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What are the course topics?

Introduction to the biomechanics of the human
[nusculoskeletal system (textbook M. Janura, FTK UP:
Uvod do biomechaniky pohybového systému Clovéeka )

Introduction to biomechanics of voice and hearing

Examples of sports biomechanics



Co bude probrano?

Uvod do biomechaniky pohybového systému élovéka
(skripta M. Janura, FTK UP)

Zaklady biomechaniky hlasu a sluchu

Nastin sportovni biomechaniky



Pozadavky

1) Povinna uc€ast na cvi€enich (tolerovany maximalné 2 neomluvené
neucasti).

2) Ziskani alespon poloviny moznych bodu z testi z probrané latky
(budou zpravidla po dvou tydnech).

3) Uspésné vypracovani vSech zadanych cviéeni (domaci ulohy) —
budou postupneé zverejnovany na webovské strance:
http://sites.google.com/site/jangsvec

4) Slozeni zaverecné ustni zkousky

Poznamky:

Z praktickych diavodu budete ve cvicenich vyuzivat viastni laptopy.

Probrané slidy a ukoly pro cviCeni budou postupné zverejnovany na
webovskeé strance: http.//sites.google.com/site/jangsvec



Requirements

1) Mandatory attendance at exercise sessions. (A maximum of 2 unexcused
absences is tolerated).

2) Earning at least half of the possible points from tests on the covered
material (tests will usually take place every two weeks).

3) Successful completion of all assigned exercises (homework) — they will
be published gradually on the website
http://sites.google.com/site/jangsvec

4) Passing the final oral exam

Notes:

For practical reasons, you will use your own laptops during exercise sessions.

The covered slides and exercise assignments will be gradually published on
the website: http:/sites.google.com/site/jangsvec



Co je hiomechanika?

Interdisciplinarni obor.
Mechanika aplikovana v biologii (Fung 1981)

Mechanika se vénuje analyze dynamickych systémiu (studuje vlastnosti hmotnych
objektl, ucinky sil na né a jejich pohyb).

Biomechanika se snazi pochopit mechaniku zivych systému

EXISTUJE MNOHO ODVETVi BIOMECHANIKY, nap¥:
Lékarska biomechanika
Biomechanika hlasu, rec¢i a sluchu
Sportovni biomechanika
Kriminalisticka biomechanika

Biomechanika zivocichu, rostlin

Fung YC. Biomechanics. Mechanical properties of living tissues. (1st edition). New York: Springer, 1981



What is biomechanics?

An Interdisciplinary field.
Mechanics applied in biology (Fung 1981)

Mechanics is devoted to analysis of dynamical systems (studying the properties
of material objects, the effects of forces on them and their movement).

Biomechanics aims at understanding the mechanics of living objects

THERE ARE MANY BRANCHES OF BIOMECHANICS, such as:
Medical biomechanics
Biomechanics of voice, speech and hearing
Sports biomechanics
Forensic biomechanics

Biomechanics of animals and plants

Fung YC. Biomechanics. Mechanical properties of living tissues. (1st edition). New York: Springer, 1981



APLIKACE BIOMECHANIKY:

Lékarstvi: Klinické problémy kardiovaskularniho systému, protézy srdecnich
chlopni, pristroje pro mimotélni krevni obeh, diagnosticka analyza tepennich
pulsu, proudéni krve, biomechanismy poranéni organu, umélé nahrady koncetin
a kloubu (blomedlcmske inZenyrstvi), pomucky pro télesné postizené (invalidni
voziky, postele), metody monitorovani funkce organu

Bezpecnost a zdravi: stanoveni bezpecCnostnich kritérii, bezpeCnost
pracovnich pomucek, ochrana lidi v dopr. prostfedcich (bezpecnostnl pasy,
mechanismy pro zmirnéni narazu, ochrana proti vibracim...), metody
preventivnich vysetrenl patere

Sport: analyza ukonu a pomucky pro maximalni vykon (béh, skok, hod, plavani,
veslovani, lyZovani,...)

Hlas: Cinnost hlasového ustroji, vlastnosti hlasivek a tkani hrtanu, mechanismus
kmitani hlasivek, pochopeni mechanismu zpévu, pochopeni mechanismu
poruch hlasu, nalezeni bezpecnostnich kritérii pro hlasove profesionaly,
zlepSeni chirurgickych metod pro hlasové poruchy, modely tvorby hlasu a rfecCi
pro inteligentni (pocitaCové) aplikace atd.



APPLICATIONS OF BIOMECHANICS:

Medicine: Clinical problems of the cardiovascular system, heart valve
prostheses, devices for extracorporeal circulation, diagnostic analysis of the
arterial pulses, blood flow, biomechanics of organ injury, artificial joints and
limbs (biomedical engineering), disability aids (wheelchairs, beds), methods

for monitoring organ functions

Safety and health: establishing safety criteria safety of work equipment, the
protection of people in transportation devices (seat belts, mechanisms to
mitigate the impact, vibration protection ...) methods of spine screening

Sport: Analysis of activities and aids for maximum performance (running,
jumping, throwing, swimming, rowing, skiing, ...)

Voice: activity of vocal organs, properties of the vocal folds and tissues of
the larynx, vocal fold vibration mechanisms, understanding the mechanisms
of singing, understanding the mechanisms of voice disorders, finding safety
criteria for voice professionals, improvement of surgical techniques for voice
disorders, models of voice and speech for intelligent (computer) applications

etc.



UVOD DO BIOMECHANIKY
POHYBOVEHO SYSTEMU CLOVEKA

Zdroj: Stejnojmenné skriptum Fakulty télesné kultury
UP v Olomouci

Autor: Miroslav Janura

Elektronicka verze: Janura, M., & Bizovska, L. (2023).
Biomechanika: pohybovy system. Univerzita

Palackého, Fakulta telesnée kultury.
https.//www.skoladiagnostiky.sk/pohybovy-system/



INTRODUCTION TO BIOMECHANICS
OF HUMAN MOTION SYSTEM

Source:

Scriptum from the Faculty of Physical Culture,
Palacky University Olomouc (in Czech) by M. Janura
(Uvod do biomechaniky pohybového systému ¢lovéka)

Enoka RM. Neuromechanics of Human Movement-
1st Edition. Champaign, IL: Human Kinetics
Publishers, 1994.



Uréeni zakladnich parametru
lidského téla a jeho segmentu

Antropometrické a fyzikalni charakteristiky lidského tela
a jeho c¢asti — segmentu (strukturalni zaklad pohybového
aparatu)

Ziskané udaje jsou casto pouze priblizné
Délkové parametry — chyby lze dostatecné eliminovat

Hmotnostni parametry — slozitéjsi, Casto nelze pracovat
klasickym vazenim

Zakladni rozpor biomechaniky: na télesa, ktera nejsou
dokonale tuha, se aplikuji zakonitosti platné pro
dokonale tuha télesa



1st topic: Determination of basic parameters of
human body and its segments

Knowledge of anthropometric and physical characteristics of
the human body and its parts - segments (structural basis of
the motion apparatus)

Often, the data obtained are only approximate
Length parameters - errors can be sufficiently eliminated

Mass parameters — complicated to obtain, often impossible to
obtain by classic weighing

Basic problem of biomechanics: laws derived for rigid bodies
are applied to non-rigid materials



Jakym zpusobem Ize télo rozdelit
na jednotlive casti?

NejCastéji je v biomechanice
pouzivan 14ti-segmentovy
model lidského téla:

1) Hlava a krk

2) Trup (podrozdéleni na
horni, stfedni a spodni dil)

3,4) Leva a prava
paze/nadlokti

5,6) Levé a prave predlokti

7,8) Leva a prava ruka

9,10) Levé a praveé stehno

11,12) Levy a pravy bérec

13,14) Leva a prava noha

Pro detailnéjsi studie jsou
pouzivana jemnéjsi
podrozdéleni

Rozdéleni téla na jednotlivé segmenty
(Enoka, 1994)

Enoka RM. Neuromechanics of Human Movement-1st Edition.
Champaign, IL: Human Kinetics Publishers, 1994.



How can the body be divided into
individual segments?

The most often used model in
biomechanics: 14-segment
model of the human body:

1) Head and neck

2) Trunk (sometimes subdivided
into the top, middle and
bottom parts)

3.4) Left and right upper arm

5.6) Left and right forearm

7.8) Left and right hand

9,10) Left and right thigh

11,12) Left and right shank (calf)

13,14) Left and right foot

For more detailed studies, finer
subdivision are used

Division of human body into individual
segments (Enoka, 1994)

Enoka RM. Neuromechanics of Human Movement-1st Edition.

Champaign, IL: Human Kinetics Publishers, 1994.



Hmotnost segmentu lidského téla

Prvni udaje - urCeny na zakladé vazeni u zemrelych jedincu
(19. stoleti)

Vyznamné rozpéti hodnot — vliv pohlavi, véku, puvodu,
zameéstnani atd.

v s s

vuCi hmotnosti celého téla (m-):
Rmg=mg/ m;

NejCastéji jsou pouzivany udaje Susanky (1980),
kompilované z vice zdroju:



Masses of human body segments

First data - determined by weighting of deceased individuals
(19th century)

Considerable variability of values - influence of gender, age,
ethnicity, occupation etc.

Better accuracy - relative segmental mass (Rm,) — obtained
by dividing the mass of the segment mgby the mass of the
entire body (m+):

Rm,=mg/ m;

In CZ, Susanka (1980), compiled data from several sources:



Relativnhi hmotnost segmentt

lidského téla
(Susanka, 1980)

Segment Susanka, 1980 Variacni rozpéti u publikovanych udajii
Hlava 0,074 0,0568 — 0,0886
Trup 0,448 0,4028 - 0,5070
Stehno 0,124 0,0970-0,1473
Bérec 0,046 0,0399 - 0,0530
Noha 0,016 0,0114-0,0210
Nadlokti / paze 0,029 0,0259 - 10,0336
Predlokti 0,017 0,0153 -0,0228
Ruka 0,007 0,0054 -0,0100




Relative segmental mass for the

segments of human body
(Susanka, 1980)

Segment Mean value Variability in published data
Head (hlava) 0,074 0,0568 — 0,0886
Trunk (trup) 0,448 0,4028 - 0,5070
Thigh (stehno) 0,124 0,0970-0,1473
Shank, calf (bérec) 0,046 0,0399 - 0,0530
Foot (noha) 0,016 0,0114-0,0210
Upper arm (nadlokti, paze) | 0,029 0,0259 - 10,0336
Lower arm (ptedlokti) 0,017 0,0153-0,0228
Hand (ruka) 0,007 0,0054 -0,0100




ULOHA:

Jaka je priblizna hmotnost paze u Cloveka
vaziciho 70 kg? (podle stfednich SuSankovych
udaju)

Jake je mozneé rozpéti této hmotnosti a jaké chybée
(v procentech hmotnosti paze) to odpovida? (Vyjdi
z uvedené variability udaju v tabulce.)



TASK:

What is the approximate mass of an upper arm in
a human of 70 kg weight? (using mean values
from SuSanka data)

What is the possible variability of this mass and
what is the corresponding possible error (in
percentage of the mass of the arm)? (Use the
information on the variability of the data from the
table of Susanka.)



Jaka je priblizna hmotnost nadlokti u Cloveka vaziciho 70
kg?
mp = 0.029"m+ = 0.029*70= 2.03 kg

Jaka je mozna chyba této hmotnosti? (podle odchylky od
stfednich Susankovych udaju)

mp = (0,0259 — 0,0336) *m; = 1.813 - 2.352 kg
Chyba v procentech:
[(2.352-2.03) / 2.03]*100 = 15.86%
[(1.813-2.03) / 2.03]*100 = -10.69%

K zamysleni: proC asi nejsou tyto dve chyby stejné?



SOLUTION:

What is the approximate mass of an upper arm in a human
of 70 kg weight?

mp = 0.029*m; = 0.029*70= 2.03 kg
What is the possible variability of this mass?
mp = (0,0259 — 0,0336) *m; = 1.813 - 2.352 kg
In percent:
[(2.352-2.03) / 2.03]*100 = 15.86%
[(1.813-2.03) / 2.03]*100 = -10.69%

Think: why the deviations up and down are not the same?



Hmotnost segmentu lidského téla

Alternativni neprima metoda: Radioizotopicka (Zaciorsky &
Selujanov, 1972)

Na zakladé velikosti ubytku zareni (nizké intenzity) pfi jeho
pruchodu segmentem téla byly vypocitany koeficienty (tab.
2, Janura, str.12) , které umoznuji vypocCet hmotnosti
segmentu podle vztahu

mi = BO + B1.X1 + B2.X2 y

kde m, je hmotnost i-tého segmentu; x, je celkova hmotnost
tela v kg; x, je télesna vyska v cm; B, B4, B, jsou
koeficienty ziskané z regresnich rovnic.



The mass of segments of the human body

An alternative indirect method: Radioisotopic observations
(Zaciorskij & Selujanov, 1972)

Coefficients obtained based on absorption of (low intensity)
radiation passing through the body segment, (Tab. 2,
Janura, p.12). These coefficients allow calculation of the
segmental mass using the relationship

mi = BO + B1.X1 + B2.X2 y

where m; is the mass of the i-th segment, x, is the overall
body weight in kg, x, is body height in cm, and B, B4, B,
are coefficients obtained from regression equations.



Regresni koeficienty pro vypocet

hmotnosti segmentu lidského téla
(Zaciorsky & Selujanov, 1972) (tab. 2, Janura, str.12)

Segment B, [kg] B, B, [kg.cm] | r o [kg]
Hlava 1,296 0,0171 0,0143 0,591 0,322
Trup

horni ¢ast 8,2144 0,1862 -0,0584 0,798 1,142

stfedni ¢ast | 7,181 0,2234 -0,0663 0,828 1,238

dolni Cast -7,498 0,0976 0,04896 0,743 1,020
Stehno -2,649 0,1463 0,0137 0,891 0,721
Bérec -1,592 0,03616 0,0121 0,872 0,219
Noha -0,829 0,0077 0,0073 0,702 0,101
Nadlokti 0,250 0,03012 -0,0027 0,834 0,178
Predlokti 0,3185 0,01445 -0,00114 0,786 0,101
Ruka -0,1165 0,0036 0,00175 0,516 0,0629

Regr. rovnice: m, = By + B;.X4 + B,.X,
r — koeficient korelace; c — smérodatna odchylka regresnich rovnic



Regression coefficients for calculating

segmental mass in human body
(Zaciorskij & Selujanov, 1972) (tab. 2, Janura, p.12)

Segment B, [kg] B, B, [kg.cm] | r o [kg]
Head 1,296 0,0171 0,0143 0,591 0,322
Trunk

upperpart | 82144 | 0,1862 | -0,0584 0,798 1,142

middle part | 7,181 0,2234 -0,0663 0,828 1,238

lower part -7,498 0,0976 0,04896 0,743 1,020
Thigh -2,649 0,1463 0,0137 0,891 0,721
Shank -1,592 0,03616 0,0121 0,872 0,219
Foot -0,829 0,0077 0,0073 0,702 0,101
Upper arm 0,250 0,03012 -0,0027 0,834 0,178
Lower arm 0,3185 0,01445 -0,00114 0,786 0,101
Hand -0,1165 0,0036 0,00175 0,516 0,0629

Regr. equation: m, = B, + B,.x4 + B,.X,
r — correlation coefficient; c — standard deviation of regression equations




ULOHA:

Jaka je priblizna hmotnost paze u Cloveka vaziciho
70 kg, mériciho 180 cm? (podle regresnich rovnic)

Jake je mozneé rozpéti této hmotnosti a jaké chybée
(v procentech hmotnosti paze) to odpovida? (podle
regresnich rovnic)



TASK:

What is the approximate mass of an upper arm of
a man weighing 70 kg and measuring 180 cm?
(according to regression equations)

What is the possible variability range of the mass
and to what error does it correspond (in percent)?
(according to regression equations)



RESENI:
Jaka je priblizna hmotnost paze (mp) u Clovéka vaziciho 70

kg (m+), méficiho 180 cm (L)?

My = By + B,.m; + B,.L; = 0.25 + 0.03012*70 — 0.0027*180 =
1.8724 kg

Jaka je mozna odchylka od této hmotnosti? (podle
smerodatné odchylky rovnic, v Tabulce):

5=0.178 kg > mp= 1.8724 + 0.178 kg > (1.6944<m,< 2.0504)
kg

Podle Gaussova rozloZzeni odchylka o ¢ odpovida pouze 68%
intervalu spolehlivosti




SOLUTION:

What is the approximate weight of the upper arm (m,) in humans
weighing 70 kg (my), measuring 180 cm (L )?

Mya = By + B,.m; + B,.L; = 0.25 + 0.03012*70 — 0.0027*180 =
1.8724 kg

What is the possible deviation from this weight? (standard deviation
according to equations in the table):

G =0.178 kg & my,= 1.8724 + 0.178 kg > (1.6944<m,< 2.0504)
kg

Note: Gaussian distribution with a standard deviation of +c
corresponds to only 68% confidence interval




Normalni rozlozeni hodnot (Gaussova
funkce)

Smérodatna odchylka a
interval spolehlivosti (Standard
deviation and confidence

intervals) :
+ _
=
sEmpirické pravidlo® neboli
Pravidlo 68-95-99.7" 2 -
[41]
o 34,19 | 34.1%

oV rozmezi 1 smérodatné
odchylky je pfiblizné 68% hodnot -
(68% interval spolehlivosti)
0V rozmezi 2 smeérodatnych 2 :
odchylek je priblizné 95% hodnot g % o p Mo & o
(95% interval spolehlivosti)

oV rozmezi 3 smérodatnych
odchylek je priblizné 99.7%
hodnot (99.7% interval
spolehlivosti)




Normal distribution of values
(Gaussian distribution)

Standard deviation (SD) and
confidence interval (Cl) :

Rule of thumb ->
Rule “68-95-99.7” 3 -

o Within 1 standard deviation
there are approximately 68% of e
measured values (68%
confidence interval) °

o Within 2 standard deviations =
there are approximately 95% of
measured values (95% ClI)

o Within 3 standard deviations
there are approximately 99.7%
of measured values (99.7% ClI)




RESENI:

Jaka je pfriblizna hmotnost paze u Clovéka vaziciho 70 kg
(m+), mer|C|ho 188 cm (Ly)?

My = By + B,.m; + B,.L; = 0.25 + 0.03012*70 — 0.0027*180 = 1.8724 kg

Jaka je mozna chyba této hmotnosti? (podle standardni odchylky
rovnic, v Tabulce):

c=0.178 kg = my=1.8724 £ 0.178 kg = (1.6944<m < 2.0504) kg
Podle Gaussova rozlozeni odchylka o £o odpovida pouze 68% intervalu
spolehlivosti

Pro 95% interval spolehlivosti pouzijeme £2c = + 0.356 kg = (1.5164<
mp<2.2284) kg

Coz odpovida mozné percentuelni odchylce v hmotnosti paze:

[+ 0.356 / 1.8724]*100 = + 19%



SOLUTION:

What is the approximate weight of the upper arm (m,) in humans weighing 70
kg (my), measuring 180 cm (L )?

Mya = By + B,.m; + B,.L; = 0.25 + 0.03012*70 — 0.0027*180 = 1.8724 kg

What is the possible deviation from this weight? (standard deviation according to
equations in the table):

G =0.178 kg & my,= 1.8724 + 0.178 kg = (1.6944<m,,< 2.0504) kg

Gaussian distribution with a standard deviation of o corresponds to only 68%
confidence interval.

For 95% confidence interval we use:
+2c =+ 0.356 kg = (1.5164< m,<2.2284) kg
In percent, this corresponds to:

[+ 0.356 / 1.8724] * 100 = £ 19% (variability of the upper arm within 95% CI)



Rozméry segmentu — délkové,

Sirkoveé a obvodoveé
charakteristiky

Casto Ize urgit pfimo

Jejich mérenim se zabyva specialni obor —
antropometrie

U mnoha biomechanickych uloh je znalost téchto
rozmeéru nezbytna

Priblizné urCeni — parametry vzhledem k télesné vysce
(Winter, 1990; Janura obr. 10)



Size of segments:
Length, width and circumference
characteristics

Often, these can be measured directly

There is a special field dealing with their measurement -
anthropometry

Knowing these measures is essential for many
biomechanical tasks

An approximate determination - parameters relative to
body size (Winter, 1990; Janura Fig. 10)
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Model lidského tela

Lidské telo je slozité a a) b)

ziskavani dat je naroCne

Casto jsou vyuzivany QE
O

zjednodusené modely

(nahrazeni segmentu @ﬁ
jednoduchymi

geometrickymi utvary, ﬂﬂ
které Ize dobre

matematicky &8
charakterizovat)

Janura, Obr. 11 Hanavanliv model
lidského téla (a), Hatzeho hominoid (b)
(Enoka, 1994)

Enoka RM. Neuromechanics of Human Movement-1st Edition.
Champaign, IL: Human Kinetics Publishers, 1994,



Model of the human body

Human body is a a)
complicated structure and

obtaining accurate data is GE
@

demanding

Often, simplified models ﬁﬁ
are used (replacing

segments with simple ﬂﬂ
geometric structures that

can easily be described oL
mathematically)

Janura, Fig. 11: Hanavan’s model of
human body (a), Hatze’s hominoid (b)
(Enoka, 1994)



Model lidského tela

V poslednich letech nastal vyrazny pokrok v technologii
ziskavani dat a tvorby modelu — pocitaCova tomografie,
magneticka rezonance, projekt Visible Human, rapid
prototyping (3D tiskarny), vyvoj software pro
konecnoprvkové pocitacove modely (ANSYS,...)
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Janura, Obr. 12 Vyvoj na prikladech grafického vyjadreni pohybu téla (Allard, Stokes, & Blanchi, 1995)



Models of human body

Recent years: significant progress in the technology of data
acquisition and creation of models —

- computed tomography, magnetic resonance imaging,
Visible Human Project, rapid prototyping (3D printing),
development of software for finite element computer models
(ANSYS, ..)
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Janura, Fig. 12 Development of models — examples of graphical representation of human body motion
(from Allard, Stokes, & Blanchi, 1995)



TEZISTE
pusobisté tihove sily, ktera pusobi na hmotné téleso

s tézistém pracujeme kdyz pohyb téla redukujeme na pohyb hmotného bodu

v zakladnim anatomickém postaveni (stoj spojny se vzprimenou hlavou,
koncetiny volne spustene podél téla, s dlanemi obracenymi dopredu) se
tézisté nachazi v malé panvi ve vysce druhého nebo tretiho kfizoveho obratle,

asi 4-6 cm pred promontoriem (pozn. promontorium = vyvy$eni 1. predhofi, vyklenuti horni
Casti kfizoveé kosti v oblasti vchodu do malé panve)

Se zménou vzajemné polohy jednotlivych segmentd se méni také umisténi
celkoveho tézisté lidskeho téla. Pro nékteré polohy tela lezi tézisté mimo
lidské telo (Janura, obr. 13).

Celkové téziste téla souvisi se stabilitou Clovéka v jednotlivych postojich a
polohach.




CENTER OF GRAVITY

The point of action of gravitational force which acts on the physical body
Useful for reducing the body movement to motion of a single point

In basic anatomical position (standing upright with head upright, arms freely hanging
along the body with palms facing forward) the center of gravity is located in the pelvis
area at the height of second or third sacral vertebra, about 4-6 cm in front of the sacral
promontory (note: sacral promontory = the most prominent anterior projection of the
base of sacrum at the entrance to the small pelvis)

Change of mutual position of the individual body segments also changes the location
of the center of gravity of the human body. For certain positions, the center of gravity
can be located outside the human body (Janura, Fig. 13).

The overall center of gravity of the body is related to the stability of the human
individual positions.




TEZISTE
U muzu je tézisté vétsSinou asi o 1-2 % vySe nez u zen
U déti je tezisté umisténo relativné vysoko.
V prubéhu rustu se méni pomeér mezi velikosti hlavy, délkou

trupu a délkou koncCetin — tézisté se v lidském téle posouva
smérem dolu.

Na rozdil od tuhych téles je urCeni téziste lidského téla a
jeho dil€ich segmentu slozitym problémem. Proto Casto
vyuzivame udaje, ktere byly ziskany experimentalné
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CENTER OF MASS (COM)

In men, the center of mass is generally about 1-2% higher
than in women

In children, the center of mass is located relatively high.

When growing up the ratio between the size of the head,
length of the torso and legs changes - the center of mass of
the body moves downward.

Unlike in solids, determining the center of mass of human
body and its partial segments is a complex issue.

Therefore, often we use data obtained experimentally from
earlier studies.



Téziste segmentu

Obr. 14 (Janura):
Tézisté vybranych
segmentu na dolni
koncCetiné

Teziste zpravidla lezi na ose segmentu; na Usecce s krajnimi body ve stfedech kloubu,
ohraniCujicich segment

Bérec, noha a ruka: tézisté déli segment v poméru 2:3 (mensi ¢ast u proximalniho konce
segmentu)

Nadlokti, predlokti a stehno: tézisté déli segment v poméru 4:5

vVigwviiwv s

Jestlize je segment nohy uréen kromé hlezenniho kloubu a ,$picky“ také ,patou’, je tézisté
umisténo v tézisti trojuhelniku s vrcholy v téchto bodech (obr. 14).



Centre of mass of segments

Fig. 14 (Janura):
COMs of selected
segments of the
lower limb

COM normally lies on the segment axis. The segment axis is a line with its endpoints
located at the centers of the articularory joints bounding the segment

Lower leg, foot and hand: COM divides the segment with the ratio 2:3 (smaller portion is at
the proximal end of the segment)

Upper arm, forearm and thigh: COM divides the segment with the ratio 4: 5

!J—Iead and neck, and torso: determining COM is more complicated, see e.g. Fig. 15 in
anura.

When the foot segment is defined, besides of the ankle joint also by the foot "tip" and
"heel”, its COM is located at the centroid of the triangle formed by these points (Fig. 14).



Téziste segmentu /
Segmental centers
of mass

57% _43%

61% 39%

Obr. 15, Janura: Procentualni vyjadreni
polohy tézist segmentl lidského téla
podle prace SuSanka (1980) in Karas et
al. (1990).

Fig. 15, Janura: Expression of the
location of COMs of human body
segments in percent. After SuSanka
(1980) in Karas et al. (1990) .
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Urceni teziste tela — analyticka metoda

V soucasnosti nejvice pouzivana metoda
Matematickeé algoritmy, které Ize softwarove implementovat
Pouzivana napf. pfi analyze videozaznamu

Nejprve se urci tézisté vSech segmentl a z nich se spocita tézisté celého téla

Obr. 17, Janura: Uréeni |
tezisté téla analytickou W
metodou. W




Determining the center of mass (COM) of the body - Analytical method

Currently, the most frequently used method
Uses mathematical algorithms that can be implemented in software
Used eg. when analyzing video recordings

First, the COMs of all individual segments are determined to calculate the COM
of the whole body

Fig. 17, Janura: Determining . |
the whole body COG using W
the analytic method.




Teziste tela

Pri urCeni tézisté vychazime z nasledujici uvahy (predpokladame pouziti n-
segmentoveho modelu):

1. Soucet hmotnosti jednotlivych segmentu je roven celkové hmotnosti téla

m,+m,+..+m,=m

2. Soucet tihovych sil, které pusobi na segmenty, je roven tihové sile,
pusobici na celé télo.

G +G,+...+G, =G
3. Soucet momentu tihovych sil (vzhledem k danému bodu; zpravidla pocatku

soustavy souradnic, do které umistime zaznam pohybové aktivity), které
pusobi na jednotlivé segmenty, je roven celkovému momentu tihove sily.

MG, + MG, + ... + MG, = MG

(pro moment tihové sily plati: MG = m*g*r, kde m je hmotnost, g je tihové zrychleni a r je rameno
sily)



The center of mass

To determine the center of mass of the whole body, we use the following
considerations (assuming the n-segment model):

1. The sum of the weights of the segments is equal to the total body weight
m,+m,+..+m,=m

2. The sum of gravitational forces acting on the segments is equal to the
gravitational force acting on the entire body.

G +G,+ .. +C. =G

3. The sum of gravitational torques (momenty tihovych sil) (relative to a chosen point,
normally to the zero of the coordinate system at which the motion starts), which act
on the individual segments, is equal to the overall gravitational torque.

TG, + TG, + ...+ TG, =TG

(for the gravitational torgue it holds : TG =m * g * r, where m is mass, g is the gravity
acceleration, and r is the arm of force (rameno sily))



Teziste tela

Pro osu x dostavame rovnici (souc¢et momentovych sil):
mM,.g.Xtq + My.g.X1p + ... + My,.0.X1,= M.G. X7,

kde m — hmotnost téla v %, m = 100 %,
g — tihové zrychleni, g = 9,81 m.s>?,
m,, m,, ..., m, — relativni hmotnosti segmentu,
X11s X725 --+» X1, — X-OV€ SoOUFadnice dilCich tézist,
X1 — X-ova souradnice celkoveého téziste.

Pro soufadnice celkového tézisté téla, které je uréeno pomoci n segmentu,
dostavame:

n n n
Z Xrj - Z Yri-M, Z Zp-m;

Xp = Yr == »4Zr =
Zmi
i=1

== =
Z m; Z m;
i=1 i=1

kde Xy;, Y1, Z1; — soufadnice dilCiho tézisté i-tého segmentu, m, — relativni
hmotnost i-tého segmentu.

Po dosazeni do rovnice vypocitame danou soufadnici tézisté téla.




The body Center of Mass (COM)

For x-axis we get the equation (the sum of torques)
M4.g.Xp4 + My.g. Xy + ... + My,.0.X7,= MG X7,

where m = mass of the body in %; m = 100%,;
g = acceleration of gravity, g = 9.81 ms=2,
m,, m,, ..., m, = the relative segment masses,
X1, X792, ---» X1, - X-COOrdinates of the individual segment COMs,
X - X-coordinate of the overall COM.

For the coordinates of the overall COM, which is determined by n segments,
we get:

n n n
Z Xrj - Z Yri-M, Z Zp-m;

Xp = Yr == »4Zr =
Zmi
i=1

== =
Z m; Z m;
i=1 i=1

wherein Xy, Yr;, Z; are coordinates of the COM of the ith segment, m; is the
relative mass of the i-th segment.

The equations are used to calculate the x, y and z coordinates of overall
COM of the body.
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VYPOéet tez I Sté té I al http://biomech.ftvs.cuni.cz/pbpk/kompendium/b

COM calculatlon

iomechanika/geometrie_teziste vypocet.php

Biomechanika / Geometrie lidskeho tela / Teziste lidského tela / Vypocet celkoveho téziste téla
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Setrvacnost

Setrvacénost je vlastnost hmotnych téles (téles s hmotnosti), které se snazi
setrvat v klidu nebo v rovhomérném primocarém pohybu v pfipade, ze na
téleso neplsobi zadna sila nebo sily jsou v rovnovaze. (1. Newtontv
zakon)

Velikost setrvaénosti je pfimo zavisla na hmotnosti t&lesa. Cim vétsi
hmotnost ma téleso, tim vétsi setrvacnost vykazuije.

V mechanice - setrvacnost je schopnost telesa neménit smeér ani rychlost
pohybu (vuci vztazné soustaveé). Muze se jednat o klid (fyzika) nebo v
rovhomeérny primocary pohyb.

Jsou-li pusobici sily v rovnovaze (tj. vzajemné se rusi) setrvava téleso
v puvodnim stavu.

(www.wikipedia.cz — pozn.: Kdy je dobré pouzit wikipedii?)




Inertia

Inertia is the resistance of any physical object to any change in its state of
motion. This includes changes to the object's speed, direction, or state of
rest. (Newton's first law)

Size of inertia directly depends on the mass of the body. The greater the
mass, the greater the inertia.

If the operating forces are in equilibrium (i.e. cancelling mutually), the
body keeps moving with the same speed and direction, or it remains at
the state of rest.



Hybnost

Hybnost (p) je fyzikalni veli€ina, ktera vyjadfuje miru setrvacnosti télesa.
Je to vektorova veli€ina (ma velikost i smér).

Vektor hybnosti je v Newtonové mechanice urCen vztahem:
p=mv [jednotka: kg-m-s]
kde m je hmotnost télesa, v je rychlost télesa.

Slovy : Velikost hybnosti zavisi na hmotnosti a rychlosti télesa, smér hybnosti je
stejny jako smér rychlosti.

V izolovanych mechanickych déjich plati zakon zachovani hybnosti:
Celkova hybnost izolované soustavy téles se neméni:

P = p;tpP,tPst...p, = Konst.

Zména hybnosti Ap zplusobena silou F za ¢as At je rovha impulzu sily:
Ap =F At .

(www.wikipedia.cz)




Momentum (Linear momentum)

Momentum (p), or Linear momentum is a physical quantity that expresses the
degree of inertia.
It is a vector quantity (it has size and direction).

In Newtonian mechanics the momentum vector is determined by the relationship:

p=mv [unit: kg-m-s]
where m is the mass of the body, v is the velocity of the body.

In words: The momentum size is dependent upon the mass and velocity of the
body, the momentum direction is the same as the direction of the velocity.

In isolated mechanical events the momentum conservation principle applies:

The total momentum of an isolated system of bodies keeps being constant:
P = p1tPo*tPst... P, = const.

The change of momentum caused by force F within time At is equal to the
Impulse:

Ap =F At .



Moment setrvacnosti

Podobné jako setrvacnost vyjadruje tendenci télesa setrvavat v rovhomeérne
primocCarém pohybu (Ci klidu), moment setrvacnosti vyjadruje tendenci
setrvavat v otaCivém pohybu:

Moment setrvacnosti (J) je fyzikalni veliCina, ktera vyjadfruje miru
setrvacnosti télesa pfi otacivem pohybu. Jeji velikost zavisi na rozlozeni hmoty
v télese vzhledem k ose otaceni. Body (Casti) télesa s vetSi hmotnosti a
umisténé dal od osy maji vetSi moment setrvacnosti.

Pozn: Moment setrvacnosti ma i téleso v klidu!

Moment setrvacnosti je dulezity pro popis rotacniho pohybu téla a segmentl (zejména
pro ur¢eni momentu hybnosti L=J w).

(www.wikipedia.cz)




Moment of Inertia, Angular mass

Similarly to inertia which expresses the tendency of the body to remain in constant
motion (or rest), moment of inertia expresses the tendency to remain in rotational
motion:

Moment of inertia (J), also known as the angular mass or rotational inertia, is a
physical quantity that expresses the amount of inertia in rotational motion. Its size
depends on the distribution of mass in the body relative to the axis of rotation. Points
(parts) of the body with a larger mass and positioned away from the axis have a greater
moment of inertia.

Note: Also body at rest has a non-zero Moment of inertial!

The moment of inertia is important to describe the rotational movements of the body
and the segments (in particular for determining the angular momentum L = J w).

The moment of inertia (J) of a rigid body is a tensor that determines the torque
needed for a desired angular acceleration around rotational axis.




Moment hybnosti

Moment hybnosti (to€ivost) ma pfi rotacnim pohybu stejny vyznam jako hybnost
pfi pohybu pfimocarém.

Moment hybnosti (ozn. L nebo b) je urCen vektorovym soucinem jako:

L=rxp [jednotka: kg m?s],
kde r je polohovy vektor (s po¢atkem v bodu otaceni) a je p hybnost.

Pojem momentu hybnosti je analogicky pojmu hybnosti: tak jako je hybnost
soucinem hmotnosti a rychlosti v pripadé translacniho pohybu, tak je moment
hybnosti souCinem momentu setrvacnosti J a uhloveé rychlosti w v pfipadé
rotacniho pohybu:

L=Jw
[ vyplyva ze vztahu pro hybnost u otacivého pohybup=mv=m (r x w) ]

(www.wikipedia.cz)




Angular momentum

In physics, angular momentum (rarely, moment of momentum or rotational momentum) is

the rotational equivalent of linear momentum. It is an important quantity in physics because it is

a conserved quantity — the total angular momentum of a system remains constant unless acted
on by an external torque.

Angular momentum (labeled L or b) is a vector product:
L=rxp [unit: kg m?sT],

where r is the position vector (starting at the point of rotation), and p is the linear momentum.

The concept of angular momentum is analogous to the concept of linear momentum:
whereas momentum is the product of mass and velocity in the case of the translational
movement, angular momentum is the product of the moment of inertia J and angular velocity
w of the rotary motion:

L=Jw

[It can be derived from the relationship for the momentum in rotary motion p = mv = m (r x w)]

https://en.wikipedia.org/wiki/Angular_momentum



Hybnost versus moment hybnosti

Analogie:

Hybnost: p =m v (m: hmotnost, v : rychlost)

Moment hybnosti: L = J w (J: moment setrvacnosti, w : uhlova rychlost)

Moment setrvacénosti J tedy plni u otaéivého pohybu stejnou ulohu jako
hmotnost m u pfimocarého pohybu.

Jaké jsou momenty setrvacénosti u lidského téla a segmentt?



Momentum versus Angular momentum

Analogy:

Momentum: p = m v (m: mass, v: velocity)

Angular momentum: L = J w (J: moment of inertia, w: angular velocity)

Moment of inertia J therefore plays the same role in rotational motion as does
the mass in linear motion.

What are the moments of inertia in the human body and the segments?



Momenty setrvacnosti (J) lidskeho tela a
jeho segmentu

Pro hmotny bod plati:
J =m.r¢ [kg.m?],
kde m — hmotnost bodu; r — vzdalenost hmotného bodu (kolmo) od osy
otaceni.

Pro soustavu bodu — téleso (segment, lidské télo) je moment setrvacnosti
roven souctu momentu setrvacnosti vSech bodu (segmentu) vzhledem k
ose otaceni, tedy:

i :Irzdm nebel | 7, :Z:ﬂmirij ; {k‘g.mzl

kde m;, — hmotnost i-té Casti, ze kterych se telo sklada;
. — vzdalenost i-té Casti (nebo tézisté segmentu) kolmo od osy O
(prochazi tézistem téla)



Moment of Inertia (J) of the human
body and its segments

For a material point it holds:
J =m.r¢ [kg.m?],
where m - mass of the point, r - distance from the point (perpendicular) to
the axis of rotation.

For a set of material points —a body (e.g., a segment, human body as a
whole) the moment of inertia is equal to the sum of the moments of inertia of
all points (segments) with respect to the rotation axis, namely:

i :Irzdm nebel | 7 :ZTPH!.FE_E ; [ﬁi‘g.mzl

where m, - the mass of the i-th segment of the body;

. - the distance of i-th segment (segment COG) perpendicularly from to the
rotational axis O (which passes through the COG of the body)



Momenty setrvacnosti (J) lidskeho tela a
jeho segmentt

Lidské télo ma ruzné hodnoty momentu setrvacnosti pfi otaceni v
ruznych osach

vertikalni 55 pravoleva pfedozadni
osa ! osa osa
0 0
Qs D
J=1kg.m? J =12 kg.m? | J =13 kg.m?

Janura, Obr. 18 Hodnota momentu setrvaénosti pro osy prochazejici tézistém téla
(upraveno podle Hochmuth in Karas, 1990)



Moment of Inertia (J) of the human body
and its segments

The human body has different values of Moment of Inertia around
different axes of rotation

Vertical Left-right ~ Front-back
axis \5 axis - axis
0 0
(. D,
J=1kg.m? J =12 kg.m? | J =13 kg.m?

Janura, Fig. 18 The value of the Moment of Inertia of human body for axes passing
throught the body COG (modified after Hochmuth in Karas, 1990)



Momenty setrvacnosti lidského téla a jeho segmentu

Jestlize rotace probiha kolem osy, ktera neprochazi tézistém segmentu (téla),
uréime velikost momentu setrvacnosti podle vztahu (Steinerova véta):

Jp=Jdo+ m.r?,
kde Jo— moment setrvacnosti vzhledem k ose prochazejici té€zistém segmentu (téla);

m — hmotnost segmentu; r — vzdalenost osy prochazejici tézistém a osy s ni
rovnobézneé, ke které vztahujeme moment setrvacnosti (obr. 19).

Pro vice segmentd: J = 5. Jo + 3, m..r2

J=1Jo+mgr?
J, — moment setrvacnosti stehna vzhledem k ose (0)

A%

Janura, Obr. 19 Moment setrvacnosti stehna vzhledem k pravolevé ose
(flexe-extenze), prochazejici kolennim kloubem



The moments of inertia of the human body and its segments

If the rotation takes place around an axis that passes through the center of gravity of
the (body) segment, the value of the moment of inertia can be calculated using the
relationship (Steiner's theorem):

Jp=Jdo+ m.r?,
wherein J, - moment of inertia for axis passing through the segment COG,

m — segment mass, r - distance from the axis passing through the COG to the parallel
axis to which we relate the moment of inertia (Fig. 19).

For more segments: J = }; Jo; + 3 M,.r2

J=1Jo +myp,.1r?

Jo —moment of inertia of the thigh with respect to
the axis (0) passing through its COG

myp, —mass of the thigh segment

Janura, Fig. 19 Moment of Inertia of the thigh with respect to the left-right axis
(flection-extension), passing through a knee joint



Momenty setrvacnosti lidského téla a jeho segmentu

Momenty setrvacnosti J, segmentu lidského téla byly zjiStovany experimentalné
Zaciorskym a Selujanovem (1979) vzhledem k osam kolmym na rovinu

- frontalni (napf. provadéni veletocCe) a

- sagitalni (napf. provadéni vrutu).

Lze je vyjadrit na zakladé rovnice | ./, = 5, + By + Byv | (pro kaZdy segment), {kg_mzj

2

kde m (kg) je celkova hmotnost

Viypoéet momentu setrvaénosti segmentu téla a v (cm!) je vyka pokusné osoby.

dle Zaciorského a Selujanova, 1979
frontalni rovina

2 2 - 057 7 2.0
segment By [kg.cm’] |B, [kg.cm] |B, [kg.cm] VSechny vyse uvedené koeficienty byly
noha 100 0.4d 0526 stanoveny experimentaln&, maji stochasticky
bérec -1105 459 b 53 harakt otich it N B
Py EET 317 TBE] charakter a jejich pouZiti na ,primeérnou
ruka 185 017 0,116 populaci je tedy provedeno s jistou
pFedlokti -4 035 0,34 pravdépodobnosti a zatizeno urcitou chybou
nadlokti 2507 156 1512 o
- : méfeni.
hlava 76 1,171 1519 ere
wrchni éast trupu 812 3k 73 -5 97
stredni Cast trupu 185 98] 1287 Pro zji§téni celkového momentu setrvadnosti
spodni €3t trupu 1568 12 7041 vl vy v . .
Clovéka je nutno pouzit Steinerovu vétu pro
soustavu hmotnych segmentd, tj, plati rovnice:
{kg.cmzj y g ], P
_ H b 2 2
kile m (ki) je celkov 4 hmothost J —Zlinf +Zlmid:‘ : l’rfg-m J '

avw(cml) jevyska pokusne osoby.

kde d [m] je vzdalenost tézisté segmentu i kolmo od

Tabulka T1.2: osy otaceni

http://biomech.ftvs.cuni.cz/pbpk/kompendium/biome
chanika/images/2TImom.gif



The moments of inertia of the human body and its segments

Moments of inertia Jo of segments of the human body were examined experimentally by Zaciorskij and
Selujanov (1979) relative to the axes perpendicular to these planes:

- Frontal (e.g. execution of grand circle (veleto¢) in gymnastics) and
- Sagittal (e.g. implementation of twists (vruta) in figure skating (krasobruslenti)).

They can be expressed through the equation: Jg =By + By + Byv | (for each segment) [kg.sz ,

where m [kg] is the overall body mass

Vypocet momentu setrvaénosti segmentu téla and v [eml] is the person’s height

dle Zaciorského a Selujanova, 1979
frontalni rovina

segment By [kg.cm’] |B, [kg.cm] |B, [kg.cm] All the above coefficients have been
noha 100 0.4d 0526 determined experimentally, are stochastic in
hérec -1105 4 59 i:E { d thei lication to the " "
pryy R 317 TBE] nature and their application to the "average
ruka -18.5 017 0116 population is thus performed with a certain
predlokti -b4 035 0,34 probability, and contains some measurement
nadlokti 2807 156 1512 Sl
hlava 78 1,171 1519 '
wrchni éast trupu 812 3k 73 -5 97
stredni Cast trupu 185 98] 1287 To determine the total moment of inertia of
spodni East trupu 1568 12 7741 ) i ,
humans is necessary to use Steiner's theorem
for the system of physical segments, i.e., the
(kgem?) i b/ .
equation:
kde m (kg je celkov a hmotnost N " . >
avw(cml) jevyska pokusne osoby. J :ZIJD!. +Zlmid=‘ : lfcg.m J :
Tabulka T1.2: where d; [m] is the distance of the COG of the
http://biomech.ftvs.cuni.cz/pbpk/kompendium/biome i-th segment perpendicular to the axis of

chanika/images/2TImom.gif rotation



Vyznam celkového momentu setrvacnosti clovéeka:

Vyskytuje se ve vétSine rovnic rfesicich rotaci Cloveka, resp. veliCin
souvisejicich s rotaci (toCivost, kineticka energie rotaéniho pohybu
atd.).

Na rozdil od zakona o zachovani hybnosti izolované soustavy je
mozno dle zakona o zachovani tocCivosti (momentu hybnosti) izolované
soustavy vyuzit zmén velikosti momentu setrvacnosti v letovych fazich
rotacniho pohybu ke zmeénam uhloveé rychlosti béhem letu (salta, vruty,
premety, preskoky pres nacini s rotaci apod.), tj. priblizenim hmotnosti
nékterych segmentu téla k ose otaceni (neboli zmensenim celkového
momentu setrvacnosti) zvysit rychlost rotace a naopak.



Importance of the overall moment of inertia in humans:

It occurs in most equations solving human rotation, or variables related to
rotation (torque, kinetic energy of rotational motion etc.).

Unlike the law of conservation of momentum in isolated systems, it is possible
to explore the law of conservation of angular momentum of isolated systems
to take advantage of changes in the size of the moment of inertia

— e.g. in the flight stage of rotary motion we can change the angular velocity
during the flight (somersaults, twists, flips, jumps over utensils in gymnastics
using rotation etc.),

i.e. bringing masses of some body segments closer to the body rotational axis
(or reducing the overall moment of inertia) increases the rotation speed and
vice versa.



Vypocet momentu setrvaénosti segment:
Calculation of the moments of inertia of body segments

http://biomech.ftvs.cuni.cz/pbpk/kompendium/biomechanika/geometrie_moment_vypocet.php

- W IALELA M AN

= MAPA SERVERU V#PDEEt momentu setrvacnosti
* m: Zélkdadnd wnukou mechambky nabizeji tyto webové stranky
-BIDME-::HANIKA """"""""""" Meznate-li pfesné charaktenistiloy néjaké mechanické velidiny, miZete poudt (anghcly) slovnik.
o ZAKLADY
o GEOMETRIE LIDSKEHD ]
TR Zadejte hmotnost (leg) m = 7a
* SEGMEMTARNI : : . —
STRUKTURA TELA Zadepte vyl (o) v= 174
* GEOMETRIE Rovina: Frontini & Sagitdlni O
HMOTNOSTI —
. TEdrsTE
¢ MOMENT
SETRVACNOSTI N o
o V¥poLET Zadané hodnoty: m = 70 [Kg], h = 179 [cn], frontaln rovina
o WYukowy
PRIKLAD
o KINEMATIKA Segment Bu[kg.cmz] B][kg.cmz] Bz[kg.cm] J|_'|[l':g-::m2
o DyNAMIKA
o FNERGETICETY ASPEKT Hlava -112 143 1.73 29777
© MECHANICKE =~ Ruka -13.68 0.088 0092 | 8948
VLASTNOSTI TKANE
© POHYBOVY SYSTEM Predlolti -67.9 0.855 0.376 58.254
o EXPERIMENTALNI
BIOMECHANIKA Nadlokt -232 1.526 1.343 115,217
= KINEzroLoGIE Moha -57.09 0414 0614 | 41.796
= ANATOMIE
Bérec -1152 4 5584 6815 389465
s APLIKACE Stehno -36%0 32.02 19.24 | 1995.36
= REHABILITAENI Trup
INSENYRSTV Horni S4sttrupu | 367 18.3 573 | 62233
s SPORT
m KLINICKE APLIKACE Stfednd fast trupu 263 2677 -8 o0
Dolnd East trupu 934 11.8 3.44 2275776




Dulezité pojmy

Segmenty lidského téla,

Rozmér (1, V),

Teziste T

Poloha (soufadnice x, y, z | thlové soutradnice a,f3,y a vzdalenost r)
Hmotnost m (setrva¢nost) | Moment setrva¢nosti J = m r?
Rychlost v | Uhlova rychlost m

Hybnost p=m v | Moment hybnosti L =J ®

Sila F=ma, G=mg | Moment sily My=F xr, M;=G xr
Dostiediva sila: F = m r »?

Kineticka energie E, = %2 mv? | Kineticka energie: E, = %5 Jo?



Important concepts

Segments of human body,

Sizes — length, volume (L, V),

Centre of Mass (COM)

Position (X, y, z | Angular coordinates a, 3, v, and the distance r)
Mass m (inertia) | Moment of inertia J = m r?

Velocity v | Angular velocity @

Momentum p = m v | Angular momentum L =J @

Force F=ma,G=m g | Moment My=F x1, M =G xr
Centripetal force F = m r »?

Kinetic energy E, = 2 mv? | Rotational kinetic energy: E, =% J ®?



Doplnkova literatura:

Historicky prehled metod pro uréovani parametri segmentu

w wEw

Artificial Limbs 8 (1):128-136, 1964.
Body Segment Parameters’

A Survey of Measurement Techniques

Rudolfs Drillis, PH.D.?
Renato Contini, BS.,” AND
Maurice Bluestein, M.M.E.*



Further reading:

Historical overview of methods for determining the
parameters of segments (mass, center of gravity,
moments of inertia):

Artificial Limbs 8 (1):128-136, 1964.
Body Segment Parameters’

A Survey of Measurement Techniques

Rudolfs Drillis, PH.D._.:
Renato Contini, BS.® AND
Maurice Bluestein, M.M.E.*
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Prakticke aplikace

I

Analyza chuze Clovéka
Kvantifikace poruch chuze:
- hodnoceni vyvoje choroby

Obr. 15.12 Kinogram krokového cyklu u zdravého jedince (A) a pacienta
se spasticko-ataktickou kvadruparézou (B)

Tab. 15.2 Zikladni parametry dvojkroku a tendence zmén u osob

- Zp resneni d |ag nOStl ky s Parkinsonovou chorobou pied a po absolvovani terapie
- hodnoceni uginnosti Ié¢by A ar & Lt

. Parametr x S X S it 0 -
(farmakoterapie, DR ) 1,07 008 T 005 " 3 7 0
) . . - VZ(m) 059 0,03 058 " 0053 6 1
kinezioterapie, rehabilitace) /&% 1 oh Lr o 2 Sty
LKL (%) | 182 #575 9Ll >'us86 s 4 1
KOP'() 1581 “gd7 Ts0ly Ti3agiiey 8 1
RN e 1l 1) g 17 e | 7 2
KYP () 42’5 Wiy angl igngiiy 1 5
KYL(9)... 398 286 40 visiga iy 4 2

Legenda:

x — aritmeticky primér, s — smérodatna odchylka

PCH — pfed absolvovanim terapie, PCH1 — po absolvovéni terapie

DK — délka dvojkroku, VZ — maximalni vzdilenost pravého a levého

zapésti
Janura & Zahalka: Kinematicka analyza LKP (LKL) - celkovy rozsah pohybu v pravém (levém) loketnim kloubu
pohybu Elovéka. UP Olomouc 2004. KOP (KOL) — velikost extenze v pravém (levém) kolennim kloubu

KYP (KYL) - velikost extenze v pravém (levém) ky&elnim kloubu
+; 0; - — zlepSeni; beze zmén; zhor§eni daného parametru



Practical applications

Analysis of human walk

Quantification of walking problems:

- Evaluation of the development of
the disease

- More accurate diagnosis

- Evaluating the effectiveness of

treatment (pharmacotherapy,
physiotherapy, rehabilitation)

Janura & Zahalka: Kinematic analysis of the
human motion. UP Olomouc 2004.

VYUZITI ZPRACOVANI A VYHODNOCEN] VIDEOZAZNAMU PRI ANALYZE POHYBOVE. ..

A

Obr. 15.12 Kinogram krokového cyklu u zdravého jedince (A) a pacienta
se spasticko-ataktickou kvadruparézou (B)

Tab. 15.2 Zikladni parametry dvojkroku a tendence zmén u osob
s Parkinsonovou chorobou pied a po absolvovani terapie

PCH PCHI1 Tendence
Parametr x S X S it 0 -
DK (m) 1,07 0,04 1,13 0,05 3 7 0
VZ (m) 0,59 0,03 0,58 0,05 3 6 1
LKP (°) 17,2 5,34 19,7 6,36 4 5 1
LKL (°) 18,2 S1) 21,1 5,86 5 4 1
KOP (°) 58,1 6,47 59,7 3,43 1 8 1
KOL (°) 58,3 4,05 56,8 6,04 1 7 2
KYP (°) 42.5 6,87 42,0 7,29 4 1 5
KYL (°) 39,8 2,86 40,2 5,67 4 4 2

Legenda:

x — aritmeticky primér, s — smérodatna odchylka

PCH — pfed absolvovanim terapie, PCH1 — po absolvovani terapie

DK — délka dvojkroku, VZ — maximalni vzdilenost pravého a levého
zapésti

LKP (LKL) - celkovy rozsah pohybu v pravém (levém) loketnim kloubu
KOP (KOL) — velikost extenze v pravém (levém) kolennim kloubu

KYP (KYL) - velikost extenze v pravém (levém) ky&elnim kloubu

+; 0; - — zlepSeni; beze zmén; zhor§eni daného parametru



Prakticke aplikace

Analyza sportovnich ukonu: G
Napf. Srovnavaci analyza o
techniky hodu ostepem Wb
3 Gesti atleti (Z, N, M) o rizné 2
vykonnosti 2 o
Z: Spickovy atlet =
N,M: vykonnost slabsi (o 20 R
m hor$i hody nez 2) e

Obr. 15.30 Rychlost t&zisté t&la béhem hodu u tif vybranych atletii

Janura & Zahalka: Kinematicka analyza
pohybu Clovéka. UP Olomouc 2004.



Practical applications

Analysis of sport performance: o

Comparative analysis of the i

techniques of javelin throw @i

3 Czech athletes (Z, N, M) of e

different level 5 el

Z: top athlete R

N, M: weaker performance o

(throwing about 20 m less far \‘x

than Z)
cas [s]

Obr. 15.30 Rychlost t&zisté t&la béhem hodu u tif vybranych atletii

Janura & Zahalka: Kinematicka analyza
pohybu Clovéka. UP Olomouc 2004.



