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Zawod
Fizjoterapeuty

dobrze
chroniony

Poczuj sie bezpiecznie

INTER Fizjoterapeuci

Dedykowany Pakiet Ubezpieczen

Zaufaj rozwigzaniom sprawdzonym w branzy medycznej.
Wykup dedykowany pakiet ubezpieczen INTER Fizjoterapeuci, ktéry zapewni Ci:

— ochrone finansowa na wypadek roszczen pacjentow — odszkodowanie w przypadku fizycznej agresji pacjenta

~NOWE UBEZPIECZENIE OBOWIAZKOWE OC — ochrong finansowa zwigzana z naruszeniem praw pacjenta

— ubezpieczenie wynajmowanego sprzetu fizjoterapeutycznego — odszkodowanie w przypadku nieszczesivego wypadky

— profesjonalng pormoc radcow prawnych i zwrot kosztow
obstugi prawnej

Nasza oferta byta konsultowana ze stowarzyszeniami zrzeszajgcymi fizjoterapeutow tak, aby najsku-
teczniej chroni¢ i wspiera¢ Ciebie oraz Twoich pacjentow.

» Skontakiuj sig ze swoim agentem i skorzystaj z wyjatkowej oferty!
Towarzystwo Ubezpieczen INTER Polska S.A.

Al Jerozolimskie 142 B O
02-305 Warszawa E |! | Ii I

www.interpolska.pl UBEZPIECZENIA
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ubezpieczenia

przed potencjalnymi

roszczeniami

program ubezpieczen dla fizjoterapeutow
pod patronatem PTF

dla kogo?

Zaréwno dla fizjoterapeutéw prowadzacych
wtasng dziatalnos¢ w formie praktyki
zawodowej, podmiotu leczniczego jak réwniez
tych, ktérzy wykonuja zawdd wytacznie na
podstawie umowy o prace lub umowy zlecenie.

co obejmuje program

ubezpieczen?
igtoterapie A
kontakt w sprawie
zabiegi manualne (mobilizacje i manipulacje) . L
ubezpieczen:
leczenie osteopatyczne .
Piotr Gnat

naruszenie praw pacjenta i szkody w mieniu
pacjentéw

+48 663 480 698
piotr.gnat@mentor.pl
linkedin.com/in/piotrgnat

oraz szereg innych rozszerzen ukierunkowanych
na zawdd fizjoterapeuty

ubezpiecz sie on-line na LI L A s L IR
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SpryStep®
Dynamiczne ortezy
stawu skokowego i stopy

Ut ATWIA
PORUSZANIE SIE,
Z KAZDYM KROKIEM
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SpryStep®flex i SpryStep® maja na celu zapewnienie wsparcia pacjentom cierpiacym z powodu opadajgcej stopy pochodzenia
neurologicznego, pourazowego lub migsniowego. SpryStep® plus i SpryStep® max maja na celu zapewnienie podpracia stopie
oraz dolnej koriczynie pacjenta z ostabieniem dolnych koriczyn pochodzenia neurologicznego, urazowego lub migsniowego.
Produkty z grupy SpryStep® sg wyrobami medycznymi, posiadajacymi oznakowanie CE. Przed wuzyciem nalezy
zapoznac sie z instrukcjg oraz zasiegnac¢ porady specjalisty. Sprystep®, Sprystep® flex, Sprystep® plus i Sprystep® max :
Thuasne Deutschland GmbH, Germany
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PROFESJONALNE URZADZENIA DIAGNOSTYCZNE | TRENINGOWE DLA SZPITALI,
GABINETOW LEKARSKICH, OSRODKOW REHABILITACYJNYCH | SPORTOWYCH.

TANITA

Healthy Habits for Happiness

N :

WORLD NO.1

FORNEW HEALTHINSIGHTS

JAPANESE
TECHNOLOGY

¢ MICROGATE

OPTOGSIT

€L EXXENTRIC
FLYWHEEL TRAINING

Trening sitowy i rehabilitacja
Z uzyciem zmiennej
bezwladnosci kot
zamachowych.

Exxentric wykorzystuje moment
bezwtadnos¢ kota zamachowego
zamiast zwyktej grawitacji.

To daje mozliwos¢ wykonywania
¢wiczen standardowych

oraz zaawansowanych metod
treningu ekscentrycznego,
koncentrycznego

i izometrycznego.

MEDKONSULTING Tanita Polska - Wytaczny dy:
T: +48 517 435 227 | +48 61 868 58 42 E: I\on‘[aP

Analizatory Skiadu Ciata

Mierz, moniotoruj, motywuj.

Daj swoim pacjentom informacje, ktorych potrzebuijg
do osiggniecia sukcesu!

Analiza sktadu ciata wykonywana jest w okoto 30 sekund,
a wyniki przedstawiane sq na przejrzystym raporcie.

000600200020

Produkty profesjonalne TANITA wykorzystywane sq przez
szpitale, osrodki badawcze, centra diagnostyczne, placowki
rehabilitacyjne, kluby sportowe, osoby pracujgce

ze sportowcami roznych dyscyplin na catym swiecie.

Wiecej na tanitapolska.pl

INNOWACYJNA DIAGNOSTYKA ZDOLNOSCI
MOTORYCZNYCH | ANALIZA CHODU

Systemy MICROGATE wspierajg diagnoze, ocene postepdw araz proces
rehabilitacji.

Modelowanie programadw rehabilitacyjnych i kontrola procesu
rehabilitacji sa utatwione dzieki obiektywnej ocenie spasobu ruchu,
wykrywaniu problematycznych obszardw, ocenie biomechanicznych
brakdw oraz ocenie asymetrii.

Mozliwe parametry pomiarowe:

® fazy chodu lub biegu @ diugosc kroku @ predkosc i przyspieszenie
® rownowaga i symetria ruchu ® wideao Full HD

... i wiele innych, w zaleznosci od przeprowadzonych testow.

W potaczeniu z GYKO, mozliwa jest ocena stabilnosci dynamiczne]j tutowia
podczas chodu/biegu, analiza skoku, analiza stabilnosci posturalnej, analiza
zakresu ruchomosci stawow (ROM), ocena sity miesniowej.

Wiecej na microgatepolska.pl

Jako skuteczna metoda poprawy
sity i stabilnosci, trening
ekscentryczny utatwi pacjentom
osiggniecie zamierzonych
efektéw — poprawy cgolnego
stanu zdrowia, wynikow
sportowych, rehabilitacji,

czy zapobieganiu urazom.

Szeroki wybor akcesoriow

i dodatkéw do treningu z kotem
zamachowym pomoze

w stworzeniu idealnego
rozwiazania dla Ciebie.

Wiecej na treningekscentryczny.pl

itor urzadzen Tanita w Polsce )
dkonsulting.pl Az ul. Jana Ludygi-Laskowskiego 21, 61-407 Poznan




POWROT DO SPRAWNOSCI
PO AMPUTACJI

Czym jest program po amputacji?

Po Amputacji to unikalne w skali kraju rozwigzanie dla 0séb, u ktérych konieczna byta operacja odjecia
koriczyn. Celem programu jest kompleksowe wsparcie w procesie odzyskania sprawnosci po
amputacji, niezaleznie od jej przyczyny. Pomagamy pokonywaé granice, osiggaé kolejne cele, kreowaé bardziej
przyjazng rzeczywistosc.

m W ramach programu oferujemy: p
N ®
‘Y - Opieka Menadzera Rehabilitacji

- Dofinansowanie do zakupu protez
- Wsparcie psychologiczne
- Bezptatne konsultacje protetyczne
- Rehabilitacja w osrodkach na terenie kraju
- Pomoc Asystentow Wsparcia

.
Skontaktuj si¢ z zapytaj

o bezptatne egze rze
: nika dla

Masz pytanie odnosnie programu.
Napisz do nas lub skontaktuj sie z nami
telefonicznie:

+48 793 003 695
- POAMPUTACIJI biuro@poamputacji.pl www.poamputacji.pl

Razem mozemy wiecej
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s WYROB
MEDYCZNY
Stabilny, wzmocﬁiqny - nijsaz:‘; &'fclef
i wyscietany zapietek .
Zapewniasilniejsze psza dopasowanie
wsparcie fuku ' -
podtuznego stopy Lekka konstrukcja
-~ Zmniejsza codzienne....
e R = Zmeczenie -
Antypozlizgowa,

wytrzymata podeszwa
o lekkiej konstrukgji
Zwieksza przyczepnosc,
amortyzuje i odciqza stopy

/\ Zwiekszona
szerokosc i glebokos¢

w obrebie palcow
i przodostopia

\_’a- E s 2 Minimalizuje ucisk
e gaee’ > i zapobiega urazom

Wysoka jakkos¢ materiatow
- oddychajace siatki i naturalne skoéry
Dostosowujq sie do stopy,
utrzymujq je w suchosci

X RIS . Ochronna przestrzen
i zapobiegajq przegrzewaniu

na palce - brak szwéw
w rejonie przodostopia
Minimalizuje mozliwos¢ zranien

Trzy
rozmiary Podwyzszona

Zwiekszona
przestrzen

szerokosci tegosc na palce

WSKAZANIA

- haluksy - wktadki specjalistyczne - palce miotkowate, szponiaste - cukrzyca (stopa cukrzycowa) - reumatoidalne zapalenie stawow
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KALMED

lwona FPenz, Poznak

ul. Wilczak 3

61-623 Poznan

tel. 61 828 06 86

fax. 61828 0687

kom. 601 640223, 601 647 877 .
e-mail: kalmed@kalmed.com.pl . B
www.kalmed.com.pl www.butydlazdrowia.pl www.dr-comfort.pl
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ubezpieczen
dla studentow

kierunkdw medycznych

Drodzy Studenci

szukajgcy artykutéw do pracy naukowe;.

Przypominamy o dobrowolnym ubezpieczeniu
OC studentow kierunkow medycznych!

dlaczego posiadamy rowniez w ofercie
warto je miec? ubezpieczenia dla masazystow
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3D printed orthosis supporting rehabilitation of children with
nervous system disorders

Drukowane ortezy wspomagajgce proces rehabilitacji dzieci z zaburzeniami funkcjonowania
uktadu nerwowego

Agnieszka Ciukszo'ABD.EF) Mateusz Curyto?(A.C.D.EFG) Katarzyna Placek3(PE),
Dariusz Lusina%©:F), Jan W. Raczkowski2(G:F)

"Katedra | Zaktad Adaptowanej Aktywnosci Fizycznej i Sportu, Wydziat Nauk o Zdrowiu w Katowicach, Slaski Uniwersytet Medyczny w Katowicach /
Department of Adapted Physical Activity and Sport, School of Health Sciences in Katowice, Medical University of Silesia in Katowice, Poland
2Uniwersytet Medyczny w £odzi / Medical University of Lodz, Poland
3Wydziat Fizjoterapii, Wyzsza Szkota Nauk o Zdrowiu, Bydgoszcz / Faculty of Physiotherapy, University of Health Sciences, Bydgoszcz, Poland
40ddziat Kliniczny Ortopedii i Traumatologii, Szpital Uniwersytecki w Krakowie, Krakow /
Department of Orthopedics and Traumatology, University Hospital in Krakow, Krakow, Poland

Abstract

The main task of orthoses in neurological diseases is stabilization, correction and improvement of gait
function. Orthoses actively support the work of muscles by proper alignment of individual body segments in
relation to each other to facilitate the performance of the planned function. During upright standing, the task of
the orthosis is to keep the upper ankle in a fixed, intermediate position, usually at an angle of 90°. This
increases the base of support provided by the feet flat on the ground. Stabilization in the joints gives a chance
to maintain the correct length of the muscles, and thus protects against contractures. Individual orthoses are
used during upright standing and to improve the gait function with dedicated footwear. The brace widens the
contour of the foot, so the footwear for orthoses is usually wider than the standard one, but it cannot be longer
than the brace. One of the leading guidelines in gait analysis used in children with gait disorders are the
criteria adopted by the Rancho Los Amigos Hospital. Despite the complexity of the problems with gait that
patients report to a physiotherapist, a simple strategy should be adopted when it comes to securing with the
orthosis. The role of orthopedic equipment is to support muscle failure by obtaining a stable stance phase.

Key words:
3D printing, 3D orthoses, CP (cerebral palsy), spina bifida, SMA, gait analysis

Streszczenie

Podstawowym zadaniem ortez w schorzeniach neurologicznych jest stabilizacja, korekcja oraz poprawa funkcji
chodu. Ortezy aktywnie wspomagajg prace mie$ni poprzez wtasciwe utozenie poszczegdlnych segmentow
ciata wzgledem siebie, co ma utatwi¢ wykonanie zaplanowanej funkcji. Podczas pionizacji zadaniem ortezy jest
utrzymanie stawu skokowego gérnego w ufiksowanej pozycji posredniej, najczesciej w kacie 90°. Dzieki temu
zwieksza sie czworobok podparcia, jaki daja stopy ptasko ustawione na ziemi. Stabilizacja w stawach daje
szanse na utrzymanie prawidtowej dtugosci miesni, tym samym chroni przed przykurczami. Ortezy
indywidualne stosowane sg podczas pionizacji i do poprawy funkcji chodu z dedykowanym obuwiem. Orteza
poszerza obrys stopy, zatem obuwie do ortez najczesciej jest szersze od standardowego, jednak nie moze by¢
dtuzsze niz orteza. Jednymi z wiodacych wytycznych podczas analizy chodu, stosowanej u dzieci

z zaburzeniami chodu, sg kryteria przyjete przez Rancho Los Amigos Hospital. Mimo ztozonos$ci problemdéw

z chodem, z jakimi pacjenci zgtaszaja sie do fizjoterapeuty, pod wzgledem zabezpieczenia orteza nalezy przyjac
prostg strategie. Rolg zaopatrzenia ortopedycznego jest wspomaganie niewydolnosci mieSniowej poprzez
uzyskanie stabilnej fazy podporu.

Stowa kluczowe:
druk 3D, ortezy 3D, MPDz, przepuklinaoponowo-rdzeniowa, SMA, analiza chodu

52 www.fizjoterapiapolska.pl
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Introduction

Additive technologies have been used in medicine for many
years. In Poland, the field of 3D printing is developing very
dynamically. It is used by physiotherapists, biomechanics
and orthotics experienced in designing individual orthopedic
devices. A splint project is created based on 3D body scan
with the use of CAD software such as RodindDNeo, Mesh-
mixer, Rhinoceros, Fusion 360, etc. It requires a specific ap-
proach, because at least two worlds: medical and technical
are connecting here. One responds to the demand of the
other. At the center of this interest are the needs of the pa-
tients.

Aim

The aim of this study is to present the solutions available in
Poland in the field of orthopedic care dedicated to patients
with disturbances in the functioning of the nervous system,
such as cerebral palsy, spina bifida, muscle tension disorders,
SMA. The main tasks of orthoses here are stabilization, cor-
rection and the gait function improvement.

When orthoses are used

Nervous system dysfunctions can lead to reduced mobility, re-
duced ROM in lower limb joints, contractures, deformities, hy-
perhidrosis, superficial and deep sensation disturbances, lack of
selectivity of movement, co-movement, spasticity, muscle flac-
cidity and, consequently, distal and / or proximal stabilization
disturbances. This makes essential functions such as the transi-
tion from lying to sitting, from sitting to standing, and from
standing to walking, all regulated by different patterns of patho-
logy. The task of the orthoses is to actively support the work of
the muscles through the correct positioning of individual body
segments in relation to each other, which is to facilitate the per-
formance of the planned function. The basic application of lo-
wer limb orthoses in children who do not walk is safe upright
positioning. During upright standing, the task of the orthosis is
to keep the upper ankle joint in a fixed intermediate position,
most often at an angle of 90°. This increases the support provi-
ded by the feet flat on the ground (as opposed to the position of
standing on toes, which is often observed in children with CP
during standing barefoot or wearing only shoes). During the
upright position, the joints are loaded axially, which promotes
the correct shaping of the acetabulum and prevents subluxation
in the hip joint. Children with cerebral tetraplegia are particular-
ly exposed to hip dislocation. The hip joint is the joint most pro-
ne to orthopedic complications in cerebral palsy. The initial
immaturity of the hip allows the forces exerted by the spastic
muscles to displace the femoral head. The risk of hip dislocation
increases with the severity of CP patients, exceeding 70% in the
most severe cases [1]. Stabilization in the joints gives a chance
to maintain the correct length of the muscles, and thus protects
against contractures. Maintaining the intermediate position in
the ankle joint promotes the normalization of muscle tone. The
gastrocnemius muscles, which are stimulated by the increased
tension, degenerate their structure, their elasticity decreases and,

www.fizjoterapiapolska.pl 53
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consequently, they grow more slowly than the bones. Taken to-
gether, the literature strongly supports the assertion that 'spastic
muscles' are altered in a way that is unique among muscle plasti-
city models and inconsistent with simple transformation due to
chronic stimulation or disuse [2]. Given the importance of musc-
le morphology and structure for generating muscle force, it is li-
kely that the observed alterations that occur secondary to the
neural lesion in individuals with spastic CP contribute to muscle
weakness and the attendant loss of motor function in spastic CP
[3]. Mechanical studies in whole limbs as well as in isolated sin-
gle cells support the notion of an intrinsic change in the passive
mechanical properties of muscle after spasticity in addition to
the more widely reported neural changes that occur. The literatu-
re supports the notion that, although spasticity is multifactorial
and neural in origin, significant structural alterations in muscle
also occur [4]. Failure to protect the muscles affected by spasti-
city can cause contractures in the joints. The orthosis is to pre-
vent this by stabilizing the foot in a neutral angle to maintain
a standing position with adequate muscle flexibility.

Physical examination

The decision about which orthosis to choose is made after a ca-
reful analysis of the patient's needs. The consultation can be di-
vided into several stages: interview, observation, physical
examination, and if we have the appropriate equipment, we can
use a gait analysis. The most frequently asked questions in the
interview are: What is the underlying medical condition? Does
the patient use orthopedic devices? What is the function of or-
thopedic device? Is the patient covered by health insurance? Pa-
tient observation is an element of the study that is carried out as
soon as the patient crosses the office. We assess how he moves,
whether he has entered himself, whether he uses a wheelchair,
whether he wears orthotics, whether he moves with the help of
crutches, a walker, etc. The last element is a physical examina-
tion, when the patient is touched and the ROM in the joints,
muscle strength, muscle tone, the presence of deformities in the
joints, the color and temperature of the skin are checked. The
most commonly used individual orthosis for the foot and lower
leg is DAFO / AFO. It can be used both during passive upright
standing and improve the gait function in patients who move in-
dependently, but in pathological pattern.

Braces for upright positioning

For patients who do not walk, it is very important how their
feet are positioned during spontaneous activity while lying
down, sitting down or during upright standing. Plantar fle-
xion of the foot and / or contractures in the upper ankle jo-
ints are the most frequently observed symptoms of
neurological disorders. This limits the dorsal flexion and ma-
kes it difficult to maintain the intermediate position in the
ankle joint, especially during upright standing. In order to
assess what angle in the ankle joint will be optimal during
upright standing, the length of the gastrocnemius and soleus
muscles should be assessed. The test begins in a sitting posi-
tion. The patient's hip and knee joints are positioned at right
angle. In this position, perform a dorsiflexion test in the up-
per ankle joint. If the range of motion deepens, straighten the
patient's knee and check whether the ankle position has
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changed. There may be two variants: A- ankle joint in an in-
termediate position, B-foot positioned in plantar flexion. In
variant A, the brace is made in a neutral position (Fig. 1).

Fig. 1. Intermediate position — angle 90° Fig. 2. A wedge that aligns the foot in the orthosis

In variant B, the orthosis is ma-

de at an angle that is as close to the neutral as possible (Fig.
2). If it is not possible to maintain the intermediate position,
two options should be considered: rehabilitation, which will
improve the angle of the ankle joint (manual therapy, physi-
cal therapy, plastering) or a joint orthosis (Fig. 3), which will
allow the angle of the ankle joint to be changed with pro-

Fig. 3 Articulated orthosis with plantar flexion block

gress in rehabilitation.

Serial (a product from the shelf) or custom made orthoses
can be used to secure the intermediate position in the ankle
joint during upright standing. Customized products are best
suited to the patient's anatomy (Fig. 4). Thanks to this, it is
possible to correct disorders of the joint axis, such as valgus
position of the heel in relation to the shin, foot abduction or
flexion of the fingers in a spastic foot. The custom made bra-
ce, in addition to correction and stabilization, provides com-
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Fig. 4 Correction of valgus foot

Fig. 5. Footwear for orthoses
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fort thanks to a good fit to the child's sensitive foot.

It is possible to reproduce details with an accuracy of
0.5 mm due to the fact that measurements are collected using
an optical scanner. Such a fit ensures proper foot support in
the orthosis and does not cause skin abrasions. Individual or-
thoses are used during upright standing and to improve the
gait function with dedicated orthosis shoes (Fig. 5). It is very
important for children wearing orthoses to properly adjust
the size of their shoes. The brace widens the contour of the
foot, so the footwear for orthoses is usually wider than the

standard one, but it cannot be longer than the brace.

Gait Analysis

When analyzing gait in patients with disturbances in the
functioning of the nervous system, video analysis is used,
which can be performed without specialized equipment,
a mobile phone with the function of recording and playing
back videos in slow motion is sufficient. Set the camera in
the frontal plane and in the sagittal plane, preferably without
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moving the camera. The background during the recording
should be as neutral as possible. Such recordings (Fig. 6)
provide a lot of data about the gait pattern when analyzed in

Fig. 6. Time-lapse gait analysis

time-lapse.

One of the leading guidelines in gait analysis used in children
with gait disorders are the criteria adopted by the Rancho Los
Amigos Hospital [5]. The gait cycle is the sum of the indivi-
dual phases, the division of which is as follows: IC (Initial
Contact) — this phase represents the moment when the foot hits
the ground with the heel. LR (Loading Response) — during this
phase, the shock absorption takes place when the weight is
transferred through the foot, MSt (Midstance) — in this phase
the support foot takes full load. This is a critical moment due
to the need for proper stabilization within the torso and sup-
porting limb for proper weight transfer. TSt (Terminal Stance)
— in this phase, the weight of the body is transferred to the fo-
refoot and the heel of the supporting limb loses contact with
the ground. This phase continues until the other limb moves
into the IC phase. PS (Pre-Swing) — this is the final phase of
double support. The supporting limb prepares for transfer,
then the transferred limb lands on the ground. IS (Initial
Swing) — in this phase, the supporting limb comes completely
off the ground. This continues until the transferred limb is on
the opposite side of the support limb. MS (Mid Swing) — in
this phase, the transferred limb exceeds the vertical axis of the
body. The phase lasts until the limb is transferred in front of
the supporting limb. The lower leg of the transferred limb is
vertical to the ground, the hip and knee are bent. TS (Terminal
Swing) — the final phase of transfer occurs when the front limb
extends the knee joint and continues until the heel hits the gro-
und (IC). Thus, the cycle closes and the next one begins.
Knowledge of the correct gait pattern based on the classifica-
tion according to the above criteria is necessary in the asses-
sment of gait disorders in children with CP [6].

Braces for gait re-education

Referring to the normal gait pattern, numerous abnormalities in gait
can be observed in patients with disturbances in the functioning of
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the nervous system. The most common are: inversion of the third
rocker (colloquially called a tip toe gait — no contact of the heel with
the ground during the IC phase), hyperextension or excessive flexion
in the knee joint during the stance phase, catching the fingers with the
ground during the transfer phase, leverage disorders related to incor-
rect positioning in the lower ankle joint (valgus of the foot in the MSt
phase), clenching of the toes in the stance phase and many others rela-
ted to impaired proximal stabilization. All the abnormalities mentio-
ned above can be corrected with the use of orthoses covering the
lower leg and the foot. Correction in an intermediate position with
a neutral support within the sustentaculum tali support the transfer of
body weight while walking on a stable base. It restores three points of
support. Correct position of the lower leg in relation to the vertical line
is essential to eliminate the hyperextension or excessive flexion in the
knee that can occur during the MSt phase. Most often, the problem
with stabilization of the knee occurs as a result of spasticity, which af-
fects the inefficient (flexible) lever in the foot (this should remain stiff
in the TS phase) or the weakening of the soleus muscle.

Summary

Despite the complexity of the problems with gait that patients re-
port to a physiotherapist, a simple strategy should be adopted
when it comes to securing with the orthosis. The role of orthope-
dic equipment is to support muscle failure by obtaining a stable
stance phase. It is often possible thanks to the use of the AFO /
DAFO / GRAFO brace in the appropriate configuration with the
footwear for orthoses. 3D printing enables the orthosis to be ma-
de in a short time using filament (FDM) and powder (SLS, MJF)
technologies. Filament printers are more accessible to amateurs
and enthusiasts of new technologies, and powder technologies
are used more widely by professionals. Orthoses made by this
method are very light, aesthetic, made of biocompatible materials
that are safe in contact with the patient's skin.
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