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The relationship among load, performance, and maximum
musde strength of two basic throwing patterns.

Chen Chuan-Show, Koyama Tetsuo,
(Chukyo University)

ABSTRACT

The purpose of this study was to relat the muscle strength and the differenciation of
two basic throwing patterns. As we know both in our daily life and sports activities there
are commonly seen that putting heavy things and over hand throwing light things for the
purpose of getting distance. These phenomenon also found in children’s motor development
of throwing movement. At the early stage of children’s throwing movement putting or
putting like movement appeared early than that of throwing, particularly to the over hand
throwing.

There are qeustions what coused this differenciation, and what were the factors or
imformation for us to select throwing patterns while facing a load? May be nuromascular
function from physical aspect, and motor learning in daily activities are factors which
coused this differenciation that mentioned above. In this study we thought that the muscle
strength could be one of the most powerful limiting factor. For the purpose of this
hypothesia we used a loads alternative ball asked subjects to push and over hand throw it in
sitting position, stablized by a belt tightly around the subjects’ hip. The load increased
gradually by 500 g from 1.0 kg to 6.0 kg. Performances were measured, including fine trials
for each load. EMGs were recorded by surface electrodes from muscles of shoulder gardle
and arm, seven muscles included. A high speed cinecamera used to analyze the change of
throwing patterns. Subjects were seven groups of male and female volounteers that were
distance runner, shotputtor, javelin thrower, and weight liftor, totally up to 26 subjects
included.

Some evidences obtained in this study summalized as follow:

1) Throwing patterns; As load increased there were no significant change of the patterns
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of push from series of tracings made from motion picture films, but the over hand throw
were quite disguised when the load increased which were lower the elbow joint, and
exerted the movement with a mixed pattern of push and throw, especialy at the heavier
load. (fig. 1. 2. 3.) The quality change following the increasing of loads were; Lengthening
the movement time and movement distance, and lowering the angle of incident and
initial velocity. (table 1).

2) EMGs of two throwing patterns; Electromyographical study of the muscle function
reveals what muscle actually does at any moment of these movements. In this study
results of EMGs were; At light load the Triceps (caput longum), Deltoideus (medius),
and Trapezius (superior) worked quite difference in character for two throwing movements
which indicated these muscles had their own functions differ in exerting push and over
hand throw, but no these differences found when the load was increased to the maximum
or nearly the maximum (the maximum load in this study is 6.0 kg), muscles worked almost
the same manner from the beginig to the ending of two of these movements. The amplitude
of EMGs increased linearly on line with the increasing of load also found.

3) The perfomances decreased with the increasing of loads could be found in two movements,
particularly the over hand throw decreased more sharply than the push in the first half
during the load increasing processes. (fig. 7)

4) There were an intersection point of the performances of two throwing movements at
certain load during the increasing of loads, here we called the point of intersection in
term of cross point, and the loads at the cross point was called critical loads. This cross
point appeared in all subjects in this study.

5) The percent of the loads at cross point to the maximum back strength were differ in

groups as follow;
1.80% (0.28) for shotputter, 2.04% (0.60) for distance runner, 2.12% (0.19) for javelin
thrower, 1.53% (0.30) for weight liftor, and 2.29% (0.37) for hand ball player of male
subjects. The percent of two groups of female subjects were 2.12% (0.18) for hand ball
player, and 1.73% (0.11) for discus thrower and javelin thrower. The range of these
persent were centered around 1.53% to 2.29% with a small stander diviation as descriped
above. (table 2)

6) There were differences largely in back strength which messured as an index of maximum
muscle strength, the range of back strength were 156 kg. for male hand ball player,
125 kg. for famel hand ball player, 181.7 kg. for male shoputter, 160 kg. for male javelin
thrower, 112.5 kg. for male distance runner, 166.7 kg. for male weight liftor, and
148.3 kg. for female discus and javelin thrower respectly.

7) The percent of the cross point were differ in groups which were higher in male and
female hand ball player as well as male javelin thrower, lower in weight liftor male
shoputter and female discus and javelin thrower, and the long distance runner located
in the middle. (table 3, 7 and fig. 8)
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% HAWTI100F /sec DEE TEMERLET L 5 4%
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AROHHE I 2HOERARFOEL, #
BEOFER ICX T 2HEROMHESY A 5%, &
EX (EMG) 2% - &L 7-. EMGXH
AFEHML, ZHEEARRCHERERE X
rHOWTRAHEXNZTCHEFO LEFAUHE
HEREF 2 58k L 2o FEENT, BfEMAI L
OB FARB A (M« flexor carpi radialis),
¥¥gfE5 (M - extensor digitorum), _bBE_5E
#E3E(M ‘biceps brachii caput longum),
EBE=FEF5 (M -triceps brachii), =& b

(M -deltoideus medius), KFEIFHEEFTEE(M -
pectoralis pars sternocostalis), & UY&M
5 _L# (M -trapezius pars superior) D&t 7
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Fig. | Series of tracings made from

motion picture film while Push
and Over hand throw a ball of
(A: I.5kg, B: 4. 5kg, C: 6.0kg) in
sitting position. Subj. M. Shida

OVER HAND THROWING PUSH

Fig. 2 Series of tracings made from

motion picture film while push and
Over hand throw a ball of (A: 1.0
kg, B: 3.5kg C: 5. 5kg) in sitting

position. Subj. H. Iwada
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OVER HAND THROWING PUSH B OWEIcONT, BEEEE RGBS
5K —)release B F TOREH) K UBEIERE

(F T BAGBEE A 5K — brelease £ T FEEE) »°
WRMARKLTW3, 2), HEAE (Angle of
incident), #FI#EE (Initial speed) X UTREE
B (performance) ZEIRICED L TV AHEN
bo o7, (Tablel £8)
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5H0EE Horid, fig. 4, 5, 6, IR
L 7z, fig. 413 B WA fifiE, fig. 5ldperformance
DR K, fig. 6 13 HRKAMIFDEMGTH 5,
2 h Z M EpushiE, AHfHlIXOver hand
throw B¥, #ED SR T BIERSAEE(E) B UEifE
BRTERAE)ZRLELDTH 5, % Hcealibra-
tion& U'paper speedld&fig DA TEFICHAECL
ThH b, BEAafiiEfig. 4 & Uperformance D
L fig. BOEMGIZDWTABE, BFHD
B, KERFHE - BOLO S S \ZEE S HHE
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Fig. 3 Series of tracings made from MR EERROBE AR L CHVTWwAEY
motion picture film while push and H» 5, pushiFld, release DR & E%IZHE
Over hand throw aball of(A: 1.0 MFAES, @ieth, WIS, AR
kg, B: 2.5kg, C: 4.0kg) in sitting LML BEBHOSE DAL SN, MHHRUAK

position. Subj. U. Shibasaki
Table. | DESCRIPTIVE DATA ON THE THROWING MOVEMENTS

Load 1.0kg 1.5kg 2.0kg 2.5kg 3.0kg 3.5kg 4.0kg 4,5kg 5.0kg 5.5kg 6.0kg
[“ "MOVEMENT TIME
(sec.) .34 .41 .29 .32 .37 .45 .39 .50 .47 .44 .43
(.08) (.08) (.07) (.14) (.06) (.08) (.06) (.05) (.07)
MOVEMENT DISTANCE .90 .96 .92 .95 .91 .97 1.03 1.00 1.01 1.06 1.15
(m.) (.11) (.10) (.13) (.09) (.19) (.11) (.16) (.04) (.10)
£ | ANGLE OF INCIDENT 26.16°  29.52°  32.22°  27.32° 30.75°  29.2I°  26.59°  21.30°  30.08°  24.10°  16.46°
= (4.53) (8.40) (8.80) (6.13) (7.07) (7.42) (7.00) (1.41) (3.39)
>
S [ INITIAL VELOCITY 8.88 6.90 8.27 7.57 6.72 5.81 6.60 5.84 5.85 5.82 5.87
(m.) (1.00) (1.81) (.57) (.86) (.72) (.95) (.20) (.30) (.44)
PERFORMANCE 7.83 5.75 6.02 5.78 5.44 4.85 4,75 4.68 4.33 4.19 3.76
(m.) (.82) (1.00) (.19) (.80) (.65) (.56) (.36) (.42) (.45)
MOVEMENT TIME .37 .41 .47 .47 .54 .55 .61 .58 .55 .62
(sec.) (.10) («11) (.24) (.15) (.14) (.14) (.10) (.09) (.16)
MOVEMENT DISTANCE .99 1.19 1.21 1.22 1.24 1.28 1.28 1.30 1.26 1.34 1.46
g (m.) (.31) (.27) (.33) (.35) (.31) (.28) (.30) (.22) (.14)
Z | ANGLE OF INCIDENT 30.93°  25.62°  24.98°  26.24°  22.36°  20.59°.  19.73°  13.74°  16.76°  14.18°  10.5I°
;;“_: (3.82) (3.27) (3.79) (9.45) (13.6) (4.96) (7.33) (3.95) (5.19)
o | INITIAL VELOCITY 9.85 9.65 9.47 8.09 6.98 6.71 6.35 6.25 6.00 5.91 6.18
}Z: (1.15) (.94) (1.00) (1.31) (1.11) (.55) (.29) (.40) (.18)
« | PERFORMANCE 9.60 6.34 7.56 6.69 5.63 4.73 4,40 4.45 4,11 4.15 4.03
g (m.) (1.21) (1.38) (1.08) (1.19) (1.25) (.34) (.34) (.24) (.05)

(s.0.)

¥ iZAnalyzer ZHWTE X DFM LT % CIEZOERMIZKEL T3, LB _IEHIZ,
ARG E, TROLI ZEAI TSN, 1), E{ERRE > R T £ CEMOEVERKEL L
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Fig. 4 EMGs of Membri Superioris while Push (Ieft) and Over hand throw (nght)
a ball weight of 1.5kg in sitting position.

3. MEERNICEITEERR U Performance
EDOBIR; SHOE S AR—VHEEOKES
oWT, AMEBRREMICHEML, mREEo
Performance OZAtiL fig. 7IZR LT3,
EHBREIHBLTRZ 32413, BRHOBHE
S TRIBBEAME T L, BVBakE:: clk
Over hand throw?'push k¥ & MIEEEHE <
ZO%, BFOWHEIME->TETL, »38%
SREEIZ % o 7-BE R, WARENED TREGEE AR L,

k4

HIZEf 2 M2 % & Performance DWEEA RS
N5, push®F 7 Over hand throw &9 &7
TREE R 2 5, B LIRERT, AR, CHO
BERE LD SHOBEBRE LV LIE- &Y L -
Lo &) zEmERL T3, EEXITESF
BRUNY FR=IEFD 2BOLERE L, A
BELIR, 1ZIZBEL % 3, Ao E-
TIRIEBE 2RI T U T 3, (fig. TIZRRR)



L ro = oo iEfEER Iz 517 5 &R R & performance & B {%

Sub| T. Konishi

M. flexor carpi

finish
radialis L

start

29

M. extensor -
dlgltorum-j R
E s AT e e S

M biceps brachn ,
(caput longum)

it

M— triceps brachu -

(caput Idterale)

},

_r_,‘

M. deltoudeus )
(medlus)

M pectorahs malor I R S
(pars sternocostalls) I B

= S

: S -
‘ “""‘:\N"“‘."\". — -

M trapezius
(supenor)

\
Fig.5
a b, Il of 2.5kg in sitting position.

Sub| T. Konishi

- ~ start finish
M flexor carpl N il
" radialis . :w ' "il_
M extensor ;‘" T T

start

i Ll.m

Y
l« lui o Mlaﬂl'!w !‘ gt e
M'!- ||| 1'”\1' l. { '

EMGs of Membri Superioris while push (Ieft) and Over hand throw (right)

finish

i

digitorum 1
g 11-" ” ﬁ“WMMWWL

M. blceps brachn

(caput Iongum) Lo

M tnceps brachu

(caput Iaterale) 1

+~ﬁ:‘1
17

M deltondeus ‘
(vmeduus)

M. pectoralls ma|or -
(P sternocostalus)

M trapeznué r
(supenor) ; 0. 5sec

P \

e wmvwkwm» “\' W}mm g <o)

Fig. 6 EMGs of Membri Superioris while push (left)

a ball of 6.0kg in sitting position.

‘ Iu i ‘fl‘m{‘f”“ Wﬁf" B

and Over hand throw(nght)



v b oo BEfERRIC B 15 5 AR & performance & O 1%

(m) 1.08% (.28) (m)  2.04% (.60) (m)
12 E 12 7 12 ,
bl 1l | ;
10 10 10 ;

9 9 9 :

8 8 8 ;

7 7 7 :

6 6 6 :

5 5 5

4 4 4 :

3 3 3 :

2 2 2 :

| ! C | ' B | : A

1.01.52.02.53.03.54.04.55.05.56.0 (kg) 1.01.52.02.54.0(kg) 1.01.52.02.53.03.54.04.55.05560 (kg)

m 1-53% (.30) (m) 2.29% (.37)
12 E 12 s

I I :
'g o—oover hand throw Ig

8 o---opush 8

1 7

6 6

5 5

4 4

3 ! 3

2 i 2

| | E ! D

1.01.52.02.53.03.54.0 4.55.05.56.0(kg)

1.01.52.02.53.03.54.04.55.05.56.0 (k)

Fig. 7 Relationship between load and performance of two throwing movements
during the increasing of load, and percent of the load at two performances
intersection point (cross point) to the maximum musclce strength from
five groups of subjects (A. javelin Thrower, B. Distance Runner , C.
Shotputter, D. Handball Player, E. Weight Liftor).

Table2 7 5 6 IIBBWREH (BFOA)DE
fil38 P & performance & O FARE % #3012 LER
L2bDTH 5, MFFEERR L L EHFO Y
W2t U CRERBE AR IZIE T L, Wiz 1 %k
BETEHVARSHMHEMERERL TV 5, FK
DIEFIZOVWTRS & TERD &L I IThaHELETF
Dover hand throw!x—0.95, EEXEIFEFD
pushi3—0.95, /N FR—IL;E FDpushld —0.94,

Table 2 Handball player (male)
® Over hand throw

Y=-1.3867 X+11.1318

Regression table
Sum of Sq. D.F
198.3280 1

Source
Refression

RAMIFITEF D push 13—0.94, HHBRITEFD
over hand throw!3—0.92, ¥ FR—-IEF
? over hand throw 1X—0.91, EIEEEEED
over hand throw 3—0.88, EERIEFOD
over hand throw!d—0.87, & ihEEEH D push
T—0.78DIETH 5, RIEBEEE R UVEEZR Y
HEFDover hand throwDEABEF 121K, #%
BEMOBESHPRETH 5 L#EH s h 3,

Mean Sq. FO
198.3280 228.0932
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Residual 41.7362 48 0.8695
Total 240.0642 49

Coef. of Determination = 0.8261 Meanx = 3.75
Coef. of Correlation =—0.9089 y = 59314

Standerd error of estimate = 0.9324

® Push
Y =-0.7255 X + 8.1822

Regression table

Source Sum of Sq. D.F Mean Sq. FO
Regression 54.2875 1 54.2875 370.5308
Residual 7.0326 48 0.1465
Total 61.3202 49
Coef. of Determination = 0.8853 Mean x = 3.75
Coef. of Correlation = —0.9409 y = 5.4614
Standerd error of estimate = 0.3827
Table 3 Long distance
® Over hand throw
Y =-1.9496 X +9.8062
Regression table
Source Sum of Sq. D.F Mean Sq. FO
Regression 106.4310 1 106.4310 93.7461
Residual 29.5180 26 ‘ 1.1353
Total 135.9490 27
Coef. of Determination = 0.7828 Mean x = 2.500
Coef. of Correlation = —(0.8848 y = 49321

Standerd error of estimate =  1.0655



® Push

Y =-1.0139 X + 7.3401

Regression table

Source Sum of Sq.
Regression 28.7854
Residual 18.8338

Total 47.6192

Coef. of determenation = 0.6044
Coef of Correlation =—0.7774

Standerd error of estimate = 0.8511

Table 4 Shot putter
® Over hand throw

=—1.6974 X + 12.9434

Regression table

Source Sum of Sq.
Regression 178.2836
Residual 18.8764

Total 197.1600

Coef. of Determination = 0.9402
Coef. of Correlation =—0.9500

Standerd error of estimate = 0.8210

® Push

Y =-1.0044 X +10.1235

Regression table

Source Sume of Sq.
Regression 62.4212
Residual 8.5504

Total 70.9716

Coef. of Determination = 0.8795
Coef. of Correlation =—-0.9378
Standerd error of estimete = 0.5526

D.F
1
26
27
Mean x
y
D.F
1
28
29
Mean x
y
D.F
1
28
29
Mean x
y

i
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Mean Sq.
28.7854
0.7243

2.5
4.8053

Mean Sq.
178.2836
0.6741

3.7500
6.5780

Mean Sq.
62.4212
0.3053

3.7500
6.3570

FO
39.7380

FO
264.4537

FO
204.4100
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Table 5 Javelin Throw
e over hand throw

Javelin thrower

Y =-1.6854 X +12.9036

Regression table

Standerd error of estimate 1.0776

Source Sum of Sq. D.F
Regression 175.7634 1
Rsidual 30.0284 28
Total 205.7918 29
Coef. of Determination = 0.8540 Mean x
Coef. of Correlation =-0.9241 y
Standard error of estimate = 1.0355

® Push

=—-0.8181 X +9.2852
Regression table

Source Sum of Sq. D.F
Regression 41.4122 1
Residual 10.0741 28
Total 51.4863 29
Coef. of Determination = 0.8043 Mean x
Coef. of Correlation = —0.8968 y
Standard error of estimate = 0.5998

Table 6 Weight liftor

® Over hand throw
Y =-—-1.3818 X +9.8369

Regression table

Source Sum of Sq. D.F
Regression 118.1454 1
Residual 38.8318 28
Total 156.9773 29
Coef. of Determination = 0.7527 Mean x
Coef. of Correlation = —0.8675 y

Mean Sq
175.7634
1.0724

3.7500
6.5833

1l

Mean Sq.
414122
0.3597

3.7500
6.2173

Mean Sq.
118.1454
1.3868

3.25
5.3460

FO
163.8904

FO
115.1013

FO
85.1896



— 34 — b oo EfERER I 3515 5 B4R & performance ¥ OB {%

® Push
=-0.8386 X + 7.6966
Regression table
Source Sum of Sq. D.F Mean Sq. FO
Regression 43.5205 1 43.5205 247.5690
Residual 4.9221 28 0.1757
Total 48.4426 29
Coef. of Determination = 0.8983 Mean x = 3.25
Coef. of Correlation =—0.9478 y = 4971

Standerd error of estimate = 0.4192
* X: Load, Y: Performance.

4. XRKEORAMER L B AT 1L OFHME; fig BINHEFORMIAEL TV, ZOXIIZH A
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Ronbd, ZD0midfig. 8 MDFEHRTRL T Ti¥, over hand throw % B & L 2 BRE
WA LB FEIRMESD112.5kg (+12.5) DREOEEG P EDHIMEL, BEFEV.
75 BFRIAIRE T D181. Tkg (£22. 48) D&M U Cpush® B9 & LABERERTIIEDTIC
MIZh 2.5 b ERHBEBREOTEREAG HE100 (rEL, BAPEL 2> Twd, MEHOHHIC
ELZb &, XEBAFMORAT 2T 2E]| MEBELTWSEDOIE, HE, & IZBEO ML -
BB TERETRFNL.53% (£0.30) »5 VAR -VWERBEETH 5,
BNy FR=ILEFD2.29% (£0.37) D
I bN 3, fig. 8 RLTWVWBEIIZHEF
RIEBEZOEIAHIT Epush 2 B L T2ER
2T R ORI AR T #ERE & over hand throw#

BHMETE3HLNY F - K- VEFRUBTE

GROUP OF SUBJ. MAXIMUM MUSCLE LOAD AT CROSS POINT PERCENT OF C.P. TO
STRENGTH (kg) (kg) M.l(\)SMUM MUSCLE STRENGTH
HAND BALL PLAYER 156 (21.54) 3.6(.77) 2.29(.37)
$HAND BALL PLAYER 125(4.08) 2.63(.21) 2.12(.18)
DISTANCE RUNNER 112.5(I2.5) 2.22(.42) 2.04(.59)
SHOT PUTTOR I8I.7(22.48) 3.21(.16) X.80(.27)
JAVELIN THROWER 160(8.16) 3.25(.39) 2.12(.19)
WEIGHT LIFTOR 166.7(22.48) 2.54(.60) 1.53(.30)
£JAVELIN THRWER 148.3(8.5) 2.57(.21) I.73(.1I1)
N=26

Table. 7 Percentage of the load at the Cross Point of two throwing performances
to the maximum muscle strength (Back strength). #:female.
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to the maximum back strength. (O =male, ® =female)
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