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POSTURALNI STABILITA A
ROVNOVAHA

Ucebni materialy:

Janura, M., Bizovska, L., Svoboda, Z., & Klein, T. (2023). Posturdlni
stabilita. Fakulta télesné kultury, UP v Olomouci.

https://www.skoladiagnostiky.sk/posturalni-stabilita/



Tri typy statickych rovnovaznych poloh

e stabilni (stala), labilni (vratka) a indiferentni (volna)
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stabilni labilni volna

e plati tzv. princip minima potencialni energie - téleso se snazi po vychyleni zaujmout
takovou polohu, ve které bude jeho potencialni energie minimalni



Three types of static equilibrium positions

e Stable, unstable, neutral (free)
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The so-called principle of minimum potential energy applies — after being
displaced, a body tends to assume a position in which its potential energy is
minimal



Tri typy statickych rovnovaznych poloh

Stabilni (stald) rovnovazna poloha - typicka pro kazdé
zavesené téleso, kdy potencialni energie dosahuje minimalni
energie télesa se zvysuje. Po ukonceni pusobeni sily se
téleso vraci zpét do plivodni polohy nebo kolem ni zac¢ne
kmitat.

Labilni (vratka) rovnovazna poloha - potencialni energie
télesa zde dosahuje maximalni hodnoty. Po vychyleni tézisté
dojde ke snizeni potencialni energie télesa, proto je k
navratu do plvodni polohy nezbytné vykonani prace.

Indiferentni (volnd) rovnovazna poloha - charakteristicka
vychyleni télesa. Vertikalni téZznice prochazi v pribéhu
celého pohybu kontaktnim bodem télesa s podlozkou. U
lidského téla se tato poloha vyskytuje pouze vyjimecné
(napf. zorbing).
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Tri typy statickych rovnovaznych poloh

téleso vraci zpét do plivodni polohy nebo kolem ni zac¢ne
kmitat.

Stabilni (stald) rovnovazna poloha - typicka pro kazdé
zavesené téleso, kdy potencialni energie dosahuje minimalni
hodnoty. Po vychyleni télesa tézisté stoupad, potencialni
energie télesa se zvysuje. Po ukonceni pusobeni sily se

Labilni (vratka) rovnovazina poloha - potencidlni energie
télesa zde dosahuje maximalni hodnoty. Po vychyleni tézisté
dojde ke snizeni potencialni energie télesa, proto je k
navratu do plvodni polohy nezbytné vykonani prace.
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onstantni vyskou tézisté a hodn
vychyleni télesa. Vertikalni téznid VE STOJI
celého pohybu kontaktnim bodem téelesa s podlozkou. U
lidského téla se tato poloha vyskytuje pouze vyjimecné
(napf. zorbing).



Three types of static equilibrium positions

Stable equilibrium position — typical of any suspended
body, where the potential energy reaches a minimum value.
When the body is displaced, its center of gravity rises and its
potential energy increases. After the external force ceases
to act, the body returns to its original position or begins to

oscillate about it.

Unstable equilibrium position — here the potential energy

of the body reaches a maximum value. When the center of

gravity is displaced, the potential energy decreases;

therefore, work must be done to return the body to its

original position.

Neutral equilibrium position — characterized by a constant

height of the center of mass and a constant value of \?/

potential energy after the body is displaced. The vertical line
of gravity passes through the point of contact between the

body and the surface throughout the entire motion. In the /\

human body, this position occurs only rarely (e.g., zorbing).



Three types of static equilibrium positions

to act, the body returns to its original position or begins to

Stable equilibrium position — typical of any suspended
body, where the potential energy reaches a minimum value.
When the body is displaced, its center of gravity rises and its
potential energy increases. After the external force ceases
oscillate about it.

Unstable equilibrium position — here the potential energy
of the body reaches a maximum value. When the center of
gravity is displaced, the potential energy decreases;
therefore, work must be done to return the body to its
original position.

Neutral equilibrium position —c TYPICAL FOR PERSON IN
height of the center of mass and

potential energy after the body i STANDING POSITION

of gravity passes through the point of contact between the

body and the surface throughout the entire motion. In the

human body, this position occurs only rarely (e.g., zorbing).



Postura

Usporadani segment( téla ve vztahu ke gravitaci a opérné
plose
Zahrnuje statickou i dynamickou slozku

Nejcastéji se popisuje ve stoji, ale mlze byt definovdna pro
rdzné situace (sed, leh, chlze, ...)

- -

llustrace: Chat GPT



Posture

Alignment of body segments in relation to gravity and the
base of support

Includes static and dynamic components

Most often described in standing position, but can be defined
for various situations (sitting, lying down, walking, ...).”

- -

Illiustration: Chat GPT



Opeéerna plocha a operna baze

 Opérna plocha = plocha kde je kontakt s podlozkou

 Opérna baze (BOS, base of support) = plocha vznikla
spojenim vsech vnejsich hranic opérné plochy
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B opérnd plocha [J opérnd baze @ primét tézisté do opérné baze




Area of Contact And Base of Support

* Area of Contact = area of body contact with the
supporting surface

e Base of Support = area formed by connecting all the
outer edges of the support surface.
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contact support
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Dulezité pojmy
Tézisté (COM, center of mass, nékdy také nazyvano Center of Gravity)
Primét tézisté do opérné baze (COG, center of gravity)

Centrum tlaku (COP, center of pressure) - plisobisté vektoru
reakéni sily podlozky, tj. vazeny primér vSech tlakt na pUsobici plochu.

COM a COG se pocitaji z poloh segment(l. COP se da pfimo mérit pomoci silové plosiny. Pro
nepohyblivou stojici figurinu ¢lovéka plati COP = COG.
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B opérnd plocha [J opérnd baze @ primét tézisté do opérné baze




Key Concepts

COM - Center of Mass (in some literature also called Centre of Gravity, COG)
COG - Center of Gravity - projection of the COM onto the support base

COP - Center of Pressure - the point of the ground reaction force
vector, obtained as the weighted average of all pressures acting on the

contact surface

COM and COG are calculated from the positions of body segments. COP can be measured directly using a
force plate. For a motionless standing human (manikin) it holds: COP = COG.
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Posturalni stabilita

* Schopnost vzprimeného drzeni téla a zabranéni padu

» Specifictéji - schopnost udrzet tezisté téla nad opérnou bazi i
pri pusobeni vnéjsich a vnitrnich sil

Rovnovaha

* Soubor statickych a dynamickych strategii vyuzivanych pro

V VeV



Postural Stability

The ability to maintain an upright posture and prevent falling

More specifically - the ability to maintain the body's center of

mass within the base of support under static and dynamic
conditions.

Balance

* A set of static (passive) and dynamic (active) strategies used
for postural stability (control of the COM and COG)



Staticka posturalni stabilita

e Udrzeni rovnovahy v klidu (stoj, sed).

V VeV



Static Postural Stability

* Maintaining balance in quiet standing or
sitting.

e Minimal movement of the center of mass.



Dynamicka posturalni stabilita

* Udrzeni rovnhovahy pri pohybu.
* Chuze, zmény polohy, reakce na vnéjsi sily a
poruchy.

* V tomto kurzu nebude probirano — vice informaci na FTK



Dynamic Postural Stability

* Maintaining balance during movement

* Walking, change of position, reaction to
position disturbances

* Will be omitted here, for simplicity (more information at the Faculty of
Physical Culture)



Staticka rovnovaha z fyzikalniho
pohledu

e Staticka rovnovaha - stav télesa, kdy vysledkem pusobeni
silového pole tvoreného vsemi na néj pusobicimi silami, je
klidovy stav

» vektorovy soucet sil a momentul pusobicich na téleso
vzhledem k dané ose otaceni, je roven nule

ZiFi:O 21M1=0

» staticka rovnovaha nastane, jestlize se pUusobici sily a jejich
ucinky vyrusi



Static equilibrium from a physical
point of view

Static equilibrium — the state of a body in which the result of
all the forces acting on it is a state of rest.

The vector sum of the forces and moments acting on the body
with respect to a given axis of rotation is equal to zero.

> FE=0 2iM; = 0.

Static equilibrium occurs when the acting forces and their
effects cancel each other out.



Staticka rovnovaha z fyzikalniho
pohledu

* pro téleso, které je ve stavu (statické) rovnovahy,
plati, ze jeho tézisté se nachazi nad opérnou bazi

e prumeét tézisté je dovnitr opérné baze
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B opérnd plocha [0 opérnd baze @ primét téZisté do opérné baze

Limity stability - maximalni vychylky (vzdalenosti, uhly), ve kterych se muze
jedinec naklanét v jakémbkoli sméru bez ztraty stability, nedochazi-li ke zméné
opérné baze.



Static equilibrium from a physical
point of view

For a body that is in a state of (static) equilibrium, its center of
gravity lies above the base of support;
the projection of the center of gravity falls within the base of

support.

(O <

m Areaof Base of @ Center of gravity
contact support

The limits of stability - maximum displacements (distances, angles) within which
an individual can lean in any direction without losing stability, provided that the

base of support does not change.



Stabilita stoje u ¢lovéka

* Stoj rozkrocny — snizeni tézisté a zvétSeni opérné baze
(staticka, pasivni slozka rovnovahy)

Obr. 3 Zména vysky tézisté nad podlozkou (Ah) a velikost Ghlu
stability (a) pfi porovnani stoje spojného a rozkrocného

Stoj rozkrocny zlepsuje stabilitu v roviné frontalni (pravo-levé rozsiteni opérné baze - cervené)

ALE lehce zhorsuje stabilitu v roviné sagitalni (predo-zadni velikost opérné baze sice stejna, ale omezeni
dynamické, aktivni sloZzky rovnovdhy, tj. velikosti svalové kontrakce a zmenseni reaktibility)

Parametr pro posouzeni stability télesa - thel stability (obr. 3). Urcuje miru stability télesa proti prevrzeni.

VVev

Stabilita se zvySuje s hmotnosti (mensi ovlivnitelnost vnéjsimi silami)



Stability of standing in humans

Straddle stance (standing with feet apart) — lowering of the center of gravity and
enlargement of the base of support (static, passive strategy for keeping balance)

Fig. 3 Change in the height of the center of gravity above the ground (Ah) and the magnitude of the angle of
stability (o) when comparing feet-together standing and a straddle stance

A straddle stance improves stability in the frontal plane (right—left widening of the base of support — shown in red),

BUT it slightly worsens stability in the sagittal plane (the anterior—posterior size of the base of support
remains the same, but there is a limitation in the dynamic, active component of balance, i.e., magnitude of
muscle contraction and reduced reactivity).

A parameter for assessing body stability — the angle of stability (Fig. 3). It determines the degree of a body’s
stability against tipping over. It is directly proportional to the size of the base of support and inversely
proportional to the height of the center of gravity.

Stability increases with body mass (less susceptibility to external forces).



Posturalni kontrola

aktivni slozka rovnovahy cloveka

neuralni mechanizmy, které jsou zodpoveédné za udrzeni polohy a za
umozneéni provedeni ucelného pohybu v tihovém poli Zemé

klicovou roli ma nervovy systém, ktery nestabilitu detekuje (feedback,
zpétna kontrola) a predvida (feedforward, dopredna kontrola)

nervovy systém iniciuje produkci odpovidajici svalové aktivity pro
koordinaci, provadénou motorickymi programy



Postural Control

the active component of human balance

neural mechanisms responsible for maintaining posture and enabling the
performance of purposeful movement in the Earth’s gravitational field

the nervous system plays a key role by detecting instability (feedback
control) and anticipating it (feedforward control)

the nervous system initiates the production of appropriate muscle activity
for coordination, carried out through motor programs



Hlavni slozky posturalni kontroly

senzoricka

— poskytuje informaci v jakém stavu se télo nachazi

Fidici — centralni nervova soustava (mozek + micha),
— integrace senzorickych informaci

— volba vhodné motorické strategie (ze zasobniku naucenych motorickych
programu)

vykonna — kosterné svalovy systém

V VeV



Main Components of Postural Control

* Sensory component

— Provides information about the condition/state the body is in

* Control component — central nervous system (brain + spinal
cord),

— integration of sensory information

— selection of an appropriate motor strategy (from the database of learned motor
programs)

* Executive component — musculoskeletal system

— ensures active displacement of the center of gravity and body segments to
prevent falling



Senzorické vstupy

e Zrakovy systém

— detekce vnéjsiho prostredi, vnéjsi podminky pro pohyb

* Vestibularni systém

— labyrint ve vnitfrnim uchu, kde jsou senzory polohy hlavy

* Propriocepce

— somatosensoricky systém - rlzné druhy receptor( v téle,
které poskytuji informace o polohach a stavech segment(



Sensory Inputs

* Visual system

— detection of the surrounding space, reference to our movement
possibilities

* Vestibular system
— the labyrinth in the inner ear with sensors of head position

* Proprioceptive system

— various types of receptors in the body, providing information on
the position/state of the body segments

— also called ,,the somatosensory system”



Hodnoceni posturalni stability

e Posturalni vykyvy (posturalni titubace)

— kontinualni korekéni pohyby za uc¢elem udrzeni vertikalni postury pfi
klidném stoji

— vyskytuji se fyziologicky

— pfi potizich s rovnovahou se velikost titubaci zvétsSuje

— lze hodnotit vizualné, nebo pomoci pfristroju

— Vyuziva se ruznych testU

— pro radu pristrojovych testl existuji normativni data pro velikost
titubaci — pokud je velikost titubaci vétsi nez stanovuje norma, je to
znamka poruchy rovnovahy



Assessment of postural stability

e Postural sway

Continuous corrective movements aimed at maintaining an upright
posture during quiet standing.

They occur physiologically.

In cases of balance problems, the magnitude of postural sway
increases.

Can be assessed visually or using instruments.
Various tests are used.

For many instrument-based tests, normative data exist for the
magnitude of postural sway — if the magnitude exceeds the
established norms, it is a sign of a balance disorder.



Hodnoceni posturalni stability

Romberguv test
Unipedalni stoj

Posturografie



Assessment of Postural Stability

* Romberg test
* Single-leg stance
* Posturography



systému.

Obrazek:
https://geekymedics.com/lower-
limb-neurological-examination/

Provedeni testu:

* Pacient stoji vzprimeneé

* Nohy u sebe (Uzkd baze)

* PazZe podél téla nebo predpazené
* Nejprve oli otevrené

* Nasledné oci zaviené (20-30 s)

Hodnoceni - sleduje se:

» zvétSené vykyvy (velikost titubaci)
e ztrata rovnovahy

* nutnost rozkroceni

e pad

Romberguv test

Zakladni jednoduchy vizudlni klinicky test slouzici k hodnoceni
statické posturalni stability a funkce propriocepce a vestibularniho

Interpretace:

* Negativni Romberg: stabilni i se zavienyma
oCima

* Pozitivni Romberg: vyrazné zhorseni po
zavreni oCi - podezreni na poruchu
propriocepce nebo vestibularni dysfunkci

Pokud je nestabilita uz s otevienyma ocima:
nejde o ,pozitivni Romberg“ ale o obecnou
poruchu posturalni kontroly.

To mUZe ukazovat napf. na:
* cerebeldrni poruchu
 tézkou vestibularni dysfunkci
* vyraznou centralni poruchu fizeni
rovnovahy
* intoxikaci
 akutni neurologicky stav



Figure: https://geekymedics.com/lower-
limb-neurological-examination/

Test procedure:

e Patient stands upright

* Feet together (narrow base of support)

* Arms alongside the body or extended
forward

e First with eyes open

* Then with eyes closed (20-30 s).

Hodnoceni - sleduje se:

* Increased postural sway

* Loss of balance

* Need to step out (widening base of
support)

* Fall

Romberg test

A basic simple visual clinical test used to assess static
postural stability and the function of proprioception and the
vestibular system

Interpretion:

* Negative Romberq sign: Stable even with eyes
closed.

* Positive Romberg sign: Marked deterioration
after closing the eyes - suspicion of impaired
proprioception or vestibular dysfunction

If instability is already present with the eyes open,
this is not a “positive Romberg sign” but rather a
sign of a general impairment of postural control.
This may indicate, for example:

e acerebellar disorder

* severe vestibular dysfunction

* asignificant central disorder of balance control

* intoxication

* an acute neurological condition



Cit: Springer, B. A., Marin, R., Cyhan, T., Roberts, H., & Gill, N. W. (2007). Normative values for the unipedal stance test with eyes open

and closed. Journal of Geriatric Physical Therapy, 30(1), 8-15.

Unipedalni stoj

Jednoduchy vizualni klinicky test hodnotici statickou posturalni
stabilitu, funkci propriocepce, vestibularniho systému a svalové

kontroly dolni koncetiny.

Provedeni
e \/ySetrovany stoji vzpfimené
* Ruce v bok/podél téla
e Zvedne jednu dolni koncetinu (flexe kolene
cca 90°)
* Test trva do ztraty rovnovahy (max. 30—60 s)
Lze provést:
* sotevienyma ocima
e se zavienyma ocima

Hodnoceni
* MEéri se Cas vydrze

Sleduje se:

* kolisani trupu

* dotyk zvednuté DK s podlozkou
 kompenzacni pohyby pazi

/
[anE |
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Orientacni normy (dospéli, 20-40 let)

* 30 s =dobra stabilita (15-25s zavft.oci)
10-30 s = snizena stabilita

e <10 s =zvysené riziko padu

U senior(l jsou normy niZzsi.

Klinicky vyznam

* Screening rizika padu

* Hodnoceni po Urazech hlezna/kolene
* Soucast funkcni diagnostiky ve sportu
* Monitorovani rehabilitace

Zavreni oCi:

* eliminuje vizudlni kontrolu

* zvysi naroky na propriocepci a vestibularni systém
* typicky zkrati vydrz o 30-50 %



Cit: Springer, B. A., Marin, R., Cyhan, T., Roberts, H., & Gill, N. W. (2007). Normative values for the unipedal stance test with eyes open
and closed. Journal of Geriatric Physical Therapy, 30(1), 8-15.

Unipedal (single-leg) stance

A simple visual clinical test assessing static postural stability,
proprioceptive function, vestibular function, and lower-limb
muscle control.

Procedure L
* Subject stands upright
* Hands on the hips / alongside the body
« One lower limb is lifted (knee flexed to Approximate norms (adults, 20-40 years)
approximately 90°). * 30 s =good stability (15-25 s eyes closed)
 Tested until loss of balance (max. 30-60 s). * 10-30 s = reduced stability
It can be performed: * <10 s =increased risk of falling
« with eyes open Lower normative values for older adults.

* with eyes closed
Clinical significance

Assessment * Screening for risk of falling

* Duration of stance * Assessment after ankle/knee injuries
* Part of functional diagnostics in sports

Observed signs: * Monitoring of rehabilitation

* trunk sway
e contact of the raised lower limb with the - ,
e eliminates visual control

support surface * increases demands on proprioceptive and vestibular systems
* compensatory arm movements * typically shortens stance time by 30-50%

Closed eyes:



Cit: https://www.skoladiagnostiky.sk/posturalni-stabilita/ https://en.wikipedia.org/wiki/Force_platform
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Posturografie

e Objektivni, pristrojova metoda hodnoceni posturalni
stability pomoci méreni centra tlaku (COP — Center of
Pressure) na silové plosiné

SILOVE PLOSINY
REAKCNI SILA

TeRoA poosalica

-:‘

> 11:08/14:15



Cit: https://www.skoladiagnostiky.sk/posturalni-stabilita/ https://en.wikipedia.org/wiki/Force_platform
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Posturography

* Objective, instrument-based method for
assessing postural stability by measuring the body
Center of Pressure (COP) using a force platform

Motion of COP
Hard platform / \ Foam
Force <) > 3 R (
platform P }\‘\‘
+ foam i dl 7 \\& _

» 11:08/14:15




Meéreni centra tlaku pomoci silové plosiny

Silova plosina: snimace sily méfi velikost reakénich sil podloZky v rozich nosnikové ploSiny

Trojuhelnikova ploSina: 3 snimace sily v rozich. SloZzenim zmérenych sil ziskame vyslednici pro kazdou
ze 3 stran plosiny. Pusobisté reakéni sily podlozky sily lezi na spojnici pusobisté vyslednice reak&nich
sil podlozky G1, G2 a protéjSiho vrcholu. Cyklickou zaménou pusobicich reakénich sil podlozky
ziskame odpovidajici parametry pro zbyvajici dvé strany trojuhelniku. Z toho spocitame reakéni silu
podlozky. Misto jejiho pusobiste je hledane centrum tlaku (COP).

Ctvercova plosina: 4 snimade v rozich. Princip méFeni COP stejny jako u trojuhelnikové plosiny.

1 a 2
X y J/
G,
G,
G _y
G—l ==  Xx+y=a GY
Gix =G,y G,, G, — velikost tihové sily, ktera
G, x=G,.(a—X) pisobi na osobu ve vrcholech 1, 2
1,2,3 — snimage sily ) . G,a Glﬁt_ széedrgce sil (rovnobé&znych
a,b,c — délky stran nosniku G, +G, vektort) Gy, G,




Finding the center of pressure of the body using a Force Platform

Based on addition of parallel vectors - gravitational forces acting on the segments

Triangular platform: 3 force sensors placed at the corners of the platform. They measure
gravitational forces acting on the individual sensors. The result of these forces is
calculated for each of the platform sides.

1 a 2
X y J/
G,
G,
G _y \
—L == X+y=a GY
G, x Y b2
Gx=G,y G,, G, — gravitational forces acting
G, x=G,.(a—x) onthe person at the apexes 1.2
1,2,3 — force detectors 2 < = G,a Séé;r;efililct:;ltGOf gle (parallel h
a,b,c — sizes of the console sides G, +G, 2

COP of the measured object lies on the junction of the resultant of the gravitational forces
G1, G2 and of the opposite apex. By cyclically exchanging the acting gravitational forces
we obtain the corresponding parameters also for the other two sides of the triangle.



Posturografie

* Objektivni, pristrojovda metoda hodnoceni posturalni stability pomoci méreni centra
tlaku (COP — Center of Pressure) na silové plosiné. (Demonstrace budou pfi exkurzi
na FTK).

Provedeni Analyzuje se velikost a rychlost titubaci

Vysetfovany stoji na dynamické nebo . traj.ektorie COP (delka a plocha
statické platformé. Snimaji se reakeni sily Oscli"f‘ce) by Cop
podlozky, z toho se automaticky spocita rychlost pohybu

COP a jeho pohyb. Klinicky vyznam

* Neurologicka diagnostika

Statickd posturografie «  Vestibularni poruchy
* klidny stoj « Hodnoceni rizika padu
* Sportovni a funkéni diagnostika - zde je
Ovlivnéni senzorického systému: mozZnost vyuZit alternativni metodu:
e zaviené oCi - ovlivnéni vizualni kontroly
* rychlém otaceni hlavy ¢i piruety - Dynamicka posturografie (CDP)
ovlivnéni vestibuldrniho systému *  pohybujici se podlozka

* manipulace vizudlniho vstupu (pohybuijici
se virtualni realita)
* hodnoti senzorickou integraci

* kvalita povrchu ploSiny (molitan) —
ovlivnéni propriocepce



Posturography

* Objective, instrument-based method for assessing postural stability by measuring
the Center of Pressure (COP) on a force plate. (Demonstrations will take place during
the excursion to the Faculty of Physical Culture.)

Procedure Parameters analyzed
« The subject stands on a dynamic or static * COP trajectory (sway path length and
platform. sway area)
« Ground reaction forces are recorded. * Velocity of COP movement
* The Center of Pressure (COP) is automatically
calculated from these data. Clinical significance
* Neurological diagnostics
Static posturography * Vestibular disorders

 Fall risk assessment

* Sports and functional diagnostics -
here an alternative method may be

e Quiet standing

Sensory system manipulation:

applied:
* Eyes closed — reduction of visual control
* Rapid head rotations or pirouettes — influence Dynamic Posturography (CDP)
on the vestibular system « Moving support surface
* Surface quality of the platform (foam) - * Manipulation of visual input (moving
influence on proprioception virtual reality environment)

* Evaluation of sensory integration



Vyznam posturalni stability

* Prevence padu
* Rehabilitace

e Sportovni vykon a kazdodenni funkce



Importance of Postural Stability

* Fall prevention
* Rehabilitation
* Sport performance
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Kotnikova strategie
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Postural Strategies

* Ankle strategy
* Hip strategy
* Stepping strategy



