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Epeovnuika dedopéva
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centie-of-pressire  49¢10¢m  54415cm  03:19om  05:1.0em

v Metatomion Tov Koppov otV
161a xatevbovorn pe ) Oéon
epappoyng mg dovnong
(avtidpaon e§looppormmorng).

v Evepyoroinon tov poikeav
ATPAKTOV TOL PVOG.

v To prKog tov Sovoduevoo
P0OG «peyaNGVeL.

v eqappoyr) TA, OXI rapéuPaon

(Ivanenko et al. 2000)

MAOTIKA atToTEAEOPATA. ..

¢ 'Evtovn petatomion tov Kévtpov Iieong mpog ta

Tiow

¢ H tevovtia §6vnon otov ayiAAelo mpokaAel Tnv
£vtovn evepyotoinon tov avtaywviot (1K) puog

e H 86vnon oe tévovta

ToV 0Tto{0 KATaAyouv apyog

(YIIO) kat ypryopog (TAX) pug 8¢ gaivetat va éxel
mévta ta (Sl amoteréopata (oevapio 2-3)

[Totog StaBader ty; Motot elvat oL unxaviopol
eléyyov; [lotog SLaPfadet pnKog Kot oLog
Tapayouevn téon;

Aévnon kartd Tnv 6p0ia Béon

v Avtidpaon owuaTtog Katd Tnv
6pbia Béon (dévnon Tou
TPOoBIou Kvnuiaiou & Tou
TPIKEPAAOU) O€ 4 DIAPOPETIKESG
ouxvoTNTEG.

v ANayEG OTO XOPOKTNPIOTIKG
TIpoocavaTtoAiopoU Tng 6pBiag
Béang (KM).

(Polonyova and Hlavacka 2000)

*H dtpaktog

«Slafale» unkog

eTa Golgi

«Slafalovv» Taon
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Muikr dtpaKtog N
0 «ApTEUNC MATOOC» TOU OUOTHUATOG...

«AwaBalet pkog» (Stdtaon) s
Emuuikes péppapa pe
SLOYKWEVO KEVTPO
Mnkog 4-10mm
Tpla otoeia |
*  eV80XTPAKTLES (veS (LIKPES, b
ToA0L, 5 TUpNVLKIS aAvaiSag
kat 1 upnvikod odkov) . - 8
o AwBntikés amodiéels i
(xévtpo, evaicObnteg o
Sidtaon)
o Kwntkés amoriées (v
VEUPOVAS, TIOAOL)

la vs. Il aleBNnTIKEG LVEG TNG ATPAKTOU

o Ala@opeTikdg TOTOG
EKTIOAWOTG TWV VOV
NG ATPAKTOL avdAoya
L0000 R L JE TO EpEBLopa
1 T o Aldtaon
s - o XTOmmua
P : e Abdvnon
L Pl | o XaAdpwon
] ! ) la: Suvapwn @don
Siataong (evatocOnoia
ToyvTnTOAKg)
II: mAn po<popncr] ywa to
OTATIKO WKOG TRV
UGV

Evépyela tng atpAKTOU

ZUOTOAY TWV AKPWY TWV
EVSOATPAKTIWV VMV EAKEL TNV
KEVTPLKI poipa, TPOKAAGVTAG THV
EKTIOAWOT) TWV ALOONTIKADY T T
amoAEewv Tov eivat evaioOnteg

ot Sdtaon.

l'laparemusvn Suataon: omeepn A
eKTIOAWON TV la TG atpdKTov. ’

HAextpuxds epeblopds a-kuvntucod
Vevp®Va = wiky cvomaon: Taven {
™G EKTTOAWONS Kat alyaon g A
ATPAKTOV.

HAektpikds epeBlopdg o katy
TAUTOXPOVA: HUiK cVGTIAOT) CAAG m -l
KOt EKTIOAWOT) TWwV aloONTIKGOV A
WV TNG ATPAKTOV.

Tevovtia opyava Golgi

«AlaBagovv» aAdayn Taong
AemTd EAVTPOPOPA pOPPOpATA
e pikog: Imm
e Suapetpog: 0,1mm )
* Bpiokovral oy évwon pv kaw
TéEvovTa
Aeopideg KoMay(’)vwv WOV
Smeouvtal péoa 0to £AVTPO o€
AemTa SepdTIa KAl oxnpati{ouy &

=7

o ek T Sopr
¢ Nevpwon amo pio kat poévov iva
™G opadag IB.
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Evépyela Twv Golgi

e YUomaon Tou pudg = Aldtaon Golgi = Evblaopds twv
SeopiSwv TV KOAAAYOVWV VOV = CUNTI{EST) VEUPLK®OV
amoAn&ewv = ekOAWON.

O eAeiBepeg veupLkég amoAnEelg StamAékovtal Le TIg
8e0ui8eG TwV KOAAAYOVWY VMV Kat dpa aKOun Kat
TIOAY pLKpsg Slatdoelg Twv Golgl mcopouv va
TIOPUAHOPPWOOUV Ti§ VEUPIKESG ATTOAT|EEL.

H ekméAwon twv Golgi yivetaw pe Ty Tapapkpn
aAAayn tdons.
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OL amoAnEELG TWV KEVIPOUOAWY VWV TNG MUTKNAG ATPAKTOU Kol

Two Principles Training in Movement
Twv opydvwv Golgi anokpivovtat Stadpopetika o ahhayeg
TOU HUTKOU UNKOUG
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Two Principles Training in Movement
AIAOOPEZ
o OLAELTOVPYIKEG SLa@opéG TOUG opeilovtal oty

A 2
il el
SLPOPETIKY avaTopkr] Toug Stdtagn oto pu Variables = 2
® ATPOKTOG: UIKOG Kat aAAQyT) UKoUg
., Movement of platform Tilting movement Vertical movement
¢ Golgi: Taon
Frequency 5-30 Hz cont. (20), 30, 40, 50, 55 Hz
Amplitude 0-13* mm cont. 2,4 mm*
Time 10-180 sec.* 10-180 sec.*
Position Standing Standing
Arms

Arms
Sitting on chair

Lying/sitting

Besiimai Y ¥ of Fia

Safety Training in Movement
Less dampening possibilities
—
Positions
and
dampening
Appimievpn vs. kabetn .
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Safety Training in Movement |5L0CUYVOTNTES TOU AVOPWTTLVOU
OWHATOG
o s Hz
%:1 g 34 avyeViKol omdvoviot
Ig “- % ®3-6 oTopdyL
I E *4-6 06QLIK01 GTOVIVLAOL
el " *4-6 KapdLl
Frequencies T .
and g . ¢ 5-20 KEPAAL
Dampening & 50 = . * 12-18 0VPOBOY0G KbOT
fi=3) 2. . e 18-20 BoApoi tov potion
_1‘.-'{‘- g“_.,~:._'_.f~.'
= Fidsuancy
28
Safety Training in Movement Safety Training in Movement

Resonance Frequencies

« at certain frequencies some tissues come into a resonance . X 10
« this means that the vibration is amplified -

« the absolute quantity is the one that matters

a

e

platom — i shouder

AAMAIAN

A lot of research has been done on the

:)‘Ot:r:an s I-en" ta’: :fh:::;tractile elemi:n:s pened Research and effects of vibrations. On this basis ISO
v ehang 9 . Standardization of norms are set.
Vibrations
Safety Training in Movement Safety Training in Movement
Impact of WBV on humans
Exertion
Most
Occurring
Frequencies The effects of one bout of Galileo stimulation until exhaustion HF+30% T 1
A Di i
In c_la“y (Rittweger et al, Clin Physiol, 2000, 20( 2): 134- 142) O‘:;;Z,:cuf,::iiu;z/o vormx T
Life Peripheral Circulation 100-1509
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Safety Training in Movement

Impact of WBV on humans

140 160
120 155
100 150
80 145
—systolische dk
0 140
w© Heart frequency| | . Systolic pressure
20 130
0 125
1 2 3 4 1 2 3 4
935
Cravenna, Phys Med Rehab Kuror 2003 : g;z
92
Effects of exhaustive WBV with Galileo on 915
N —
People after heart transplantation o1
%05
% Dyastolic pressure
89.5
89
885
1 2 3 4

Training physiology Training in Movement

CE-SEC activity Change n Change n

Length of
CE

“Up to about 5 Hz movements are controlled by changes in length of
contractile elements (CE), at 30 Hz and higher movements are controlled by
changes in series elastic elements (SEC).” (Ettema)

Training physiology Training in Movement

2 site

Accellerations
and \/

0123 4 tme

Training physiology Training in Movement

H H H M.sec
Vibrations Twitch contraction time
Slow muscle fibre fast muscle fibre
Accelleration (a) = (St—S0- VOt /2~ N Amp=a Frea -u4  Accel (mean) =2
Amplitude = linear 7\ Ampl.=2 Freq =14  Accell (mean)=1
F tie = drati The fastest muscle fibres need at least 36 ms for a full twitch-contraction-
requentie = quadratic relaxation period, l.e. 28 times per second (= 28 Hz).
% Ampl.=2 Freq. =1/8  Accell (mean.) = 1/4
Training physiology Training in Movement Training physiology Training in Movement
‘é‘ Tonic Vibration Reflex
N and §
I\ oree power Coordination 2
: & C—1 Relaxation tme
Accelerations o Activation
During - )
Activities ~ N /
=
Speed
Weight training: Walking: Running: Vibration training: ‘ time
frequency = 1/2 Hz frequency = 1 Hz frequency = 2 Hz frequency = 30 Hz . .
Amplitude = 20 cm  Amplitude = 20 cm Amplitude = 30 cm Amplitude = 0,5 cm A frequency hlgher tha_n 28 Hz cannot be controlled by the contractile elements.

Acceleration = 0,2 acceleration = 0,8 acceleration = 4,8 acceleration = 18,0

The required ges in length ion cannot be controlled and dealt with.
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Research Training in Movement Research Training in Movement
Post activation potentiation Acute flexibility improvements
flexibility
o e 33
- 32
£ i I =
é . -1 % 2 ‘@ flexibilty|
t £ 28
’ - < 27
) 2
1 PRE POST
[ SlE s o Do Tlsion
De Ruiter, Geneesk. En Sport Rittweger, Clin. Physiol. & Lammel, Int. J. Sports Med 23,
35,5, 2002. Func. Im. 23, 2003 2002 P. Burns, University of Miami School of Medicine 2004: Acute Effects of Whole-Body Vibration
Electrically stimulated build- The patella tendon reflex is WBYV in between bouts of weight on Lower Body Flexibility and Strength
up of force is higher after higher after WBYV, but lower training results in an increase of
WBV. after weight training. delivered force instead of a Galileo WBV at 26 Hz improves acute flexibilit
decrease. P Y-
Research Training in Movement Research Training in Movement

Acute force/power improvements

Chronic force/power improvements

J 600 7 300

: »00 .

v Singlo J soa| it L
X ingle Jump Repetitive Jumping T a0l et E
b =f il
H 3 ‘fE 200/ 2000 2
i 5 + 00 ¥
H 54™ w00 2
= 1o 2400 g
l % 2 4 e s w0

1 3 5 7T 8 M 13857
. . i
Torvinen et al, Clin Physiol & Finc Im, 22: 145- 152 Cardinale, Exerc Sport Sci Rev. 31, RO InRATION o 1) TR (L) a?“em TR (L, MAAX KR
training i impi force, power and jump Bosco et al, 1998, Biol Sport, 15: 157- 164 Mester (1999), J Sci Med Sport,
height. Improvement of force and power is Oct;2(3):211-26

higher in WBYV leftleg in
comparance to control right leg

Improved maximal and repeated jump height after 10 days
of WBV. Effects of 2 weeks of alternating weight
and WBV training.

Research Training in Movement Research Training in Movement

Acute coordination improvements Chronic Force/balance improvement in the elderly

i

%A RE< g

Torvinen et al, Clin Physiol & Func Im, 22: 145- 152

Galileo WBV (not vertical WBV) improves static and dynamic balance and shuttle run speed.

ppe—

0. Bruyere (Universiteit Luik, WHO), ion during the C of the American College of
"Controlled Whole body vibrations improve health related quality of life in elderly patients”

The researcher concludes based on the results that after Galileo training 3 x per week during 6 weeks in
combination with conservative training walking pattern, balance, motor ability and quality of life in elderly home
residents has improved much more in comparance to conservative training alone.
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Research Training in Movement Research Training in Movement

Chronic improvement in force and function in sports people Frequeny and EMG

|
)
 —

84,60 E A Cardinale en Lim, Journal of Strength and Berschin, in press: “WBV and joint stability - EMG
BIT81 TBZAT [X%] 209,20 Conditioning Research, 2003, 17(3), 621-624: research to measure the effects of WBV at different
T Electromyography Acti of Vastus Lateralis Muscle ies and with itioning on
fdhid TEEs s TS During Whole-Body Vi ions of muscle activation and co-activation”
Different Frequencies
Harb:chtl(l:nlversity Berlin): jump height in WBV trained group in comparison to control is 4-7 cm higher after 1 a At higher frequencies up to 30 Hz the IEMG of RF
year of training. At 30 Hz EMG was higher in comparance to the and BF increases, while RF:BF ratio is constantly
(University up to 40% in maximal force after 3 weeks is noted in individual top EMG at 40, 50 Hz, and control. around 2:1
sports people.
Research Training in Movement Research Training in Movement

g | ,‘._ _ | ﬁi’f h .@M\M!Leﬂ_

Frequency and EMG
Chronic improvement in force and function in sports people Bl T 1

|
| -\ il

K]
e

B Vibrationsireining
Konventiongh
p <001

T L

=

sempa

@ &

Hohendifferenz [cm]

57 8§ 1 13 15 B 17 18 21 21 23 25 21 2 31

sprint  Siaiom  Jump c Wﬂ:}"‘ )

33 AN 29 27 25 23 21 19 17 15
Gereon Berschin, Leistungssport 4, 2003:
EMG RF (green) and BF (red) — own measurements

After 6 weeks of training (1%t leage rugby members) the WBV group improved more than the A: different activities: standing (a) — hip bending (b) — squat (c) — repeated jump (d) — same at 28 Hz (e-h )
explosive weight training group. B: EMG during ing at 5to 31 Hz, i pwise 2 Hz

C: EMG at 33 to 15 Hz, decrease stepwise 2 Hz

Research Training in Movement Research Training in Movement
Improvement in flexi Frequency specificity
1807 A 4018
T 120 £ : 7]
1 i - 5
g 1o £ - [ e
§ 100 £ :
* 25
o s‘ = = :
2 % g10 = : 3
] a frequentie
80 0
pretest  test1 fest2  test3  posttest WBV group Control group
Test day
Cardinale, in: MED SPORT 2003;56:287-92: “The acute effects of Keizer (University Maastricht,
N N - . o two different whole body vibration frequencies on vertical jump Netherlands):
Effect of Four Weeks Whole body Vibration Training on Flexibility Training and performance”
ROM of the hamstrings
Acute effects: Chronic effects:
Roland van den Tillaar*, Department of Sports and Exercise Sciences, Sogn 20 Hz stimulation leads to increase in power and flexibility, Stimulation at 20 Hz leads to highest
1 M o . . N whereas 40 Hz stimulation leads to a decrease in power and increase in force, at frequencies higher
and Fjordane University College, Norway; EJAP (in review) flexibility, probably due to coordinative disturbance. than 20 Hz this effect is lowering, at 34 Hz
there’s a negative tendency in change in
power.
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Research Training in Movement

Frequency specificity

o Hz Treatment 10 He Treatment

SEEEEERY

g

Abtiery 3: Relsth Aulenlsngen der Meusplattioem in 3-Rickesng vor (1. 2 und nach (1, 4] dem Trestment bei & He
uref el 10 H s, - michl ugaifikant: " p < 05: ™ 2 p < .01}

Haas, DEUTSCHE ZEITSCHRIFT FUR SPORTMEDIZIN year 55, Nr. 2 (2004).

Training at 6 Hz has more effect on balance than at 10 Hz.

Research Training in Movement

Effects of stimulation forms

For optimal stimulation of tissue the following has to be Famm ity
considered: e

. Adaptation time 3
. Taxability i .
. Visco-elastic properties

The body functions and reacts as a functional unity.
Applying mechanical stimulation is the most natural
form of influencing the body.

The taxability of a specific physical exercise may be
different for different tissues.

On the right side some examples:

+ aerobic training

+ weight training

* Galileo training

* The impact is low, yet very anabolic.

Research Training in Movement

Joint angle specificity

30
25
2 20
T 15
HE ———h
H
g 5
2 = n s “p | mmmm Kneeangte-during training
-10

Keizer (University Maastricht, Netherlands):

Vibration training at a certain knee joint angle brings the highest effects at these angle

Research specific Training in Movement

Parkinson
e S R WY  | s
P | = :
/’ e | FEEEEEEEERN s N
/ / N . 2
d i ", |
{ Al A di -
{ e R et
: ,_/ J / | TTSCSITRUNL tebed N
| | an ‘

Haas, Rheuma Aktuell 3, 2002, p 8-10 ! : !

The effects of 5 x 60 seconds x 4-6 Hz (4 mm) WBV at il patients (no
Left =influence on hand motor performance
Right above = influence on EMG of agonist and antagonist before (left) and after (right) WBV

Right under = pre-post test results of UPDRS; group 1 = treat > no trear / group 2 = no treat > treat

Research Training in Movement

Summary

+ WBV increases the height of the tendon reflex

* WBV increases power during training

« WBYV brings acute improvement of force, power, balance* and coordination

« WBYV brings chronic improvement of force, power, balance* and coordination

« The effects are frequency specific; at 6 Hz stimulation balance is improved more
compared to higher frequencies

« The effects are frequency specific; at 20 Hz stimulation power and force improved more
compared to higher frequencies

» Combining WBV and weight training is more effective than performing one of both activities alone

« The effects are joint angle specific

* Balance is only improved when a tilting WBV platform is used

Research specific Training in Movement

Low back pain

[
s [ 5 Lumbar EmrsnnI
=) | —%— Vinwation Exarcis
24 <
@ s
=3 k1
5 E
et 1
o r
oo

10
L T T T T T .
o 2z 4 & 8 10 12 M
Exercise Week gain in lumbar ecdension torgue {FLET) [%]

Rittweger, Spine 17, 2002

WBYV improves lumbal muscle force and lowers pain in people with chronic low back pain. The
low correlation between pain and force is an indication that factors other than impaired
muscle force alone are the prime factors for LBP, probably coordination.
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Research specific Training in Movement Research specific Training in Movement
Quality of other tissue
Stress incontinence
5 | coatral | M
succes percentage Galileo + Fysiotherapie to.v. £ 1 vibration |
alleen fysiotherapie 1
w =
a0 § £ = |
1 - | | |
o 7 - ; ‘ I
20 4 I before after 5 T s
20 4 I SF-sample Dhays
0
0
! 2 2 4 Liu, 2000.
GalileotFysio <<< >>> Fysio
Regeneration of cartilage is accellerated after vibration
Left: effect of vibration on sulfate uptake (A) and PG loss (B).
Von der Heide, International Continence Society 2003
Right: effect of vibrations on sulfate uptake
The combination of Galileo training and physiotherapy training 9 P
brings about the best results, compared to one of both training
forms alone, in lowering stress incontinence.
Research specific Training in Movement Research specific Training in Movement
Quality of other tissue
Joint instability ’
- } - Kubo, 2000
0 : v d
i " o B DI The “stress-strain” index changes consequently to
o oo o — o i = I weight training. The tendon gets stiffer.
w0 T2 3 4 5 6 1 » .
T gL — After 20 days bedrest the opposite happens:
£ Il « Stiffness (change in length per Nm) -32%
i 1 o — « Speed of force development - 47%
ail= o Falempin, 1999 «  Electromechanical delay — 21%
° | 3 minutes vibration stimulation =
Frat brez ; Postt Pom? daily during 14 days prevents 1 Skutek, 2001
= - loss of functional properties | B
Berschin, in press: [Vibration training and Haas, in press: “Neuromuscular effects of of the tendons. : . . Rise in fibroblast growth factor after cyclic
joint stability - EMG studies on influence of randomized vibrational stimuli in ACL R stimulation compared to control
frequency and body positioning on muscle ruptures” o
ivation and o Table (above): % decrease of:
o . . . 1) muscle mass, »
Stimulation at 6 Hz, 5 x 60 seconds, brings 2)  twitch tension, -
At raising frequency the IEMG of RF and BF about an improvement of balance of 38%. 3)  max. tetanic tension, - Ohran, 2001
go up. A ‘corrected’ position (activation of 4) twitch contraction time, -
stomach and buttock muscles) brings Test and pre- post-measurements at 6 and 5)  half relaxation Time, - Vibrations accellerate recovery, a.o. through rise
about a 2:1 relation in IEMG between RF:BF 10 weeks after ACL ruptures with ‘73) Area type lIA fibers, - l in hydroxyproline
at all frequencies. professional sports people. ) Area type IC fibers. .
Research specific Training in Movement Research specific Training in Movement
Bone quality
I TYTTYY Circulation/metabolism
1 1 i I. .
: T W - I,
2 B T S,
H T I O - ol A WL\'\J \‘4
g o . ¥ 1 0
] ' w©
- 05 2
o 0
g . : | T TI T I T,
[ S — ™ S NTe55 83858 NRRE
T e Praet i isch Centrum
5 i Kerschan-Schindl, Clin Physiol 3, 2001 )
Rossler Tanaka, Faseb J. online Y Netherlands): NIRS SO2 measurements during
Friedrich Schiller University Felsenberg dec 3, 2002 .
Jena, Germany European Space Agency, exercise (purple) and rest (blue) of M.Gastrocnemius
University Berlin, Germany Lommm_‘ Above: WBV __Under: running
Hartard, University Munich, Py
Germany; German J. Sport ™
Med. 37, 2002 ® 0 W“Ww
o 0]
« Dexa indices increase after WBV. ’ - “
« Atrophy is prevented during bedrest with daily WBV 20
« WBV combined with HRT brings highest improvement in bone quality, pPQCT measurement ) MAIL
- Bone quality markers rise especially when 2 fre ies are used sil Rittweger, Clin Physiol 2, 2000 TBF8IEZERS58583

10
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Research specific Training in Movement Programs Training in Movement

Hormone concentrations

Cardinale, Exerc Sport Sci

E Rev. 31, 2003 [ [ |

-
.

Acute effects of 1 session WBV . 10-12Hz = 24-30Hz =
on hormone concentrations with Cireulation Tonization of muscles
Relaxation
sports people Recover, i
! y Rehabilitation of
e = (T = testosterone, C = cortisol, cehabilitation of

‘Tendons - Ligaments

GH = growth hormone). 5Hz= 18-20Hz = Bone — Joints
Improvement of balance Training Skin soupleness
450 And stability

Mulder, Rotterdam Research Center, (propriocepsis)

- . -
Netherlands ! =~ AN
.
Serum Testosterone in men with L P, —
symptomatic hypogonadisme;
Effects of 12 sessions WBV in 6 weeks

400 It

serum total
Tostostorone
g &

6 71 55 52 73 68 64 59 51
age of patient

NB: studies show that vil i leads to il T i
It is speculated that the tendon is the trigger for growth of other tissue (bone, muscle).

Research specific Training in Movement Programs Training in Movement

Stimulation for training or facilitation ?

X\ “ Transverse standing — balance training e
Effect Training Facilitate -~ Basis / Squat
Goal Evoke training effects Improve effects of i o
other training ’ ‘ Relaxation (sitting) —
- -
‘1 %‘] - Pelvis tilting
Power recreative WBYV combined with extra WBV evokes improvement of: |
Power top sports resistance or other exercises
Power low taxable people improves the effectivity. + Excitation Relaxation of arms / shoulders =~ ===t
Flexibility, stability and
propriocepsis increase . . .
Propriocepsis <e===Stimulation spine / trunk muscles
« Circulation * *
Circulation Circulation increases « Fitness N
Passive tissue Passive tissue (bone, Relaxation of whole body / back e
tendons, etc) increase in
quality
Research specific Training in Movement Programs Training in Movement
Stimulation for training or facilitation ? READ: series * seconds * Frequency * Exercise
Training stand alone Stimulation before a training Stimulation within a training
. 1%30-45 * 24-28 Hz * Basis 1%30-45 * 24-28 Hz * Basis 1 #3045 * 24-28 Hz * Basis
Sports/recreation Pause 30-60 seconds
Pause 0-45 seconds Pause 0-60 seconds st series (warmup series) of weight exercise
WBV without other training forms is comparable to submaximal weight/circuit training For example: squat / leg-press / clean
WBY in combination with other training forms brings the highest extra effects 1% 30-45 * 24-28 Hz * Pelvis tilt 1% 30-45 * 24-28 Hz * Pelvis tilt )
Coordination and stability improve, circulation and metabolisism rise, passive tissue gets stronger. 1%30-180 * 18-20 Hz * Pelvis tilt 1%30-45 * 24-28 Hz * Basis
Pause 15-60 seconds Pause 15-60 seconds

Pause 45-180 seconds 2nd series of weight exercise

1%30-45* 24-28 Hz * squat

1% 30-45 * 2428 Hz * Squat 1% 30-45 * 24-28 Hz * Basis
1* 30-180 * 18-20 Hz * Squat Pause 15-60 seconds Pause 15-60 seconds
3rd series of weight exercise
Pause 45-180 seconds 1% 30-45 * 24-28 Hz * Trunk movement
L 1% 10-30 * 24-30 Hz * Arms
Rehabilitation 1 #3045 * 24-28 Hz * Trunk movement |  1-3 * 10-30 * 24-30 Hz * Arms/shoulders Pause 30-60 seconds
1#30-180 * 18-20 Hz * Trunk movement It series of weight exercise
WBV alone brings large effects. For example bench press
WBV plus other training form further increases these effects. Pause 45-180 scconds | 1030 * 2430 Hz * A
Coordination and stability improve, circulation and metabolisism rise, passive tissue gets stronger 1% 45-120 * 5-6 Hz * Stability Pause '30,60 sc'c'md: e

and atrophy is prevented. 2nd series of weight exercise
1-3* 10-30 * 24-30 Hz * arms/shoulders

11
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Programs Training in Movement

Aantal series * Aantal seconden * Frequentie * Oefening

Recovery, relaxation Rehabilitation of damaged Rehabilitation of injured muscle
Connective tissue, tendons, cartilage,
1*30-90 * 10-12 Hz * standing, hanging | bone, scar tissue, etc. 1st phase

over bar 1%30-60 * 10 Hz
1% 10-60 * 26-30 Hz Pause 60-120 seconds
Pause 30-120 seconds
Standing or placing arms on the plate,
Pressure is changed according to taxability

Goal is increase of circulation

Standing or placing arms on the plate,
Pressure s changed according to taxability
Amplitude is low

1#30-60 *10-12 Hz * recovery Arms

Pause 60-120 seconds
Pause 60-120 seconds 2nd phase

1% 30-60 * 25-26 Hz
Pause 60-120 seconds
Same position
maximal 4 series
amplitude low.

1#*60-300 * 10-12 Hz * recovery Legs

3rd phase
If the muscle is sufficiently taxable a
training program can be done.

APIXTOTEAEIO ITANEIIIETHMIO ©EXXAAONIKHE

TMHMA EIIIZTHMHX ®YZIKHX ATQIHX KAI
AOAHTIZMOY XEPPOQN

METAIITYXIAKO KAI AIAAKTOPIKO ITPOTPAMMA
ZIIOYAON “KINHZIOAOTITA”.

ZunAworoovAov L. ZtoAaviy, MSc.
TEDAA Zeppov,
4 OxtwpPpiov 2007

Measuremtn techniques Training in Movement

Diagnose and function

a EMGma - arbliray unity oy o p—

-
——
=

Muscle activation

During WBV the EMG increases (left).

The EMG of an injured muscle is increased more. The difference is not seen in conservative exercises
(middle).

C. Bosco; “Methods of functional testing during rehabilitation exercises”

e —

[Apopidng Imavvng

Erikovpog Kabnyntig Ipomovytikig

[KéAAng EAeoBéprog,

[\ éxtopag TEQAA Zeppov

Xat{ntakn Baoleia,

Erikovpog KaOnyntpia TEQAA Osooalovikng

Measurement techniques Training in Movement

Diagnose and function

’: " j.

Force/Power

Force build-up F

When force is impaired, for example after an operation,
the force curve moves to the right, so force build-up is
slower (figure left: force left-right 2 weeks after ACL
operation, middle: same after 50 weeks)

If force can be measured continuously, the
course of the force can be measured, for
example during a jump. From the force
measurement speed, work, power, potential and
kinetic energy can be calculated.

In: C. Bosco; “Methods of functional testing during
rehabilitation exercises” If left and right force can be measured
seperately balance disturbances of force and
coordination can be deduced.

From these data specified training/rehabilitation
programs can be made up.

Ewoaywyr)

¢ H adovapia tov kdte akpov kabmg xat 1) pn vnapdn g
AIIATOVEVTG W00PPOIIAG KABLOTOOY EDANDMTOVG TOLG PEOTIAIKEG
Kt TO0G NAIKIOHEVOLG 08 IITMOOELG KAl KATAYHATA.

¢ TTaBoyoveg kataotaoelg (KLPIOG VELPIKEG) TTOL UHOPEL Va
EUPAVIOTODY KATA TNV EVIAIKIOOT KAl PETA (EyKEPANKA
enewod1a, okArpovor Katd IAAKAG, PEDHATOELOG
apBpitda xT\) ermpealoovv v 160PPOIILAL.

¢ H attioloyia tovg e€aptatat:
. nsl_é)llPa}\)\ovnKobg Kat yeveTikobg napdyovteg (ZxArpovon Kata [Mhdaxag,
ZKI1)

o emPBapopévo 10ToPKO (c'nokxa pe wtopko Eykepalikod Enetcodiov, EE,
SuaPntikot, nAikiopévot KTh),

o Tpono Statpo@rg (avnpéva Auridia oto aipa, odkyapo, mayvoapkia,
KATViopa) Kat

o xaBnpepvég Spaomprotteg (kadiotika {wr), ENAenpr) Aoknong).

Tlaondtmng kat oov. 1996
Robertson et al, 1996, Niemi et al, 1988]
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Ewocaywyn)

© H doknon amotelet 1o ovvr0n IPOTEVOPEVO TPOIIO SlaTiP1ONg
mg dovapng Kat PeAtioong mg twopporIiag.

© Eval\axtikég 1efodoug Ommg 1) 50vnor) P OoLHOIOtelTat apKeTa
XPOVLA Y10 TV AVTIHETOIION TETOIOV EKPUALOTIKOV
KATAOTACEDV OTOVG PVES (Bosco et al. 1999).

¢ Exovuv kataypagei aioonpeinteg PeAtimoelg oty woopporria,
omv anokatdotaon g XKIT kat oe EE oe peorhika kat
nAKopéva aropd petd amo npomnovnor OA (Runge et al. 2000,
Torvinen et al. 2002, Robertson et al, 1996, Niemi et al, 1988,).

NoTtiaia avtavakAaotTikda

Muscle spindle
N

Ewocaywyn

H apgim\eopn dovnon pmopet va PeAtiooet tv
1oopporia otov eykdpoto afova (M/L) ev amovoia
mg Opaong, va avdrjoet v SOV TOV
EKTELVOVIOV KAl KAPITH POV TOL YOVATOG Kl Va
BeATimoet TV 00TIKI) IOKVOTITA 0L
PETTEPNVOIIADOLAKEG YOVAIKEG

(Amiridis and Spiliopoulou 2007).

Zxéon évtaorg dieyeporng kat evpoug H - reflex
Kat M - koparog

0.4
0.35

0.3
0.25
0.2

—+H-reflex
=& M-response

AmphTade (mvT
=
=

0.1
0.05 4

<
0

Stimulus Intensity

(Palmieri et al, 2004)

M¢Bodog Aovnorg

e Tretvain dovnon?
¢ [loovg pnyaviopoong evepyorotei?
e Ano t eSaptatar?

EnavalapPavopevn éviovn poikn Aettoopyia Aoye tng Siéyepong
TOL PDOTATIKOD KAl AAAGV ITIOADODVAIITIKOV AVTAVAKAAOTIKGY. Ot
moAvovvarnTikoi §iodot mPOKANovY TV aAvTavakAaoTIKI] COOTIAoT
K[l Ol HOVOODVAIITIKOL EAEYXODV TNV [IVIKI) ONOTITA KAt TV
akepatotnta mg apbpwong. E§aptatat kuping o tov pnxaviopo
Kat tov Tpomo epappoyr) me. Etot éxovpe tov Staxmptopod oe
OMNooapn Aovnor) (OA) kat oe Tevovuia Aovnor (TA).

(Cardinale and Bosco, 2003)

I2OPPOIIIA
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H wavotnta dwatrpnong too Kévipoo Madag (KM) too
o®OPATOG pEca ot BAoT 100PPOIIiAg OTAV AVTH) Eival
otabepr) 1] OTAV KIVEITAL (Duncan et al. 1992).

Zratiki) wooppomia
0O EAeyxog g Béong tov oopatog kat datrypnon) g wwopporriag
0 aovoaio
0 omTko Kat
Q oEPATOatodNTELaKO COOTNUA (Ryushi et al. 2000).

0 3 otpatnyikég woopporriag
0 modokvnpkrg,
0 1oxioo Kat
0 KTr)-Prjpatiopod (Horak and Nashner 1986).

KwaioOnon

ApPDOVTIKOG PNXAVIOROG Og MEPLITOOT)
YAMOTPHATOG I HETATOIMONG TG
Baong otr)pEng (Horak et al. 1994)

HAuwopévou:
pewopévn aiodnon agrg
Kat avtiAnyng g Béong

g apBpeong

82

ABovoaio

v’ Awatr)prjon wopportag
v Ontkog eAeyxog g

Ki.VI]OI]g (mapaxolovbnon
nieptBarAovTog).

I'npavon:
HEI®OI TOV VEDPIKGDV VOV
tov atovoatov.

ZTIPATYIKEG 100PPOIIIAG

ITodoxvnpikng Ioxioo

(Horak & Nashner, 1986)

OITTIKI| avTiAnyn), Kivnong
AVTIKELEVOD 1} TOD COHATOG

MIPOOAVATOALORO OTO X®PO
(Tang & Woollacott, 1995).

Iooppomia

Ze ovVONKeg OTATIKI|G LOOPPOIILAG, OTAV HELMVETAL I
Bdon otypiéng o nAikiepevor eppavifovv avinpévn
TAAAVI®OL] KAl XPIOLHOIO0DV TV OTPATH YKL} TOL
1oxtov Kab®wg KAt TV HIKTY OTPAT YKL Yid Va
d1atPr)0ovV TV 1G0PPOIILA TOVG (Amiridis et al, 2003).

14
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Ot enurtwoeig g OA otnv wopporia

Avvapn

0 Ot Bosco et al. (2000) xatédei§av ot 1) OA mpoxaet
abd&non g OLYKEVIP®OT)G TEOTOOTEPOVIIG KA
avdnTIKng OppoOVNG 010 aipa, avdnor g dvvapung
KL TayOTTAG OLOTOAIG HEYAA®Y PHOTK®DV OPAd®V
xabog kat PeXtioon ¢ abAntikng arnodoor|g.

0 24 efdopadeg nponévqor]g pe OA BeAtiooav v
LOOHETPIKI) KA EKKeVTPN Ovvapn xatda 15% kat
16% avtiotolyd oTa KAT® AKPA (Verschueren et al. 2004).

H davwr) ooxvotnta dovnong ot 8¢on tov
nuikadioparog eivat ta 30Hz (Rubin et al. 2003).

Epeovnuika dedopéva

0 Epevveg oo mpaypatonow)0nkav oe pecrAkeg avopeg
Kat yovaikeg napatnprifnke avlnon kata 15.7% oe
OoK1p1aoieg 100ppomiag Katomy 4pnvng mpomovnong OA
(Torvinen et al,2002).

O Xe aMn) épeova (Runge et al, 2000) xataypdagnxe
avénon 18% oe Sokipaoieg w0opporiag oe NAMKIOpEVA
aropa petd amo 2 prjveg mpomovnong OA.

O Znpavtikog napdyovidag TV ITOOE®V OTODG
NAKIOPEVoDG elvat 1) petatomor) otov eykdpoto (M/L)
adova (1994).

ITEPON IAIA
OMAAA

AYNAMH

Ilepoviaia opada

®  KATATACOETAL OTOLG IMPOOHIONG PDEG TNG KVIING KAt elvat o
paxpog kat o Ppaydg mepoviaiog. H dpdaor toog opiletat
oV meApartiaia KApyrn) Kat otov IPIVIoHo Tov modtov.

15
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Ilepoviaia opada

e H omovdatomrtd ton
Xapaxmpigetat Aoyo g ,
KATAQuOoI|g TOL 1) ool OvyKpaTel
UV EYKAPOLA POPA TI|G TIO!
KAPApag. AVEIApKELd TOV POV
ToL nEAjiaTog, odnyet ge
DIEPOIATACH] TOV OLVOLOPMY KAt
ITRON m%noéuq']g KApapag
(m\artomodia).

e H onobeon g épevvag pag eivat
OTL 1] PETATOIION OTOV EYKAPOLO
afova (M/L) e§aptatat ano myv
népoviaia opada.

ZTATKI) looppomnia

H otatwkr) wopporia 6a aiohoynbei mptv kat petd v mpomovnon
xat Oa mpaypatonowmBovv 3 Sokipaoteg pe avSavopevo Padpo
dvokoliag (100Hz, 2-Delta Stabilometer©, Biomechanics Laboratory,
AUTH, Greece).

'OpBia oTdon (otdor IPocoXrQ)

Ztdon Romberg (apiotepr) mtépva prpootd amno ta SaytoAa Too
6eSlo0 modiov)

Ztaon «Ilehapyogy (otrpidn oto SeSi mod, aplotepn) ntépva ot Sedua
Kvijpn)

®a npayparonomBovv 3 mpoondabdeieg oe kabe cLVONKN, pe KAeLOTA Kat
AVOLYTA PATLA KAt OTO aplotepo Kat oto degi modi. ITptv kat petd ano
mv mponovnor, ot 3 dokipaoieg g woopporiag Oa
npaypatonowmBoovy v idia dpa g npépag ya va amogevydet kade
XPOVOAOY1KT) emdpaot).
>

Ilepoviaia opada

e E&taoay H-reflex too pakpov

MEPOVIALOn KATOMY §APVIKOD DIITIACHOD

KAT® ano oovorkeg riposTotpaoiag kat
-

e Bpébnke 1a(a)\l')rspr] avaloyia oy
oxéon H, }1 max Katd TV OlapKela pn
IIPOETOIHAOLAG TOV ODHUHETEXOVTWYV.

e IIpooappoyr) oe actadr) meptPallov kat
olatnpnon g opbiag otdorng,
auEAvVoVTag TOLG APVVTIKODS
HNXaviopodg Kdl HPOOoTAtebovIag oe
nePiTToOn Slaotpéppatos.

(Sefton et al, 2006)

OpbBra otaon

Q Baon omipidng:
anooTaon)
aotpaydlov 10-15ex

0 Xépia ehedBepa
0 3 mpoomabeteg
0 Awpxela 10”

MeBodog
o ONOowun dovnon

=Galileo, Novotec Medical, Germany
OAwapKeLla Ipomovnong
=8 efSopcdeg
Q Zoxvotnta mponovnong
3 popeg/epdopada
0 Awapketa nponovnong
=40 Nerrta
=3 paoeig
=ripobéppavon
=KOPLA PAOT) KAt
=arofeparneia

a Kopua @aon
=Ataheyppatikr) (1:3-1:1) mpomovnon
pe MmPoodevTIKAa aviavopevn
empPapovon) (ano 15Hz, 2mm, 10sec
oe 30Hz, 8mm, 45sec).

0 Ot ovppetéyovteg Ba
Bpiokovtat otnv opbia Béon
IAV® OTNV TAATPOppa
(ammootaon) modokvnpikng
A/ A ~40ex., TOJOKVIpIIKT)
apBpwon 90°, apBpwon
yovatog 120°, apBpwon)
woxtov 80°) pe ta xépla nave
otV pIapd. :

>taon Romberg

O Zujpn oto Kupiapyo
oo, ota dayToAd Tov
eQAITTETAL 1) IITEPVA
o0 GAAOL IT05100

Q Xépua ot pecolapr)
(ayxdvag 100°)

0O 3 mnpoomdabeteg

Q Awpkewa10™
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Ztaon «IIehapyog»

0 Zmpin oto Kxopiapyo
1601 Kat torofetnon g
mtépvag tov aAAoo modod
oTO YOVaTO

O Xépia ot pecohapn
(ayxovag 100°)

0O 3 npoomnabeteg

0 Awpxea 10"

Kataypagrn AviavakAaoTikeov

e T'a mv HMI xataypaer tov xvnjpiaiov vebdpov o
epebiotr|g Oa TormoBetnOel otV tyvoaxr) KOO TA ITio®
OTO KAT® PEPOG TOL tyvoaxod BoBpov, Kovtd oty
wyvoaxr) aptpia. To evepyo kataypagko Oa
Torofetn0ei OTOV YAOTPOKVII10 KAt MPoodio Kvnpiaio

o€ anootaon) yopo ota 12ex. ano tov epebiotr), eve to

meictoodtotreayapopds otov ayilew wvovia.

EMG by
amplifier

Stimulator

0]

electrodes = z \@
& a-motoneuron  Stimulus

axon electrode
Muscle

Sensory la
B aferentavon (@ 7
recording = / A;'{ ol

-~

Spinal cord

Avvapodanedo
100Hz, 2-Delta Stabilometer®, Biomechanics

Laboratory, AUTH, Greece

HAextpopvoypagnpa

e Koata m Swapkera tov petprioemv Oa
torrofetnfovV duToAkd nAekTpOdIa empaveiag,
(Motion Control, IOMED-Inc., coxvotnta
aroxor)g 10Hz-33KHz, ooyvotnta

Ssrvuarodnuwiac 1000Hz) otov nakon
OSYPGIOANGCS SRR 22y OLOV PAEPY

nepoviaio po (MII), otov Yrokvnpidio (Y) xat
T'aotpokvrpto (T'ag)

e TIpwv v TomoBetnon TV nAekTpodinv n
emupaveta oty omnoia 0a tormobetnBody Oa
; e @y
KaBapiotel MPOCEKTIKA £T01L GOTe Va avsno I
TOMKA 1] Ay@YpoTta too déppartog (>200 @

ZX€01] 100KIVI|TIKI|G POIIL|G ~
Y®OVIAKIG TaxvTntag

v 'E€w otpo@r) (Haxpog rmepoviaiog)

v IMehpatiaia xat paytaia Kapyr) (YaoTpoKVIjjiog,
DIOKVIPIO10G KAt IPoodiog Kvnpiaiog) g
oSOK VKIS apBpwong
v 3 néyroteg mpoonabeteg oe ke covOnKn (fxic

OOYKeVTPn Aettovpyia kat wopetpia)
v Atdheypa 2’ petadd tov enavalpeov

v Eowelmon piag efdopddag npwv myv Se€aymyr g

doxipaotag,.

KinCom Multi-Mode Dynamometers,
Chattanooga Group, USA
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CAT 55 Flexors
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