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Abstract: The article deals with the design of an orthotitison of dynamic knee orthoses for patients gfi@io. The
aim was to design and create an orthopedic dewidalascribe the technological process of its priddiucThe design,
testing and production of the orthosis aim to emsbe physiological position of the foot, to penfoplantar and dorsal
flexion in the ankle and to verticalize the positaf the entire lower limb. These parameters hasensiderable impact
on maintaining posture, balance, walking stabdind locomotion as well as elimination of inapprat®ipathological
movement habits. The results of orthotherapy slatheir use corrects the course of the physioctbgixis in all planes.
The corrected lower limb axis significantly affetite supportive, balance, and allocating abilitynalividuals.

1 Introduction professional competence, but also on a lot of kadge

At present, the issue of damage to the huma@nd examination of professional engineers in tile fiThis
musculoskeletal system is increasingly monitoredetms ~ article presents theoretical knowledge of orthéatment
of the incidence of congenital disorders, an inseea Of knee and ankle disorders by means of dynamiosets,
number of post-traumatic cases following accidemts as well as practical examples of a particular catiee
injuries, e.g. in traffic accidents, extreme spoets., but application of pre-knee dynamic orthosis for aguattafter
also in connection with the aging of the populatidre polio.
demand for orthotic-prosthetic solutions is incregover
time. The phenomenon of aging concerns not onlglloc2 Materials and methods
regions, but also becomes a pan-European and global The article presents two male subjects aged 16.8nd
challenge. Disorders of the musculoskeletal systemh with dynamic pre-knee braces. Both subjects indtiaibd
deviations from the physiological state thus conegach have overcome the infectious disease poliomyetitet
of us. The impact of lifestyle changes is an irmégart of attacks the central nervous system (brain andsporal
human development and adversely affects the bady. | cord) [1]. 0.1% of the total number of infectionegent
the changes and diseases of the musculoskeletaimsyswith permanent paralysis. In these patients, symgptof
that are closely interconnected with other systemd post-poliomyelitic syndrome of both lower limbs app as
interact with each other. Orthotics is a narrowea result of the disease. Typical images of didgbdire
specialization of orthopedic prosthetics, whichlgedth valgus position of the knees in the frontal plane,
the issue of methods of replacement, or adjustwieglost  hyperextension in the knee joints (Figure 1), dorsap.
or weakened functions, prevention and correction gflantar extension of the hinge joints in the safipane
deformities of the musculoskeletal system. The psapof [2]. Subjects also exhibit other symptoms suclmeeased
a particular type of orthosis is processed by dmopedic muscle weakness and joint muscle pain, decreassdlenu
technician on the basis of a doctor's recommendatianass (muscular atrophy), increased joint instghiljpint
professional knowledge, skills, and own experiefide deformities and changes in gait patterns, and ereased
final solution is therefore not only dependent onendency to fall [3]. All of the above symptoms baa
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profound effect on the ability to maintain propesture,
balance, gait stability, locomotion as well asfitrenation
of inappropriate pathological movement habits. Th
present goal is to achieve an improvement in thécst
attitude and mobility of these subjects by an ditho
solution [4].

the orthosis stand

3.1 Production of a test orthos's
| LS e N . On the corrected and treated positive, a test sigho
Figure 1 Baseline - front side view, subject 1tfJefubject 2 shell (Figure 3) is formed by stretching the high

(right) temperature polypropylene thermoplastic heate@%°1C
ducti fd ick b with the aid of vacuum suction. For the use ofithdateral
3 Production of dynamic knee brace lower limb orthosis system, components that are

Based on the diagnosis, orthopedic device in the fo anyfactured and classified by patient weight aedu
of dynamic knee orthosis was indicated to bothetbj Foiowing are adjustments for the placement oftitiotic
[516]- _ o joint, shaping the plates, marking the lines of steeve

To produce an orthopedic device, it is necessary {Qjges. The sleeves are removed from the gypsumimode
measure selected knee_z length, wujth apd circumtiaten gng their edges are ground by means of a cylindrica
dimensions by appropriate measuring aids, suckr@®  grinder and the surface is smoothed. In the treattofethe
length, knee width, ankle joint width, heel to teegth, |ongitudinal and angular discrepancies of the lirtbe
f(_)refoot width, foot angle to medial / lateral sidenb production of a heel for correction is made by puyithe
circumference - 10 cm above the patella, kneg| pedilin, which cures into a solid form. Aftére foam

circumference, maximum calf circumference and ankigas hardened, it is ground to the required sikinganto
circumference. If limb discrepancy is present, ingd  5.count the axial position of the foot [7].

truncation value should be recorded [7].

After obtaining the necessary dimensional data, the
preparation for plastering is started. In this ghasd
orthopedic device construction, important a line
construction points, such as the compromise ceoitre
rotation in the knee joint and the fibula head,@otted on
the limb, which is a load-sensitive location. Other
important points are the compromise centre of iatan
the ankle joint, various growths, bone protrusigranful
spots and patella position. On the basis of thebstsates
a gypsum negative is made by a three-phase prazedur
(foot negative, knee negative, knee negative) [7].

To keep the load line and the exact location of the
orthotic joint, it is advisable to use a plastamnstin which
the plaster negative of the lower limb is clampé&te
position is corrected on the stand. After all tleeassary v
steps have been taken, the gypsum negates anghieng Figure 3 Test brace assembled
positive Eigure 2 is produced, which must be subsequently
treated (correction of casting errors, loadable and- 3.2 Testing of the orthosis
loadable areas) [7]. Testing (Figure 4) is carried out in active coofiera

between the patient and the technician. The pai®nt
assessed at the frontal and sagittal levels aéiadsg and
walking [8]. In this phase the orthosis deficiesciare
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eliminated, e.g. the degree of dorsal and platgzion, the
dimensions of the device and the placement ofitthie bf
the orthosis. The test orthosis will be marked vatints

which are unnecessary in support and may be remowvt

The openings are important in terms of breathgbdid
overall comfort when wearing the orthosis daily. [7]

- - . SN
Figure 4 Testing of the orthosis

3.3 Production of a definitive orthosis

The sleeve of the definite knee brace is madegteat
extent from composite materials and therefore lation
is used for its production. The auxiliary linestthave been
marked on the test sleeves are transferred to ltstep
model or, if necessary, made on a positive basieeded.
This is followed by reinforcing the areas that amest
stressed with carbon tape (Figure 5). It is maitig
padding of the foot in the plantar part of the hesdl the
knee in the area of the support areas. Only aftecking
the position of the splints and reinforcements, sdtie
lamination with laminating resin
continue [7].

Figure 5 Placing the reinforcing fabric before lamating

The laminating mixture is cured under pressureerAft

Figure 6 Definitive knee Braces?Subject 1 angesul2

4 Resultsof orthotherapy

Prior to the application of the dynamic pre-knee
orthosis, a significant valgus of the knees is gmé# the
subject, causing a compensatory position in théegolat
region. As can be seen, the course of the gramiyih the
frontal plane does not correspond to the physiokdgi
lines, which is also evident in the symmetricalipos of
the arms (Figure 7, Figure 8). Prolonged posturth wi
enlarged compensatory lordosis of the lumbar sgirktilt
of the pelvis in the PA direction is due to hypéession
of the knee joints and subsequent plantar flexibthe
ankles that are observed in the sagittal plane.draeity
line in the sagittal plane in both patients does mm
physiologically and affects the maintenance of igpiim
and subsequent stability during standing. This tjmosi
however, significantly affects the locomotion paitef
motion and prediction of frequent falls. The foliogy

and hardenegpplication of dynamic pre-knee orthosis, the fellyg

figures clearly show the effect of orthotherapy oty
posture, posture stability and hence on locomadiaitity.

This graphical documentation depicts two polio gat
whose medical treatment and rehabilitation havenbee
supplemented by the selection, manufacture and
application of a suitable dynamic orthosis. Patexgreed

to create photo documentation and its publishinige T
pictures on the left show a uniform status of thdemt
before and after the application of the dynamibasts, in

the real-life testing process.

marking the cutting edges, the sleeve is ground and

smoothed using a vibrating saw. The laminating isol

removed from the ankle area and replaced with the

appropriate ankle insert according to the desiredtar
resp. dorsal flexion. The orthosis is completeddsyening
through the knee, but also above the ankle, asirezbju
(Figure 6) [7].
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Figure 7 Subject 1, anterior, posterior, side vieithout and Figure 8 Subject 2, anterior, posterior, side vieithout and
with the aid of an applied knee brace. with the aid of an applied knee brace.

5 Conclusions

The aim of this paper was to describe a particular
orthotic solution and optimization of the methodica
procedure - design and technological procedurehen t
application of dynamic knee orthosis for patienttera
polio. These case studies offer a representativiplsaof
the effect of orthopedic devices. The above-meetion
photo documentation offers an overview and a dleat
of the effect of these orthotic devices. Therenihvious
correction of the position of the lower limbs ardig
improvement of the overall posture of the individu®y
examining the entire process of designing, devatppind
applying the orthosis, from the patient's arrival the
prosthetic centre until the definitive orthosis tees the
client's daily aid, one can learn about the resahd
procedures in orthotic practice.
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and costing analysidiealth technology assessment,
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