> 60.4 <58.7-62.9> —0.701 0.483
Single stance phase (%) 39.2 <35.0-43.4> 39.8 <35.5-43.0> 0.430 0.667
Pelvic tilt (deg) 9.0 <2.0-15.0> 6.0 <—2.0-12.5> —1.756 0.079
Pelvic range in sagittal plane (deg) 3.0 <2.0-5.0> 3.0 <2.0-5.0> 0.653 0.514
Pelvic obliquity (deg) 0.0 <—3.0-2.0> 0.0 <—3.0-3.5> 0.637 0.524
Pelvic range in frontal plane (deg) 6.5 <5.0-10.0> 6.0 <5.0-9.0> —0.499 0.618
Pelvic rotation (deg) 0.0 <—2.0-4.0> 2.0 <—2.0-5.0> 2.128 0.033
Pelvic range in transverse plane (deg) 9.0 <6.0-14.0> 9.0 <5.0-14.5> 0.523 0.601
Hip flexion at initial contact (deg) 26.0 <16.0-35.0> 21.0 <15.0-33.5> —1.269 0.204
Hip flexion at terminal stance (deg) —13.0 <—20.0-—5.0> —14.5 <—-27.0-—3.5> —0.556 0.578
Hip flexion in swing (deg) 28.0 <17.0-37.0> 25.5 <16.5-35.5> —1.313 0.189
Pass retract (deg) 2.0 <0.0-5.0> 0.0 <0.0-5.0> —0.241 0.810
Hip range in sagittal plane (deg) 37.5 <32.0-46.0> 38.0 <30.5-45.5> 0.227 0.820
Hip range in sagittal plane (%) 88.0 <76.0-105.0> 90.0 <77.5-108.5> 0.706 0.480
Hip abduction (deg) 0.0 <—5.0-5.0> 0.0 <—5.0-5.0> —0.726 0.468
Hip range in frontal plane (deg) 10.0 <6.0-14.0> 10.0 <8.0-13.0> 0.819 0.413
Hip rotation (deg) —8.5 <—30.0-12.0> —5.0 <—15.0-15.0> —0.608 0.543
Hip range in transverse plane (deg) 20.0 <14.0-30.0> 21.5 <12.5-43.0> 0.722 0.470
Knee flexion at initial contact (deg) 0.0 <—3.0-5.0> 1.0 <—5.0-5.0> 0.260 0.795
Knee flexion at weight acceptance (deg) 11.5 <5.0-20.0> 11.0 <5.0-16.5> —0.268 0.789
Knee flexion at midstance (deg) 0.0 <—4.0-7.0> 2.0 <—4.5-9.0> 1.095 0.274
Max knee flexion at swing (deg) 53.0 <46.0-59.0> 53.0 <47.5-59.0> 0.053 0.958
Knee flexion in terminal swing (deg) —5.0 <—10.0--2.0> -5.0<-13.0--3.0> —1.323 0.186
Knee range in sagittal plane (deg) 55.5 <45.0-62.0> 54.0 <46.5-67.5> 0.016 0.987
Ankle flexion at initial contact (deg) —5.0 <—10.0-0.0> —3.0 <—12.0-0.0> 0.811 0417
Max dorsiflexion in swing (deg) 14.0 <9.0-17.0> 13.0 <7.0-18.0> —0.118 0.906
Max plantarflexion (deg) —13.0 <—22.0--2.0> —17.0 <—28.5--5.0> —1.837 0.067
Ankle range in sagittal plane (deg) 26.0 <21.0-35.0> 32.5 <24.0-39.5> 3.265 0.001
Foot progression (deg) —3.0 <-17.0-8.0> —1.0 <-8.0-11.5> 1.099 0.272
Range of foot progression (deg) 12.0 <8.0-19.0> 15.0 <10.0-25.5> 3.265 0.001
Fz1** 103.0 <93.0-117.0> 104.5 <95.0-122.0> 0.754 0.451
F72 ** 85.0 <71.0-94.0> 81.5 <68.0-90.0> —2.101 0.036
FZ3 ** 101.5 <94.0-101.0> 105.0 <97.5-116.0> 2.295 0.022
FX1 ** 10.0 <7.0-13.0> 9.0 <6.5-10.5> —1.387 0.165
FX2 ** 0.0 <0.0-2.5> 1.0 <0.0-3.8> 1.095 0.274
FY1** 17.5 <12.0-22.0> 17.5 <11.5-24.0> 0.466 0.641
FY2 ** 17.0 <12.0-23.0> 20.5 <12.0-25.0> 1.926 0.054

* normalized to age matched reference data of healthy children; ** normalized to body weight.

4. Discussion

It is commonly believed that flat foot affects walking pattern [14,27]. Although some
tests involving children’s sport performance showed no difference between children with
and without flat foot, the clinical observations show that a great part of flat feet are
symptomatic, and more and more researchers find proof that not just symptomatic, but
also asymptomatic flat feet do affect function [14,19,28,29]. Such discrepancies between the
researchers may be a consequence of different diagnostic methods they use to classify a flat
foot for their research. That is why it is also so difficult to compare different study results.

The aim of this study was to investigate how, if at all, a FFF influences gait parameters
in children and if a choice of a diagnostic method used to identify FFF affects the results
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of the gait pattern assessment. We examined spatio-temporal, kinematic, and kinetic
parameters of the flat feet and healthy feet in a group of children, using two different
classification methods. The main result is the finding that a diagnostic method according to
which the flat foot is established has an important impact on the results. The statistically
significant differences of gait parameters between healthy and flat feet were found only
when the classification was based on the Arch Index in dynamic condition. We decided to
use two classification methods because defects in foot posture in static conditions are not
always seen in dynamic conditions: in fact, flat foot posture is not always accompanied
by the impaired function [12,18,30,31]. In our previous study, it was proven that there is a
significant difference between the outcome when classifying the feet in static and dynamic
conditions [12]. A great number of feet classified in static conditions as flat feet according
to the classification executed in dynamic conditions turned out to be not flat.

Examining the spatio-temporal parameters, we found, as observed also by Carravaggi
etal, Lin et al., and Hosl et al. [7,14,18] a statistically significant decrease in walking speed
and cadence in children with flat feet in comparison to healthy feet. Lin and co-authors
additionally observed a reduction in stride length, which was not the case in our study [7].
Similar results but in adults were found by Levinger et al. [31]. He found a reduction in
cadence but, contrary to Lin’s study, an increase in stride length.

From other researchers’ studies, it is already known that speed is a factor that signifi-
cantly affects both kinematic and kinetic parameters, such as joint ROM, joints moments,
the ground reaction forces [32]. Stansfield et al. in his longitudinal study of gait of healthy
children (5-12 years old) stated that walking speed has a greater impact on gait parameters
than age [33,34]. He found that a decreased walking speed can cause the decrease in the
peak plantar flexion angle.

Regarding the kinematic parameters in this study, a statistically significant decrease in
ankle ROM in sagittal plane was observed in children with FFF in comparison to healthy
feet. The decrease in the ankle range of motion in a sagittal plane means a weaker push-off
during gait and relates to a lower FZ3—a parameter of the vertical component (second
maximum) of the ground reaction force during this phase of gait. Similar results were
obtained by other researchers [18,31]. Hosl et al. [18] observed a limited hindfoot motion in
the sagittal plane, which was probably compensated by increased midfoot dorsiflexion and
an excessively mobile hallux during the push-off phase. He also noticed a trend towards
lower FZ3 in the symptomatic flat foot together with a reduced gait speed. Remarkably
similar results were obtained by Saraswat et al. [15] He observed a reduced ROM in the
sagittal plane of an ankle joint in children with flat feet, accompanied by its eversion and
plantarflexion. Regarding kinetic parameters, the smaller plantarflexion and outward
rotation moment peaks together with smaller power generated by an ankle joint of the FFF
were found.

Recently more proofs were found to support the hypothesis that morphology of the flat
foot is not always accompanied by its abnormal function [31]. Therefore, maybe we should
differentiate between morphological features of flat foot and its influence on the function,
i.e., walking. That is why, in our study, we used two methods of flat foot classifications: in
static and in dynamic conditions. Using the classification in static conditions, we did not
find any statistically significant differences between flat and healthy feet in any functional
parameters, i.e., spatio-temporal, kinematic, and kinetics parameters. This finding can lead
to the conclusion that examining foot posture in static conditions does not help a clinician
to find patients who have real functional walking problems. Sometimes statically flat feet
function well during walking because they have the potential of dynamic correction of
themselves. Thus, maybe a clinical examination in static conditions should not be the
only one while deciding on the treatment. It seems that the dynamic tests, which identify
individuals with functional problems, should be the basis for planning the treatment.
Children with FFF identified in static conditions who do not have gait impairments should
probably be put under observation and not immediately under treatment. A classification
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done in dynamic conditions identifies children with FF who have walking impairments
and really need treatment.

The main limitation of the present study is the relatively low number of patients and
the imbalance between female and male participants. This resulted from the fact that the
patients were recruited from the outpatient clinic, and all patients who fulfilled the criteria
were invited to participate.

In conclusion, the diagnosis of the flat foot based on the evaluation in the static
condition and during the clinical assessment seems not be sufficient for decision making
about the treatment of pediatric patients with flexible flat foot. One of the main findings
from our study is that the gait pattern pathology seen in the gait parameters can depend on
the classification method within the same group of patients with clinical problem.
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Comparison of 2 Conservative
Treatment Approaches for the Flat Foot
in Children Aged 5 to 10: Foot Orthoses
Versus Foot Orthoses Supplemented
With Zukunft-Huber Manual Therapy
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Abstract

The aim was to find if foot orthotics alone can improve flat feet in children and analyze how the addition of Zukunft-
Huber manual therapy and corrective bandaging changes the outcome. Forty-nine children aged 5 to 10 with
asymptomatic flexible flat feet were divided into 2 groups. The first was treated with foot orthoses alone, in the
second wearing foot orthoses was supplemented with Zukunft-Huber manual therapy and corrective bandaging.
Pedobarography during gait was performed before the therapy and after a year. In the first group decrease in arch
index, width, force, and area of midfoot, increase in force MH2 and area hindfoot was found, in the second decrease
in arch index, width, force, and area of midfoot, increase in force under metatarsal head second, third, fourth, and
fifth, area metatarsal head fourth and area hindfoot. Both methods showed positive changes, but foot orthoses with
additional intervention were more effective.

Keywords
flat foot, children, pedobarography, foot orthoses (FOs), manual therapy, B. Zukunft-Huber method

Introduction

A flat foot (FF) prevalence, one of the most common
postural deformities among children,' is estimated from
a few to tens percent, and it depends on age, sex, weight,
diagnostic methods used, their accuracy, and evaluation
criteria. It is also the most frequently raised concern
among parents, forcing them to seek health advice.?

A plano-valgus foot is defined as a partial or total col-
lapse of the medial longitudinal arch caused by navicu-
lar drop, which is the effect of the talotarsal joint (TTJ)
instability and misalignment,* accompanied by 3-dimen-
sional (3D) joints deformities: eversion of the calcaneus,
plantarflexion of the calcaneus, and talus versus tibia,
forefoot supination and abduction, dorsiflexion of the
tarso-metatarsal joint.>>” These features increase during
weight-bearing: the joints of the medial arch are
unlocked longer than they should, leading to excessive
hindfoot eversion and forefoot supination.*

Plano-valgus foot can be rigid or flexible. If the foot
arch rebuilds in non-weight-bearing conditions, the foot
is defined as flexible. If the arch does not rebuild, the
foot is rigid. Rigid pes planus concerns around 1% of the

population.®®® Pediatric flexible FF is further classified
as symptomatic (SFF) or asymptomatic (ASFF).
Children with SFF suffer from feet pain, balance disor-
ders, or activity limitations.>*° Kothari et al'® and Lin
et al” observed that children with SFF present a reduced
walking speed. Lin proved a poorer performance in
lower limbs involved in tasks such as squatting and
standing, standing on toes, toe walking, heel walking,
and one leg standing and hopping.!' Children with SFF
are more likely to have hip, knee, or back pain.!' They
gain lower quality-of-life scores in the Oxford Ankle
Foot Questionnaire for Children (OxAFQ_C).° An FF
which persists in adulthood is connected with lower
back pain, anterior knee pain, joint degeneration, insta-
bility, functional limitations, or disability.'!!2

'Department of Rehabilitation, Children’s Memorial Health Institute,
Warszawa, Poland

Corresponding Author:

Matgorzata Syczewska, Department of Rehabilitation, Children’s
Memorial Health Institute, Aleja Dzieci Polskich 20, Warszawa 04-
730, Poland.

Email: m.syczewska@ipczd.pl


https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/cpj
mailto:m.syczewska@ipczd.pl
http://crossmark.crossref.org/dialog/?doi=10.1177%2F00099228231172480&domain=pdf&date_stamp=2023-05-11

Clinical Pediatrics 00(0)

There is still no consensus on when, if at all, and
what kind of intervention should be undertaken when
dealing with pediatric FF. There is a wide range of
treatment methods, noninvasive or surgical. The non-
surgical interventions include foot orthoses/insoles,
footwear, footwear modifications, physical therapy,
weight reduction, joint manipulations, serial casting,
muscle strengthening, stretching exercises, and anti-
inflammatory medications.®®

The most often applied noninvasive intervention is
foot orthoses,®!? but there is still lack of convincing evi-
dence of its efficacy,>*'>!*1¢ due to the heterogeneity
and methodological deficiency of these studies. The
summarized findings suggested that wearing FOs may
have positive effect on reducing pain and improving
foot posture and function, as well as gait pattern
improvement and decrease of valgus index. In addition,
an improvement in balancing ability was found.!” The
positive effects of orthoses on 3D moments that differ in
dominant and nondominant limbs were also found,'’
and in one study, a suppression of the eversion of the
talocalcaneal joint."”

Lately a treatment method of feet deformities (3D
manual therapy) developed by B. Zukunft-Huber is
gaining popularity among physiotherapists.?° Initially, it
was developed for infants with various congenital foot
deformities, and then it was extended to older children
with different foot posture failures, including FF. This
therapy involves using special stretching and manual
techniques and after that bandage wrapping for main-
taining their results. For older children, Zukunft-Huber
additionally recommends FOs for the day use, due to the
difficulties with wearing corrective bandaging inside a
shoe. The aim of this study was to compare the Zukunft-
Huber method together with FOs with an intervention
that consists of wearing FOs alone to see whether addi-
tional intervention would be more beneficial.

Methods

Patients

Forty-nine children (37 boys and 12 girls) were recruited
for this study during the clinical examination in the out-
patient clinic at the Children’s Memorial Health Institute,
Warsaw. The inclusion criteria were age from 5 to 10
years and a flexible FF. A flexible FF was diagnosed
during a clinical examination carried out by an experi-
enced physician and physiotherapist. The inclusion
period was over 2 years.

Clinical criteria for flexible FF were medial longitu-
dinal arch (MLA) collapse, heel valgus angle over 5°,
bulging of the medial side of a foot and ink footprint

Figure |. Clarke’s footprinting graphics for feet
assessment: footprints No. 4-6 present the footprints of
correctly built feet; footprints No. |-3 are footprints of
hollow feet and footprints No. 7-10 present the footprints
of flat feet.

from the Harris and Beath pedograph match type 7 to 10
(Figure 1).

Medial longitudinal arch collapse was found when
the longitudinal arch was not visible while standing. The
heel valgus angle was measured (3 times, an average
was calculated) with a goniometer while standing on
both feet.

The mat of the Harris and Beath pedograph was
inked, a sheet of paper was placed on it, and a child was
asked to stand with one foot on the mat and the second
foot on the ground. Then a child changed its standing
foot on the mat. The obtained footprint was matched to
Clarke’s footprinting graphics (Figure 1). The matching
of footprints was performed by 2 independent, experi-
enced examiners.

Flexible FF was identified when the MLA rebuilt in
non-weight-bearing position and while tiptoe standing.

The exclusion criteria were rigid FF, secondary FF
caused by damaged central nervous system, neuromus-
cular diseases, genetic disorders, lower limbs injury, and
surgical intervention. Each patient meeting the above
criteria was qualified for the study (see Table 1).



Boryczka-Trefler et al 3
Table |I. Demographic Characteristics of the Group.
Number of 10th 90th
children Median Minimum Maximum percentile percentile
Height 49 124.5 109.5 140.0 113.0 135.0
Body mass 49 24.0 18.7 39.0 20.5 34.6
Body mass index 49 16.2 12.6 21.7 14.2 19.2
Age 49 6.4 5.0 10.4 5.2 8.2

The study was approved by the local ethical commit-
tee. Informed consent was signed by parents of all the
children.

All children fulfilling the criteria and were treated in
the outpatient clinic during the inclusion period were
offered the participation in the study, but only those
whose parents signed the consent participated, so it was
a prospective study with convenient patients’ sample.
Fifty patients were finally recruited to the study, but one
patient dropped out (could not come for a follow-up
visit for family reasons). A simple randomization
method was used to assign the patients to the groups.

Treatment

Participants were assigned (randomly) to 1 of the 2
intervention methods. One group received insole treat-
ment alone, and the other group received manual ther-
apy together with corrective bandaging for walking at
home and for the night and insoles for the day. The
insoles for both groups were individually customized in
an orthopaedic-podiatry clinic. The height of the navicu-
lar bone was measured, and a print on the Harris and
Beath pedograph done with marking of the first metatar-
sal head and the base of the first phalanx, the fifth meta-
tarsal head and the base of the fifth phalanx, the navicular
tuberosity, and the medial and lateral process of calca-
neus tuberosity. Then the examination of feet on the
podoscope was undertaken to prescribe, if needed, the
height of a supination wedge and/or a metatarsal pad.
The wedge height was individualized to maintain the
subtalar joint in the neutral position for correcting the
forefoot abduction and hindfoot pronation. The insoles
were made of thermocork with 55 hardness Shore scale
covered with perforated material (Figure 2).

The children wore the insoles with self-selected,
well-fitting shoes with a flexible, flat sole, and rigid heel
counter. They had to wear the insoles for 1 hour on the
first day and then to increase the time of insoles wearing
by 1 hour per day. The children were instructed to wear
the insoles for at least 6 hours a day.

The manual therapy together with corrective bandag-
ing applied to the second group was based on Zukunft-
Huber method.?° The 3D manual foot therapy involves

Figure 2. Patients’ insoles, made of thermocork with 55
hardness Shore scale covered with perforated material. The
wedge height was individualized to maintain the subtalar
joint in the neutral position (forefoot abduction and hindfoot
pronation correction).

use of special stretching and manual techniques and
bandage wrapping for maintaining the stretching results.
The therapy is to be performed daily at home by parents,
after they were thought by a physiotherapist how to per-
form the therapy and bandaging at home. The learning
session lasted 90 minutes, during which the parent
learned how to position her/his child and how to ban-
dage the feet.

The therapy was performed on the mat while patient
was lying on his/her side, leg flexed, externally rotated,
and abducted in the hip joint, flexed in the knee joint,
and foot placed in front of the hip joint (Figure 3A).

A child was asked to maintain his/her knee high,
directly above the line connecting hip joint and foot. A
foot should be positioned with a heel, head of the first
and fifth metatarsal bone firmly placed on the mat, to
force subtalar joint to return to its neutral position. A
child is supposed to maintain this position for 5 minutes
for one leg. Such exercise should be done minimum once
or twice a day. Later, a foot is bandaged while the patient
is sitting with a special bandage: elastic, hart bandage by
Hartmann, 6-cm wide, 5-m long. During the bandaging,
a treated foot is held in a supinated position (Figure 3B).
A bandage is applied on the foot and shin, and the apply-
ing movements follow number 8. A bandage starts on the
medial side of the foot and then moves to the lateral side.
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Figure 3. Zukunft-Huber method: (A) patient’s position during therapy (corrects external rotation of the hip, forces the
subtalar joint to neutral position, and forefoot to pronate against the rearfoot), (B) applying of the bandages, and (C) bandages

on the feet.

Figure 4. Regions if interest from Emed platform. [Novel
scientific medical manual v.2.3. Novel Gmbh (2012)].

After one circle, it goes from the medial to the lateral side
of the foot and up around the shin. While coming back, a
bandage goes to the lateral side and under the foot and
then again from the medial side of the foot up around the
shin like an 8. The bandage should be appropriately
stretched and rewound (Figure 3B and C).

The parents were instructed to conduct the therapy in
the afternoon. At school, children wore FOs (at least 6
hours daily), and when they returned home, they wore
bandages, which they also wore throughout the night.
During the 1-year treatment, all participants reported to
the clinic every 3 months for evaluation and examina-
tion on the pedobarographic platform. It was time to
recall and get feedback from parents and make sure they
were following the recommendations.

Measurement Method

To assess the outcome, Emed platform (Novel Company)
embedded in a polyethylene ramp with a length of 10 m

was used. Geometric foot parameters and plantar loads
were analyzed. Examination on the platform was per-
formed just before starting the therapy and after approx-
imately 12 months.

Children were asked to walk barefoot several times
with their normal, self-selected speed. Data from 3 plan-
tar loads of left and of right foot of each child were aver-
aged and taken for further analysis. The foot was divided
into the geometric regions: total, metatarsal head first
(MH 1), metatarsal head second (MH 2), metatarsal
head third (MH 3), metatarsal head fourth (MH 4), meta-
tarsal head fifth (MH 5), big toe, second toe, toes 3 to 5,
midfoot and hindfoot (Figure 4), according to the Novel
software standard. For each region, the maximum force
(normalized to body weight) (%BW) and the contact
area (cm?) were measured. Geometric measures of the
feet (foot length (cm), hallux angle (°), forefoot width
(cm), instep width (cm), midfoot width (cm), and heel
width (cm)) were also calculated by Novel software.
The geometric parameters (apart from angle) were nor-
malized to foot length.

All statistical calculations were performed using
STATISTICA software with P = .05 cut-off level. The
variables’ distribution was checked with Kolmogorov-
Smirnov and chi-square tests. Most variables had the
normal distribution. The comparisons between groups
were performed with z-Student test, the comparisons
within groups (i.e. in paired samples) with the sign test.

Results

Statistical analysis revealed that only 2 parameters from
29 considered were not normally distributed: total max
force (TMF) and force MHS (FMHS), but their skew-
ness and kurtosis were close to the ones of the normal
distribution.

In the group treated with the manual therapy together
with corrective bandaging and insoles, we observed a
statistically significant decrease in arch index value
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Table 2. Comparisons of Results Before and After Treatment With the Insoles, Manual Therapy, and Corrective Bandaging
(Insoles Supplemented With Zukunft-Huber Manual Therapy).

Before After
Parameter Mean SD Mean SD P
Hallux angle 6.1068 5.28369 5.3477 4.91436 .880
Arch Index 0.3020 0.05593 0.2789 0.05927 <.001*
Forefoot with 0.3647 0.02030 0.3657 0.02003 .651
Instep width* 0.0745 0.05007 0.0915 0.04870 <.001*
Midfoot width* 0.1935 0.06129 0.1640 0.06705 .006*
Heel width 0.2242 0.02447 0.2163 0.02027 .097
Total max force 121.2591 15.04790 122.6000 10.97066 175
force MHI 25.7932 5.74486 26.1023 6.22700 .652
force MH2* 21.3068 3.63743 23.1591 3.60693 <.001*
force MH3* 22.2045 342161 24.5227 3.79613 <.001*
force MH4* 14.9591 3.18129 162114 3.10425 <.001*
force MH5% 5.8000 111751 6.6182 1.70434 .032%
force big toe 22.4205 8.97922 21.8500 7.65869 175
force second toe 4.8591 1.87670 4.7477 2.12083 .128
force toes 345 4.6636 2.30884 4.2795 2.10300 .128
force hindfoot 80.8023 15.02599 85.0409 12.34981 .067
force midfoot* 36.9591 15.18192 33.1932 15.46196 .002%
area MHI 0.1075 0.01498 0.1069 0.01186 .880
area MH2 0.0845 0.00703 0.0870 0.00787 451
area MH3 0.0835 0.00727 0.0877 0.00925 175
area MH4* 0.0673 0.00916 0.0709 0.00995 .004*
area MH5 0.0395 0.00641 0.0408 0.00597 175
area big toe 0.0691 0.01687 0.0695 0.01663 .880
area second toe 0.0254 0.00635 0.0252 0.00751 .880
area toes 345 0.0348 0.01148 0.0344 0.01289 .880
area hindfoot* 0.2231 0.02429 0.2334 0.02669 <.001*
area midfoot* 0.2640 0.05032 0.2430 0.05395 <.001*

The statistically significant differences are marked with asterisk.

Abbreviations: MH |, metatarsal head first; MH 2, metatarsal head second; MH 3, metatarsal head third; MH 4, metatarsal head fourth; MH 5,

metatarsal head fifth.

(from 0.302 = 0.056 to 0.279 = 0.060, P < .001—
decrease in 83% patients), midfoot width (from 0.194 =
0.062 to 0.164 = 0.067, P = .006—decrease in 72%
patients), force midfoot (from 36.96 = 15.18, P =
.002—decrease in 74.5% patients), and area midfoot
(from 0.264 +0.050 to 0.243*+0.054, P < .001—
decrease in 82% patients) and a statistically significant
increase in force MH2 (from 25.71 = 3.64 to 23.16 =
3.61, P < .001—increase in 90.9% patients), MH3
(from 22.20 = 3.42 to 24.52 * 3.80, P < .001—increase
in 86% patients), MH4 (from 14.96 = 3.18 to 16.21 *
3.1, P < .001—increase in 85.7% patients), and MHS5
(from 5.8 = 1.12 t0 6.62 £ 1.70, P = .032—increase in
68% patients), area MH4 (from 0.064 = 0.009 to 0.07 =
0.010, P = .004—increase in 72.7% patients), instep
width (from 0.075 = 0.050 to 0.092 = 0.049,

P < .001—increase in 100% patients), and area hind-
foot (from 0.223 = 0.024 to 0.233 = 0.027, P < .001—
increase in 79.5% patients) (see Table 2).

In the group treated with shoe insoles, a statistically sig-
nificant decrease in arch index value was observed (from
0.256 + 0.040 to 0.260 = 0.047, P = .006—decrease in
74% patients), midfoot width (from 0.156 = 0.055t0 0.137
+ 0.048, P = .007—decrease in 30% patients), force mid-
foot (from 30.13 = 12.16 to 26.30 = 10.61 P = .001—
decrease in 74% patients) and area midfoot (from 0.237 +
0.036 to 0.224 = 0.041, P = .034—decrease in 66%
patients), and at the same time, a statistically significant
increase in force MH2 (from 21.62 *= 3.55 to 23.26 *
10.62, P = .003—increase in 72% patients), and area hind-
foot (from 0.235 = 0.0.21 to 0.243 £ 0.021, P = .016—
increase in 68% patients) (see Table 3).
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Table 3. Comparisons of Results Before and After Treatment With the Insoles Only.

Before After

Parameter Mean SD Mean SD P
Hallux angle 2.3635 498311 2.4500 4.10233 913
Arch Index 0.2758 0.03997 0.2596 0.04712 .006
Forefoot width 0.3780 0.02734 0.3669 0.02025 120
Instep width 0.1198 0.04439 0.1311 0.04217 203
Midfoot width* 0.1556 0.05523 0.1370 0.04826 .007*
Heel width 0.2222 0.02312 0.2146 0.01992 203
Total max force 117.7385 9.56932 118.4720 8.18752 322
force MH | 21.4481 5.83850 22.3040 5.28722 .086
force MH2* 21.6173 3.54626 23.2600 3.89903 .003*
force MH3 25.1673 421132 25.5600 4.11791 322
force MH4 16.8519 4.06383 17.6560 4.04269 203
force MH5 7.0654 2.68605 7.1780 2.84306 777
force big toe 24.1462 9.03005 22.8280 7.29739 322
force second toe 4.9231 1.87079 4.5480 1.83372 253
force toes 345 4.7404 271512 3.9000 2.33850 253
force hindfoot 787212 11.81985 81.5560 | 1.58669 253
force midfoot* 30.1288 12.16450 26.3020 10.61232 .001*
area MH| 0.0977 0.00972 0.0997 0.01066 .066
area MH2 0.0844 0.00681 0.0845 0.00622 .887
area MH3 0.0895 0.00837 0.0898 0.00935 120
area MH4* 0.0716 0.00772 0.0753 0.00851| .007*
area MH5 0.0426 0.00641 0.0430 0.00554 672
area big toe 0.0782 0.01319 0.0787 0.01280 .203
area second toe 0.0268 0.00483 0.0265 0.00490 671
area toes 345 0.0367 0.01297 0.0342 0.01368 671
area hindfoot* 0.2352 0.02091 0.2433 0.02098 .016*
area midfoot* 0.2372 0.03598 0.2243 0.04126 .034*

The statistically significant differences are marked with asterisk.

Abbreviations: MH I, metatarsal head first; MH 2, metatarsal head second; MH 3, metatarsal head third; MH 4, metatarsal head fourth; MH 5,

metatarsal head fifth.

Discussion

The aim was to compare the effectiveness of 2 noninva-
sive intervention methods for flexible FF in children
using the dynamic pedobarography outcomes taken
before and after the treatment. These methods were
chosen because wearing the foot orthoses/insoles is the
most often used treatment for pediatric flexible FF.%!13:18
As there are more and more studies proving plantar
loads parameters and their distribution during gait
reflect biomechanical abnormalities of FF both in chil-
dren and adults?** and could provide an objective
information about an improvement or its lack, this
method was chosen for the assessment of efficacy of
both treatments.

In the group treated with the manual techniques, cor-
rective bandaging together with FOs, we observed a statis-
tically significant decrease in arch index, midfoot width,
force midfoot and area midfoot and simultaneously a

statistically significant increase in instep width, force
MH2, MH3, MH4 and MH5, area MH4 and area hindfoot.
All these parameters were normalized either to geometric
features or body weight to remove the influence of the
children’s grow.

According to Cavanagh, a flat arch would result in a
large arch index,? and after fourth year of age, an arch
index is only 5% higher than in adults.?® Miiller et al,?’ in
his cross-sectional study of children aged 1 to 13, noticed
that since the sixth year, an arch index value remains
steady. Therefore, we assumed that the decrease of arch
index among children treated with Zukunft-Huber
method should be regarded as a positive outcome of the
intervention and not as a consequence of growth. Further
positive outcomes were as follows: decreased values of
midfoot width, force midfoot, and area midfoot. These
results are consistent with other studies comparing
dynamic loads of flat and normal feet, where increased
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force midfoot and area midfoot were associated with FF
features. Chang observed in children with a lower medial
foot arch higher mean pressure and force under the
medial forefoot and midfoot, and lower contact areas
under the foot, except for the midfoot region.?® Pauk
observed higher medial arch contact area in children with
FF compared to the control group. This increase could
suggest that in children with FF, there is more pressure
under the medial arch.?' Chuckpaiwong noticed that the
normalized maximum force and the contact area in the
medial midfoot were significantly increased in the low
arch foot when compared to the normal foot during walk-
ing.?? The same stated Buldt et al®* and Queen et al,**
who compared plantar loading during different sporting
tasks and observed an increase in plantar loading in the
rearfoot, medial midfoot, and lateral midfoot in FF com-
pared to a normal foot type. Although these studies dealt
with adults, their results do not much differ from those in
older children: the contact area and maximum force val-
ues reveal only minor differences after fifth year when
compared to adult values.?? An increase in instep width,
force MH2, MH3, MH4, and MHS5; area MH4; and area
hindfoot may also be considered a positive outcome. It is
known that in an FF (compared to normal foot), a
decrease in force under forefoot and hindfoot was
observed.?'?* Pauk observed that plantar pressure ampli-
tude was significantly lower under metatarsal heads in
the FF children compared to normal.?' Buldt et al*
noticed a significantly lower pressure and force for the
fourth and fifth MTPJ in planus feet when compared
with normal feet.

Looking at the second group treated with just FOs,
we observed a statistically significant decrease in arch
index, midfoot width, force midfoot, and area midfoot—
and these outcomes were the same as in the group treated
with the combined method. We observed also a statisti-
cally significant increase in force MH2, area MH4, and
area hindfoot—Iess parameters changed when compar-
ing it to the group treated with the combined method.
While based on the literature, we could consider the
changes in area MH4 and area hindfoot as positive, we
must look more closely at the increase of force MH2.
Some researchers report a larger load under the MH2
together with a lower load under the MH1 in FF.*° Buldt
et al® reported that compared to cavus feet, planus feet
demonstrated lower maximum force for the first MTPJ
and higher maximum force for the second toe and larger
contact area for the second MTPJ and second toe. Such
outcomes may be associated with the hypermobility of
the first ray, which is connected with an asymptomatic
pes planus.?®*° In an FF with a hypermobile, first ray
during walking in the stance phase, the first metatarsal
elevates, leaving MH2 to transfer a larger load.*® An

increased force MH2 after a 1-year treatment with just
FOs must be interpreted as a negative outcome, and it
should be a subject for further studies. It seems that
wearing FOs alone may not be enough, and additional
intervention to FOs may be more effective.

The groups were assessed separately because the dif-
ferences were found between them before the treatment, in
the following parameters: arch index, hallux angle, fore-
foot width, midfoot width, force MH1, force MH3, force
MH4, force MHS5, force midfoot, area MH1 and area mid-
foot. Looking at the data distribution, all data, apart from a
hallux angle, are slightly shifted between groups, but they
are also characterized by large ranges, and the shifts were
not huge: more than 80% of the cases laid in common
ranges. The values of hallux angle were within the normal
range in both groups; thus, it was not of great importance.

Nonetheless such differences between the groups are
the limitation of this study. It occurred that a simple ran-
dom assignment to 1 of the 2 intervention methods was
not enough. In the future a stratified randomization
should be used.

Another limitation is the imbalance in number of
boys and girls, but this was not intended; rather, it arose
from the flow of patients in the outpatient clinic who
fulfilled the study criteria and whose guardians agreed
to participate.

The third limitation is lack of the assessment of the
change in the patient’s quality of life introduced by
both methods, which could supplement objective mea-
surements and statistical analysis. Despite all above-
mentioned limitations, it can be concluded that to
achieve proper improvement while treating an FF, FOs
used alone are not enough and should be combined
with physiotherapy. The results of the statistical tests,
together with the percentages of the patients in whom
the changes occurred point to this clinically significant
conclusion.
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Abstract

Study aim: A flexible flat foot (FFF), one of the most common postural deformities among children,
should not be perceived as an isolated problem of static alignment of foot and ankle, but as a part of
dynamic biomechanical chain of a lower extremity, pelvis, and lower back. The aim of the study
was to compare the impact of two methods, used for treating FFF, on the gait pattern in children

after 12 months treatment.

Material and methods: 49 study participants with FFF were randomly assigned to one of the two
intervention methods. One group was treated with foot orthoses (FOs), the other group with manual

therapy, corrective bandaging and FOs.

Results: After one year of therapy, no significant differences were observed within either group
before and after treatment regarding dimensional, spatio-temporal parameters, and ground reaction
forces. However, noteworthy changes emerged in hip flexion moment, ankle plantar flexion
moment, and ankle power in the group treated with the combined method. In the FOs-treated group,

significant changes were found in ankle plantar flexion moment and ankle power.

Conclusion: The observed changes in joints’ peak moments and powers in both groups were

positive changes, but the combine method seems to be more effective than wearing FOs only.

Keywords: children, flat foot, kinematic and kinetic gait parameters, foot orthoses

1. Introduction

A flat foot (including flexible flat foot) is one of the most common postural deformities among
children [26]. Prevalence of pediatric flexible flat foot (FFF) is estimated from a several to several
dozen percent and it depends on different factors such as: age, gender, weight, diagnostic methods
used, their accuracy, and evaluation criteria [26]. It is also the most frequently raised concern

among parents and caregivers forcing them to seek professional health advice [10, 22].

FFF should not be perceived as an isolated problem of static alignment of foot and ankle but as a
part of dynamic biomechanical chain of a lower extremity, pelvis, and lower back. In a normal foot
during the gait cycle at the beginning of the stance phase a subtalar joint pronates, which unlocks
midtarsal joints to enable the foot to adapt to an uneven surface. Then the subtalar joint supinates to
achieve a neutral position in the mid-stance. Next the foot continues to supinate until it becomes a
rigid lever during the push-off phase. In FFF the supination of the subtalar joint is delayed or lacks
at all, which in consequence leaves the midtarsal joints unlocked and the foot does not become a

rigid lever for an effective push-off. This prolonged and excessive pronation may cause an

https://mc.manuscriptcentral.com/bhk
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overmuch tension on the medial plantar ligaments and an increased internal rotation of the tibia
[27]. This in consequence may alter shear stresses on the knee articular contact areas [19].
According to Souza et al, an excessive rearfoot eversion may be the reason for an increased hip
internal rotation, which could further enhance the Q-angle at the knee, altering the patellofemoral
join’s biomechanics [28]. (The Q angle is the angle between the line from the anterior superior iliac
spine to the center of the patella and the line from the tibial tubercle through the center of the
patella. The normal value of this angle is between 13 and 18 degrees). Other clinical studies connect
flat foot with a knee and lower back pain, pelvis misalignment, gluteal and erector spinae altered
activity or changed magnitude of lumbar accelerations during running [17]. However, there is still a
question, if these studies mostly performed in adults and the resulting biomechanical hypotheses
could be simply applied to children. There is still little evidence linking FF to pathomechanics of
proximal joints in children. Some researchers proofed children with symptomatic flat foot (SFF)
suffer from feet pain, poor balance or limited physical activity [2, 10]. Kothari et al. [19] and Lin et
al. [21] noticed that children with SFF show reduced walking speed. Lin also observed poorer lower
extremity performance in exercises such as squatting and standing, tiptoe standing and walking,
heel walking and one leg standing and hopping [21]. Children with SFF are more vulnerable to hip,
knee, or back pain [8]. They also have lower quality of life scores on the Oxford Ankle Foot
Questionnaire for Children (OxAFQ _C) [18]. FF persisting into adulthood is related to lower back

pain, anterior knee pain, osteoarthritis, instability and functional restrictions or disability [17].

Despite all these observed after-effects of FF, there is still no consensus on when, if at all, and what
kind of intervention should be undertaken to deal with a pediatric flat foot. There is still no
convincing evidence for the efficacy of the nonsurgical interventions in treating pediatric flexible
pes planus including using feet orthoses (FOs), which are the most often applied noninvasive
treatment for FFF in children [3, 10]. The recent review on the effectiveness of foot orthoses for
pediatric flexible pes planus was completed in 2020 by Dars et al. [10]. He stated that there is still
limited evidence to draw definitive conclusions about the effectiveness of FOs in treatment of
pediatric FFF. Similar results were drawn earlier by Choi et al. [16], McKenzie et al. [22] and
Evans et al. in Cochrane review [11]. Due to the heterogeneity and methodological deficiency of the
reviewed studies, all the above-mentioned authors were not able to draw definitive conclusions
about the effectiveness of FOs. Despite this heterogeneity, the summarized findings however, reveal
that wearing FOs may have positive effect on reducing pain and improving foot posture and
function. Contrary to the literature describing the effectiveness of FOs in children, there is still very
limited research explaining the mechanisms by which these positive changes are achieved. Perhaps

the key to explaining the possible mechanism of the observed positive changes and understanding
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1

2 the biomechanical effects of FOs is to investigate how FOs modify gait parameters not only in the
3

4 foot and ankle complex, but also in the entire lower limb, pelvis and lower back.

5

6 Therefore, in this study we compared the efficacy of two conservative treatments for a pediatric

7

8 FFF: a three-dimensional manual therapy developed by Barbara Zukunft-Huber (PT) [30],

10 combining wearing FOs and manual therapy with corrective bandaging with FOs alone. We

1; compared the effectiveness of these methods, examining their impact on the gait pattern in children
13 after the one year of therapy.

14

12 2. Materials and Methods

17

18 2.1 Patients

19

;‘1) There were 49 children (37 boys and 12 girls) included in this study. Recruitment took place during
22 a medical examination at the Rehabilitation Outpatient Clinic at The Children’s Memorial Health
23

24 Institute in Warsaw. All eligible children were asked to participate. Inclusion criteria included an
;2 age of 5 to 9 years and at least one asymptomatic flexible flat foot. Exclusion criteria included rigid
27 flat foot, a secondary flat foot caused by damage to the central nervous system (CNS),

28

29 neuromuscular diseases, genetic disorders, lower limb trauma or surgical intervention. The

g? demographic characteristics of the group are presented in Table 1.

32

33 Table 1. Demographic characteristics of the group

34

22 No of Median | Minimum | Maximum | 25t 75th

37 Subjects Percentile | Percentile

38

39 Height 49 124.50 109.50 140.00 119.00 129.00

40

41 Body 49 24.00 18.70 39.00 21.0 28.0

42 mass

43

44 BMI 49 16.23 12.61 21.72 15.11 17.5

45

46 Age 49 6.41 5.04 10.37 5.87 7.48

47

48

49

50 The study was approved by the Local Ethical Committee. Informed consent was sign by parents of
51

52 all children taking part in the study before their enrollment. All children and their parents were

;31 informed what was the characteristic of the flexible flat foot, what kind of two treatment methods
55 would be used in the study and that they would be assigned to one of these treatment methods by
56

57 the therapist. The simple randomization method was used: every second patient was assigned to the
gg FOs with manual therapy group. These were insole treatment or manual therapy together with

60

corrective bandaging for the night and insoles for the day.
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2.2 Methods

The flexible flat foot was diagnosed during a clinical examination carried out by an
experienced physician and physiotherapist. Clinical criteria for flexible foot diagnosis were a

medial longitudinal arch (MLA) collapse, heel valgus and bulging of the medial side of a foot.

Next, the range of motion (ROM) of lower extremity (LE) joints was measured with a goniometer
independently by two physiotherapists. Foot dorsiflexion was measured with the foot in slightly
inverted position to lock the subtalar joint to exclude any additionally dorsiflexion in it. The ankle
dorsiflexion was measured with the knee flexed (ADKF). The heel valgus angle was measured with
a goniometer during standing on both feet. It was measured three times and then an averaged result

was calculated.

After the examination, all study participants were randomly assigned to one of the two intervention
methods. One group received FOs treatment and the other group received manual therapy together
with corrective bandaging for a night and for walking at home and FOs for a day while going out
i.e., to school. The shoe insoles for both groups were individually customized in an orthopedic-
podiatry clinic by an experienced orthotist. The supination wedge height was designed to keep the
subtalar joint in a neutral position to correct forefoot abduction and hindfoot pronation. The insoles
were made of thermocork with 55 hardness Shore scale covered with perforated material. The

detailed description of the examination for FOs customizing can be found in our previous article

[3].

The children were instructed to wear the insoles with self-selected, well-fitting shoes with a
flexible, flat sole and rigid heel counter. They were recommended to wear the insoles for 1 hour on
the first day and then to increase the time of insoles wearing by 1 hour per day. Based on the
previous studies [14] which reported that wearing the insoles for 5 to 10 hours a day could be
beneficial, the children in this study were instructed to wear insoles for at least for 6 hours a day.
The three-dimensional manual foot therapy applied together with FOs to one group of children in
this study was developed by Barbara Zukunft-Huber, PT [30]. It involves the use of special manual
techniques and bandage wrapping for maintaining the results. The full description of the manual

techniques and bandaging can be found in our previous article [3].

To assess the treatment results, the data obtained from instrumented gait analysis were used. The
analysis was performed using a 12 camera VICON MX System. The Plug-In-Gait marker set and
lower-body model were used. Patients walked with their preferred, self-selected speed several times
along the walkway to obtain six technically correct trials, which were later imported to the Polygon

software and averaged.

https://mc.manuscriptcentral.com/bhk
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The data obtained from averaged reports were later analyzed. Spatio-temporal data were presented
as a percentage of age- and gender-adjusted reference data. The following gait parameters were
further analyzed: gait velocity, cadence, step length, step width, stance phase, single-stance phase,
pelvic tilt, pelvic range of motion (ROM) in sagittal plane, pelvic obliquity, pelvic range of motion
in frontal plane, pelvic rotation, pelvic range of motion in transversal plane, hip flexion at initial
contact, hip flexion in terminal stance, hip flexion in swing, pass retract, hip range of motion, hip
abduction, hip range of motion in frontal plane, hip rotation in swing, hip range of motion in
transversal plane, knee flexion at initial contact, knee flexion at weight acceptance, knee flexion in
standing, maximal knee flexion in swing, knee flexion in terminal swing, knee range of motion,
dorsiflexion of initial contact maximal dorsiflexion in standing, maximal plantarflexion,
plantarflexion in swing, ankle range of motion in sagittal plane, foot progression, range of motion in
foot progression, maximal values of ground reaction force components (vertical, medio-lateral, and

fore-aft) and joints’ peak moments and powers.

The extreme values of the kinematic and kinetic parameters were chosen to keep the uniformity of
data description, as the time-curves characteristics were preserved in our group of patients in

comparison to the healthy reference data.

Statistical analysis of the data was performed with Statistica v.10.0 software. The normality of the
data was checked with Kolmogorov-Smirnov and chi-square tests. As most of the variables were
non-normally distributed the between groups comparisons were done using Mann-Whitney test, and
the comparisons within groups (depended samples) with the sign test. The cut-off level of statistical
significance was 0.05. A post hoc power analysis was performed using GPower 3.1.9.4 software,

for matched pairs tests.
3. Results

The comparisons of the parameters between left and right leg, done with Wilcoxon signed rank test,

showed no differences; thus, the data from left and right legs were pooled together.
3.1 Kinematic parameters

There were no significant differences found between the study groups before and after the treatment
implementation in terms of dimensional and spatio-temporal parameters as well as the ground
reaction forces. There were some minor differences between the two groups before treatment in
terms of angular values and therefore the treatment outcomes were calculated for each group
separately as in our previous article [3]. Looking at the differences found both before and after the
treatment, in can be said that they were small, random, and concerned mainly range, and thus

irrelevant for the intervention used. In conclusion, no significant differences in kinematic gait
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parameters were observed within each study group after treatment. To delve deeper into the specific

data, please refer to the detailed findings presented in Table 2 and Table 3.

Table 2. Comparison of the treatment results in the group treated with foot orthoses alone

Page 6 of 15

reaction force) [N/kg]

t p mean+SD mean+SD
before after
Velocity [%] (in respect to reference data) 0.171 0.864 75.3+£16.4 76.8+21.7
Cadence [%] (in respect to reference data) 0.182 0.855 80.6+8.5 77.4£19.9
Step width [m] 0.500 0.617 0.15+£0.029 | 0.14+0.035
Step lengh [%] (in respect to reference data) | 0.167 0.868 92.4+15.3 92.5+£23.8
Support [%] 2.089 0.037 61.0£2.0 59.9+1.5
Single limb suport [%] 0.696 0.486 39.6+£3.7 40.0+1.8
Pelvis sagital [°] 4.773 0.000 6.2+5.0 10.4+4.2
Pelvis sagital ROM (range of motion) [ ] 0.612 0.540 3.2+1.0 3.3+0.7
Pelvis frontal [°] 0.196 0.844 0.08+1.2 0.4+1.9
Pelvis frontal ROM (range of motion) [°] 1.066 0.286 7.3£1.9 7.8£2.2
Pelvis transverse [°] 0.913 0.361 1.1£2.6 0.8+£2.7
Pelvis transverse ROM (range of motion) [°] | 0.567 0.571 10.1£5.1 9.24+3.2
Hip IC (initial contact) [°] 4.526 <0.001 22.7+6.3 28.4£5.7
Hip TS (terminal swing) [°] 5.167 <0.001 -14.5+8.5 -9.3+6.1
Hip swing [°] 4.066 <0.001 24.7+6.8 29.8+6.4
Pass retract [°] 1.750 0.080 2.0+£2.2 1.242.2
Hip ROM (range of motion) [°] 0.177 0.860 37.8+6.1 38.4+3.7
Hip rotation in stance [°] 0.530 0.596 -2.3£13.1 -0.08+14.0
Hip rotation in swing [°] 0.177 0.860 0.3+£18.3 0.3+£19.2
Hip rotation ROM (range of motion) [ ] 0.857 0.391 22.4+12.1 23.9£10.0
Hip abduction [°] 1.393 0.164 -0.543.7 -0.9+6.6
Hip frontal ROM (range of motion) [°] 2.694 0.007 10.2+£2.9 11.8+4.7
Knee IC (initial contact) [°] 1.033 0.301 0.6£3.7 -1.0+3.8
Knee weight acceptance [°] 1.250 0.211 10.3£5.2 14.9+£24.7
Knee stance [°] 0.750 0.453 0.8+5.0 -0.6+4.9
Knee swing [°] 1.549 0.121 52.14£5.0 53.4+4.9
Knee TS (terminal swing) [°] 0.866 0.386 -3.2+17.4 -5.843.2
Knee ROM (range of motion) [°] -0.250 0.802 54.7£5.6 56.6+4.2
Ankle IC (initial contact) [°] 2.739 0.006 -4.744.3 -2.3+£5.4
Ankle dorsiflexion in swing [°] 1.237 0.216 13.5£3.2 14.0+£3.8
Ankle max plantar flexion [°] -0.000 1.000 -15.1+£8.3 -14.3+11.0
Ankle swing [°] 1.373 0.167 2.7+4.1 2.4+3.3
Ankle ROM (range of motion) [°] -0.177 0.860 29.54+6.3 30.4+6.4
Progress [] -0.000 1.000 -0.12+£7.9 -0.9£6.9
Progress ROM (range of motion) [°] 1.044 0.296 15.1+6.0 14.5+5.6
FZ1(first peak of vertical ground reaction 0.171 0.864 104.1+8.6 105.2+8.7
force) [N/kg]
F72 (second peak of vertical ground 0.676 0.499 83.5+8.8 81.2+6.2
reaction force) [N/kg]
FZ3 (first peak of vertical ground reaction 0.171 0.864 103.7+6.6 106.6+6.6
force) [N/kg]
FX1 (lateral peak of mediolateral ground 8.9+£2.3 8.7£1.9
. 0.913 0.361

reaction force) [N/kg]
FX2 (medial peak of mediolateral ground 0.000 1.000 1.1£1.9 0.9£1.0
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FY1 (anterior peak of ant-post ground
reaction force) [N/kg]

FY?2 (posterior peak of ant-post ground
reaction force) [N/kg]

0.182

0.177

0.855

0.860

17.1+4.6

17.5+4.4

18.2+3.2

19.3+4.0

Table 3. Comparison of the treatment results in the group treated with foot orthoses, manual

therapy and corrective bandaging

force) [N/kg]

t p mean+SD mean+SD
before after
Velocity [%] (in respect to reference data) 0.474 0.635 77.1£15.2 70.8+£25.9
Cadence [%] (in respect to reference data) 0.154 0.877 79.6£9.7 72.2424.6
Step width [m] 1.107 0.268 0.17+0.038 | 0.15+0.039
Step lengh [%] (in respect to reference data) | 0.312 0.755 95.4+12.4 96.0+16.5
Support [%] 1.562 0.118 60.9£1.8 60.2+1.8
Single limb suport [%] 1.423 0.155 39.3£2.6 40.1£2.3
Pelvis sagital [°] 0.171 0.864 10.0+4.8 9.0+6.3
Pelvis sagital ROM (range of motion) [°] 3.064 0.002 3.7£1.3 3.0+£1.0
Pelvis frontal [°] 3.601 <0.001 -0.7+2.1 0.9+1.6
Pelvis frontal ROM (range of motion) [°] 2.245 0.025 6.3+4.1 6.9+2.0
Pelvis transverse [°] 0.980 0.327 0.9£2.0 1.4+2.5
Pelvis transverse ROM (range of motion) [°] | 0.857 0.391 9.5+4.1 9.7£3.5
Hip IC (initial contact) [°] 0.329 0.742 27.5£6.9 27.9+£7.1
Hip TS (terminal swing) [°] 1.460 0.144 -11.2+6.2 -10.4£7.1
Hip swing [°] 0.320 0.749 29.8+6.9 29.9+6.8
Pass retract [°] 0.671 0.502 1.942.0 1.242.0
Hip ROM (range of motion) [°] 0.487 0.626 39.0+£5.6 37.945.5
Hip rotation in stance [°] 1.135 0.256 -8.2£15.4 -7.1+13.7
Hip rotation in swing [°] 0.474 0.635 1.1£14.5 -0.1+£16.3
Hip rotation ROM (range of motion) [°] -0.158 0.874 22.8+7.9 25.0£9.3
Hip abduction [°] 0.961 0.337 -0.3+£3.4 -2.1£7.3
Hip frontal ROM (range of motion) [°] 1.167 0.243 9.3+£2.5 12.1+6.2
Knee IC (initial contact) [°] 0.236 0.814 0.7+£3.7 0.2+2.8
Knee weight acceptance [°] 0.459 0.646 12.245.6 10.1£5.1
Knee stance [°] -0.236 0.814 1.8+4.9 1.0+4.4
Knee swing [°] -0.224 0.823 52.7£7.7 54.1+4.7
Knee TS (terminal swing) [°] -0.000 1.000 -6.1£3.6 -6.6+£3.9
Knee ROM (range of motion) [°] 0.707 0.479 54.94+8.6 57.447.0
Ankle IC (initial contact) [°] 1.543 0.123 -3.6£3.9 -1.3£3.8
Ankle dorsiflexion in swing [°] 0.000 1.000 9.44+2.6 13.2£3.6
Ankle max plantar flexion [°] 0.833 0.405 -10.1+£12.9 -6.9+15.2
Ankle swing [°] 0.167 0.868 3.0£5.2 3.1+£2.9
Ankle ROM (range of motion) [°] 1.315 0.188 27.6£6.4 28.3£5.8
Progress [°] 0.487 0.626 -4.7£9.0 -4.3+8.1
Progress ROM (range of motion) [°] -0.000 1.000 12.9+4.4 12.9+£5.9
FZ1(first peak of vertical ground reaction 105.6+11.2 | 107.8+£12.2
0.657 0.511

force) [N/kg]
F72 (second peak of vertical ground 0.961 0.337 82.2+10.2 82.0+6.3
reaction force) [N/kg]
FZ3 (first peak of vertical ground reaction 1.601 0.109 101.9+5.9 105.1£7.5
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FX1 '(lateral peak of mediolateral ground 0.696 0.4%6 9.6+2.0 9.1+£7.5
reaction force) [N/kg]
FX2 '(medlal peak of mediolateral ground 0.000 1.000 0.8+1.1 0.7+1.0
reaction force) [N/kg]
FY1 '(anterlor peak of ant-post ground 0.154 0.877 17.8+5.7 18.0+4.0
reaction force) [N/kg]
FY2 '(posterlor peak of ant-post ground 0.158 0.874 18.1+£5.4 18.5+3.7
reaction force) [N/kg]

3.2 Kinetic parameters

The distribution of moments of forces and power verified with the Kolmogorov-Smirnov test was
normal. There were statistically significant differences found between the study groups before and

after treatment in terms of moments of forces and power.

Looking at the group treated with B. Zukunft-Huber method (combined manual techniques,
corrective bandaging and FOs) significant changes were observed at the hip flexion moment, ankle
plantar flexion moment and ankle power after treatment. In the group treated with FOs only,
significant differences were found in the ankle plantar flexion moment and ankle power after
treatment. These outcomes are further substantiated and detailed in Tables 4 and 5. In Table 4, we
present the results of the Student's t-test for related trials, which examines moments and powers, for
both treatment groups before and after therapy. Meanwhile, Table 5 provides a comprehensive
perspective by highlighting the statistically significant parameters, including ankle plantar flexion
moments, ankle power, and hip flexion moments. Additionally, it delves into the power and effect

sizes of the observed changes within both treatment groups before and after therapy.

Table 4. Comparison of the results in both groups before and after treatment with Student's t-test
for related trials — moments and powers

Variable Group treated with foot Group treated with foot
orthoses alone orthoses and manual
therapy together with
corrective bandaging
t P t p
Hip_flexion [Nm/kg] -1.694 0.099 -2.301 0.027
Hip extension [Nm/kg] 0.283 0.779 -1.332 0.190
Knee flexion [Nm/kg] -0.512 0.611 -1.101 0.323
Knee extension -0.847 0.402 -0.969 0.338
[Nm/kg]
Ankle plantarflexion -4.546 <0.001 -7.023 <0.001
[Nm/kg]
Ankle Power [W/kg] -2.785 0.008 -2.027 0.049
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1

2

3

4 Table 5. T-test for dependent samples in both groups before and after treatment. Different than

Z before the therapy - # - p<0.05, ## - p<0.01, ### - p<0.001

7 Variable Group treated with foot orthoses Group treated with foot orthoses and

8 alone manual therapy together with

?o corrective bandaging

11 pre post Power pre post Power

12 mean+SD | mean+SD | Effect size | meantSD meantSD | Effect size

13 Cohen’s d Cohen’s d

14 Ankle plantar | 0.994+0.17 | 1.1+0.13%% | 0.98 0.95+£0.17 | 1.1+0.16"% | 0.99

15 flexion 0.727 0.909

1? moment

18 [Nm/kg]

19 Ankle power | 2.28+0.68 | 2.67+0.69% | 0.87 2.17+0.86 | 2.36+0.71% | 0.62

20 [W/kg] 0.569 0.241

21 Hip flexion 0.66+0.37 | 0.82+0.37% | 0.69

;g moment 0.432

2 [Nm/kg]

25

26 . .

>7 4. Discussion

;S The aim of this study was to compare the efficacy of two different methods commonly used for

30 handling flexible flat foot (FFF). As to fully describe any potential changes in gait caused by the

31

32 treatments, there were kinematic and kinetic data collected. Because the effect of foot orthoses on
33 . . .. . .

34 foot kinematic and kinetic parameters was widely researched, the main focus was on ankle and

22 lower limb’s proximal joints [9, 23, 24, 29]. During walking, running or other activities involving
37 lower limbs loading, it is plausible that an altered pronation-supination mechanism in FFF could
38

39 lead to a change in the kinematics or kinetics (or both) of the proximal joints as was reported by Lin
2(1) et al [21] Kothari et al [19] and other researchers [28]. It can also be assumed that changed

g mechanics in a lower limb’s chain in children with FFF and the resulting gait deviations would lead
44 to clinical symptoms later in the adulthood [21].

45

2? To verify the effectiveness of both methods used and at the same time compare which method, if
48 any, is more effective, the kinematic and kinetic parameters of gait were measured before and after
49

50 the 12-month treatment. Kinematic data described body segments orientation, joint angles, and

g; spatio-temporal gait parameters. Kinetic data included ground reaction forces (GRF), lower limb
gi joint mechanical moments and powers. Reviewing scientific literature concerning treatment effects
55 of FFF with FOs, there was no research to our knowledge directly comparing different methods of
56

57 intervention. Furthermore, very few researchers studied the long-term effects of foot orthoses, most
gg of them observed the immediate changes in gait parameters after applying shoe insoles both in

60 children and adults [1, 12, 20]. Exceptions are studies of Jafarnezhadgero et al [15] with the

https://mc.manuscriptcentral.com/bhk
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observation period of 4 months and Radwan et al [27] who measured the treatment outcome after 6
and 12 months of wearing FOs. Knowing from the previous studies that the kinematic and kinetic
gait parameters change when comparing direct barefoot walking and walking with foot insoles, we
wanted to know if foot orthoses could permanently alter these parameters and whether barefoot

walking would improve after one year of treatment.
Kinematic data

After 12 months of treatment, there were no significant changes in the spatio-temporal parameters
of gait in any of the groups. These results are consistent with other researchers. [5, 12, 20, 24].
Some researchers as Galafate et al [12] or Kiilcu et al [20] studied the immediate effects of FOs and
did not find any changes in the spatio-temporal parameters both in children as in adults with FFF.

Others observing long term effects of foot insoles also got the similar results.

As to angular values in proximal joints, we did not find any clinically significant changes after a
one-year treatment in both studied groups. However, looking at the tables with the results (Tables 2
and 3), there were few statistically significant changes in angular values in some proximal joints
observed, but they were so small that they can be interpreted as random and clinically irrelevant.
These random changes cannot be connected to the applied therapy, and they are too small to be

interpreted as beneficial or not beneficial to the participants.

We observed the intervention results inside each group separately, because initially both studied
groups differed slightly from each other, and this is the limitation of this study. It occurred that a
simple random assignment to one of the two intervention methods was not enough and, in the
future, to avoid such a situation, and obtain two homogenous groups, a stratified randomization
should be used [3]. But in both groups after a one-year treatment there were no clinically significant
changes found. It is proofed that wearing FOs have positive outcomes on foot pronation and
rearfoot eversion [7, 23, 24, 29]. And because all joints of the lower limb are linked together in a
one biomechanical chain, there is of course a question how such positive changes in foot pronation
or hindfoot eversion caused by wearing foot insoles do not induce any significant changes in
angular values in proximal joints? The reason could be a measurement method is not sensitive
enough to capture small changes. It is possible that skin markers used in the VICON MX System to
record motion, because of the slightly movements between skin and bones, do not exactly reflect
little bone motion and hence the lack of measurement precision. Our results are consistent with
other researchers, who did not observe any or just minimal changes in the kinematics of proximal

joints [5, 24].

Kinetic data
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Looking at the results after a 12-months treatment we observed a statistically significant increase in
ankle peak plantar flexion moment and ankle power in both groups and additionally a statistically
significant increase in hip peak flexion moment in the group treated with the manual techniques,
corrective bandaging together with foot orthoses. All these parameters were normalized either to
geometric features or body weight to remove the influence of children’s grow. Our results differ
from the results obtained by Radwan et al and Jafarnezhadgero et al [15, 27]. Radwan et al found a
significant decrease in foot eversion and forefoot, knee and hip abduction and hip flexion peak
moments after 6 months of wearing FOs. After the next 6 months all these parameters continued to
decrease, and additionally ankle dorsiflexion and forefoot adduction peak moments significantly
increased and at the same time foot plantar-flexion and inversion, knee flexion, extension, and
internal rotation and hip extension and internal rotation moments significantly decreased.
Jatarnezhadgero et al [15, 27] found that FOs had different outcomes on dominant and non-
dominant lower limb. After 4 months of wearing FOs an ankle evertor moment, knee and hip
abductor moments and hip flexor moment in dominant lower limb and evertor and internal rotator
moments at the ankle, flexor and internal rotator moments at the knee and an extensor moment at
the hip in non-dominant limb decreased. At the same time increased a dorsiflexor moment at the

ankle in a non-dominant limb.

Normative kinetic data is essential for diagnosing and treating abnormal gait. Reviewing the
relevant literature on the biomechanics of the human lower limbs, it is known that the kinetic
parameters have their optimal values and when assessing the effects of any treatment, these values
should be considered [6, 13]. The results of studies on normative kinetic data for children suggest
that, apart from the ankle joint, children achieve adult-like kinetic parameters by the age of 5 [6]
and a mature kinetic parameters at the ankle by the age of 9. Comparing the normative kinetic data
with the results from this studyi, it is clear that the changes observed in both groups after 12 months
of treatment are mostly positive. Looking at the group treated with the combine method (manual
therapy, bandaging, FOs) an increase in the hip flexion peak moment just before a heel strike from
0.66+£0.37 Nm/kg to 0.82+0.37 Nm/kg should be interpreted as a positive outcome (the mean
normative data for this parameter is about 1.1 Nm/kg) (Table 5). The achieved value did not yet
reach an optimum but after the treatment it was closer to it. With an increase in the ankle plantar
flexion moment from 0.954+0.17 Nm/kg to 1.1+0.16 Nm/kg, the participants in this study almost
reached an optimal value normative for their age, which equals 1.10 Nm/kg for 5-6-year-olds, 1.19
Nm/kg for 7-8-year-olds and 1.40 Nm/kg for 9+ year-olds (Table 5) [6]. The same goes for the
ankle power: increasing from 2.17+0.86 Nm/kg to 2.36+0.71 Nm/kg after one year of treatment,
this parameter is within an optimal range of normative data (ankle power equals 2.11 Nm/kg for 5-

6-year-olds, 2.31 Nm/kg for 7-8-year-olds and 2.99 Nm/kg for 9+ year-olds) (Table 5). Looking at
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the second group treated with just the foot insoles, with an increase of an ankle plantar flexion peak
moment from 0.99£0.17 Nm/kg 1.1£0.13Nm/kg and an ankle power from 2.28+0.68 Nm/kg to
2.67+£0.69 Nm/kg, the participants of this study achieved optimal parameters’ values normative for
their age (Table 5). A difference between two studied groups was a hip flexion peak moment, which

value in the second group was below the normative values and did not significantly change.

Now it is necessary to consider what was the possible mechanism of the observed kinetic changes
after a one-year treatment. In an earlier research article [3], we showed that both the intervention
methods we compared had a positive effect on some plantar loads parameters during gait, thus
improving the dynamic function of the foot. It is known that plantar loads parameters and their
distribution during gait reflect biomechanical abnormalities of FF both in children and adults [4, 8,
25]. Because there were no significant angular changes in an ankle and proximal joints of LEs
stated, we presume that the changes we noticed in plantar loads parameters, modifying the foot
structure and its biomechanics, affected directions of ground reaction force vector, thus changing
the length of the force arm till the joints and through this altered joints’ peak moments and powers.
The observed changes in joints’ peak moments and powers were positive changes, but as in our
previous article [3], the B. Zukunft-Huber method (combining the manual techniques, corrective

bandaging together with foot orthoses) seems to be more effective than just wearing FOs.

The limitation of this study is the fact, that the simple randomization of our patients ended with
some slight differences between them [3] at the beginning of the study. In the future evaluation a

stratified randomization should be used to ensure the homogeneity of the groups.
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OPINIA KOMISJI BIOETYCZNEJ
przy INTYTUCIE ,POMNIK-CENTRUM ZDROWIA DZIECKA"

Komisja Bioetyczna przy Instytucie ,Pomnik-Centrum Zdrowia Dziecka” na posiedzeniu w dniu
25.03.2015 r. rozpatrzyla badanie pt.. Poréwnanie skutecznosci leczenia stop plasko-
koslawych u dzieci dwiema metodami: leczonych metoda klasyczna lub manuaing terapia
trojptaszczyznowa wg. B. Zukunft-Huber, PT.

Gt. Badacz/Doktorant: mgr Anna Boryczka

Badanie wtasne w ramach dziatalnosci klinicznej/praca doktorska [nr rej. Komisji: 06/P-IN/15] realizowane
bedzie przez zespét badaczy z Oddziatu Dziennego Rehabilitacji Neurologicznej Kliniki Neurologii,
Epileptologii i Rehabilitacji Pediatrycznej oraz Pracowni Diagnostyki Narzagdu Ruchu IPCZD.

Do zespotu badaczy naleza:

Dr hab. n. med. Matgorzata t.ukowicz
Dr hab. n. med. Matgorzata Syczewska
Mgr Ewa Szczerbik

Mgar Matgorzata Kalinowska

Dr n. k-f Jolanta Stepowska

Lek. Elzbieta Jelonek

Lek. Edyta Zgoérka.

Jest to badanie prospektywne, poréwnujace dwie metody leczenia stép ptasko-koslawych u dzieci:
metodg klasyczng (Ewiczenia i wktadki korygujgce) lub manualna terapig tréjptaszczyznowg i
korekcyjnym bandazowaniem wg. B. Zukunft-Huber.

Protokét badania

Dzieci ze stopami plasko-koslawymi, po wykonaniu badania goniometrem i badania
plantokonturograficznego, bedg kwalifikowane do projektu. Nastepnie pacjenci bedg mieli
wykonane badania chodu na platformie pedobarograficznej Novel oraz badanie wyskoku na
platformie Kistler (wyniki badania bedg opracowywane komputerowo).

Ocena wynikéw leczenia bedzie przeprowadzona w trakcie badan kontrolnych na platformie
pedobarograficznej Novel co 4 miesigce do roku (tacznie 4 badania, czas trwania badania okoto 25
minut) oraz na platformie Kistler (dwukrotnie, na poczatku i po 12-stu miesigcach, czas trwania
badania okoto 25 minut).

Grupa badana to 50-60 dzieci w wieku 6-8 lat.

Formuta protokotu badania, jest wyczerpujgca, zrozumiata i spdjna. Jasno sg przedstawione
kryteria wigczenia i wytgczenia. Liczba pacjentow jest wystarczajgcg do uzyskania
reprezentatywnych wynikow.

Badanie jest prowadzone prospektywnie, ale w obu grupach pacjenci bedg poddawani leczeniu.

Korzysci i ryzyko wynikajace z prowadzenia badania

Wszystkie dzieci bedgce w projekcie bedg poddawane terapii. By¢é moze badania wskaze, ktora
terapia jest bardziej efektywna (u jakich dzieci?).

Kwalifikacje o$rodka prowadzgcego badanie i do$wiadczenie badacza

Projekt realizowany bedzie w Oddziale Dziennym Rehabilitacji i Pracowni Diagnostyki Narzadu
Ruchu. Projekt bedzie realizowany przez mtodego badacza, ale do zespotu badaczy nalezy
réwniez dr hab. Matgorzata Syczewska majgca bardzo duze doswiadczenie w realizacji projektéw
badawczych.



Przedtozone dokumenty

Whiosek do Komisji Bioetycznej o wydanie opinii o projekcie z dnia 06.03.2015

Protokét badania

Informacja dla Rodzica/Opiekuna Prawnego

Formularz Swiadomej Zgody

Schemat badania dzieci ze stopami ptasko-koslawymi

Karta badania

Zgoda Dyrektor Instytutu ,Pomnik — CZD” Dr hab. n. med. Matgorzaty Syczewskiej na
prowadzenie badania w ramach badan wtasnych IPCZD.

Zgoda Zastepcy Kierownika Kiliniki Neurologii, Epileptologii i Rehabilitacji Pediatryczne;j,
Kierownik Oddziatu Rehabilitacji Neurologicznej i Pediatrycznej, Kierownik Oddziatu
Dziennego Rehabilitacji Neurologicznej Dr hab. n. med. Maligorzaty tukowicz na
prowadzenie badania.

Noohkwbh-=

®

Na podstawie przedtozonej dokumentacji, prezentacji dr G. Stepowskiej, dyskusji i wyniku tajnego
gtosowania Komisja Bioetyczna przy IPCZD wyrazita zgode na przeprowadzenie badania.

Skiad i dziatanie Komisji zgodne z GCP oraz wymogami lokalnymi.

Lista cztonkéw Komisji bioracych udziat w posiedzeniu stanowi zatacznik do niniejszego
dokumentu.

PRZEWODNICZACA KOMISJI BIOETYCZNEJ
przy Instytucie ,Pomnik-Centrum Zdrowia Dziecka”
jgd/:/;/su»éco
Prof. dr hab. n. med. Joanna Pawtowska
Warszawa, dnia 02.04.2015 .



OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKEADZIE PRACY W POWSTAWANIE ARTYKULU

TYTUL: How to define paediatric flatfoot. Comparison of 2 methods: foot posture in
static and dynamic conditions in children 5 to 9 years old.

AUTORZY: Anna Boryczka-Trefler, Malgorzata Kalinowska, Ewa Szczerbik, Jolanta
Stepowska. Anna Lukaszewska, Malgorzata Syczewska

CZASOPISMO: Foot & Ankle Specialist, 2023; 16: 43-49,70 pkt

AUTOR: Jolanta Stepowska

Oswiadczam, ze mdj wklad w powstanie pracy byl nastepujacy:. wspétpomystodawca
projektu, pomoc przy opracowaniu koncepcji i zalozen pracy badawczej. pomoc przy
interpretacji wynikow., merytoryczna recenzja artykutu i zaaprobowanie jego ostatecznej
wersji.

Wkiad w powstanie pracy wynosi 7 %.

Wyrazam zgode, aby publikacja ta byla czescia rozprawy doktorskiej mgr Anny Boryczka-
Trefler.




OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKLADZIE PRACY W POWSTAWANIE ARTYKULU

TYTUL: Effect of Plano-Valgus Foot on Lower-Extremity Kinematics and
Spatiotemporal Gait Parameters in Children of Age 5-9.

AUTORZY: Anna Boryczka-Trefler, Malgorzata Kalinowska, Ewa Szczerbik, Jolanta
Stepowska, Anna F.ukaszewska, Matgorzata Syczewska

CZASOPISMO:  Diagnostics 2022, 12. 2. https://doi.org/10.3390/diagnostics12010002,
Impact Factor 3.600, 70 pkt

AUTOR: Jolanta St¢powska

Oswiadczam, ze m¢j wklad w powstanie pracy byl nastepujacy:. wspolpomystodawca
projektu, pomoc przy opracowaniu koncepcji i zalozen pracy badawczej, pomoc przy
interpretacji wynikow. merytoryczna recenzja artykulu i zaaprobowanie jego ostatecznej
wersji.

Wkilad w powstanie pracy wynosi 7 %.

Wyrazam zgode. aby publikacja ta byla czgsdceia rozprawy doktorskiej mgr Anny Boryczka-
Trefler.




OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKLADZIE PRACY W POWSTAWANIE ARTYKULU

TYTUL: Comparison of 2 conservative treatment approaches for the flat foot in children
aged 5 to 10: foot orthoses vs foot orthoses supplemented with Zukunft-Huber manual
therapy.

AUTORZY: Anna Boryczka-Trefler, Malgorzata Kalinowska, Ewa Szczerbik, Jolanta
Stepowska, Anna Lukaszewska, Malgorzata Syczewska

CZASOPISMO:  Clinical Peditarics, 2023, on-line first. published 11.05.20023
https://doi.org/10.1177/00099228231172480. Impact Factor 1.5, 70 pkt

AUTOR: Jolanta Stgpowska

Oswiadczam, ze mdj wklad w powstanie pracy byl nastepujacy:. wspotpomystodawca
projektu, pomoc przy opracowaniu koncepcji i zalozen pracy badawczej. pomoc przy
interpretacji wynikow. merytoryczna recenzja artykultu i zaaprobowanie jego ostatecznej
wersji.

Wklad w powstanie pracy wynosi 7 %.

Wyrazam zgodg, aby publikacja ta byla czgscig rozprawy doktorskicj mgr Anny Boryczka-
Trefler.




OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKLADZIE PRACY W POWSTAWANIE ARTYKULU

TYTUL: Changes of the gait induced by two different conservative methods applied to
correct flexible flat feet in children 5 to 9 vears old: foot orthoses vs foot orthoses
supplemented with Zukunft-Huber manual therapy.

AUTORZY: Anna Boryczka-Trefler, Malgorzata Kalinowska, Ewa Szczerbik, Jolanta
Stepowska, Anna f.ukaszewska, Malgorzata Syczewska

CZASOPISMO: Biomedical Human Kinetics. 2023, zaakceptowany do druku, Impact factor
0.8, 140 pkt

AUTOR: Jolanta Stepowska

Oswiadczam, ze mdj wkiad w powstanie pracy byl nastepujacy: wspotpomystodawca projektu,
pomoc przy opracowaniu koncepcji i zalozen pracy badawczej, pomoc przy interpretacji
wynikow, merytoryczna recenzja artykulu 1 zaaprobowanie jego ostatecznej wersji.

Wklad w powstanie pracy wynosi 7 %.

Wyrazam zgode, aby publikacja ta byta czgscia rozprawy doktorskiej mgr Anny Boryczka-
Trefler.




OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKLADZIE PRACY W POWSTAWANIE ARTYKULU

TYTUL: How to define paediatric flatfoot. Comparison of 2 methods: foot posture in
static and dynamic conditions in children 5 to 9 years old.

AUTORZY: Anna Boryczka-Trefler, Malgorzata Kalinowska, Fwa Szczerbik, Jolanta
Stepowska, Anna Lukaszewska, Matgorzata Syczewska

CZASOPISMO: Foot & Ankle Specialist, 2023; 16: 43-49.70 pkt

AUTOR: Matgorzata Kalinowska

Oswiadczam. ze moj wklad w powstanie pracy polegal na zbieraniu danych. zarzadzaniu
danymi badawczymi, analizie danych. merytorycznej recenzji artykulu i zaaprobowaniu jego
ostatecznej wersji

Wklad w powstanie pracy wynosi 10 %.

Wyrazam zgode, aby publikacja ta byla czg¢scia rozprawy doktorskiej mgr Anny Boryczka-
Trefler.



OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKLADZIE PRACY W POWSTAWANIE ARTYKULU

TYTUL: Effect of Plano-Valgus Foot on Lower-Extremity Kinematics and
Spatiotemporal Gait Parameters in Children of Age 5-9.

AUTORZY: Anna Boryczka-Trefler, Malgorzata Kalinowska, Ewa Szczerbik, Jolanta
Stepowska, Anna bukaszewska, Malgorzata Syczewska

CZASOPISMO: Diagnostics 2022, 12, 2. https://doi.org/10.3390/diagnostics12010002,
Impact Factor 3.600, 70 pkt

AUTOR: Malgorzata Kalinowska

Oswiadezam, ze moj wklad w powstanie pracy polegal na zbieraniu danych, zarzadzaniu
danymi badawczymi, analizie danych. merytorycznej recenzji artykulu i zaaprobowaniu jego
ostatecznej wersji.

Wktad w powstanie pracy wynosi 10 %,

Wyrazam zgode, aby publikacja ta byla czgscia rozprawy doktorskiej mgr Anny Boryczka-
Trefler.
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OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKEADZIE PRACY W POWSTAWANIE ARTYKULU

TYTUL: Comparison of 2 conservative treatment approaches for the flat foot in children
aged 5 to 10: foot orthoses vs foot orthoses supplemented with Zukunft-Huber manual
therapy.

AUTORZY: Anna Boryczka-Trefler, Malgorzata Kalinowska, Ewa Szczerbik. Jolanta
Stgpowska, Anna Lukaszewska, Malgorzata Syczewska

CZASOPISMO:  Clinical ~Peditarics, 2023, on-line first, published 11.05.20023
https://doi.org/10.1177/00099228231172480. Impact Factor 1.5, 70 pkt

AUTOR: Malgorzata Kalinowska

Oswiadezam, ze mdj wklad w powstanie pracy polegal na zbieraniu danych, zarzadzaniu
danymi badawczymi, analizie danych. merytoryeznej recenzji artykutu i zaaprobowaniu jego
ostatecznej wersji.

Wktad w powstanie pracy wynosi 10 %.

Wyrazam zgode. aby publikacja ta byta czgscia rozprawy doktorskiej mgr Anny Boryczka-
Trefler.
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OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKLADZIE PRACY W POWSTAWANIE ARTYKULU

TYTUL: Changes of the gait induced by two different conservative methods applied to
correct flexible flat feet in children 5 to 9 years old: foot orthoses vs foot orthoses
supplemented with Zukunft-Huber manual therapy.

AUTORZY: Anna Boryczka-Trefler, Malgorzata Kalinowska, Ewa Szczerbik, Jolanta
Stepowska, Anna f.ukaszewska, Malgorzata Syczewska

CZASOPISMO: Biomedical Human Kinetics, 2023, zaakceptowany do druku, Impact factor
0,8, 140 pkt

AUTOR: Malgorzata Kalinowska

Oswiadczam, ze moj wkltad w powstanie pracy polegal na zbieraniu danych, zarzadzaniu
danymi badawczymi, analizie danych. merytorycznej recenzji artykulu i zaaprobowaniu jego
ostateczne) wersji

Wklad w powstanie pracy wynosi 10 %.

Wyrazam zgode, aby publikacja ta byta czgsécig rozprawy doktorskiej mgr Anny Boryczka-
Trefler.



OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKLEADZIE PRACY W POWSTAWANIE ARTYKULU

TYTUL: How to define paediatric flatfoot. Comparison of 2 methods: foot posture in
static and dynamic conditions in children 5 to 9 years old.

AUTORZY: Anna Boryczka-Trefler, Matgorzata Kalinowska, Ewa Szczerbik, Jolanta
Stepowska, Anna Lukaszewska, Malgorzata Syczewska

CZASOPISMO: Foot & Ankle Specialist, 2023: 16: 43-49, 70 pkt

AUTOR: Anna bukaszewska

Oswiadczam, ze mo) wklad w powstanie pracy polegal na rekrutacji pacjentow, zbieraniu
danych, pomocy przy projektowaniu planu badawczego, merytorycznej recenzji artykutu i
zaaprobowaniu jego ostatecznej wersji.

Wktlad w powstanie pracy wynosi 8 %.

Wyrazam zgode, aby publikacja ta byla czgscig rozprawy doktorskiej mgr Anny Boryczka-
Trefler.
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OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKLADZIE PRACY W POWSTAWANIE ARTYKULU

TYTUL: Effect of Plano-Valgus Foot on Lower-Extremity Kinematics and
Spatiotemporal Gait Parameters in Children of Age 5-9.

AUTORZY: Anna Boryczka-Trefler, Malgorzata Kalinowska, Ewa Szczerbik. Jolanta
Stepowska, Anna Lukaszewska, Malgorzata Syczewska

CZASOPISMO: Diagnostics 2022, 12, 2. https:/doi.org/10.3390/diagnostics12010002,
Impact Factor 3.600. 70 pkt

AUTOR: Anna Lukaszewska

Os$wiadczam ,ze moj wklad w powstanie pracy polegal na rekrutacji pacjentdw, zbieraniu
danych, pomocy przy projektowaniu planu badawczego, merytorycznej recenzji artykutu i
zaaprobowaniu jego ostatecznej wersji.

Wkilad w powstanie pracy wynosi 8 %.

Wyrazam zgode, aby publikacja ta byta czgscia rozprawy doktorskiej mgr Anny Boryczka-
Trefler.

< £ Rehsbiiea)
. Na¥ady Ruoh
netybit “Pemnik-Centrum Zdrowie Breieole”

J
lek = vy Foski
ek. neod Aiq “Hiraszewske



OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKEADZIE PRACY W POWSTAWANIE ARTYKULU

TYTUL: Comparison of 2 conservative treatment approaches for the flat foot in children
aged 5 to 10: foot orthoses vs foot orthoses supplemented with Zukunft-Huber manual
therapy.

AUTORZY: Anna Boryczka-Trefler, Malgorzata Kalinowska. Ewa Szczerbik, Jolanta
Stepowska, Anna F.ukaszewska, Matgorzata Syczewska

CZASOPISMO: Clinical Peditarics, 2023, on-line first, published 11.05.20023
https://doi.org/10.1177/00099228231172480. Impact Factor 1,5, 70 pkt

AUTOR: Anna I.ukaszewska

Oswiadezam, ze mdj) wklad w powstanie pracy polegal na rekrutacji pacjentow, zbieraniu
danych. pomocy przy projektowaniu planu badawczego, merytorycznej recenzji artykuhu i
zaaprobowaniu jego ostatecznej wersji.

Wkiad w powstanie pracy wynosi 8 %.

Wyrazam zgode, aby publikacja ta byla czgscia rozprawy doktorskiej mgr Anny Boryczka-
Trefler.




OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKLEADZIE PRACY W POWSTAWANIE ARTYKULU

TYTUL: Changes of the gait induced by two different conservative methods applied to
correct flexible flat feet in children 5 to 9 years old: foot orthoses vs foot orthoses
supplemented with Zukunft-Huber manual therapy.

AUTORZY: Anna Boryczka-Trefler, Malgorzata Kalinowska, Ewa Szczerbik, Jolanta
Stepowska. Anna FLukaszewska, Malgorzata Syczewska

CZASOPISMO: Biomedical Human Kinetics, 2023, zaakceptowany do druku, Impact Factor
0.8, 140 pkt

AUTOR: Anna Lukaszewska

Oswiadczam. ze moj wklad w powstanie pracy polegal na rekrutacji pacjentéw, zbieraniu
danych, pomocy przy projektowaniu planu badawczego. merytorycznej recenzji artykutu i
zaaprobowaniu jego ostatecznej wersji.

Wkiad w powstanie pracy wynosi 8 %.

Wyrazam zgode, aby publikacja ta byla czgscig rozprawy doktorskiej mgr Anny Boryczka-
Trefler.




OSWIADCZENIE WSPOELAUTORA
O INDYWIDUALNYM WKEADZIE PRACY W POWSTAWANIE ARTYKULU

TYTUL: How to define paediatric flatfoot. Comparison of 2 methods: foot posture in
static and dynamic conditions in children 5 to 9 years old.

AUTORZY: Anna Boryczka-Trefler, Malgorzata Kalinowska, Ewa Szczerbik, Jolanta
Stepowska. Anna Lukaszewska, Malgorzata Syczewska

CZASOPISMO: Foot & Ankle Specialist, 2023; 16: 43-49.70 pkt

AUTOR: Ewa Szczerbik

Oswiadczam, ze moj wklad w powstanie pracy polegal na zbieraniu danych, zarzadzaniu
danymi badawczymi. analizie danych. merytorycznej recenzji artykutu i zaaprobowaniu jego
ostatecznej wersji.

Wkiad w powstanie pracy wynosi 10 %.

Wyrazam zgode, aby publikacja ta byla czescia rozprawy doktorskiej mgr Anny Boryczka-
Trefler.



OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKEADZIE PRACY W POWSTAWANIE ARTYKULU

TYTUL: Effect of Plano-Valgus Foot on Lower-Extremity Kinematics and
Spatiotemporal Gait Parameters in Children of Age 5-9.

AUTORZY: Anna Boryczka-Trefler, Malgorzata Kalinowska, Ewa Szczerbik. Jolanta
Stepowska, Anna Lukaszewska. Malgorzata Syczewska

CZASOPISMO: Diagnostics 2022, 12, 2. https://doi.org/10.3390/diagnostics12010002,
Impact Factor 3.600, 70 pkt

AUTOR: Ewa Szczerbik

Oswiadczam, ze moj wklad w powstanie pracy polegal na zbieraniu danych, zarzadzaniu
danymi badawczymi, analizie danych. merytorycznej recenzji artykutu i zaaprobowaniu jego
ostatecznej wersji.

Wkiad w powstanie pracy wynosi 10 %.

Wyrazam zgodg, aby publikacja ta byla czgscig rozprawy doktorskiej mgr Anny Boryczka-
Trefler.



OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKLADZIE PRACY W POWSTAWANIE ARTYKULU

TYTUL: Comparison of 2 conservative treatment approaches for the flat foot in children
aged 5 to 10: foot orthoses vs foot orthoses supplemented with Zukunft-Huber manual
therapy.

AUTORZY: Anna Boryczka-Trefler, Malgorzata Kalinowska. Ewa Szczerbik, Jolanta
Stgpowska, Anna Lukaszewska, Malgorzata Syczewska

CZASOPISMO:  Clinical ~Peditarics, 2023. on-line first, published 11.05.20023
https://doi.org/10.1177/00099228231172480. Impact Factor 1.5, 70 pkt

AUTOR: Ewa Szczerbik

Oswiadczam, ze méj wkiad w powstanic pracy polegal na zbieraniu danych, zarzadzaniu
danymi badawczymi. analizie danych. merytorycznej recenzji artykulu i zaaprobowaniu jego
ostatecznej wersji.

Wkiad w powstanie pracy wynosi 10 %.

Wyrazam zgodg, aby publikacja ta byta czgscia rozprawy doktorskiej mgr Anny Boryczka-
Trefler.

Data....2C23 270G e
Podpis. .. Fisg... SCC/‘ ke /3"/(\
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TYTUL: Changes of the gait induced by two different conservative methods applied to
correct flexible flat feet in children 5 to 9 years old: foot orthoses vs foot orthoses
supplemented with Zukunft-Huber manual therapy.

AUTORZY: Anna Boryczka-Trefler, Malgorzata Kalinowska. Ewa Szczerbik, Jolanta
Stepowska, Anna Lukaszewska, Malgorzata Syczewska

CZASOPISMO: Biomedical Human Kinetics, 2023, zaakceptowany do druku, Impact factor
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AUTOR: Ewa Szczerbik

O$wiadczam, ze m6j wklad w powstanie pracy polegal na zbieraniu danych, zarzadzaniu
danymi badawczymi, analizie danych, merytorycznej recenzji artykutu i zaaprobowaniu jego
ostatecznej wersji

Wkiad w powstanie pracy wynosi 10 %.

Wyrazam zgodg, aby publikacja ta byla czedcia rozprawy doktorskiej mgr Anny Boryczka-
Trefler.
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Oswiadczam, ze mdj wklad w powstanie pracy byl nastepujacy: ustalenie metodyki. analiza
danych, przygotowanie tabel i wykresow z danymi, merytoryczna recenzja artykutu i
zaaprobowanie jego ostatecznej wersji, korespondencja z wydawnictwem. udzielanie
odpowiedzi na uwagi recenzentoéw, nadzor nad projektem badawczym.

Wktad w powstanie pracy wynosi 20 %.

Wyrazam zgodg, aby publikacja ta byla czescia rozprawy doktorskiej mgr Anny Boryczka-
Trefler.
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Impact Factor 3.600, 70 pkt

AUTOR: Malgorzata Syczewska

Oswiadczam, ze mdj wklad w powstanie pracy byl nastepujacy: ustalenie metodyki. analiza
danych, przygotowanie tabel i wykresow z danymi. merytoryczna recenzja artykulu i
zaaprobowanie jego ostatecznej wersji, korespondencia z wydawnictwem, udzielanie
odpowiedzi na uwagi recenzentéw, nadzor nad projektem badawczym.

Wkiad w powstanie pracy wynosi 20 %.

Wyrazam zgodg. aby publikacja ta byla czgscia rozprawy doktorskiej mgr Anny Boryczka-
Trefler.

Data........ eg O .
Podpis............ M 2




OSWIADCZENIE WSPOLAUTORA
O INDYWIDUALNYM WKLADZIE PRACY W POWSTAWANIE ARTYKULU

TYTUL: Comparison of 2 conservative treatment approaches for the flat foot in children
aged 5 to 10: foot orthoses vs foot orthoses supplemented with Zukunft-Huber manual
therapy.

AUTORZY: Anna Boryczka-Trefler, Malgorzata Kalinowska, Ewa Szczerbik, Jolanta
Stepowska, Anna Lukaszewska, Matgorzata Syczewska
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AUTOR: Matgorzata Syczewska

Oswiadczam, ze moj wklad w powstanie pracy byl nastepujacy: ustalenie metodyki, analiza
danych, przygotowanie tabel i wykresow z danymi, merytoryczna recenzja artykutu i
zaaprobowanie jego ostatecznej wersji, korespondencja z wydawnictwem, udzielanie
odpowiedzi na uwagi recenzentéw, nadzor nad projektem badawezym.

Wklad w powstanie pracy wynosi 20 %.

Wyrazam zgode. aby publikacja ta byla czescia rozprawy doktorskiej mgr Anny Boryczka-
Trefler.
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danych, przygotowanie tabel i wykresow z danymi. merytoryczna recenzja artykutu i
zaaprobowanie jego ostatecznej wersji, korespondencja z wydawnictwem, udzielanie
odpowiedzi na uwagi recenzentéw, nadzor nad projektem badawczym.

Wktad w powstanie pracy wynosi 20 %.

Wyrazam zgodg, aby publikacja ta byla cz¢$cia rozprawy doktorskiej mgr Anny Boryczka-
Trefler.
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