


Evaluation technical skills for sports performance
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Technical/Movement skills
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Movement patterniz® £/ 12 T,

General series of anatomical movements that have
common elements of spatial configuration=fEfi B HtRIER

f(X) ROM, velocities, acceleration, etc

The University of Sydney



Movement skills ) EFZHE

Adapted within the constraints of an act|V|ty or sport

)% F) 3k 2 B B PRl 20 [ A 2 17 o 22




Constraints for “throwing skills™

Training/ Skill levels
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Why segmental sequencing rotation can achieve high end-point velocity?

mITEEE D RieE o] DUERSRERMRE ?

The University of Sydney



Open Kinetic Link Model B I0E) 12 E 4512 1Y

Interactive muscle torque
Wrist axis

Interactive muscle torque

Elbow axis

External torque accelerating
The University of Sydney
Shoulder axis

Joint limitation

Stretch reflex

a stops



Open Kinetic Link Model A =\ &) JJEE 45

AXxis of rotation

Elbow axis

External torque decelerating

The University of Sydney Shoulder axis




Application to enhance sports performancete 71 i& ) IR Y &

Van & Cabri (2012)

Wagner et al. (2014) Ferdinands et al (2013) Oyama et al (2014)

Reid et al (2015);
The University of Sydney Wagner et al. (2012, 2014) Wagner et al. (2014)
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yner et al., 2012

h AJ etal., 2018
|mpr0ve vya & Yanai 2021;

=120 002 1.Wagner. et al, 2012 & 2014;

Why 1s 1t important? 1A etal. 2016; Ovama et al. 2014,

RITEBEWILESE ?

T —

Associate
with Physical Seg me ntal

\\\fwmy sequencing

Fuetal., 2016 \ \
Cuttuzzo et al., 2016

Prevent Injury

a etal., 2018

—

dentify
Talents
The University of Sydney

‘and Baeyens 2018



Research applicationfiff 55 F& FF

SCANDINAVIAN JOURNAL OF

MEDICINE & SCIENCE IN SPORTS

ORIGINAL ARTICLE = @& OpenAccess © @ & &

Segmental sequencing of the upper body segments in
unconstrained maximum overarm throws: An implication
for coaching

The University of Sydney



Throwing performance for children
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Applied Motor Control

B B2

biomechanics

EREYNE

Developmental
Theories

ERIE®

Motor Learning
EE) B

The University of Sydney




Rationale - Fair understanding of the upper body/ limb sequence

Oyama et al. 2014

T

Reid et al., 2012;
Wagner et al, 2014
\Y

Beach et al., 2018;
Van den Tillaar et la., 2009

Van de Tilaar and Ettema 2007

The University of Sydney



Rationale - Fair understanding of the upper body sequence

* Less shoulder joint movement in non-
throwing arm of skilled pitchers
* A characteristics of max ball release throw

(Murata, A. 2001)

« Sig decrease in elbow extension at the time
of ball release
» pelvis achieved max w earlier

(Ishida, K., & Hirano, Y. ,2004)

The University of Sydney
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University of Sydney

lf you P
can't

Catch
Jump

Throw YOU WON't P

Swim
Run

take partin

Baseball
Softball
Bowling
Soccer
Goalball
Football
Rugby



Research/ Knowledge Gapfiff 5¢/%0 58t = B

The BASIC form 11

No study on unconstrained conditions %758 {14 (fundamental movement
skill)

No research on the segmental sequence of the upper body and both upper
extremities

No investigation of age-appropriate skills: early adolescents

What are the critical features?

- .Segmental sequencing => in the expected sequence? => Is it true?



|dentify age-appropriate &
evidence-based movement skill

criteria by investigating the
segmental sequencing features
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Conceptual modeltH

Rotational sequences
from the left wrist to the

The University of

A
-
VARS)

kit

upper girdle

Rotational sequences from
the pelvic girdle to the
upper girdle

Rotational sequences from

the upper girdle to the

right wrist

Upper Girdle
Anticlockwise

Rotation

Right Wrist
Flexion

E N
Left Shoulder Right Shoulder
/ Extension ] L M Flexion
F 0
‘[ |
G Trupk P
leftwrist |, | LeftElbow _|  Left Shoulder Fo Right Shoulder
Extension Extension Adduction Til Abd uction
Q
T
| K
\ Left Shoulder | I ,  RightShoulder
Depression Trunk Elevation
Cockwise
Lean
— The segmental rotational sequence of maximum T
H , RightShoulder
angular velocity, from the tail to the head of the intemal Rotation
arrow, according to Kinetic Link Principle. For I
example, Sequence A represents the maximum Pelvic Girdle
angular velocity of left elbow extension priorto Mﬂ':;:‘“
maximum angular velocity of left wrist flexion




Conceptual model =& AU

Rotational sequences Rotational sequences from Rotational sequences from
from the left wrist to the the pelvic girdle to the the upper girdle to the
upper girdle ereirdle right wrist

Left Shoulder Right Shoulder
/ Extens ion Flexion \
B R
Left Wrist A Left Elbow 55 Left Shoulder RightShoulder | _g Right Elbow Ry Right Wrist
Extension Extension Adduction Abduction Extension Flexion

Depression Elevation

Right Shoulder /

Intemal Rotation

D ),‘a‘ P T
\ Left Shoulder | Right Shoulder /

— The segmental rotational sequence of maximum _
angular velocity, from the tail to the head of the |
arrow, according to Kinetic Link Principle. For |
example, Sequence A represents the maximum | Pelvic Girdle

The University of angular velocity of left elbow extension priorto “‘;':::"' s
maximum angular velocity of left wrist flexion %r I




Conceptual model =& AU

Rotational sequences Rotational sequences from Rotational sequences from
from the left wrist to the the pelvuc glrdle ‘e the upper girdle to the
upper girdle right wrist

Left Shoulder
/ Extens ion

Extension Extension Adduction

Left Wrist FA_ Left Elbow Left Shoulder

\ Left Shoulder
Depression

— The segmental rotational sequence of maximum i §

angular velocity, from the tail to the head of the H

arrow, according to Kinetic Link Principle. For I

example, Sequence A represents the maximum Pelvic Girdle

The University of angular velocity of left elbow extension prior to “"R':::"“
maximum angular velocity of left wrist flexion

, RightShoulder
Intemal Rotation




Conceptual model =& AU

Rotational sequences
from the left wrist to the

upper girdle

|Rotationa| sequences from Rotational sequences from
** pelvic girdle to the the upper girdle to the
Cpienle right wrist

Si =

- L
i : 3

=

Flexion

s Right Elbow -v-!| Right Wrist

U
— The segmental rotational sequence of maximum i} i
angular velocity, from the tail to the head of the H Eomninmaaal
arrow, according to Kinetic Link Principle. For I
example, Sequence A represents the maximum Pelvic Girdle
The University of angular velocity of left elbow extension prior to S —

Rotation

maximum angular velocity of left wrist flexion




Methodology — participants
Tk - 2HE

Invited 305 year 7 students
Recruited 154 recruited
144 right handed
Analysis throwers

(85M 59F)

The University of Sydney

Excluded:

79 parents rejected
72 students declined

Exclusion criteria:

* visual deficits not corrected by glasses
* leg length discrepancy

* pain, injuries, or surgeries



Methodology — Data Collection and Processing
J35—E R EN EIE

Warm up - 2 valid throws

8-segment kinematic model

Testing area

« Open space - 12X8 m
* Net - 10x3m

14 camera MOCAP

The University of Sydney

filter & calculation — max w, cycle




Variables of interestzs S8 |

Rotational sequences
from the left wrist to the

The University of

=

=

upper girdle

Rotational sequences from
the pelvic girdle to the
upper girdle

Rotational sequences from

the upper girdle to the

right wrist

Upper Girdle
Anticlockwise

Rotation

Right Wrist
Flexion

E N
Left Shoulder Right Shoulder
Extension J L M Flexion
F 0
o I
G Trupk P
leftwrist | | Left Elbow Left Shoulder Fo Right Shoulder
Extension Extension Adduction Til Abd uction
Q
T
| K
Left Shoulder | I ,  RightShoulder
Depression Trunk Elevation
Cockwise
Lean
— The segmental rotational sequence of maximum T
H , RightShoulder
angular velocity, from the tail to the head of the intemal Rotation
arrow, according to Kinetic Link Principle. For I
example, Sequence A represents the maximum Pelvic Girdle
angular velocity of left elbow extension priorto Mﬂ':;:‘“
maximum angular velocity of left wrist flexion




Variables of interestzs SR 0| =

« Movement patterns

The University of Sydney



Data processing & it} 2 32

>18.76ms"

15.66-18.76ms"!

12.26-15.66ms™!

Total 144
right-handed
throwers

<=12.26ms™"

The University of Sydney




28

Data processing & it} iz 32

Joint rotations

Joint and Segment
Rotational Kinematics

Segment rotations



Statistical analysis#E 5T 73 1T

- Normality check: Shapiro-Wilk

- Age, height, weight, and BMI between groups : independent t-test

- Gender: x2 test

- Movement Patterns: 95% CI curve

The University of Sydney



Statistical analysis#t 5T 72 #T— Timing and Sequencing

- Characteristic segmental sequencing of each group

- Defined: the sequence with significant within-group differences in successive
events

- pair t-test
- a level set as 0.001

- Critical segmental sequencing
- Defined: the sequence with significant within-and-between-group differences
- pair t-test and independent t-test
- a level set as 0.001

The University of Sydney



Discussion 1 - Demographics

alam 1 - AL#RET

- Age, height, weight, and BMI between groups:
no significant differences (p > 0.05).

- The number of boys > girls:
no significant difference (x2 = 16.37, p < 0.001).

Not a-priori factor X

movement pattern deviation

The University of Sydney



Discussion 2
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Typical ‘Less Skille !fﬂf‘:“"'fifi&..“—

The University of Sydney



Discussion 2
=1
=\ 5@ 2

Typical ‘Skilled’

The University of Sydney



Discussion 3 — No. of segmental sequences (@ group

w3 — ARl EE S

Rotational sequences
from the left wrist to
the upper girdle

s i

Left Shoulder
r Extension

Left Wrist Left Ebow Left Shoulder
Extension Extension Adduction

Rotational sequences
from the pelvis girdle
to the upper girdle

Left Shoulder
Depression

«a Pelvis Girdle
Anticlockwise
— Rotation

Exhe R B =

Rotational sequences
from the upper girdle
to the right wrist

- 11 common sequences

- 2 in Less Skilled group

Right Shoulder . )
e - 6 in Skilled Group
Right Shoulder | | Right Elbow +. wend RigH Wrist
Abduction Extension Fexion
Right shoulder |,/ 3 /
Elevation u*

Right Shoulder
Intemal Rotation

Skilled Group (17)
VS Less Skilled (13)

From — s———p to: Significant within-group differences in times of two successive events in both groups
From = =) to: Significant within-group differences in times of two successive events in the Skilled Group only
From weeces > to: Significant within-group differences in times of two successive events in the Less Skilled Group only



Discussion 4 — Direction of sequencing & Critical feature

R am 4 — ZE 7 [0) Al Be SR A 15

Rotational sequences
from the left wrist to
the upper girdle

3,/ Left Should:

Extensic .

Left Wrist & @ { LeftEIbowJ @ 3 Left S’ oulder

Extension Extension Adc iction
L

Left She ‘der

Depression

—
—

The University of Sydney

follow segmental sequencing

Rotational sequences
from the pelvis girdle
to the upper sirdle

Rotational sequences
from the upper girdle
to the right wrist

does not follow segmental sequencing

Upper iird :
Anticlc kwi: »
Rot tion

/ ﬁL
o

,r Trunk

o Forward Tilt

Trunk
Clockwise
Lean

= Pelvis Girdle
Anticlockwise
= Rotation

Rig: * Shoulder
Fi xion

N

Right Shoi 'der

Abductic 'J

Rigt 0w
Exteisiol =

Right Wrist
Flex’on

Rigk' shoulc »r
evatior

I 3ht Shoulder
Int. nal Rotation

8 followed the proximal-to-distal sequence

11 did not follow



Discussion 5 — The throwing arm

s - #EFEE ~50% not in PD

Rotational sequences Rotational sequences Rotational sequences
from the left wrist to from the pelvis girdle from the upper girdle
the upper girdle to the upperei-~ = | w . ceht wrist
|
ge i
Left Shoulder Right Shoulder
l' = Extension Flexion
l
Left Wrist ‘l A Left Elbow k( Left Shoulder Right Shoulder | | Right wrist
Extension Extension Adduction Abduction Fexion
D
oeoresion o |
Clockwise 1

,_
3

Right Shoulder
Intemal Rotation

4 Pelvis Girdle - !
Anticlockwise A4 ‘
Rotation by o
From s to: Significant within-group differences in times of two successive events in both groups

From = =) to: Significant within-group differences in times of two successive events in the Skilled Group only | ) &
From weeses > to: Significant within-group differences in times of two successive events in the Less Skilled Group only




Discussion 5 — The throwing arm
=} =A 76l
S el 5 — B FE

Rotational sequences Rotational sequences
from the left wrist to from the pelvis girdle
the upper girdle to the upper girdle

Rotational sequences from the upper girdle to the right wrist
——Upper Girdle Clockwise Rotation

T i i Right Internal Rotation
- = =Right Shoulder Flexion
1100 == Right Shoulder Elevation
— —Right Shoulder Abduction
600 — - - Right Elbow Extenion

e
_____________________

500

From =P  to: Significantw
From =— =—> to: Significantw
From weewe=d to: Significant w

Rotational sequences
from the upper girdle
to the right wrist

Right Wrist
Fexion




Discussion 5 — The throwing arm
=} =A 76l
S am S - IR FE

Rotational sequences Rotational sequences Rotational sequences
from the left wrist to from the pelvis girdle from the upper girdle
the upper girdle to the upper girdle to the right wrist

gef q
Left Shoulder Right Shoulder
I' o Extension Flexion
I
) o o] e Iy R i ]
) 2 /6
* Left Shoulder Right Shoulde /
Depression Elevation u*
u Clockwise | P
Lean
Right She ider P
M Intemal Rov “on . .
£ [ penis Girae Reduce shoulder injury?
Anticlockwise
==t  Rotation

From =) to: Significant within-group differences in times of two successive events in both groups
From = =) to: Significant within-group differences in times of two successive events in the Skilled Group only
From weeces > to: Significant within-group differences in times of two successive events in the Less Skilled Group only



Discussion 5 — The throwing arm
=} =A 76l
S am S - IR FE

+Elevation Le§s skilled group: Mean ---- 95%Cl -
% 10 I skilled group: Mean —--- 95%<E| ytational sequences Rotational sequences
2 /7" omthe pelvis girdle from the upper girdle
< 77 z . 2
£ sy o the upper girdle to the right wrist
@ -10 - S
(7)) // / 7 -
2 o0 - // ~ : -
a 1, / ,
5 30 SNy (e
= -40 ra RthtEbow*. wend Right Wrist
- y Extension Flexion
a ’/’/ 7
S -50 ==
R
»-60——+ v
- B
2 -70 Right Shoulder
70 01 02 03 04 05 06 Aok
{Depression Time(s) BallRelease |11 peivisGirdie
Anticlockwise . . _
=1 Soteeion Facilitate clockwise rotation?

From =) to: Significant within-group differences in times of two successive events in both groups
From == =) to: Significant within-group differences in times of two successive events in the Skilled Group only
From weeee=d) to: Significant within-group differences in times of two successive events in the Less Skilled Group only



Discussion 6 — Trunk
= im 6 — JREF

Rotational sequences
from the left wrist to

the upper girdle
ge
Left Shoulder
E Extens lon
Leftwrist L, | Left Elbow Left Shoulder
Extension Extension Adduction
D
Left Shoulder
Depression

Rotational sequences
from the pelvis girdle
to the upper girdle

Rotational sequences
from the upper girdle
to the right wrist

«a Pelvis Girdle
Anticlockwise
~— Rotation

Right Wrist
Fexion

From s to: Significant within-group differences in times or two successive events in both groups
Fom = =) to: Significant within-group differences in times of two successive events in the Skilled Group only
From =eewe==3d to: Significant within-group differences in times of two successive events in the Less Skilled Group only



Discussion 6 — Trunk
= im 6 — JREF

Rotational sequences from the pelvis girdle to the upper girdle
—— Upper Girdle Clockwise Rotation

800

600 Pelvis Girdle Clockwise Rotation

a00 — ' Trunk Forward Tilt

200 ==-=-=--Trunk Clockwise lean e
..,.-': S _--'.'----'-----.- —— - — -'.‘\
’ mﬁnr...—-:=-_--.r.=m-='.!:-’- : —_—— & — T x e

-200

The University of Sydney



Discussion 7 — Non- throwing arm

R am 7 — FFIRES B

Rotational sequences
from the left wrist tn
the _cigirdle

gef
r—
|

Left Elbow Left Shoulder
Extension Adduction
D

Left Shoulder
Extenslon

Left Wrist A
Extension

Depression

~0.159s

Rotational sequences
from the pelvis girdle
*a the upper girdle

2X

=4 Pelvis Girdle

Anticlockwise
— Rotation

Rotational sequences
from the upper girdle
to the right wrist

Right Shoulder
Hexion

&

Right Shoulder | | Right Elbow #, wend RigH Wrist

Abduction Extension Fexion
T
Right Shoulder /
Elevation u*

Right Shoulder
Intemal Rotation

to: Significant within-group differences in times of two successive events in both groups
to: Significant within-group differences in times of two successive events in the Skilled Group only
to: Significant within-group differences in times of two successive events in the Less Skilled Group only

St




Discussion 7 — Non- throwing arm
AU am 7 — FRIRIEF B

Rotation sequences from the left wrist to the upper girdle

1200 — Upper Girdle Clockwise Rotation
1000 — ** Left Shoulder Extension
e Left Shoulder Adduction
EOp mee Left Shoulder Depression
400 — - -Left Elbow Extension X
200 - - -Left Wrist Extension. . —-—"— "'—x.—---_""“"_ 'P"-X“ :
0 ——— i e
200 STttt bt £ 7 Y Tl p——r—
-400
-600

Distal-to-proximal sequencing?

The University of Sydney



Discussion 8— Movement pattern (Right Hip)
= am 8 — EENRIL(AIR)

. . A ———— Q&Y : | ___I¥ killed : M —-——- 95%ClI
tFloon  Emimemesgow jem 9o tAbducton T et g —— lmn - 39
B D— s~
e il . o _anBlln
5 30— ] 230 8
[ ol S i o Y
<C / //t c P y - % s
S 20— = .- ,
k=) e g 20 = i
2 L _ = / e
£ 10 2
o J BT EES S = 10} — =
= S B
S 00— - R I R
> - 1 — 3 o
E) _-/'} o B2 o0
e [ I— - - 2
o -10 — <
= 2 \
- T 10
= -— b
> -20 = = =<
Fova =2
o
-30 ‘ : : -20
0 01 02 03 04 05 06 0 61 02 03 04 05 06
| Extension Time(s) Ball Release +Adduction Time(s) Ball Release

ADDuction

Make a step

Extension

The University of Sydney




Discussion 8— Movement pattern (Trunk Lean and Tilt )

515 8 — EEET (SEERER)

Trunk Lean Trunk Tilt

+ Anticlockwise [ Less skilled group: Mean — -~ 95%Cl tForward [ Less skilled group: Mean ---- 95%CI
I skilled group: Mean — - - 95%Cl I skilled group: Mean — -~~~ 95%CI
20 25
- N - 20 £
10| —= ~. S y
. N 15 T
) N — / ]
0 N Y S—" £ 4
— O T P ) D o4 B
g’ 0 - i - ‘\\ \ . =) 10 777
< [ | |\ N s YA
e [Tl ~ = 7
S R s = 5 P 4
K > 0
=-10] ~ = o .
= =2 s
= P oo :
-20 ! T B T
-1 0 % e B
-30 : : -15 o -
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 04 0.5 0.6
{Clockwise Ball Release {Backward Time(s) Ball Release
Left Backward

The University of Sydney

More ROM in the skilled than less skilled




Discussion 8— Movement pattern (Pelvis & Shoulder Girdles)

R am 8 — BENR T (B R A

Pelvic Girdle

= it
I=NF

)

Shoulder Girdle

0 Less skilled group:

Mean ---- 95%CI

t Anticlockwise

; ; L killed : M -——- 95%ClI -
TAntlggc'(w'se e ériu;?:mp Mean ———— 85%0l 40 B Skilled group: Mean —-—- 95%CI
20
id o
0 4 ////’ E
% "l{ g 0
S .
é 20 5 -20
5 / £
=R — e 40
° T ] . @
o ; B -60< -
") iR T — T -
= -60 L T - -
& 4“5“ ) o ‘80 \\\‘:::_» ______ 1-
80— e =) Ty
B e B -100 B Sl
-100 -120
0 0.1 0.2 0.3 04 0.5 0.6 0 0.1 0.2 0.3 04 0.5 0.6
1 Clockwise Time(s) Ball Release I Clockwise Time(s) Ball Release

The University of Sydney

Small temporal difference in pelvic and
shoulder girdle rotation!



Discussion 8— Movement pattern (Right Shoulder)
Rlam 8 — EFNRT (AR )

tFlexion — Le_ss skilled group: Mean -~~~ 95%CI : " Less skilled group: Mean —— — — 95%CI
—~ 60 I skilled group: Mean ---- 95%ClI Lébg;ctuon B skilled group: Mean 95%CI
T 2
> 2
g 90 A < 70 e
e e | B g ) o
_2 ,’/ - -'.‘-'_-, _// o T —
@ 40 77 360 ‘ T
2 ’ // -] _ ,l"'_ = ~/>./,
lﬁ // // s p: v
= 30 > 7 e g 50 - ] 1 Y
o - i / ! s ~ = //_--;’ 7—_ \\ Y
x . » 7 ‘ e /___1, —————————— _ P~
@ 20 - i S 40 - . > =
= A / 3 T SN S—
Q Lo - L ’ -—”,’/ 2 STl -
3 10 e e B 4 S 30 - e i
= - /, k=] //
2 —"!/:—::-f_"f_- V/ /// % \_/ B -
D o = S5 20—
: -
2 =
(=2
® _10 & 10 A
0 0.1 0.5 0.6 0 0.1 0.2 0.3 04 0.5 0.6
{Extension Ball Release {Adduction Time(s) Ball Release

Extension

The University of Sydney

ADDuction

Less skilled has larger Shoulder Flexion ROM than
skilled! => can the ROM reflect the skill level?




Discussion 8— Movement pattern (Right Elbow)
Al am 8 — IR, (AFN)

Extension

1Extension

160

[ Less skilled group: Mean -~~~ 95%CI
I skilled group: ——— Mean 95%ClI

140
Less skilled has larger

Elbow ROM than skilled!

N
N
o

-
o
o

A
1 1
\ |
[} J
[
£ 4
£ 4
£ 4
£ 4
4

®
o

Right Elbow Angle(°)

(o))
o
!
/
/ /
I /
1 /
1 '
| '
I
/ l
! I
| |
1 '
i /
I /
/ /

N
o

20 '
0 0.1 0.2 0.3 0.4 0.5 0.6

{Flexion Time(s) Ball Release

Flexion

The University of Sydney



Discussion 8— Movement pattern (Right Wrist)
AU am 8 — EENMRT, (AFH)

exion I Less skilled group: Mean — -~ 95(‘;A;CI
! F; 60 I skilled group: Mean 95 A:C!
\_::)—‘\:\ . .
150 e
% \__\\\~\\\"\
2440 RN
< N .
z \ Smaller range of wrist
= T N . .
g 190 \ flexion for skilled than less
* skilled.
120
110 Small temporal difference
Q 0.1 0.2 0.3 0.4 0.5 0.6 . ] .
{Extension Time(s) Ball Release in elbow and wrist rotation!

Extension

The University of Sydney



Discussion 8— Movement pattern (Left Shoulder)
Rl am 8 — EFNRT (A )

1Flexi [0 Less skilled group: Mean 95%Cl [0 Less skilled group: Mean 95%Cl : 7 Less skilled group: Mean -~~~ 95%CI
e:;(loon .- Skilled group: Mean ---- 95%ClI T;A\b;l;cuon N skilled group: Mean 95%CI 51~Ele1vg“°n I skilled group: Mean -~ - 95%Cl
s T 3 ) g i
2 | X & =4 >
2200 b << 60 - <
< ~ 1 \ c P = -20
§ 10 4 2 y - S
w [T [N\ S 50 e 8
S NN A L k=3 Py = -30
;3 0 T NS N 3 e N s
\\\ \\ \‘ '..\ = £ ’ ~ n
< SN0 = 40 /7 T~ =
5-10 < A i // 7. 5 -40
s N g LAt 5
: 3% ) g
i -20 3 k= X 3
5 < | w50
° =20 — SO\ % 5
ER k- Y 3
3 N =3
» N 3 -60
& 40 210 2
= (72} w
3 b~ % ¢
-50 o) g -70 :
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6 0 ) 0.1 0.2 0.3 0.4 0.5 0.6
{Extension Time(s) Ball Release { Adduction Time(s) Ball Releas +Depression Time(s) Ball Release

Left shoulder pulls back, in, and down
vigorously for skilled throwers
AND precedes the trunk rotation!

The University of]




Discussion 9 — How do the findings differ from teaching practice?

=N am 9 — AT T An SR EAZN AR

Original skill instruction

No prior mention

Coaching

No prior mention

No prior mention
Hips then shoulders rotate

forward

No prior mention

The University of Sydney

BEATAR ?

Amended or new skill instruction in plain language

Extend the elbow of the non-throwing arm and then

draw the shoulder downwards, backwards and toward
the trunk

Elevate the throwing arm while abducting and flexing

Move the upper arm forward before rotating the upper
girdle toward the non-throwing side

Pelvis rotation leads the upper trunk rotation toward the
non-throwing side using a side-on approach

Flex the throwing wrist while the elbow is extending



Do you
remember the
developmental
theories?

RIR 01T 85 R IE
sl ?

||P

The University of Sydney

Step Backswing

S1 No Step—The child throws from the initial B1 No Backswing—The ball in the hand moves directly
stationary foot position, forward to release from the arm’s original position.

S2 Homolateral Step—The child steps with the footon B2 Elbow and Humeral Flexion—The ball moves away
the same side as the throwing hand. from the intended line of flight to a position behind

S3 Contmhu-ml. Shon St(p—Thc child steps with the or alongside the head.
! e side from the lhmwmg hand. B3 Circular Upward Backswing—The ball moves away
from the intended line of flight to a position behind

bchmd the head via a circular, down-and-back
motion, which carries the hand below the waist.

Trunk

T1 No Trunk Action or Forward-Backward Movements—Only the arm is active in force production. If trunk action
occurs, it accompanies the forward thrust of the arm by flexing forward at the hips. Sometimes there is trunk
extension prior to hip flexion.

T2 Upper Trunk Rotation or Total “Block™ Rotation—The spine and pelvis both rotate away from the intended line

of flight and then simultancously begin forward rotation, acting as a unit or “block.”

ivis precedes the upper spine in initiating forward rotation. The thrower twists
il flight and then begins forward rotation with the pelvis while the upper spine

BMmy.

Humerus Forearm
H1 Humerus Obliqgue—The humerus moves forward to  F1 No Forearm Lag—The forearm and ball move
ballr elease. steadily forward to ball release.

H2 Humerus Aligned But Independent—The humerus  F2 Forearm l.nx—'l'hc forearm and ball appear to “lag”
moves forward to ball release in a plane horizontally e shoul
aligned with the shoulder, forming a right angle
and tryn .
h us moves forward to front facing.
: tally , but at the moment
!hc shoulders (upper spine) reach front facing, the
humerus remains within the outline of the body (as
scenf romt hes ide).

ing forearm delays
il the moment of
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Skill Criteria

Why Are They Important?

L~ o | o J & ] |

Stands side on to direction
of throw

Ensures the opposite foot to the throwing arm is
forward and enables the hip and shoulder to rotate
forward during the throw.

Throwing arm moves In a

Encourages the transference of weight onto the

downward and backward back foot and the rotation of trunk. It also

arc increases the range of motion of the arm which
puts the major contracting muscles into stretch
and therefore facilitates an increase in muscular
contraction and therefore adds force to the throw.

Opposite foot to throwing The step forward increases the distance over which | T

arm steps forward the thrower can apply force to ball and allows the
trunk to rotate forward.

Hips then shoulders rotate | | Much of the throwing force is generated by the

forward forward hip and trunk rotation. The action
eliminates muscle strain to the arm and shoulder
and Is important to add to the flow of the action.

Elbow bends as throwing Shortening the length of the arm (radius) means it

arm moves behind head

can move through the range of motion with greater
speed and less resistance.

Forearm and hand lag
behind upper arm

The hand Is the last body part to move forward.
Watch the ball in hand and make sure it stays
behind the body.

Throwing arm follows
through across body

The follow through is important for power and
accuracy as well as dissipating the force and
eliminating the tendency to decelerate before the
completion of the action. It also maintains balance
and protects the joints, muscles and connective

tieenn

tFlexion Less skilled group: Mean - - -~ 95%Cl
I skilled group: Mean ---- 95%Cl
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Elevation

10

o

The right shoulder did not extend
beyond the trunk frontal plane! No
evidence of a stretch reflex!

Less skilled group:
I skilled group:

Mean ---- 95%!
Mean 95%!

0.4 0.5 0.6
Ball Release

Cl
Cl

)
o

Right Shoulder Elevation/Depression Angle(°)
N @
o )

0

I Depression

0.1

0.2

0.3 0.4 0.5
Time(s)

0.6

Ball Release



Less skilled group: Mean ---- 95%CI
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N
o

Stands side on to direction | [ Ensures the opposite foot to the throwing arm is
of throw forward and enables the hip and shoulder to rotate

forward during the throw.

Throwing arm moves In a Encourages the transference of weight onto the
downward and backward back foot and the rotation of trunk. It also

60 —

Upper Girdle Rotation Angle(°)
A
(@]

arc Increases the range of motion of the arm which T
puts the major conltractmg muscles into stretch -80 Fﬁ\ — ,:::tfjff,, —
and therefore facilitates an increase in muscular 100 —— e | §Y
contraction and therefore adds force to the throw. i R
-120
Opposite foot to throwing | | The step forward Increases the distance over which P Ti,?,f(s) 04 OO Raase

arm steps forward the thrower can apply force to ball and allows the
trunk to rotate forward.

Hips then shoulders rotate | | Much of the throwing force is generated by the
forward forward hip and trunk rotation. The action
eliminates muscle strain to the arm and shoulde

and is important to add to the flow of the action. fAnti;Igckwise o Lo Sklled group: Mean ———- 95%Cl

-

Both hips and shoulders rotate rapidly
together!

Elbow bends as throwing Shortening the length of the arm (radius) means it
arm moves behind head can move through the range of motion with greater 0
speed and less resistance.

L~ o | o § & J o J o~ —

¥
2 20
Forearm and hand lag The hand is the last body part to move forward. <
behind upper arm Watch the ball in hand and make sure it stays § 40 = w
behind the body. E —\\_/ ) -
Throwing arm follows The follow through is important for power and % 60~ — 7
through across body accuracy as well as dissipating the force and a _\ _—— 4
eliminating the tendency to decelerate before the A e e E—
completion of the action. It also maintains balance
and protects the joints, muscles and connective -100
Homen 0 01 02 03 04 05 06
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QK1 Lriteria

WNy Are 1ney important:

(— _J o | o J = § o § o~ ] —

Stands side on to direction
of throw

Ensures the opposite foot to the throwing arm is
forward and enables the hip and shoulder to rotate
forward during the throw.

Throwing arm moves In a
downward and backward

arc

Encourages the transference of weight onto the
back foot and the rotation of trunk. It also
increases the range of motion of the arm which
puts the major contracting muscles into stretch
and therefore facilitates an increase in muscular
contraction and therefore adds force to the throw.

Opposite foot to throwing
arm steps forward

The step forward increases the distance over which
the thrower can apply force to ball and allows the
trunk to rotate forward.

Hips then shoulders rotate
forward

Much of the throwing force is generated by the
forward hip and trunk rotation. The action
eliminates muscle strain to the arm and shoulder
and is important to add to the flow of the action.

Elbow bends as throwing
arm moves behind head

Shortening the length of the arm (radius) means it
can move through the range of motion with greater
speed and less resistance.

Forearm and hand lag
behind upper arm

The hand is the last body part to move forward.
Watch the ball in hand and make sure it stays

behind the body.

Throwing arm follows
through across body

The follow through is important for power and
accuracy as well as dissipating the force and
eliminating the tendency to decelerate before the
completion of the action. It also maintains balance

Mean -~~~ 95%ClI
Mean 95%CI

Less skilled group:

1T Extension
N skilled group:

160

140 1/

N
N
o

a
o
o

®
o

Right Elbow Angle(°)

60

5
> P!
T~ i
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N !
N !
- - o
=< e 4
< . /]
< B . '
. i
=< i
ha s
o
7
//
s
;
4

40

20 ' .
(0] 0.1 0.2 0.3 0.4 0.5 0.6

{Flexion Time(s) Ball Release

The skilled group had more
extension than the less skilled group!
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ORI LITETd

WIly AI€ NEy Hnpordnt:

= o ] o § = § o > § —

Stands side on to direction
of throw

Ensures the opposite foot to the throwing arm is
forward and enables the hip and shoulder to rotate
forward during the throw.

Throwing arm moves In a

Encourages the transference of weight onto the

downward and backward back foot and the rotation of trunk. It also

arc Incraases the range of motion of the arm which
puts the major contracting muscles into stretch
and therefore facilitates an Increase in muscular
contraction and therefore adds force to the throw.

Opposite foot to throwing | | The step forward Increases the distance over which

arm steps forward the thrower can apply force to ball and allows the
trunk to rotate forward.

Hips then shoulders rotate | (Much of the throwing force is genarated by the

forward forward hip and trunk rotation. The action
eliminates muscle strain to the arm and shoulder
and Is important to add to the flow of the action.

Elbow bends as throwing | Shortening the length of the arm (radius) means It

arm moves behind head can move through the range of motion with greater
speed and less registance

R

Forearm and hand lag The hand s the last body part to move forward.

behind upper am Watch the ball in hand and make sure it stays
behind the body.

Throwing arm follows The follow through is important for power and

through across body accuracy as well as dissipating the force and

eliminating the tendency to decelerate before the
completion of the action. It also maintains balance
and protects the joints, muscles and connective

tInternal Less skilled group: Mean ---- 95%CI
200 I skilled group: Mean ---- 95%CI
—
<
[} —
o 150 o
[ = \ \\\\\
< <~ \\\\
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ﬁ 100 ‘\\ N
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>~ ~ A\ 1/
a-, o S~ \\ \\ //’
g 50 = ~_ 9 A Hufl
~ A\ / 7
3 S \ \\\\ \\ \ /////l,/
< T~ \\\\ A A 4 i
n \\\\\\ \\\\ \\ \\ ////////
E T~ T b 7y
[=) 0 T /R
& =
-50

0 0.1 0.2 0.3 0.4 0.5 0.6

| External

Ball Release

Watching the hand
inhibits the trunk
rotation.
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Teaching Notes

¢ |t is important to develop a preferrad throwing arm. It is not necessarily the hand the
child writes with.

¢ Teach the overhand throw in a different lesson to the catch. Children learn to catch
a large ball and throw a small ball.

¢ The non-throwing arm should be raised to balance the action. You may ask the child

to point at a target or target area.
¢ The ba" smuﬂl E gr|p% H!H Hngers ke “rabbit ears”.

Raising the non-throwing arm may
inhibit the trunk rotation and is
unlikely to ‘balance’ the action.

i Less skilled group: Mean 95%Cl 1 Elevation Less skilled group: Mean -~~~ 95%Cl i Less skilled group: Mean 95%Cl
;A\b;ﬂ;ctlon N skilled group: Mean - -~ - 95%Cl g-10 I Silled group: Mean 95%CI 1F|e;c|)on I skilled group: Mean - --- 95%Cl
S ) aaiNie — —

(T} 1 g
o2 =Y = B
2 N s 2 20 | -
< 60 p = -20 y = =
g S ) o c e
5 47 | b @ L S 10 -
8 50 p y \ a I\ 2 =
% kA O\ \5_-30 L c e
S0~ R 3 N &
.g // /,r ) . ’\ L g L | «Ta g -10
S 30 SRSl s G 3
° | 2 o N K
o TR 2 — o -20
< ‘ —- DN\ w N s
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2 R \\ k=1 < \ = -30
- O = ~ A o
3 NN S -60 ~ = -
10 = < = »w _40
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b ' ko
S o0 1 % -70 L -50
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
+Adduction Time(s) Ball Release +Depression Time(s) Ball Release +Extension Time(s) Ball Release
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- PD or DP sequencing depends on the tasks and other constraints
- Help us to understand the critical movement features
- Help us to improve performance +/- injury prevention
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