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Overview %

 Fear of Falling Cycle

* Why Biomechanics?
* Why Ukem:i?

* Concepts
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Fear of Falling cycle

Fall Life Cycle

* We know that practising ukemi
leads to safer falls

* And breaks the Fear of Falling cycle
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Ukemi works!

* Mean Average Reduced FOF =
20.05%

Reduction in Fear of Falling %
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But why do ukemi work??

* How can
people?

| easily explain them to older
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* How can
to them

| scientifically explain them
edical profession?
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Jigoro Kano

The strength of a man standing in front of me is 10 units, whereas mine, is 7 units. As he
pushes me with all his force | shall certainly be pushed back...

But if | were to give way by withdrawing my body, remembering to keep my balance,
then he would naturally lean forward and thus lose his balance
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Gunji Koizumi

Judo relies on gravity, dynamics, and mechanics.

Analysing judo techniques involves understanding mechanical laws
governing human body movement and function
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Ukemi techniques in judo

* |dentified by the Kodokan rf
1. yoko-ukemi “!’ “

2. ushiro-ukemi ﬁ
% . &
E%D%ng 3. mae-ukemi t =
4.

mae-mawari-ukemi «j @.i
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Yoko-ukemi

KODOKAN

e 4 Kodokan ukemi

* Yoko-ukemi for sideways
falls

e Usually the cause of hip
fractures

e Contact the tatami with:

* Foot, leg, side body, arm

and hand
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Concepts

Yoko-ukemi

Fundamental Kinematic Balance Newton’s
Units Quantities Concepts Laws
Mass Velocity Centre of Mass 1St Law
Distance Acceleration Equilibrium 20d Law
Area Momentum Kuzushi 31 Law
Time Pressure
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Concepts

Kinematic Balance
Quantities Concepts
Velocity Centre of Mass
Acceleration Equilibrium
Momentum Kuzushi
Pressure
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Velocity o

e 70-year-old woman, average height =1.6 m
« 70/ K M. FIIH&K1.6m

* Centre of Mass (54% of height) = 0.86 m
50 (BRD54%) =0.86m

 Arc of fall distance travelled approx. 1.35m

ETEER (P30 #91.35m
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Velocity
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d

Ok
v=d=+t

e Fall movement time X = 855 mSs (range 539 ms - 1170 ms)

e X T EERR x = 855ms (&0
1170ms)

I+

539ms—~

* Impact velocity of a fall = 1.35 m/0.855s=1.58 m/s
« ETERFDEZERE = 1.35m/0.855s = 1.58m/s

* By bending knees, reduce CoM height, reduce
distance and reduce impact velocity

CBAEMIFAC LT, BOOGS, B 7L
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Acceleration

)‘1’ * Newton’s Second Law

e Za— b roEIHEE

* Force F=mass x acceleration

« NF=HE X IIRE

e Standard value of gravitational acceleration on earth
« MEK_EDENILERE OEAE(E

* a=9.80665 m/s’
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Acceleration

e 70-year-old woman mass of 60 kg (healthy range 47-64 kg)
« 70 DINEG0 kg (EEEIFH IL47~64 kg)
* Maximum force she could hit the ground is:

H - B HEICERTEZRADNIL

=, * 60 x 9.80665 = 588.4 Newtons

(-S| - 60 < 9.80665=588.4 =1 — } >
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Body Surface Area (BSA)

* 1.6 m tall, 60 kg person

e Using Du Bois formula
* BSAis 1.6221 sgm
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Body Surface Area (BSA)

e Approximately 14% of BSA contacts the
ground during yoko-ukemi

I ?Efﬂiﬂ EERMEMEBEDN14%H HiME (1

* 14% x 1.6221 m?=0.227 m?

* Ukemi techniques spread impact across a
Iarge BSA, reducing the injury risk

« S B DML, &0 [N WEIE (1
@yﬁ%‘ }EL TZIS %@))X %Elﬁa

. Due to reduced pressure

c DB EIND -0
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' Why does the mattress |
sink more when I am
standing compared with
when I am lying?




PreSS ure (Force per unit Area)

* P=F /Ais the force distributed over a given
area

cP=F/AlE. BRONEEEICHTT D
NTH 5,
* Pis pressure in Pascals (Pa or N/m?2)
* Fis force in Newtons (N)
e Ais areain square metres (m?)

* The pressure under the fall is what results in
injury
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PreSS ure (Force per unit Area)

*588.4 N /0.227 m? = 2.59 kPa
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Stiletto vs Elephant

(60kg/2) / 0.0001m?2 (3,000kg/4) / 0.1m?2
= 3,000,000 n/m? = 125,000 n/m?
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Balance Concepts
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Centre of mass

* COM is a theoretical point in an object
where its total mass is considered to be

concentrated
* COMAEDEEENERL TWLDHEEX
SNHEBHm DS

* 56% of body height in men
« B DZE. BRD56%
* 54% of body height in women
s WEDIGZE, BRDO54%
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Equilibrium

* The state of being on balance g)\ Figure 5

* A vertical line from COM passes through
the Base of Support (BOS) (

* BOS is the area beneath a person that  com Base of support
includes every point of contact withthe (¥4 T
supporting surface '\ / i,

Ankle \ \ Z_/[
plantafiexor
activity

J [AnKejont axds poamon of

- center of mass

=" [Center of gravity - (C0oG)
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Equilibrium

e Jigotai p
* Increases stability ‘?
* Lowers COM

* Increases BOS

Stable equilibrium Point of balance Overturning
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Kuzushi

* An action to unbalance your opponent in
preparation for throwing him
e (Kawamura & Daigo, 2000)

- HFEZRITHE/E L TNNT A% AT ENME

* (Kawamura & Daigo, 2000)

* Position uke whereby the COM passes outside of
the BOS

e COMN'BOSONA Z @@ T 2R 3 = lf
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Concepts combined to perform yoko-ukemi

* Bending the knees
* reduces height of COM

CBAEMITAEELOTENTAS

* Falling at an angle rather than
vertically
* Uses the vector element of velocity

cBE TR IHRBHITEL S
s REDNT FIVEFRZ[ED
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Concepts combined to perform yoko-ukemi

* Rolling
* takes longer to impact the ground

cELNY 5 &
« HIHICERM T 5 X TORFEAKL
AN
e Landing on a large % of BSA
e distributes the pressure

c AREEDLWEDICEHT S &
c ENDPEEND
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