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ABSTRACT. R

‘The primary purpose of this scudy was Lo -explore the possibslity of

L3
: _1mmediate temporary power gain, as seen im the Ve:tical jump and shot—put
performance through a warm—up of ! Jum s and puts wﬁfh\added resistance.

e

Twenty-two skllled Jumpers nd.llrskilled shotlputters volunteered to

_'participate 1n the study. The Jumpers were top Edmonton .area athletes

active ln track and field, volleyball T basketball, wh11e the shot-putters’

: : A
males, Half of the subjects ‘'were f male, and all were betwaen the ages of

18 and 31. —_—

the vertical Jump and shot—pdt expériments, R

1. Qontrol-"A", 1 pre test tr1a1/6 warm—up trials with' no overload/
. - : R

) »

CoT ' o -

1 post-test trial;

2. Control "B'", 1 pre-test trial/no’WQrm—up but & 7 minute rest/
. ’ " 4, - : ‘ P ¢
1 yost test trial; 5 |

3. Experimental 1 pre-test tr1a1/6 warm—up trials w1th overload,
‘which .was a 40 to 60 kllogram weight bar on the shoulders for B
the jumps and a 2 to 4 pound heavier shot for the puts/l post—

test’ trial. : o » ‘ B o

The 6 possibilities of dlfferent test sequences were randomly assigned
, 2 -
to the subjects. : U

"y

In‘a supplementary experiment, 6Jé?ﬁthe shot—putters warmed up with

the heavier shot in an actual competition.

Y

The jumping_experiment made use of high speed photography, a force

plate,:and,integrated electromyogram. - In the shot-put experiment; the

v

‘..iv



y . g . R N
‘only parameter measured was.. the distance of the put. ar;f‘ﬁ 5
-

: From 18 poSsible warm-up categories, statistiaal aneﬁysfs found the~

post—test trial to be significantly better (at the 0. 05 levei) than the‘

_-.,...‘

.pre-test trial in the foliowing 6 categories o Ef. N f{i

-

Sex o _ ;7i*”“] "Grouf“ " "Event:

Male' and female conbifed =~ .;sip;:{’ﬁng_n\gai v Ve-r'tica_lr jump
Femaie - ‘ . o E \§§§eriﬁéﬁcai %é B Verticéltjump
_Mgfé‘and.female_combined " Experimental B Shot-put -
Msle-' ’ o v,rn Experimentai - : Shot—put ‘

Male and female combined R ‘coﬁcfori"A"d R 1' Shot—put
. Female ‘ .'. L Control“"A"_ - Shotrputh - :

R
~ 4

A second post-test, trial was added for 6 of the SHPJeCtS in the shot—put

experiment, for it was felt that the tlming of the movements mlght be offset

~.

by the overload warm-up. This brought ‘a further significant 1mprovement to

o

the exper1mental group as the timing was apparently regained. .

Although the experimental group did 1mprove to a greater degree thanv
either of the controls, a significant differenCecouldnot be found in
comparisons between the three groups.

‘Despiterthe inconclusive findings, the results did show promise that
the proper application of resistance.in a warm-up could aid skilled

performance in explosive. power events.



e

TABLE OF CONTENTS oL
s T e . page

“List of Tables};.ivb...:;;;\.Egﬁ....-..;...;.3...;;x..-.....,.u;..,x..‘; vii
Y'List*ofﬁFiguEes ........,;L;..;,g;;t...,.;,.a¢....,.,;,.,:......;.E,..,. viii
Chapter TR : E ,
Statement of the Problem .......:..;...........................
. *Introduction .....;........................................
o \\'TThe -Problem R SN
- Secondary. Problem R LR R TR
Delimitations I T S
‘Limitations LT
!Defin1t1on of Terms L S A

RPN N N T

II. Review of Literature ......,.......J;{;...,...).....a..;.;.:... -9
. Introduction R NS
.The'Motor_Unit'...............;..: Feevetaestsenisecnsesasa. 10
Motor Control L T g R
Proprioceptors I T
A. Muscle Spindles T T I S P ¥ - |
B. Golgi Tendon Organs R R A
. Proprioceptive Neuromuscular. Facilitation tesreerseiacaeney 25
* Sympathetic Nervous -System - ................................"28f-
Warm-Up .......:................................. esreveans 32
3;,,....;. 34

‘Summary .......................«................,

‘ II1. Merhods and Procedure -~-----------°*-,9-:-°~------'--’------,-',~-- 36
Subjects R T N Y-
Apparatus T O S P T 1
 Procedure ............;..;................................; 39
~ A. Vertical Jump Experiment - LT TR T PERRPEPRINNMNPRPREE. [
R © By Shot-Put Experiment R R TR RTINS |
ﬁ@f ) C.. Supplementary Shoﬂ-Put Experiment B S |

"IV, Results and Discussion ...................................;;... 43
: Results n-ooo'-o.nno-oor.-..-o-ono-no-n--oooooo.o-o.ou-o'-. 43'

DiSCussion ,,..;,,_,,_,.,..,,.,,,_,,_,.,_,..,,;,,.,,.,...,_,_55

V. Co 1clusion and Recommendatlons .............;......;;:t.....;.. 61
' -ﬁConclusion ..............................Z......q.......... 61

‘Recommendations R S

References‘;...,... R L Y - |
Appendices ...........;.....;.........,.......};........................ 71
A, Electromyography............................................... 71
B. ‘Force. Platform S e e e s e et ettt tasetectentttsensteessonneneas 7O
Cc. Vertical Jump Briefing Sheets R R R LR L X T - 1
D. Vertical Jump Consent Forms and Assignment Cards cesvesessaaanse 91
E. - Shot-Put Briefing Sheets R L I R R - &
F. Supplementary Shot-Put Questionnaire ................,......L.. 95



- TABLE

11
111

1V

,IYI

Vil -

VIII

IX

X1

X111

X111

LIST OF TABLES

DESCRIPTION ‘

Vertical Jump (raw’data)
- Peak Iorce (raw data)

5Pattern of Force Application

»
Common Pattern of Force Applicatlon

'Relatlonshlp of the Change in Number of - Force-e

Production Peaks to the Resultant Vertical
Jump Performance

Shot—Put (raw data)

Supplementary Shot~Put Experlment
‘Vertlcal Jump Results (per cent change & correlat1ons)

'ﬁPeak Force Results (per cent chahge & correlatlons)

Shot-Put Results (per cent change)
Significance of the‘leferenCe (pre to post)

i

Slgnlflcance of the leference (Exper1mental to Control'

UAY to Control "B")
Theoretical Model of the Relatlve%tribution of

Overload Fac111tat10n and Timlng to Shot-Put
Performance

= i vii

PAGE
43

IV

45 .

46

(47
“
asb"
51

<52

53

54

55

58



BESTR

. 12.

13

14,

EETHE

’iMotor Control Through Renshaw Cells

IR

~73‘LiST+o§ FIGURES

-TITLE-
-LThe Phy91ologlca1 Components Underlying Power

‘7‘The Means by which an Overload Warm—Up Cduld

A1d Perfgrmance

.The Motor Unit of Skeletal Muscle n{j

-

-Diagram of - Motor System Functlon

',The Motor Cortex T .

A}

'The Muscle Splndle-

The Knee‘Jerk'Test

TheuGamma'Lbop (A)

‘The "Gamma Ldop (B)

The Golgi Tendon O;gan

~. Efferent Divisions of the Perdpheral Nervous

System

Oscilloscopeé

Apparatus for Vertlcal Jump Experlments

SubJect Performlng Welghted Vertical Jump

T viid

t10 ¢

14

18
19

20 -

21_Mf...

22

24

29 -

38

38



* CHAPTER 1 = S

STATEMENT OF THE PROBLEM = . . RS

. _ t Y
Introduction

. .-__-.—_-.. ° : . . . ’

The present study dealt with the parameter of explosive power“ its

-

contribution ‘to, performance, and the means by which an overload warm—up .
,might increase power for ensuing competitive e£fort.0 Power is the time

‘rate of doang work, It ‘is a combination of. strength and speed.' When these

two variables are directed towards a performance, coordination comes. into

~

.play. An understanding of power becomes more complex when one con51ders the

‘physiological b351s behind it. The following performance model is- an attempt

to: Simplify the phy51olog1cal components underlying power. i.i‘.,?:li.. e

Figure 1: The Phy51ologica1 COIponents Underlying Power

Performance "y
——=——==Tance ",

Muscle.anction

"'5.‘t . v: ) Coordingtion - propagation -of nerve. impulses,
IR , fac11itation inhibition. :

force x distance

. o . - .Po~we£=\ time \ ‘
' Strefth . © ¢ speed S
"~ number of cross. e ' - rate: of x—brid e formatien
. bridges = actomyosin - ATPase _
X - amount of contractile - CQ“dQFti°U,VelQ¢iCY
' protein BRI e

-

s

R g ';;;/#Mocor Unit Recruitment B o /f,:J
,PsychiééCtors AT \Slow twitch'

- attitude Fast. twitch .

- motivation e
'p_;;/ﬂfatigue' Propriqception”f' §ympathetic Tone °
’Energy'Supply'; : - muscle spindles R - adrenalin "

- Golgi tendon organs:
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A number of athletic performances are power events.’ Shott sprints,

-,jumps, and throws all demonstrate maximum muscfe contraction over a minimum S
. . . Y e -»"— - Do . ‘,I’/ "‘.' . . PR
of time. I IR - oo o
A sensation of increased power is common‘Qh our daily lives when we"
suddenly reduce the resistance in a movement° for exémple, after remov1ng
) ‘. \ "%_. N

heavy overshoes our. legs feel much Iighter xr; after changing gears on a\i

NEAT
""_ i

bike, the pedals move more easily. Is the after-effect of performing with

¢

resistance purely psychological, or is there a phySiological benefit as
'well’l The idea of incorporating resistance exercises into a-warm—Up is
“not new to exp1051ve power events.f Baseball batters can often be seen

preparing for their turn at bat by swinging three bats at .once or by

3

swinging a weighted ‘bat. Their counterparts may warm up their pitching
o arm by throwing a weighted baseball In the 1950'5 and '60'5, a number -
. S
]

of researchers (11 14 83 84 85 90 98 110) studied the benefits of overload ‘

‘Awarm-ups but with conflicting results. Perhaps the best testimonial of an-

overload warm—up is that of the world class athlett._."Does warm—up with ¢

a. heaVier 'shot help a shot-putter’"ﬂ "It works, believe me it works "

{

asserts Carmen Ionesco (55) Canada s top female shot-putter. Diane

/

Jones—Konihowski,(56) Canada s gold medal pentathlete at the 1978 Common—
vt -
wealth Games, notes that ‘some" speCificity 1n terms of timing .and coordination

! 4

could be lost after using awheavy@shot for much of the warm—up. For this
ifjm'reason, Diane switches back to the regulation shot for the last cauple of

f,warm—up puts.- Some athletes ignore the specifiCity of movement but still

» claim benefits. Geoff Capes of Great Britain, one of ‘the . world's best

.;“-shot~putters, does a complete weightlifting workout just before competing, :

. el
Qanadian javelin'thrower, Phil Olson, does handstand push-ups as part of

o

’ hls warm..up (94) . i’ ; e ) . . u' . : : .
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The potential for 1mmed1ate pOWer 1ncrease is also supported by the

unusual feats of’ strength that can be performed by people of ordinary muscular

development when in hypnotic states, or ‘when exc1ted (18); an example of thisf

L

may be the often-repeated story of a middle—aged woman lifting upa large car
to free a,child These feats are often eXplafned in a superficial way as

due to,strong motivation, determination, or..a belief in self but what 1s

x’“the phy51ological rationale? Long term phySiological changes accompanying

1ncreased muscle power (1,e. muScle hyptertrophy and biochemical changes)
(2. 23) cannot explalnua short term, eemporary 1mprovement. The control
system for motor performance, the nervous system, could hold the key to
understanding an 1mmed1ate power. 1ncrease.v As Mathews and Fox (75) state
in-explaining extraordinary feats’of muscular strength:

Such feats could be explained on the ba51s Lthat normally it
is not p0551b1e, because of central: nervous .system 1nh1bitions,
to activate all of. the motor units available within a muscle
or muscle groups. Under -extreme - circumstances, such’ 1nh1b1t10ns.r
would be removed: and thus all: motor units activated A reduc-
tion in central nervous system inhibition with concomitant.
increases in strength and. endurance would also seem to be a
reasonable change that could be learned through weight’ training
programs.. - v 4 v .

- .
Can an overload warm—up also brlng about a benef1c1al short term adaption

of the nervous system? Van Huss (110) thought that this might be p0551b1e

. In skilled movement it has been shown that ‘motor unit activity
follows a definite sequence. . With additional load more motor
units are actiyated, and the rate of stimulation ingreased
which should result Ain more muscle fibets being activated.

With overload warm—up the additional motor’ units and/or fibers
are /brought into play and ‘Temain available when the extra load
is removed. oo ; R

This research studied -aft. overload warm—up applied to the vertical Jump

and the standing shot-put. ‘In the vertical jump experiment, high speed

.

photography, a force plate,”and 1ntegrated EMG were used. An electromyograph

e

~ ! /‘\ A | ' ) i
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helped test the hypothesis. of 1ncreased motor activ1ty as 1t can detect the

electrlcal 1mpulses lead1ng to motor unit actlvation. An integrated EMG

signal is llnear to force as. 1t takes into account the number of motor unlts

recovered, their f1r1ng rate, and amplitude, therefore describzng fully the ~
electrical activ:.ty w1th1f\ muscles (63) A force plate measured

the force exerted while a fllmed jump test simultaneously revealed

e

how thlS related to performance. In the shottput exper1ment, the dlstance

2

Jof the put was the only parameter measured.

The review of llterature will elaborate bn the nervous system's role. -
. k)

in,explosive power output. ¢

The Problem o «i_ . : - L . - v “{

To determine if performance in the vertlcal Jump and shot-put can be

enhanced by a ‘warm-up w1th re51stance overload.
L .

Secondary Problem

-

To develop a-physiological rationale to explain'an immediate temporary-

improvement in performance if such an improvement could take place.

Delimitations SRR &

’

'This study will be delimited to 27 skilled jumpers and 11 skilled

shot-putters from the Edmonton area of approximate age‘ZO,to 25. Only one me-

thod of'applxing.reslstanceto"thejumpts orputs wastested It will take further
study to determine the ideal amount and progression of re31stance, the

number. of warm—up trials, and the amount of recovery between trials. The
. Vs 1. )

necessary proqedures 1nvolved in a shot-put competition made control of

-recovery periods and number of warm—-up puts'dlfficult in the ‘supplementary
‘ . . ; . S o . |
. shogrput experiment. Performances in this supplementary experiment allowed

SIS
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comparlsons to the 1nd1v1dual's personal best and recent shot—put performances.
-These comparisons were not valid though 1n the controlled shot—put‘ekperif
~ ment, for this was a standing shot—put wlthout the added advantage of the
glide. The focus of ana1351s in the study was on a performance cr1ter1a
(i.e. helght Jumped or dlstance of put) as opposed to ‘a technlque criteria.
.

Electromyograph analysis was used in Just the jump test with the electrodes

placed on the rectus femorls of the subJect s left 1eg.

Limltat{ons (for vertical jump experiment )
1.—;SUBJECT SELECTION. Although skilled jumpers were selected not all of
the subJects proved to be con51stently good vertical Jumpers.
N
2. USE OF FORCE PLATE. The osc1lloscope measurement of the force plate
tended to drift slowly downward if the subiect stood on' it for more thant'
about 4 seconds. The subJect would therefore stand behind the plate, step
forward to the center of the plate, and 1mmediately initiate the jump. With
the nece551ty of stepping forward and qu1ckly performlng the jump:
a. the subject might not have stepped to the center of the force plate;
h. optlmal concentration,. body pesition, and technlque might‘havexbeen
sacrificed because of~the need to hurryQ - |
'The small'siee of the force platform (1 meter by l(meter)‘mlght have
inhibited some subjects' maximal effort for fear of‘landing on the platform
edge. |
3. QEE OF ELECIROMYOGRAPHY. The electrodes on the rectus‘femoris.might
have;lgéfgdted a;full arm swing for fear of catching.the wires.

!

IntergubJect compar1son of 1ntegrated EMG is not possible; for the
d(placement of electrodes, thickness of the. skln, depth of adipose tissue,

i’

and other extraneous variables affect the strength of the electrical-
¢ .

Ny
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potential.(66); "It is a’valid comparison, though to compare pre—test -
values to post-test values on the same subject.
4, USE OF HIGH SPEED PHOTOGRAPHY. The expense 1nvolved in filming the
Jumps limited the filming to the pre- and post test jumps only. The uarm—uph
jumps were not filmed. | | ‘
With the short duration of the jump, the film was often accelerating
or decelerating. This made it impossible to calculate the area under the
curve in the force plate measurements. | . -
The‘peak force gasrthus used in the force plate analysis; with the
limitation being that at 100 frames/seéond,'it.is possible to miss the
peaks. . o . i
Calculatlon of the’ height jumped using the film and the digitizing
board might have a 7 to 20 per cent error involved (7). However, this is
q:till much more accurate. than other methods of measuring the height Jumped.
In developing the film, the film of the osc1lloscopes and IEMG had to
be ”pushed" two times to-allow enough'light. This affected the resolution,
and, as a result, the IEMG readout could not be read |
5. USE OF WEIGHT BAR FOR RESISTANCE. Some specificity was lost when
warming up with the bar, for the arms were not free to swing.
6. PSYCHOLOGICAL FACTORS. The novelty of the testing apparatus, peer
pressure from other subjects, and other psychological factors‘were impossible
to control and might have affected performance. !

7. PHYSICAL FACTORS. Phy51cal factors such as previous activ1ties, diet,

and amount of sleep were uncontrolled but were often noted.



Limiﬁa:ions‘(for éhe‘shot—put‘eXperimenﬁ) )
1. SUBJEC?;SELECTIQN. There were very few hiéhly_skilled shot;putters in

. the Edmonton area.‘ Therefore, some‘10ﬂver sk111ed subJects were incluQed
in this study (1 e. 84? meter put for female). The analysis of improvement
was clouded by the inconsistency in performanceiby these more novice - ’
>competitors.

.2. USE OF SHOT WITH LARGER CIRCUMFERENCE. The women usedia 2 pouno shot
in their overload warm—up. A 12 pound shot has a slightly larger circum-’
ference than the regulatlon 8 pound shot and might have caused some problem
in grip. The men used a shot that was heavier without an 1ncrease in
circumference. .

*

3. MEASUREMENT PROCEDURE. The testing was conducted in the Kinsmen Field

¢

House (which has a rubber surface) using an 1ndoor shot. The shot- left
no lastlng mark on 1mpact, and the accuracy of measurement was thus dependent
on the tester closely watchlng the exact poing of impact.

4. PSYCHOLOGICAL AND PHYSICAL FACTORS. (As per limitations #6 and #7 in

‘the jumping experiment.)

Definition of Terms

Overload warm-up: preparation for an event whereby resistance is added to

the movement being performed. f

7

W :

Power: rate at which work is perfoémed P = T P = power developed,

" W = the work done, t = the tlmk taken. (45) ‘
: /

Impulse: a vector quantity; the product of the force and the time for
which it acts;(45) The total 1mpulse on a body is equal to the total
change in momentum of the bogdy. (20) I1=Fxt, = impulses, F =

force, t = time during which the force acts.
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Vertical jump: refers to a jump for maximal height which is from a

stationary p051tion with the feet 51de by side dbout six- inches apart.
-Force Platform . a.device mhich in.thi; case was used to measurelthe
vertical component of force. ; ' _ L
Electromyograph (EMG): " an EMG is basically "a high gain amplifier with a‘
preference or selectivity for frequencies in the range of about 10 to.
several thousandﬂz (cycles per second)” (5) An EMG thus measures
the electrical discharge within muscle tissue. .
Integrated EﬁG: an EMG s1gnal can be integrated to s1mplify the recording
by taking the variables of amplitude, frequency, and spike shape and
proyiding an arbitrary quantitative figure. o
Shot-put: a standing ahot—put was used in the controlled experiment.ﬂﬂhile
. in the supplementary shot-put experiment, the subjects includedvthe
glide phase‘in.their_puts. The shot, a metal ball, has to be'put from
the shoulder with one hand. “When starting the put, the shot has to be
in proximity of the chin. During the put, the arm must not be lowered

1

and the shot must hot be brought behind:the shoulder line.(93)

-



o ' CHAPTER II

w

REVIEW OF LITERATURE

.Introduction

The concept of pbwér was addréssed in the in;roauction;‘ Through
ﬁeu:phuscular ofigins, an overload warm—up cgﬁld possiblifi;duce a gréater
number and/or rate of motor unit recruitheﬁt which wogid'lead to increased

. _ : ' . .~ :
ﬁower, The review of literature will idéntify the means to this.as.

either perSistenCe of propfioceptive neuromuscular facilitation (PNF) or

greater sympathetic nervous system arousal. Both éouldtﬁhe0retica11y be
- - . . . . :

~ B . .
manipulated in an overload warm-up to enhance motor unit recruitment. To

understand these -possibilities, the black box of nervous system integration

. " {
must. . be illuminated. ' -
Figure 2: The Means By Which As_Overload

-~ Wara=Up Could ‘Aid Performance

Performance

Power

et t+ Rate &/or -amount of = . -
C Motor Unit Recruitment

T

Nervous

“"Systeim

_|Integration]

‘/ N

Persistance of Greater Sympathetic

PNF N\\\\' . Nervous System Arousal
’ ' : . ’ / r BN

OVERLOAD WARM-UP
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‘ The Motor Unit

The motor unit is the bas icv unit for‘all mowements, forﬁit.is the
smallest subdivision of the muscle which can undergo a conscious contraction.
The motor unit includes the nerve cell body, the long.axon of the motor
nnge, its terminal branches, and all of ‘the- ‘muscle fibers supplied by

these branches (6) -

. J CENTRAL NERVOUS SYSTEM

Figure 3: The Motor Unit
of Skeletal Muscle

Fiber

Motor End
Plate

Copied from Mathews € Fox (75)

R

The‘number of fibers in a motor unit varies from 2 to 2000 depending
.on the type of. muscle.(Z) In the rectus femoris, the muscle examined 1n‘
this study, there are primarily large motor units, while in muscles where
fino control‘is important, such as the eye or fingers, smail motor units
ﬂpredominate., The minimum tension that a muscle can ‘exert is the t?nsion of
lvits smallest motor unit. Large and small motor units m§y be uhgformly .
distributed throughout a muscle, and muscle fibers making up a motor unit
may be widely dispersed (29) A strong contraction of skeletal muscle
requires.the contraction~of many ‘such motor units. An asynchronous volley
of impulses, with each mdtor unit twitching up to SO/second results in a
‘fcontinuous shower of twitches’ allowing a smooth pull by a muscle-(S).

Through EMG analysis, a number of researchers have studied the changes'

in motor unit recruitment with modifications to force output.(3;4,33,40,51,

-Te



48,53,61,80!82,96,99,112)- The central nervous system has a choice of
mod1fy1ng the output of aqmuscle by varying (1) the number of motor units
recruited per‘unit of time, (2)” the kind of motor un;ts recruited, or (3)
the frequency at which a motor unit will be ~activated. (33)

; Person and Kudinal(89) have found that the degree of synchronization '
S~ » ' v o , _
seems to be related to the intensity of contraction, and that asynchronous
mdtor unit act1v1ty tehes place only during very weak contractions. Training
for exp1051ve power has been shown to bring about a more synchronous firing .
of motor units and/or increases the number of motor units»recruited (3,33).

The more fatlgue resistant units are more likely to be activated before
the fast tw1&ch fatigable motor units (57) As the muscular effort is
increased in force end speed the relative importance of. the fast twitch
(power fibers) becomes increasingly greater. With increased‘input toha
motor neuron pool, larger units are recruited; therefore, large motor units
which'heVe the'greater énergy expenditure will be used
onlf inrmaximai‘muscular efforts.(112)- The axonS‘ofﬂlarger cellslhave
greater diameter, conduct faster, and supply many more muscle fibers than
-those from small cells; This bias for recruitment (i.e. fatigue resistant
motor units first) aiso helps for a smooth gradation of force, for the slow
twitch fatigue resistant unit has a small cell bodyrv Normal uoluntary
gradation of force is accomplished by the initial recruitment‘of addi tional
motor units followed by an increase/in-the firing rates of units. (57,63).

The largest contribution of motor unit recruitment occurs at low force
levels, while the contrlbution of increased firing rate becomes more impor-
tant at ;igher force levels. (82) This view, though, is contradicted by

Clamann (21) and Person and Kudina. (89) Person states. ~"Recruitment is

7



fhundoubtedly the main reservelof contractidn strength increase. However, the.
mechanism of frequency change is unsurpassed as far asvprecision and smooth—
ilness are concerned.” Vrbova et al. (112) account for both of these viewpoints.
' Their observations r;cetled'that in muscles supplied by small motor neurons,
the strength of contraction 1s ‘increased by recru1t1ng more motor units'
whereas, in muscles supplied by large motor neurons, tension is increased

by their firing rate. Again there is a contradiction in the literature, as-
Kansove (57) reports that the major mechanism for controlling force in the
large muscles of the extremities is recruitment of additional motor units.

In smaller muscles‘where tension must be adjusted delicately, rate coding
'may be 1mportant. "Additional motor units are also called into play when

the fatigue phase of the bout is reached: (88) ‘

The recruitment order may follow a specific pattern in smoothly: controlled :
contractions, but in strong contractions the order is not fixed. Proprio-
ceptive feedback, particularly from muscle‘spindles,~can change.the threshold
. of motor units and thus chah;é'ché order df‘recruitment,(&O) Relaxation!for
up to‘one minute was often needed to re-establishithe order. This is called

: \
facilitation through the gamma loop and will be discussed later.

“Motor'Control

The unique arrangement of cells and pathways in both motor and sensori
systems provides a substrate for an extremely highly—devaloped control system
'for motor performance in terms of plasticity, flexibility, and refinement of
function (53) The coordination of movement , dependent on the interplay of
muscles, (agonists, antagonists, synergists, and stabilizing muscles) is a

complicated process. The cerebral cortex, cerebellum,'subcortical centers,
1 c
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and the receptors interrelate to convenge on the motor unit- to provide the

~

' speed prec151on, and coordlnation to movements. Anything thataffects the

movement of skeletal muscle does so by means of synaptic input to the
' t
motor neurons. For coordinated movement , the dlfferent motor neurons

involved should be exc1ted or 1nhibited in the right order, to the correct

degree, by appropriate frequencies, and at the right time.(112) The motor

& .
neurons are ectivated or inhibited by nervous impulses which'constantly

N - s
travel either through descending tracts from the . brain or reflexly through

sensory nerves in the muscles or other organs.' The exc1tab111ty of the.
motor'nedrons is dependent on the exc1tatory and inhibitory activity arr1v1ng
at the synaptlc knobs from dlfferent sources. The program for this movement ,
originating in the higher brain centers, is relayed ‘in the form-of action;
potentials to the motor neurons and on td the muscles. 'During the movement,
Propriocéptors from_muécles,'tendons, ligaments, and joints oonduct'sensory‘
reoorte.baCk to the central nervouépsystem. Skin receptors, vestibu}ar
receptors, and receptors in the‘eyes are also detecting errors between
program and performance.. Any discrepancy between-thé'original progrem and;

" resulting movements is revised and corrected. A model of the_interaction\

" between the higher brain centers, the receptors, and the motor neuron is

;hown on the following page.

v . A'v N,

Voo
{
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Figure 4: Diagram of Motor System Function ' o ) :
cerebral - .
" cortex . ? o cerebellum
4 ‘>-7-f\~ﬁ. ,
A" A
subcortical 4 ':_— g - - .
centres ‘ "f
\ -
.
le
neurons
— " motor receptors

neuron

muscle
o

Copied from Vander et al. (109)

! Volitional movements are initiateq In the cortex; the rate and force

tion are controlled by the cerebellum (3) The"berebellum
receives 1nformatio
'y ‘ .
initiate movement,;it infly

.

from peripheral receptors, and -while it does not

ces the motor cortex responsible for motor

activity. The cerebellum will note dlscrepancy between what the muscles

_/should be doing and what the muscles ar doing. - -

-

The motor cortex is a relay station receiv1ng 1nstruct10ns from the '

cerebellum® and putting them to effect vifa the motor neurons.l As well,

stimuli. sensed by t s prodgﬁé an excitation in certain areas
—— -

of the motoi/j?{cex. .

/

,/////

o



';_over toward, the _involuntary end.

v

Figure 5: fhe Motor-Cortex

MOTOR AREA * SENSORY AREA ° . : ©
. FOoT : '
LEG /- FOOT/LEG
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ARM/RAND . ARM HAND

o FINGERS ~ FINGERS -
- THUMB /NECK THUMB/NECK
: : ' FACE/TONGUE” FACE /TONGUE
JAN/PALATE. JAN/PALATE

CHEW ING/SWALL OWING CHEWING/SWALLOWING

-

_ ADITORY AREA

VISUAL AREA *

The lotor area of the bra1n (cortex) The dark . shad1ng represents the pyranxdal or Betz cells
Upon electrical stimulation to this area, motor movements are e11c1ted — hence the ters,
prlnary rotor cortex. Copied from Mathews § Fox (75) ‘

a .

\

When the stimulation is new- to the body, as is the case when learnlng

new movements, the excitation spreads to adjacent areas of the cortex as

well. The results of this are seen in the uneconomic movements accompanylng

“the first trlals of a new movement. Practice’ tends to’ limit the excitatlon

centers in the cerebral cortex, and only those muscles needed in the movement

are caldeg into piiy.(93) The proper sequenée of movements is stabilized
. A — ) . .

with further practice; Through learning then, -a complicated pattern of

'muscle movements can be shifted from the highly conscious. end .of the spectrum

Movements are eventually performed

R

"automatirally"; Automat ic movements, or programs' of particular motor
. ™

patterns,

N

can be called -upon in the execution of a sk111 and the program

is immedlarely ‘replaved",. Hannerz .(43) concluded that ndrmal man can

3
.
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select in’ advance the recruitment order of motor units most appropriate for

'S

the work intended. Rapid movements can be pre-programmed in their entirety,

for there is ‘no time - to modify the action during the performance.“ Pre-
programming requires calculation of the time needed, amount of force needed,'
: (fnd\distance to be moved This could be called task set. (100) While it is

.
kno?L that - the cerebellum is largely responsible for. the unCOnscious

I .
pr gramming of’ motor movements, it, is not known how a- given program is

-8 lected.‘ Fox and Mathews (75) write that prograns would consist of a

A;et\oi\non-consc1ous instructions that - direct the necessary nerve impulses

>

to the appropriate muscles in a coordinated sequence, thus causing the

©

de51red movement. ‘ . ,
" e
The pyramidal tracts are the paths used to send impulses from the. -

motor cortex down to the anterior motor neurons of the spinal cord. . The

N .
4 W

écomplexity of the pyramidal tract is shown by the fact that, in humans, the_
tract contains about 1,5 million fibers.(109) 'The pathway from the cortexfu
synapses in the basal ganglia, brainstem nuclei, and brainstem reticular-
formation. lhese synapses serve t0vcontrol postural mechanisms‘and_coordin-
ation of the many simultaneous movements of locomotion. . Most neural control
of skeletal muscles is reflex iq nature. Pavlev (93) and ‘Conrad (22) explain
_that coordinated movement is a thain of successive reflexes of which the
conditioned reflexes are of the main interest. When an afferent 1mpulse
venters the spinal cord and synapses. with moter neuronsugoing back to the
Imuscles, a reflex arc is completed. Reflexes are the response of the body‘

to external and- internal stimuli. Conditioned reflexes are acquired, subject

"to changes, and’ limited in time.

. Generally, several connecting interneurons intervene between the. afferent -~
B ' . . B N . TR

e e e e s -y
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<and efferent neurons., Most of the pyramidal tract fibers from the cerebral

cortex area terminate on interneurons. The intervening interneuron can give

,E .

'¥,rise to’ exc1tation or inhibition. Astrand (2) points out that, v1a inter—

neuronalvcircuits, 1nformation based on past experiences will permit ... ..

-

modification'oivresponses. Present experiences can also modify the response.

‘Vallerga (107) found that louder sounds produced faster arm movements and

stronger contractions of the muscles. It was postulated that,greater

perceived stimulus intensity results in stronger excitation of the pyramidal

. . .
tracts and consequently more forceful muscular contractions. A stronger‘

,.- -

: excxtation of the pyramidal tract is possibly due to disinhibition of the
motor neurons. (2) Thls»involves the Renshaw cells and other inhibitory
interneurons. Renshaﬁ cells can depress the activity of the inhibitory
neurons andffree.the motor.neurons~from inhibition.(Z)' Inhibition is»thus
inhibited. |

1f the‘Renshaw cells synapsed with excitatory 1nterneurons, the effect
would be an inhibitory barrier, ang only the strongly-excitedvneurons would‘-

penetrate this barrier.
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Figure 6: Motor Control Through Renshaw Cells

18.

Renshaw Cells.

Inhibitory
neuron

Motor axons

Sombmotoneur?)ns give off branches, called recurrent collaterals. bgfore they
leave the gray matter of the spinal cord: These collaterais synapse with inhibitory interneur- .

ons named Renshaw cells. They synapse in turn with the same or other motoneurons. To the

left in the figure, the activated motoneuron (1) stimulates the Renshaw cell, which then
inhibits both motoneurons (1) and (2). To the right, we have an example of inhibition of
inhibition: an impuise in the afferant nerve stimulates the inhibitory neuron, and therefore,

the motoneuron (4) will become inhibited: if the motoneuron (3) is now stimulated, it excites

via its recurrent collaterals the Renshaw cell, which in turn inhibits the inhibitory neuron, and

s a consequence, the motoneuron (4) will be released from the inhibition and may more

In conclusion,

to provide motor control. ... -

Proprioceptors

easily respond to excitatory impulses. (Inhibitory neurons are shown in black.) _
Copied from Astrand. £ Rodahl (2)

both sensory feedback and central command interrelate

l

Much of the control of muscle activity arises:from receptors within

the muscle or tendons themselves. Afferent output from these proprioceptors

informs the central nervous system about muscle length and tension. This

- - =t

information ~,m;:\y_',be,' used i ptii'el"'y local. reff,.l,exeé. o,';;'~

higher brain centers whéfé; it can be integrated

receéptors.

L

hJ

- T

P . L L

~ o

FithZinput from other .. . .

@
N B J T TR

- . - [

"~ A. 'MUSCLE SPiND},ES'. ) Embedded within the muscle and of muscular 'oj:ig_iAn_ :argja,

«<an, be trafismitred to- "'. )

r

-~

A
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mechanoreceptive afferents called muscle sp%ndles.(106)

Muscle ‘spindles may modify impulse rates in a number of differgnt

ways.(lOS)

Passive stretch of the entire muscle stretches the sﬁindleufibefs
s '
which activates their receptors. Contraction of the skeleto-motor fibers

releases the tension on the spindle fibets and would thus slow down the

~ rate of firing of the stretch receptor.
Figure 7: The Muscle Spindle

-

nerve

afferent nerve
from tendon organ

nuécle-spindle
fiber

A Diagram-of amuscle spindle. B Contraction of
the skeletomotor fibers removes tension on the
spindle stretch receptors and lowers the rate of
firing in the afferent nerve. C Passive stretch
of the skeletomotor fibers activates the spindle
stretch receptors and causes a higher rate of
firing in the afferent nerve.

skeletomotor
muscle fiber

Golgi. tendon
organ
: Copied from Vander et al. (109)

Beda:}é there are different types of spindie receptors,(14) muscle
1 : ‘

spindles can .also respond,tq the magnitude of stretch and the speed with

‘whichTit oceurs. This information allows the CNS'to’anticipate the magnitude
o T N L o ) .
+ of stretch.
"'Thé”fédiﬁr@ééi"érrangemeng'petwgen agonist_and'antagonist controlled
by dischatges from the muscle spindle can provide for smooth adjustment -

. P

to raﬁid'changes'in'ﬁhéﬂéxternalvgnvironment without considerable‘temporal
delay. This can be demonstrated with the stretch reflex as .shown in the

knee jerk test. o~



Figure 8: The Knee Jerk Test

afferent
pathways

neurons

to other
extensor muscles

&

muscle spindle
extensor muscle

flexor muscle

patella

patellar
tendon

lateral )
. 9 Terminals of the afferent fiber
-'excltatory synapse et from the muscle spindle involved
s - . in the kree jerk. (Copied from
= inhibitory synapse Vander et al. (109)

»

Here, the patellar tendon is given a quick forceful tap. This stimulates

<

the spindle, and information is relayed through the reflex arc, and a con-

traction of thevquadriceps is initiated. In order for movément to occur,

. : . s ,
the antagonist of the stimulated muscle must be inhibited simultaneously.

_ A 2
This is seen-with the afferent terminal "B" in the diagram above and .is

called reciprocal inmervation. As well, the reflex will stimulate synergistic
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muscles "C" to assist the reflex motion. Finally, information about muscle
length would be se%t to are;s of the brain_dealiﬁg[with coordination of mus-
éle movement:("D”-in pre;edingvdiag;amj.(109) vTheSpindle fiber itseié cén
con§;act and this also aids in providing effectiVé éobrdinéted énd‘smooth
ﬁo;ement.' ihe contractile ends of<the Sbiﬂéie.fibéfé are inﬁervéteﬂ by
gamma motor’ neurons. Ac;ivation of the gamma fibers from tﬁén;;;eg;;i
cortex does not cause any increase in musculay tension but does,strg:ch‘
the outer portion causjing afferent cutput from the spindle. Like the'
stretch reflex, this output can in turn stimulate alpha mogor neurons which
will contract the skeletal ﬁuscle. This system is'called the gammé loop

or alpha gamma coactivation.(2,3,75,109)

Figure 9: The Gamma Loop (A) \ -

o,
Alpha motor neuron -

Gamma motor neuron

rd

4

Copied from Mathews £ Fox (75)

Regular fiber
Spindle fiber
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Figure 10: The Gamma Loop (B)
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The.importance of this system‘is that ifvthe spindle strefch receptors
were permitted to shorten at the time thellarge skeletal muscle fibers
shqrtened, the receptors would discontinue firing action potentials and
afferent 1nformatlon would be lost., This continued monitorlng could, for

example, cause summat1on of contraction with the recruitment of additional

motbr units if the load proved heav1er than planned Conversely, 1t could
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a.fhcilieatoryeffg%t on laeef jumﬁs may eake place. The direct pathways
are pronbly more 1mportant in skilled and 5udden movements, whereas the
gamma loop may be more important for posteral control and automatlc movements
such as walking; : S o :
B. . GOLGI TENDON ORGANS.  whi1e:ngsc;e‘gpfna;éS'mbﬁicqt both the rate of
jehange in length and the final'lengtg attained by the muscle fibers, another
p;opriocepeor, Golgi tendon organs, monitor tension. ‘These reeeptors-ere J
‘eneapsulated in tendon flbers and are 1ocated near e J&nctlon.beteeen”the
' muscle and the tendon. ‘They sample theAforce prodéitd by a smell.numberbdﬁe
motor un1ts.(106) Slmllar to. the muscle splndles, Golgi tendon.eréans‘are
’eetivated by the stretch placed on them. In contrast, though, fo the
‘spindles whlch arefac1ln&atcry(1 e cause coetractlop), stlmulatloe of
':Colgl tend;;.organs résults in thlbitlon of the effector muscle.with
'“{fec1proca1 exc1tatien.of the antagonlst.. They, therefore, serve a protectivef
functlon if the load 55 a muscle 1s too great and COuld cause 1njury.l Thls
protectlve inhibitlon,.as waslﬁent;;ned in the 1nt?edue£;on, 1s possibly the,
limiting factor in power test1ng.(75) Maximal strength would be dependent

upon the ability to oppose voluntarily thé inhibition of tendon organs.
'S v
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Figure 11: The Golgi Tendon Organ . .

Spinal Cord

sensory nerve from
tendon organ .

“inhibitory interneuron

puscle ~~alpha motor neuron

Golgi tendaa_
" organ

. Musculotendinous
junqtidn..‘

. R ™\ tendon
The Golgi tendon organ, Hhen a contracted ruscle is forcefully stretched, the sensory nerve of the tendon organ
is stimulated. Impulses are sent to.the spinal cord, where a synapse is made with an 1nh1b1tory interneuron

" that . inhibits the alpha motor neuror, and the nuscle relaxes -+ Copied_from ﬂqtheus € Fox {75)

v

Gplgi»tendon organéfﬁave berying thresholds ana function as more than
just safety valves. They are able to supply egntlnuous informatlon about
the tension generated (106) ‘This allows for coordlnated movement, for it

V4
tells the CNS how many motor units should be recruited. The motor ”program”

~ - . by

'may have to be al:ered because the ten51on developed by a con:ractlng muscle
by a preset number of motor un1ts is not aIways the,same.- The tension -
:developed depends on the velocity of‘muscleshortening, the muscle length

the degree of muscle fatigue, fn additlon to the number of activated motor

neurons, and the rate at which they are firing.
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Prd%rioceptivé'Neuromuécular Facilitation'
A technique by which output from the prop:ibceptoré can facilitate (or

v - e

.
>

inhibit)'activitx'ih‘the»mOtor units is called prbprioceptive neuromusculat

‘kfﬁcfliﬁ?tion,QPQF)5(17}bRNf,feqhﬁiqU;§3w;é,intioduced&tgund thélatﬁ 19401s (27).

al -

»o - -

and are based Bp_maximal excitation or inhibition of the motor nerve cell

¢ - e
-

body through"ééhtral'mééhanisms. "This is_done through thé precise use of
maximal resistance to patterns of movement in a sequence of muscular
contractions’,(27) PNF techniques are most prevalent in a rehabilitative

sétting where they'hgve“aided,in producing skillful coprdinatéd action

withhsufficiqngistrepgth:and :ange»of-mdtiénﬁfo-bé'of functional valuye. - ““-.f~
I SN : . : T NV

2 e - e
o

) A”PNF.makes use of the following neurophysiological mechanisms. to -~

increase CNS excitation or iphibition;_n(l).kalexes,k(Z)’irradiétion,

-and (3) successive induction. ‘ ’

_Reflexes may be used to activate or inhibit a maximum.number of motor

nerve cell bodies, or to initiate motion which may be brought under

voluntary contrel after practice. Successive induction augments a reflex
by ‘utilizing the opposite neural pathway; for example, immediately after

the flexion reflex is elicited, the excitability of the extension reflex

is greatly increased;(27)

. By e e e

Irradiation refers to- the ‘spread of excitation in the central nervous
system which results ih the contraction of .all muscles used .in a specific
pattern. This increased téspénéé 1s also called reinforcement. “Décker (27)

writes:

Irradiation occurs in reflexes when the stimulus is strong,
and in voluntary motion when there is resistance which may
be applied manually in the case of facilitation techniques,
and by frictional or gravitational forces in the case of
stress situations in. ordinary activities,



_Reinforcement progresses to adJacent muscles with 1ncreased stimulatlon and -
pan
irradiation. Valbo (105) found that the afferent 1mpulses from the spindles

in one muscle may 1nfluence the- exc1tability of- motor neurogs ;nnervating -7

e -
PR

several other muscles., Resisted contraction of ‘the stronger smuscles within

a spec1f1c irradiation pattern constltutes a powerful proprioceptiye,stimGIUS

[N
T

. -which facilitates reinforcement of-vWeaker muscles. Martiniuk (71) explains

that muscle tension could feedback to the reticular muscle activating system

-3

which is located in the subcortical reticular £ormation of the brain. The

e

'ascending reticular activating system plays an important role as. the sdurce

e

of a generalized drive state.’ In'order for PNF techniques to bring about
the desired effects the positioning and timing of resistance must be precise.
Reinforcement may also occur with an auditory stimulus. Burg (14) discovered
that the stimulation of a hand clap, which activates reticular structures,~
produced a well-marked andglong—lasting fac11itation of muscle spindles.

~ How Long can proprioceptive neuromuscular facilitation persist7 'ﬁany

researchers have noted a per31stent change 1n afferent discharge following -

‘stTmulation (1 14 22 »34,47,48 104)

Ay

S

e 2

Early researchers in this field were Hunt and Kuffler (Clted in 34).

In 1951 they noticed that . spindle exc1tation was sometimes followed by 4

“

"ot e U

E per51sting elevation of the discharge and enhanced sensitiuity to- subsequent

- gamma efferent stimulation. The '"post exc1tatory facilitation” disappeared

M

following.a,briefgstretch, and they suggest that.it was dUe ‘to some phy51ca1

‘change in the intrafusal fibers..

T
Fifteen years later, Brown-et al, (c1ted in 34) studied the post .

excitory effect in single efferent fibers following stimulation of dynamic

-

and static fusimotor fibers. Both dynamic and static f1bers produce a
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greater discharge and stretch sensitivity. Brown elaborated on Hunt's and
[Kufflerls explanation by suggesting that, following contraction of the

. 4
‘intrafusal fibers, persistence of ¢ ¢ross brldges between actln and my051n

-~

fllaments mlght leave the motor poles somewhat shortened and stretch the

] . ~

sensory ending. Extrafusal muscle r1g1d1ty following contraCtion has also”
been explalned by the concept of residual cross linkages. Martinluk (71)
thought it was possible that preliminary muscular tension could .take up the

,. slack - 1n the _muscles respon51ble for a reactlon .movement, thus?shorteningj

- R - et e N “ « . -

the time to respond

Kidd'(1964).and Hnik et al. 11972 73) (cited in 34) proposed a
different explanation to account for persistent’ afferent discharge. They
suggested that K’ ions released into interstitial spaces during contraction
might have partially depolarized the sensory endings_and led to the‘accelera—

tion in discharge. -

N Eldred et al.(34) rev1ewed the nature of the perSisting ch&nges in e e e

R 2 Lo . . - PN
o s e 02 e - .

afferent dlscharge from muscle follow1ng its contraction and arrived at‘

these conclu51ons

S~

l.. .A perbisting increase in discharge at.a maintained muscle length
~amd_in response to stretch appearsjafter'37mpsc1e‘has'uﬁdergone contraction:

2. Fusimotor activation alone, for example, contraction of 1ntraqual

- fibérs', can produce this effect, although extrafusal contraction appears to

contrlbute. It was found that a higher stimilus strength was dec1dedly more
Y N

effective in increa51ng the activiey of the spindles.
3. The cause of the after—effect is. probably of a mechanical nature.

Eldred rejected the K* explanation for a number of reasons. Stretching
’ . v
resulted in the disappearance of increased discharge, and the duration of
L . . . . . . . ?

et

w
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the stimulus needed for response is dnlyAaffew'tenthé of a second. It was
N

<

doubt@d that exc1tatory levels of K* would build up- in this time. If the
muscle was undlsturbed the effect could last several minutes. - K+, though,

should be swept away more quickly than thls. Post—contraction effects are

,A

1nten51f1ed wﬁqn the stimulus rate is 1ncreased above the tetanic fusion

frequency. In t;::‘?i uation, there should be no additional K* release

from extrafusal fibers.

PN s .
Whilé Eldred felt that\>§§idual cross linkages were 1ike1y to account '
, .
for an increase in distharge oP’considerable volume, per51st for many m1nutes,

and. resist several m1111meter; of muscles stretch, he noted that more than

one factor may be at work. TFor example, some change in gross musele alone

may lead to the changes. 1In muscles like the gaétrocnemids;. the slower -

motor units (and sprndles) predom*nate f\\the central port;gns of the-

muscle,.so that” this ¥égion relaxes more slovlyaf;er tetanuskﬁafﬁtheperiphery.

This would 1eave the muscle in a sllghtly d1fferent arraqgement of’connec- e

. . k o " R

\\\\ t1ve tlssue and muscle fasc1cu11 after contractlon than- when ‘the muscle

‘gt relaxeg after an 1mposed stretch - "~ Some alteratlon in geometry.or r1g1d1ty

‘ \~w1thin/the muscle must occur, 51nce after tetanus, there is usuali a///
\\/ ’ y

sma11 res1dual elevatldz in tension. : -

f '
Sympathetic Nervous System

While jumping w%}h weightshcould theoretically supply a strohg proprio-

ceptive stimulus, which facilitates irradiation and thus a more powerful

.

muscular contraction, the sympathetic nervous system may also be enhanced
. - . 4

by this regimen. . ) . .
g -

The sympathetic nervous system is a division 6f the autonomic (involuntary)

nervous system. "<The autonomic nervous system (ANS) is involved in all aspects

/-
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~during alarm or before and during exercise.. Acetylcholine is released by

29,

of stress physiology-(.lg\' The sympat:hetic division acts reciprocally to . -

Chél paf‘asympathetic and is responsible fof-thge_ "fight .or fiight" responses

EA

both the sympathetlc and parasympathetic ganglionic synapses between the
pre- and post-—ganglnonlc fibers.” The chemical transmitter between the

parasympathetlc post— gangllonlc fiber and the effector organ 1s also acetyl—

choline. The sympathetic post—g_a_mgllonlc fiber rele“ases norepinep‘hnine.

-
-

As well, the sympathetic system can activate a hormonal response by

-

sympathetico—adrenomedul.lary activity. The adrenal medulla releases a

mixture of about 80 per cent epinephrine and 20 per ceént norepinephrine

into the blood. . The divisions of the nervous system are shown below.

Figure 12: Effefent Divisions of the Peripheral Nervous System

CENTRAL NERVOUS : . . : .
SYSTEM | ’ " PERIPHERAL NERVOUS SYSTEM - EFFECTOR ORGAN
R . ‘ .
 Somatic nervoue . . /. skeletal muscle \
. systen . ; . _acefylcholine .
| c
. - ‘ . .
. 1" M . . .
FAUTONOMOUS NERVOUS "r:ii"f OME ganglion . )
1  SYSTEM ) { /-.Acetylchol ine B
LR 2 r—(‘—,—.wm_mﬂn, _( ;
y : inephrin ! ¢
Sympathetic acetylcholine , orepinep e
) XS inephri smooth muscle.
1 o= epinephrine cardiac muscle.
~—- i and
adrenal medulla gian
ganglion ' ,
cetylcholine
) L 3 . 1 ¢ b —~
rae thet] ioni i
: | —Rreganc
Parasympathetic o | . glionic fiber o O
~ .
‘postganglionic fib acetylcholine
T sl s v e—————— f—

Copied frnm Vordar v al . (109)
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Sympathetic activity prepares the,bodyiin a number of ways to*face’

. ) . L . - i 5w T L ;;; 'S
stressful situations (2) T U TS ' .
. . P _ . e . B PETAR R .. o

1. Increased hepatit and,muscle glycogenoly51s (proyides a quick .
L o . . N

v

.source of glucose) : co T AL e e

-~

2. Increased breakdown of:adipose tissde triglyceride (provides a

vsupply of glycerol forgluconeogenesis and of fatty ac1ds for oxidation)

-3 Increased ‘central nervéus system arousal and alertness.

4. Increased skeletal muscle contractility and decrease of fatigue.

S, Increased cardiac. ‘output secondary to increased cardiac contrac- -,

.

) —
6. Shunting of blood from viscera toskeletal muscles by ‘means of
Y -‘“ I
vasoconstriction in the former and vasodilation in the latter.
7. 'Increased ventilation. ’

8. Increased coagulability o.f'bIoodw

Points’#3 and #4 are of particular interest whén?considering immediate

powercgains. Itis believedthat acenter in the hypothalamus acts, via
descending pathways, upon the medullary centers (and directly upon the

sympathetic vasodilators to. skeletal muscle arterioles) to produce the

- changes in autonomic function so-characteristic ofgexercise. It is further

o .
- ” h

speculated that the same motor areas of the cerebralrcortex, #hich are
responsible for the skeletal muscle contraction, give off branches to
trigger the hypothalamus.’ This hypothesis was the result of a finding

that electrical stimulation-of certain hypothalamic areas  in resting

unanesthetized dogs produces all the cardiovascular changes observed during

exercise.(109)

. A -

PIREE
e

|

Can any exercise or manoeuvers ifcrease the outflow of sympathetic

P

tility and heart rate as well as increased venous return (venous'COnstriction).
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ihpu1§és'cb the musdles’ Hahner (42) thought it was entlrely feasrble thatﬂ

~ P b ar - e e, e
[ T T . PR P - e -

. ANS activzty could be algered through phys;cal cpnditionlng.c He measumed T

‘ s

. ~4W8mreapt19ns to. stress with a numbgr of subiects and. found that the most

s - ) . % W % « s o . S e o % s . . - e

successful athletes had the hlghest autonomlc scores.‘ Autonomic conditionlng

was concluded Fo "be 2 realif?, although closely defined types of‘physical'
CQnditioninghremain unknoun. It has been noted (106) that any manoeuver or

51tuat10n assoc1ated w1th an altered blood pressure is likely to produce a

o~ L

o change in the sympathetic.activity in muscle nerves. For example, the

%

Valsakga m&nOeuveI.(a,fprced eXpi;ation.against a‘closed‘glottis)‘usugllx‘

Ry

BN
e

leads to a marked fall in blood pressure and an 1ncrease in sympathetic
act1V1ty to‘the muscles (106) _Although decreased blood pressure USUally
appears to increase sympathetic activity; the relationship does: not always".
hold true.4 Emotional stress can sometimes lead to an increased nerve
activlty at the shme .time as the blood pressure goes up. The question
of deslgning manoeuvers to increase sympathetic activity is complex since
most manoeuvers themselves are complex armd involve several‘kinds of stimuli.
Valbo‘(106) concedesjthat one should probably expect "the flnaf effect of a
manoeuver on the sympathetic‘outflow to_be determlned byla complicated inter-
~action of a numher of reflexes and cortical influences, the relatrVe strength
« of which may vary beégeen subjects and from one manoeuver to another.
One could also question if 1ncreased sympathetic activ1ty canvald skilled
motor performance. Motor performance may follow an inverted "U" curve trend
" with increases in muscular’tension.(7l) There is probably an. optimal range
of sympathetic activity for various types of performances. Simple reactiom-
: N\

time movements may be enhanced by high sympathetic tone, while more complicated,

technical activities (e.g. golf swing) may be impaired by high sympathetic

n



activity,

-1t-will take further study te determine if‘jumping.or shot-putting-with

» qve;load‘eneanées §?mpathe;ic activity which‘legds,gq‘iqpreased,muscle". Ce
* contractility. ' - S
Warm-Up

It has thus far been suggested that power could be increased through
two d;fferent mechanisms associated Qith an overload Qarm—up: (1) persistance
of a.proprloceptive neuromuscular fac111cat10n effect and/or (2) increased.
"‘eympafhetlc tone. .For.the eUrposé of practical applicatien; tﬁe%experiﬁeeeal
"~ design should allow evidence that,'no; only will performance be improved by
an overload warm-up, but that the 1mprovement is superlor to that arising
from a non-overloadﬂwarm—up. |

The value of a warm-up hes been extensively studied with variousJ
‘consideratiens: specificity (11,30,59 66,78,95,101), intensity (59,78,79 ,86),
.duratlon (59 79 92), psychological preparation (59,74 ,84,103), and overlo;d
(11,14,83,84,85, 90 98 110),, w1th the major criteria being performance (39,59)
(speed (14,66,67,84,90,?;,101',‘11C_)), accuracy (14,83,90,101,110), endurance
(83}101), power (11,79,83;8§,91,98)). Injury prevention and muscle soreness
(59,95) have also been considered in relation to warm-ups. Although there
is some conflict in the literature, the consensus appears to be thac a warm—up
'can 1mprove.éerfozmance, and that a specific warm-up of moderate duratioe
(15-30 minutes) and graduated intensity is be:t.(59) ' -

Any warm-up which increases musele temperature allows metabolic processes
in the cell to proceed at a bigher rate, since these brocesses are temperature

dependent.(2) For each degree .of temperature increase, the metabolic rate

. in. the cell increases by about 13 per eent.(Z) As well, the nerve messages
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travel faster.(2,38) Human nerve impulses travel up to 8 times faster than

those of a frog due to our much higher body temperature.(Z) The introductory

part of ‘a training or competition session prepares.the .athlete sfor the "

" ‘principle tasks to be tackled. " Adhering to the principle’of specificity,

the warm-up should stress those systems, muscles, and moveménts that will
be used in the actqvity.(93) A typical Qarm-up procedure for a vertical
jump would thereforelbe a number of vertical jumps;

The overload warm-up would lose some specificity due to the added
o ° c " T .m‘o.pyr

" weight, but, as mentioned earlier, there are p0551b1e neuromuscular advan

\]
“r

w v

rages

gained through the overload. In the 1950's and '60's, a number of researthers

experlmented with the overload warm—up in events such as vertical Jjump
(Stockholm) (98), throw1ng (Van Huss) (110), Petroff (90),
Brose (14)), shot-put ( Bishke ) (11), bicycle riding, bat swinging,
basketball focl shooting (Murray) (83), and simple resisted elbow
flexion (Nelson) (84). .

In the studies performed by Nelson, Bishke, and Brose, no improvement

in performance was found with Nelson suggesting that }here is simply a

perceptual after—effect in the form of a kinesthetic illusion of increased

speed created by the overload. Assuming motor unit activity to be the same

during the pre- and post—overload trials, he felt that the suejects'may

have been comparing the speed of the post—overload trials with the overlcad

trlals instead of the pre-overload trials. The subjects may have ‘been
unable to remember what the pre-overload .trials felt like. Despite the
negative findings, Nelson thought that in some instances the associated
kinesthetic illusion, if ptesent, mey prove to be an_aid to performance.

Stockholm worked with Nelson on a later experlment with overload

applied to the vertical jump. Again, no !i&ﬂigieéht change in performance

“
R
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was noted for the experimental group. There was a 51gnif1cant decrement

though for the control group which led to thelr conclu51on that an overload

} warm—up holds no positive effect but may prevent a decrement 1n performance. i

EREY

e

A fatlgue factor was thought unl1ke1y to account for the decrement observed

for the experlmental performances would alSo decrease. Stockholm suggested
¢ .

that the non-varying repetition of jumps with theoqnntrol group caused

"their mental set to lapse ‘in, the later trials.;

. .. eae s . .

Jpetroff (90) Van Huss, (;10), and Murraya(83) dld [find posffﬂve effeccs

e . .o v -~
P ‘}4 L ER AN .

a i -
U.‘ycgy-a"p;

in u51ng an overload warm-up. Petroff_found a significant increase in
baseball pitching velocity by fatigued throwers with no impairment to
accuracy 1mmedlately follow1ng the throy;ng of an 11 ounce. baseball. The, -
regulatlon baseball is 5 ounces. Van Huss performed a similar experlment
and concluded that an- overload warm-up (throwing an 11 ounce ball> signifi+"

cantly imprOVES the velocity of throwing. Although the ma jority of the

SUbJGCtS 1mproved their veloc1ty of ;hrow1ng in thls experlment, all subJects
. vy . .

did not respond 51m11arly or at the same rates. Van Huss also noted that
_the.accuracy response following overload warm-up is altered. The overload
warm-up impaired the accuracy in the first few throws follow1ng the warm-up,
-~ but this impairment was not significant. ‘
Mdrray found that an overload Warm—up aided batting swlng speed wbile
there was no effect on bicycle-riding, and basketball-foul shooting.

The inconsistencies in findings can probably be explained by the

different movements and,variety of types and levels of overload.

Summary. - N
L4 . .
Two mechanisms of the nervous system have been identified which could

theoretically be manipulated through an overload warm-up to enhance power
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Per51stence of proprioceptlve neuromuscular fac111£atlon.

The

sensory output of proprloceptors in muscles and tendons w

of active motor units.

hen performing ‘
with overload could lead to a persisting increase in the rite and/or number

2.,

Sympathetic tone.

o -

The increased stress of an overload warm-up

could enhance sympathetic activity which thus prepares the body for "fight
or [flight!fe LT

L -
>

o - o a - . - . .
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The nervous system is exceedingly complex, and the exact nature of
: _ . \
many of its operations are just beginning to be understood
/’
- n ' e
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“The vertical Jump experiment” was condueted in'fhé Stféngfh'Lébbfatdky

:shot—put experlment took place in the Kinsmen Field House

Eleven ‘male and 11 female athletes were selected from the Edmonton

'area in the sports of track .and field, volleyball and basketball to part1-<

A . -

cipate in the vertical jump experiment. Selection was based on assumed

o T coa A a v e e a e -~ ey -’ EEEE 'S - © L Y L i
"skill in the vertical Jump. -~ The mean age and Wéiht was 23° years -and 7952 "
kilograms for the males, 21 years and 66. 2 kilograms respectively for the

females, with the ages ranging from 17 to 30 for both groups Two subjects,

- - ¥

.one male,rand.one female, Were nét’ included in: the statlstical analysis due
to obvious 1ncon51stenc1es in their Jumplng performance.

mIen Edmonton a:easnotfputters (Smales and 5 females) participated in the
:shotrpu;'experimen;. ‘Their skill level ranged from 12 to 16 meters'for-males
and 10 to 14 meters for therfemales. -Theii approximate age was 20 to 25
years although one 17 year old male parcicipated.

| Six oflthese”same shot—putters'(Q=men and Z-Qomen) took part in a

supplementafy experiment where they used an ovefload shot fof che warm—up

<

in an actual competition.

Apparatus

Electromyograph. and integrated EMG. A Honeywell Electronic Medical System

« was used to record EMC's and IEMG's (see Appendix A).

“Electrodes. Surface electrodes were used to pick up the electrical changes

in the muscle. These electrodes were 2.5 centimeters in diameter and

e,
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con51sted of a 511ver metai d1sc Set: 1nto a~plastig. 1ﬁsulat£ﬁg cup s

»Electrode Jelly was used to lmprove the electrlcal contact. . ..

‘'Force platfo;@. A Stoeltlng s fdrce densitive’ platform (see’ Appendlx B)

measured che vert1ca1 1mpulse exerted by the SUbJeCt during the jumps.
Oscilloscopes.i The EMG and IEMG were displayed on the Honeywell oscillo~-
scope. The IEMG also appeéred on a digital;integrator. A second

oscilloscope displayed the force'blate meaﬁhrements,

Figure 13:
Oscilloscoge

Caméras. Two phase lock cameras were used to film simultaneously the'jumpihg'

performance and the oscilloscopes. Both cameras ran at 100 frames per

second.
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~ Figure l4: Apparatus For VeﬁtiéglmJump‘éxgeniuent.1 e et el EEE
. e e e e cee Honeywell
| _ I force © 4 . .. -- tostilloscojes
T 5| platform| s o - [ERterator:
Il.Sm
phase Isek =
6.7m .[ Camera 2
: . heisht = 1.55m
. Camera 1} ’ _ 100 frames/sec.
height = 1.2 ‘ ’ ' : [ = ©
eigh +2m. A shutter angle = 22.5
100 frames/sec. o . . . expose time = 1/1000 séc.
shutter angle = 30°. { - f-stop 2.2
exrose time = 1/1200 sec.| - ‘ - focal \lenwth = 13mm
f—stop 2.4 ; , 4.0 ASA forced process, _
focal length = 17mm ) | . 2 stO]s to 1600 ASA
400 ASA. forced process, » : e e
1 stop to 800 i8a. ’

! ‘ [fiiming light generator

®
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Weight bar. This was a 20 kilogram weight lifting bar with additional
weights available, allowing the total-weigh; CO_reacH 60 kilograms.
A towel was wrépped around the center portion of the bar to cushion

the back of the neck.

Weight rack. Between Jumps the weight bar rested on a rack.

Chair. This was .present to allow a sitting recovery between jumps

fjgufe 15:  Subject
performing weighted -
vertical jump

: " COLOURED' PICTURES Lf :
' Images en couleur

o e e T
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Digitizing board. The f11ms were prOJected -on-a’ Hewlett Packard 98644

v.-,“', L

Digltlzer and from this the helght of the wertical -jumps and the‘
~1mpulses as dlsplayed on the force plate osc1lloscope were calculated.

Calculator. Information from the dlgltlzing board was fed into the Hewlett

.Packard'9825chaléulatar ta‘iﬁterpret'the displacements.

Shots. The regulation shot for thé‘féﬁalés,Qasé»kilagfamsand thei;overload
shot was 12 pounds. For men, the.%egulation shot was 16 pounds. A
heavier shot for the men was madg by filling the center- of a steel
shot with lead. This increased the weight by 2 pounds. The 17 year
“old male used a 12 pound shot wlth the overload shot belng 16 pounds.

,Shqtfput circle. The shot was. ;ut from a portable c1rcle of-7 feet d1ameter»
with a cyrved sgppboaﬁgifixed in the middle of the circumference of )

the front half of the circle.

- Measuring tape. This was used to measure the shot-put performances.

Procedure

A. VERTICAL JUMP EXPERIMENT. ’
Instrument 'preparation. The HoneywelL was adjusted to record both EMG aad.
IEMC,'whilg.the force platform was attached to an ostilloscopef One camera
was set up to film the pre- and post- Jump trials and the other’camera was

set up to f11m the osc1lloscopes and the digital IEMG reading on these -
trials.

Subject preparation: The squeéts were briefed on the‘prqceduret(éee
Appendix C), given a consent form (Appendix D), and weighed. The 22 sub)ects

came on three different days, allowing each subject to participate in the

three different roles: Control 'a" (no overload in warm-up, Contro} 1B
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(no warm-up), and the Experlmental Group (overléoad’ warm—up) The drawlng of

a551gnment cards (Appendlx D) determined the sequence of part1c1pat10n in

the three roles.
Procedure.

1. 'The left quadricep (rectus femoris) andliliac crest (gro&nd eieetrode)
were prepared for eiectrode application. The two electrodes on the‘rectus
femoris were placed on the mid-portion of the muscle‘in a longitudiﬁal
plane aboue five centimeters apart‘from each-other (111)

2. The subject stood behind the force plate and relaxed quadricep.

: 1
3. The cameras were switched on.
. . |
4. The subjec; stepped to the center of the platform and immediately

W

performed a maximal vertical jump. (This measurement constituted the .
pre-test.)
5. The cameras were switched off.

6. After this pre-test, the treatment Varied as follows:

a. Control Group "A" subjects did 6 more jumps without the weight bar
on the shoulders. A one-minute, sitting recovery was allowed between trials:

b. Control Group '"B" subjects were given a 7 m1nute sitting recovery.

r”

. c. Experiment!‘ subjects performed 6 more jumps with a welght bar on

the sﬁoulderq. The weight of this bar was 60 kilogréms for the males and

+

40 kilograms for the females. As with Control A", :a l-minute éitting

L1 , ) :
recovery was allowed between jumps.

Note: Financial considerations limited the filming to the pre- and post-
test jumps only.

7. All subjects were then post-tested with the procedure being a

repeat of steps 2-5
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B.' SHOT-PUT EXPERIMENT = «

5 S ‘ .
Subject Preparation. The subjects\were‘briefed on the procedure (see Appendix
E) and given a consent form. As was the case with the jump experiment, the

. - »

subjecﬁ%«q&ii randomly assigned to three different roles: ‘Control VAT,

Control "B", and Experimental.
o8

Procedure.

1. Subjects performed a pre-test, scanding‘shoﬁ;put with -the regulation
.weight shot (4 kilogramsfor'women/lZpounds for the 17 year old malé/lé péunds
for" men) .

2. Thg following treatments were then implemented:

a. Control Group "A" subjects did 6 more standipg shot—puts with the
'feguLatién shot allowing a 1—minute‘;ecovery between puts.
| b. Céntrol Group "B" subjects did'nd”warﬁ-up‘but reéted %or f‘minutes-

c. Experimental subjects did 6 mére standing shot—puts with the
overload shot (lz'pounds for women/16 pounds for the 17 year old male/18
pounds for men).l A 1—minu£e»reCOVery between puts was allowed.

3. Subjects were then post—tested using the regulation shot.

The basic design for both experiments could be simplified as shown

hbelow:
Contxzol "A"™: pre/6 no overload trials/post
Control 'B'": " pre/7 minute rest/post
Experimental: pre/6 overload trials/post.

C. SUPPLEMENTARY SHOT-PUT EXPERIMENT
In this experiment, the subjects used an overload shot in the warm-up

for an actual competition. Procedure in terms of number of warm-up puts,

¥
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B f - o ’
@ :
and length of recovery between® puts could not be controlled. _Results were
based on .a comparisun of . the performance in this competition to shot-put

performance in previous competitions (see Appendix F).

4



CHAPTER 1V . L .
RESULTS AND DISCUSSION

N

Results . ' '
TABLE 1: VERTICAL JUMP (in centimeters)

In'Table I the raw data for the vertical jump is presented. This measure-
ment, in centimeters, is the peak height for the’'pre- and post-jumps for the
three treatments. 1In each ‘case the height was measured using a digitizing
board with the digitizer following frame by frame“the point where the subjects
"shirt tvrked into their shorts. :

s

Average ,

) Experimental ' VAT "B
Name Pre Post Pre Post , Pre - Post
?___ — e e——— L = — -
1 D.Alt. 193.11  195.47 194.51  195.42 . 203.17 199.34
2 D.Ad. 175.71 174.57 189.46 180.81 182.47 178.92
3 K.W. 165.17  167.51 166.70  164.64 170.21 172.30
4 Ch.P. T 173.04  171.89 . 164.65 171.60 175.45  173.26
5 P.D. 184.46 185,03 192.76  188.43  185.93  184.11 -
6 B.B. 196.69 200.34 195.45  198.88" 196.42  195.38
7 Ch.D. 184.99 194.05 193.22 196.71 194.38 193.81
8 Jk.S: 211.52  208.978 210.29  204.79 199.10  206.67
9 I.K. S - 181.83" '190.74 1 190.35 © 189.55
10 G.Rn. - R 192.32  201.15 195.44 200,11
Total 1484.69 1497.84 1881.19 1893.17 1892.92 °'1893.45
Average 185.59  187.23 188.12  189.32 189.29  189.35
i Jo.A. 183.01  181.29 179.47  184.55 183.18  181.38 °
12 L.Ca. 153.24 155,78 148.79  154.04 146.16 149,48
13 LaGe 170.52 - 174.65 .173.88  176.17 177.52 178.92,
14 L.Th. 181.63° 182.04 177.54  182.90 175.93 - 178.66
15 J.Sh. 158.17  159.91 154.26  158.68 156.13  158.30
16 S.K. 148.91  151.32: 158.50 152.83 151.49 153.57
17 G.G. © 162.87 . 164,14 157.73  155.32 156.76  155.65
18 L.Lv 188.10 188,40 185.94  188.70 184.45  185.15
19 M.Fr. 182¢79 - 184.09 183.56  183.91 181.73  180.36
20 W.J.o 153,40 151.31 159.43  157.83 . 156.58  159.22
TStal @*;@ﬁia 1692.93  -1679.10 1694.93 1669.93 1683.69
Average - i' .06 169.29 167.91 169,49 . 166.99 168,07
e S > ' L
N Sk i o
gzrgined “16%433  3190.77  3560.29 13588.10 3562.85 3574,14
. ki A .
Combined 175.85  177.27 178.01  179.41 178.14  178.71

——rt —— - —— - . ——r———
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TABLE Il:. PEAK FORCE (ig Newtons)

“

[ .

Peak force was measured witha force plate for. the vertical juﬁps. Table

I1 shows the peak forces obtained for eaoh of ‘the subjects with the measure-

-

5

ment exXpressed in Newtons.'ﬁglo.

SR )
w ¥ )

J..,‘.-,zg - . "‘,
. L .
Although the pattern of force application can be gained by studying
the force plate measurements (see Table III), an analysis of the total
impulse may be invalid. First,~due.to.financial restraints, a lengthy.

rolling of the film for each junp was not;pdssible. The film was tberefore

often accelerating or decelerating ‘as the subject took his/her jump. With

:a non-linear baseline, the area under the curve, or total impulse, would be

‘ innaccurate.. Second, the oscilloscope reading of the force plate would

drift slowly downwards after about 4 seconds when & subject was standing

on the platform (see limitations, page 5) o . s

. . Experimental PR AN uB"

Name Pre’* ' Post Pre Post Pre  Post
I . o , » ' .
1 D.Alt. 2146.19 2042.08 . 1819.81 _1855.62' 2178.62 2399.68 -
2 D.Ad. 2121.98 " 1764.49  © 2528.33 2686.35 w~}26 .55 2414.53
3 K.W. 1671.62  1897.46 1720.52 . 1642, 12. 2145.96 2187.63
4 Ch.P. = 2083.74 1717.62 2362.58 219944 < »2199.43  2249.19
5 P.D. 00.Y2 1856.07 2219.70 . 1987.47 . 1728.87. 1446,11
6 B.B. £ 1662.33  1776.84 1623.84 ' 1618.65 . 1743.95 1742.84
7 Ch.D: 253L.37 1978.58  2438.28 .26Q5.42 - 2441.71 2163.94
8 Jk.S. 2408.73 52552.11 3267.03 2746.80 3698.52 3312.25
9 I.K. - - - © 2685.93 '2708.55 - 2775.76 3339.99
10 G.Rn. 262791 - +—— | 2588.38 2026.77 . 2351.38, 2188.89

M . . - L
f1 Jo.A. 1942.51 2019.44 2142.48 2162 50° 2282,27 1875.61
12 L.Ca. .. 1698.72 1698.72 1407.35 - 1549.11 1443.93. 1338.18.
13 L.Ge, _ :1415.82 1255.68 1524,28 1583.43 - 1761.53 1671.97
14 L.Th. 1397.64 1405.34  1758.76 '1510.24  .1614.68 1739.69
15 J.5h. 1875011 - 1947.70,- 1594.13 1863.90. . 1414.65 1415.62 °
16 S.K.  1999.63 2031.37 1748.69 1518.82 * 1902.37 1863.75°
17 G.6. -1667.70 1813.32 1608.61 2002.77 1424.38 * 1558.19
18 L.L. 2342.86 2040.20 1926.73  2209.02- 1991.43 " 1950.66
.19 M.Fr. 1622.33 1776.84  1405.09 1453.37 _ .1209.46 - 1373.8%
20 W.J. 1696.55 '1841.15 1491.12 1366.86- 1587.80 1750.10
h A . . 2t

.

.-
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' NUMBER OF PEAKS (HIGHEST PEAK)

3 £ k0 ™~ dlwubeJQAJQN

number of peaks in each jump, .

‘2

2 ). B

TABLE III: PATTERN OF FORCE APPLICATiON:
: Experimental MAY , A
Name Pre Post - Pre Post Pre - Post
D.ALt. 3 (3) 3 (3) 2°(2) 2 (2) 2 (2) 2 (2)
D.Ad. 1(1) 2 (2) 2(2)  2(2) 2.(2) 3 (1)
K.W. 2°(2) 2 (1) 3 €2) .2 (2) 3 (2) 2 (1)
Ch.P. 1 (1) 3(3) 1 (1) 1.(1)- 2 (2) 3 (3)
P.D. 2 -(2) 3 (2) 1 (1) 2.(2) 2 (2) 4 (2)
'B.B. 2 (2) 2 (2) C2(2) 2(2) 2 (2) 2 (2)
Ch.D. 2 (2) - "2.(1) 2 (2) 2 (2) 2 .(2) 2 (2)
. Jk.S. 3(3),,;3(D 2 (2). 2 (1) 5(1) 2 (1)
‘I1.K. - - 3(3) 0 2 (2) 3 (1) 3 (1)
'G.Rn. - - 1 (1) 2 (2) 1) 2.(2)
Total 16 (16) 20 (15) 19 (18) 19 (18) 26 (17) 25 (17)
Average 2 (2) 2.5(1.9)  1.9(1.8) 1.9(1.8) 2.4(1.7) 2.5(1.7)
?- — :ff = T — ’

11 Jo.A. 1 (D 2 (2) 1(1) 2 (2) 2. (1) .22
12 L.Ca. 2 (1) - 2 (1) 2 (1) 2.(1) 2 (2) 2 (1)
13 L.Ge. 1.(1) 2 (2) 2 (1) 3 (1) 32 6 (3)
.14 L.Th. 2:(2) - 3(2) 1 (1) 3 (D) 3(1).  2(D)

- 15 J.8h. - 2 (1) 3 (2) 1 (1) 2 (1) -3 (1) 7 3 (1)
16 S.K. 2 (1) 2 (1)" 2 (2) 2 (2) 2-(1) 3 (1)
17 G.G. 5 (1) . 5°(1) 5 (2) 2 (1) 1(1) 1 (1)
18 L.L. 3 (1) 5 (1) 2 (1) .3 (1) 4 (1) 3.(1)
19 M.Fr. 2°(2) . 2.(2) 3.(3) . 3°(2) 2.(2) 3 (3)
20 W.J. 4 (1) 3 (2) 2 (2) 4 (2) 313) 3.(3)
Total 24 (12) 26 (16) © 21 (15) 26 (14) 25 (14) 28 (17)
Average 2.4(1.2) 2.6(1.6) 2.1(1.5) . 2.6(1.4) 2.5(1.4) 2.8(1.7)
Combined 40 (28) 46 (33) fao (33) 45 (32) i %9 (31) 53 (34)
Total : : ;
Combined o o S
Averas 2.2 (1) 2.6(1.7) 2(1.65) 2.3(1.6) 2.5(1.6). 2.7(1.7)

verage . . : X Ty
Note: the number on the left in each column represents the

The number in brackets

sign1f1es which of the peaks was the highest.:
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Within. the 11m1tat10ns of thts experlment, one might still expect a
hlgh correlatlon between the per cent change in the vert1ca1 jump perfor-
mances and the per cent change in the peak force output or peak 1mpulse

.,Thls was not the case (see Table IX)~\ -In other words, an 1mprovement in a
subJect s helght of Jump does not negessarily mean that the peak force he
1mparted_a;so 1mproved. With a8 sustained force output, it is possible
th;tnthe tothl ‘impulse increases, but the peak force stays the same. The

'f-f.area.under the curve,uor total ?mpulse}Jthus‘determines in a large paft the

succese_of the qup.'
| Toe most common pattern of force aoolicat1on showed two-peaks with the

largest peak be1ng the second peak (see results Table III ‘page 45). Follow-
i
\
§ |

. ..' . . n . .
TABLE IV: COMMON PATTERN OF FORCE PRODUCTION .

ing is a typical_patte;n_of force application.
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Vertgce] 1500 _

force . 1200

(Newtons)v 1100, _
.IOOOH

900
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o ' Frame number (IOQ/sec.) . _ ' t
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For the subject represented in éhis graph, 1t was thought that thﬁ’
first peak‘represents hip extension with the second peak being a combination
of knee and ankle extension as well as an’ upward arm swlng ‘adding to the
"vertlcal forte3 If all of the body parts contribute the1r~peak force in

quick succegeion, individdal peaks are hldden. This fs thought to be the

best pattern. Males, on the average, had fewer peaks while jumping hlgher

than did the femalest Another sex dlfference was that the largest peak for

v

~ the males was usually later 1n the force pattern than that of - the females.
Females would very often have the flrst .peak belng the- largest peak

LAS mentioned earller, an overload warm—up may have the side effect of

T L « 41.

"slowing the movement down with some loss of timing. This assumption.is M
strengthened by the observation that it was very rare for subjects.in the';
Experihental group to decrease the number of peaks.

TABLE V: RELATIONSHIP OF THE CHANGE IN NUMBER OF FORCE PRODUCTION
PEAKS  TO THE RESULTANT VERTICAL JUMP PERFORMANCE
. 4
Number of Subjects
Exp. AT ‘"B
. M F M F M F ATotal-

+'numberrof peaks with.+.performance 1 5 1 l 2 14

+ riumber of peaks with + performance = 2 1 1 1 3 1
+’number of peaks with +. performance 1 2 2 5
¥ number of peaks with + performance 1 -1 2
Same number of peaks with + performance 4 4 4 2 3 17
Same number of peaks with ¥ performance 1 2 1 4 2 10
¥ number of peaks with same performance 1 1
. Total _ B 8 10 10 10 10 10 58
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While only one_subject decreased the number of peaks during the Experimental
treatment; 3isubjects from Control "A" and 4 subjects from Control "B',
decreased their number of peaks, ‘ . .

When the numoer of peaks stayed-the same, there was usueily an increase
in.performance for the Experimental and Control "A'" treatment, but performance
generally declined during che Control ""B" treatmeﬂt\when the number of peaks
remained the same. 1In addltlon tovlllustratlng 4ome superlorlty in the

Experlmencal and Control "A" treatments, this relationship appears to rein-

force the observatlon that if a consistently skalled subJect uses the

-

. \
Experlmental warm-up, performance is likely to be aided. With the above

'loglc, it is assumed that a consistently skilled subject manages to keep the
.same pattern of force, productlon from the pre- to the post-test while
incorporating a beneficial overload effect. -
An'increase in peaks during the Experimental warm-up would be common
to a less skllled Jjumper as the increased number of peaks may be assbciated
W1Ch a loss of coordlnatron. One wod}d therefore.expect performance to
decline if the number of peaks increased, but this was not usually the case.
fnis was especially true for the Control “A”jand Experimental treatments.d
An explanation for these results could be tnat in- the pre-~test, fhe subject
neglected eo make use of the potential force production from some body
segment'but then‘did add fhis force in the post-test. For example, arm swing
may.have been lacking in the pre- test but was.made use of in the post—test.
There appeared to be a sex difference in regards to the above relationship.
m\QFema}es were much more llkely‘CO increase the,number of peaks while increasing
‘performanee than males. This possibly is due to a difference in skill level

with the more highly skilled males less likely to make the mistake of

neglecting to use a body segment in the pre-test.
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TABLE VI: SHOT-PUT (in meters)
Table VI displays thélraw data obtained from the shot-put expéfidght;. The

varying skill levels of the different subjects can be seen, although it
should be noted that these were standing shot-put performances without the

“benefit of a glide.
consistency.

Generally the higher skilled subjects showed greater

Experimental A -1
Name Pre Post#1 Post#2 Pre Post#1 Post#?2 Pre Post
o | , . . |
1 Ch.D. 10.15  10.78 - —- ‘N9.so  9.58 - . 9.11  9.9¢
2 T.D. 11.40  11.55. 11.92 11.20  11.23  11.16 11.38  11.38
3 K.M. 10.85 11.14  11.93 10.61 11.44 - 10.80 11.61
4 G.Rn. 11.54 12.43  13.02 - 11.39  12.28 12.70 11.54  -11.67
3 C.H. 11,417 11.43 11,32 11.57% 11.88  11.53 11.25  11.14
. ) ‘
6 S.K. 10.94 - 11.85 - 11.08 11.83 _— 11.23  12.03
7 L.Th. 9.2 10.15  10.50 8.13 9.98 10.05 9.90 . 8.78
8 J.s. "10.25  10.53 - 10.25  10.44 - 9.90 10.39
9 . M.Fr. 8.67 8.64 8.78 8.51 9.47 9.06 8.07 8.64
10 D.Fr. 8.81 8.30 - 8.78 8.67 7.93 8.39 8.19
Total 103.23 106.80 - 101.32 106.80 - 101.57 103.79
Average 10.32  10.68  —- 10.13  10.68 - ©10.16  10.38
*Total 52.23 55.54 " 50.80 54,50
*Average  10.45 T11.11 10.16 10.90
*Note: Only'those 5 subjects who did a second post-test for

ot

TABLE VII: SpPPLEMENTARY SHOT-PUT EXPERIMENT

In the following table (Table VII) the results of the su
experiment are shown. 1In this experiment 6 sub
in preparatien for an actual competition.

of the athletes' performance in this meet ¢t
the subjects recorded personal bests in this competition.
out by the athletes in this experiment

the overload warm~up. (See Appendix F)

., both the Experimental and the Control "A" treatments
. wére included in these calculations

pplementary shot~put
jects used an overload warm-up -
This experiment allowed comparisor
o their past performances.
Questionnaires filled
gave some subjective feedback concerning

Two. of.
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Best - Experimental

Subject Age Sex Recent Performances Performance Performance
1 S.K. 18 F 13.46/13.76/13.78 - 13.78 - 13,76

2 L.Th. - 18 F 11.47/11.27/11.17 11.47 10.21

3 T.D. 19 M 12.00/12.00 . 12.59 11.91

4 G.Rn. 31 M 15.12/14.76/14.67 15.12 . 14.67

5 K.M.. 23 M 12.57/13.02/12.95 13.02 13.03

6 C.D 18 M

11.05/11.20 * 12.05 12,12

TABLES VIII & X

Tables VIII and X show the per cent change in vertical jump and shot-put
performance respectively for the individual subjects. An examination of

the individual results in either the shot-put or vertical jump experiments
reveals the importance of gearing the warm-up to fit the individual. For
some individual8, 10 or more warm—up trials would seem necessary .to prepare
them for competition, while others often get their best performance on the
first trial. Although most:of tKe athletes responded positively to the
Experimental and Control "A'" warm-ups, some found 8 trials to be fatiguing
physically and/or mentally. For these athlétes, the Control "B'" treatment
produced the greatest improvement. Fatigue through lactic acid build-up

was believed not to be a factor, and this was confirmed by a blood lactate
test taken during an Experimental treatment in the vertical jump: The blood
lactate concentration in fact decreased..

TABLE IX

Nothing of significance can be gained through an examination of Table IX.
As mentioned earlier, it is possible that the total impulse,,instead of
the peak force, determines the success of the jump. i

-

[<d
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TABLE VIII: VERTICAL JUMP RESULTS (per cent change)

] .

SLiName -Experimental Control '"A" Control '"B"
al o ' .
1 D.alt = 1,22 0.47 -1.88
2 D.ad. ; S~ 0.77 - 5.36° - 1.95
3 K.W. ' 1.41 - 1,24 1.23
4 Ch.P. - 0.67 ’ Tb.22 - 1.25
5 P.D. 0.37 - 2.24 - 1.15
6 B.B. -1.86 “1.76 - 0.53
.71 ___Ch.D. S 4.90 1.81 - Q.29
8 Jk.s. - 1.20 - 2.61 3.81
9 I.K. - 4.90 - 0.42
10 G.Rn. - 4.59 /2,39
Total 7.12 6.30 - 0.04°
Average 0.89 0.63 ‘- 0.004
Standard Deviation - 1.85 h 3.28 - 1.80
Sample Variance 3.40 B " 10.78 3.25
Unbiased S.D. 1.97 : 3.46 g 1.90
Variance 3.89 11.98 o 3.61
i Jo.A. - 0.94 : 2.83_, | - Q.98
12 L.Ca = 1.65 : . 3.52° ' 2.27
13 L.Ge. 2.42 . ‘ ©1.32 . ©0.79
14 L.Th. - /f’ 0.22 ‘ 3.02 , 1.50
15 J.sh. ' 1.10 2.87 1.39
16 S.K. 1.62 - 3.58 : 1.38
17 G.G. ; 0.94 .— 1.53 , - 0.71
18 L.L. .0.16 ” % 1.46 - . 0.38
19 M.Fr. . ~ 0.7 S - 0.19 - " - 0.75.
20 wW.J. - 0.06 - - 1.00 1.68
Total ’ < . 7.82 : 9.10 6.95
Average : 0.78 _ 0.91 0.70
Standard Deviation 0.93 7 2.3 1.10 ,
Sample Variance 0.87 - .- 4,95 : 1.20
Unbiased S.D.  ° © 0.98 . . 2.35 1,16
Variance " 0.96 ©5.50 ‘ 1.34
.Combined Total ' 14.84 o 15.40 ) 6.99
Average. L 0.83 .+ 0.77 0.35
Standard Deviation & 1.41 . . 2.81 - 1.53
Sample Variance ; 2.00 7.88 S 2.35
Unbiased S.D.: 1445 2.88 A 1.57
" Variance _ . 2.11 » 8.29 2.47
Correlations: Experimental and “A" = 0.196; Experimental and "'B" =.-0,075;

"A'" and "B" = 0.084 N
‘ - T=



TABLE IX: PEAK FORCE RESULTS (per cent

- Name

Y

change)

52.

Variance

Experimental Control "Aw Control "B"
g )
1 D.Ale. - 4.85 1.93 9.21
2 D.Ad. -16.85 5.88 11.93
3 10.87 - 4.56 1.90
4 -17.57 - 6.99 2.21
- 7.20 -10.46 -16.36
6.44 - 0.003 - 0.06
-21.84 6.85 © ~11.38
5.62 -15.92 -10.44
e~ 0.84 16.89
.. - =21.70 - 6.91
Total MR ":g%ﬁ”: -45.38 - 3.01
Average R - - 5.67 - 0.30
‘Standard Deviation c 11,680 10.36
Sample Variance 134.85 107.39
Unbiased S.D. 12.41 . 10.92
Variance 1564.11 ‘ 88.28 119.32
11 Jo.A. 3.81 S 0,93 -17,82
12 L.Ca. 0.00 9.15 -,7.32
13 L.Ge. -11.31 3.74° - 5.36
14 L.Th.. "0.55 -14.13 7.19
15 J.Sh. 3.73 14.47 . 0.07
16 S.K. 1.56 -13.15 ~ 2.03
17 G.A. . 8.03 19.68 8.59
18 L.L. -12.92 . 12.78 - 2.05
19 M.Fr. 8.70 3.32 11.97
20 W.s. 7.85 -:8.33 9.27
- Total 10.00 28.46 2.51
Average 1.00; 2.85 0.25
.Standard Deviation 7420 11.09 8.13
Unbiased S.D. ‘7.59 11.69 9.20
Sample Variance 51.78 123.06 176.23 -
Variance -57.53 136.73 - 84770 -~
Combined Total . =35:38 -15467 - 0.50
Average - 1.97 - 0.78 - 0.025
Standard Deviation. 9.98 _ 10.70 9.59
Sarfiple Variance 99.69 ¢ 114,45 91.88
Unbiased S.D. 10.27 = 10.98 9.83
105,56 120.48 96.72

Correlations: Experimental Force Plate to Experimental Vertical Jump = -0.242

"A'" Force Plate to "A" Vertical Jump = 0.038
""B'"" Force Plate to '"B" Vertical Jump. = ~0.264

s

_fm—'
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TABLE X: SHOT-PUT RESULTS (per cent change) °

-
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HO:MI'— M2

a.= .Q5,';-;qiled

Experimental Experimental MAY A"
Name (Post #1) (Post #2) (Post #1) (Post #2) ;L8
"1 ¢.p.” 6.21 - 2.24 S 9.33
2 T.D. 1.32 4,56 - 0.27 - 0.36 0.00
3 K.M. 2.67 . 995 7.82 - 7.50
4 G.Rn. 7.71 12.82 7.81 11.50 1.13
5 C.H. 0.17 - 0.79 © 2.68 - 0.35 0.98
PRT
. il ’,
Total 18.08 16.34 17.93
Average 3.62 3.27 3.39
6 S.K. 8.32 6 #77 J7.a12
7 " L.Th. 10.21 14.01 ‘ 22.75 23.62 -11.31
8 J.S. 2.73 1.85 4.95
9 M.Fr: - 0.35 1,27 11.28 6.46 7.06
10 D.Fr. - 5.79 - 1.25 - 9.68 2.38
Total 15.12 41.40 10.20
Average 3.02 8.28 . 2.04
.Cpmbined > i ‘ *
erage - 3.32 E$'6.53 5.78 °, «»* 8.17 2.72
*Note: Only those 5 subjects who did a second post test for both the
' ' Experimental and the Control "A" treatments were included in
this calculation.
TABLE XI: SIGNIFICANCE OF THE DIFFERENOE (t-test) Pre to post summary.

A t-test was used to find the significanée of‘;he difference for the various
categories of warm-up treatments. Those that have been found significant at

the .05 level have been marked with an *.

number of t-tests in that 5 per cent of the
testing at the .05 level), there is likel
ficant but in reality it isn't.

show some advantage over the controls ih regards to .this statistic.

be noted that when a second post test was added in the shot
further significant improvement was found.

discussed later.

There is a weakness in using a large
time, or 1't-test out of 20, (when
y to be a t-test which appears signi-—
Nevertheless, the Experimental treatment does
It should
~put experiment a
The implications of this will be
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B.

C.
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VERTICAL JUMP

II. Control ™A™

Obtained ¢t N -1 Necessary t
I. Experimental )
Females 2.39 9 1.83%
Males 1.27 7. 1.90
.y ; Combined 2.27 17 1.74%
II. Control "A"
Females 1.32 9 1.83
Males 0.61 9 1.83
Combined 1.24 19 1.73
III. Control "B ‘
Females 1.81 9 1.83
Males 0.05 9 1.83
Combined 1.05 19 1.74
PLATE FORCE . '
I. Experimental _
Females 0.37 9 1.83
Males -1.31. 7 1.90
~Combined ©-0.92 17 A-74
II. Control "aA"
Females 0.89 9 1.83
Males, ~1.46 9 1.83
- Combined- -0.%1 19 1.73
III. Control "B S
Females -0.17 9 1.83
Males: ~0.92 9 1.83
Combined ~0.94 19 1.73
SHOT-PUT .
1. Experimental (lst post)
Females 1.14 4 2.13
Males 2.48 4 2.13%
Combined 2.35 9 1.83%
II. 'Experimental (2nd post) :
Females 1.19 1 6.31
Males 2.19 3 2.35
Combined 2.77 5 - 2.02%
III. Conttol "A' (1st post)
Females 2,140 4 2.13%
Males 1.69 4 2,13
Combined ~ . 2.75 9 1.83%*
1IvV. Control "A" (2nd post)
Females 0.68 2 2.92
Males 0.91 2 2.92
Combined 1.15 5 2.02
V. Control "B"
Females 0.31 4 2.13
Males 1.64 4 2.13
Combined 1.14 9 0 1.83
SHOT-PUT (lst to 2nd post) '
I. Experimental 2.73 5 2.02%
-1.08 5

2.02,

B

54.
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TABLE XII: SIGNIFICANCE OF THE DIFFERENCE (tptest) Eipg;imental to
Control '"A" to Gontrol "B fummary,. Sﬁ;M& = M2 :an oooa =:.08, 1 tailed.

Y

The final statistical analysis to be performed was a t-test to deterntine the
significance of the difference between the different treatments. This is
shown in Table XII. No significant differences could be found.

. . Obtained t N -1 Necessary t

1. Vertical jump

Exp. to "A" .,  0.16 17 1.74
Exp. to "B" -Q.85 17 1.74
MAM to VBN -0.65 19 1.73

II.- Shot;put (1st.post)

Exp. to "A" 1.09 % 9 . 1.83 . .
Exp. to "B -0.55 .9 . 1.83

"A" to "B" -0.98 9 1.83
III. Shot—put (2nd post)

Fl

Exp: to "A" 0.37 4 2.13

|
Discussion
—=>2tussion

It would be justified to point to ghe lack of significant differenceﬂ;ﬁ
‘ / :
between the thred treatment groups for both the vertical jump .and shot-put
experiments (see Table XI) and conclude that an overload warm-up is jo better

or worse than a non»overload warm-up or no warm-up at all. A closer look

at the déta, though, does reveal some promise that an overload warm-up

1

could aid performance if properly appligd.,
':Thg_proper application of overlqad:implies that there is fairly close
adherence to the principle of specifiéity,‘aliéwance for a timiﬁg regaining

period at the end of the'ovérlgad'triélé,‘and'fhat the overload is adapted
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individually. As well, the performers should be consistent in their sklll

so that the correct neuromuscular pattern is more or less automatic.

Specificity must be sacrificed to some extent when using an overload

Al

warm-up. The greater the overload, the less the specificity.’ The vertical
. . EJ

jump exﬁeriment made usé of quite ataxing overload.' TheIQOsto 60 kilogram *
bar was approximately 2/3‘to 3/4 the subfect's body weight. This weight,
especially when held as a weight bar on the shoulders, alters the ideal
moyement.pattern for the vertical jump. The overloed jumps were performed

,slowa and cautiously with the arms holdlng the bar instead of addlng thrust

a9

‘to the jump. Despite this obvious sacrifice of technique, the fem51e, and

!

the male and female combined scores were significantly better (0.05 level)

after an overload warm—up. The same could not be said after eitHer of the

control treatments (see Table XI). s

¢

The shot-put experiments had a relatively smaller overload, ané, to tﬁ%
casual observer; no change in technique could be noted. The extra weight did
slow the movement down though, but this may be an advantage instead of a-

disadvantage. One: subject in the supplementary éxperiment explalned VA
. ) .7 ) . e A o .
heavier shot is‘@hgood way to warm-up for me because it slows you down a

,..H

bit: thus, you can feel your position better and when you get back to your
normal shot you have more spring." (Appendix E) Another s Ject thought the
heavier sho&&%gproved his ability to finish the throw.. fgythe explosive

action e%%ihagshot—put wrist and finger flexion are the’last to contrlbute

to forcg ou;put. The slightly slower put apparently/;iEBwed a'greater force
) o /
contribution by the smaller muscies at the end of the/put.
(24

These experlments did not have the means to telh whlch factors contri-
g

buted the most to the obtained results, but it appearf feaéible‘that a slowing'

C R

-

D . y



down of the movemgnt "could aid in rehear51ng the proper action. In addition,

as hypotheslzed earller, the overload could 1nduce greater motor- recru1tment.

These factors appeared to balance the loss of ° 5pec1f1c1ty in the shot-pu%,

- .
experlment as the improvement to both- the Expeﬂﬁmental-and Control AT
_— t ' . Y
. » - ‘ PN
treatment groups were significant. Control '"B", which did no warm-up, did \

i

Hot achieve a significant improvemegt in shotfput ﬁgrformance {see Table XI)!

Ie

A further significant ihcrease in,shot—put performance was noted with
;he Experimental group when a second post— test was added. Thls pattern d1d

not hold with the Control AN group, and their performance, 1n fact, decllned

on the second post test (see Table XI). Van Huss (110) had notlced-a 51m11ar
effect when he studied an overload warm-up applied to - -the bqseball throw.
In his experlment, the majority of the subJects 1mproved their veloc1ty of

throwing, but tlhie accuracy of the first few throws follog&ng overload ?

warm-up was 1mpa1red thlle the added resistance may aid coordinatiorn as

it induces a s low-motion rehearsal, the timing must be readjusted to a
faster speed after the extra resistance is removed. This readjustment
_apparentlf involves one, p3%51bly more, trials. A weakness of thls study
“{was‘that the vertlgal jump experiment used Just one post- test, and the
shot-put experlment had only one or two post—tests. In the supplementary
shot—put experiment, there were essentlally 6 post-test trials, as'6 puts
are allowed ln the competition. Threevof the competitors_had their best
puts on the second trial, but the other 3 competitbrs'aehieved their best
put on the fourth, fifth.or sixth trial. The overload~etfect is temporary,
and, at some point after an overload warm—up,,onebwould.expec& the.overload

effect'(greater recruitment and/or increased rate of motor firing)'to wear

off, but, with the present knowledge, it is difficult to put a quantitative

°
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‘facilitation:

‘figure on the number of trials necessary. As the \&erload effect is wearing
. $ i :

off, better coordinatlon is possibly being regained. Ignoring other_per—
formance factors, the trial at which coordination 1ntersects the overload
effect may be the optimal pOint for a. good\put. "Judging by the varying
trials at, wh;ch the . shot—putters achxeved their best’ pu{ in competition,

- one can see that the optimal poznt is 1nd1v1dha1 1n nature. The following

: graph depicts this intersection with, the best combination of the two. factors

v .
N

occurring in trial-#Z _
i

TABLE XII1: THEORETICAL MODEL OF _THE RELATIVE CONTRIBUTION OFMQVERLOAD
FACILITATION & TIMING TO SHOT-PUT PERFORMANCE o :
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fhe nomber of trials is probably a greater determinant than.is time“
in effecting the decline of the overload facilitation. In the review of
litegature, 1% was noted that a persisting 1ncrease in discharge from muscle
spindle fibers at a maintain?d\mnscle length and in response to stretch
‘appears after i muscle has undergone contraction; This post-excitatory '
facilitation. nas'found to persist for many minutes but disappear following‘-:

o v
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a brlef stretch of’the muscle. With each post trial the overload muscles

ot

. “j ‘ would receive some degree of stretch and the faC1litatory effect would : 5‘"

v

' grobably quickly decline Ain a stepnlike fashion w1th each trial as’ 1llustrated

tw

4 in the preceding diagram. '

In the pilot study for'this research 1t was found that the older,

o better skilled subjects had the greatest improvement in response to thev'

b overload‘uarm—up. Thls trend contlnued 1n “the present study._ The subjects
' T .

who sho#ed the’ greatest 1mprovement in the vertfcal Jump, Expenimental

.treatment were generally those subJects most familiar w1th performing a

.vert1ca1 jump with a weight bar on the shoulders.' In the shot-put experiment

Lthe more. experienced highly—skllled shot-putters achieved their largest

-

per cent 1mprovement after the overlpad warm—up (see Tables V1 and’ X) ; A

»

rd

Unfortunately, the 1ntegrated EMG could not be read. 1If the figures

sv

were clear, ‘a. quantitative figure that takes 1nto account the number of

~

motor units recovered their firing rate, and their.amplitude,(coulﬁ be

1'added to’the reSults.: If as hypothe51zed more motbr units are recruited

.

in’ response to the overload and this greater recruitment per51sts ‘to a
later trial the difference betWeen the skilled consistent perforAbt and ﬂl

“the more novice competitor COuld .be explalned in terms of two opp051ng

! :“

mechanisms which determine thé amount of motor recruitment in a. muscle. o

By

1. more motor units are being recru1ted to 1ncrease the force of

A - .

contraction,‘or _ .
L. ¢. . . ¥
°

2. more motor units -are being recruited but ‘because of a lack of

.

"coordination they are not contributing their 1nput in the proper sequence.

Practice would tend to limit the excitation centers in uhe cerebral cortex

“ [ . B 1

: -and only those muscles needed in- the movement would be called into play.
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, ' N '
The skilled performer then 1ncorporates the‘increased recrurtment

1nto hls ”automatfc" eff1c1ent pattern of movement, and because the proper
coordination and’ timing is not sacriflced to a very large extent, it can be

quickly regalned after one -or two trials follow1ng the overload An "auto—
matic' eff1cient pattern’ of movement is more vulnerable with the ‘unskilled

»

performer, with the overload simply adding to. the vulnerabllity.

”



CHAPTER V

CQNCLUSIONVAND.RECOMMENDATIONS e

Conclusion

| The use of the overload warm-up to enhance performance in explosive
power events such as the vertical jump or shot-put does show promiSe.if the
overload is properly.applied. Although'a statistically signifiéant differ-

A

ence in 1mprovement between the two Controls and the Experimental treatment

~
"

) could not be found, some trends in the results appear to favor the Experi-
mental-treatment.. There was a significant improvement in both the vertical
ﬁump and shot-put performances when the overload warm—up wds appljed, while
the Control, kA" warm-up allowed a’signlficant improvement in shot—pdt per-
formance only. The Control "B warm-up gave no signiflcant improvement

for either the shot—put or vertical jump experiments.'

The pfopez‘appl1cation of overload was determined to involve:

—/ adherence to the principle of specific1ty in that technique should
not be greatly altered when overload is applied. - ’

- allowance for a timing regaining period at the end of the overload
trials. This was brought to light in the shot-put experiment when a second
post-test produced a further s%gnificant improvement over the first post—tesd.

- adaptatioh of the overload to the individual as the different subjects
varied in their response to the treatments.

- The review of literature‘presented a phvsiological,rationale for
increased power through an over load warm-up. -Powerlcould_possibly be
improved through increasedirate and/or.amountvof-motor’unit recruitment.

Overload‘may enhance recruitment through a proprioceptive neuromuscular .
' 7

.facilitation4mechanism Qr improved sympathetic‘tone.

. \
T\ \%
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. Recommendations,(for future study)

\

. the’ subjects selected should be consxstent in their skill ievel..

a large number of_subjects should be selected as the differences in

improvement between various warm-ups may be subtle.

more than one post-test shouldfbe applied.

_an 1ntegrated EMG reading from proven 1nstrumentatidn and procedure

" would be valuable in determining the underlying physiological mechanisms.

different overload procedures should be applied, for example:

gradually 1ncreased'resb’gance, more repetitions, longer or shorter recovery.
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h fhconE}action of skeletal muscle requires

T2,
"Electromyography is the study of MUscular function by recording
the electrical impulses inherent within ‘the muscle tissue" (Zk

3

'Introduction }
Galvani at the end of[the eighteenth century revealed that skeletal

)

_ muscles\will contract when stimulated and conversely, that muscles will

‘»f_produce a detectable current ‘or. voltage when they contract from any cause. 3y

iIt was not until the twentieth century (19405), though,, that neurophysiologists
‘ .

‘developed the technique ‘of electromyography (EMG) to study the electrical

potentials produced by muscles.j Anatomists,_kinesiologists, and orthopedi

surgeons would now not have to guess what the muscle "ought to do" (3) but
N - v o . 1
: could analyse what a muscle actually does do\af’ihy‘moment during various .

P !

'movements andnpost&ies. WIth increa51ng sophistication of the apparatus and
speCLalized recording systems,_researchers in physical education have learned

much about the exact timing and interrelationships of muscle group contractions
e

‘\during movements., These objective revelations would be 1mp0551b1e by ‘any

o

other,means,

'ghysiological'hasis
- . The baSis of electromyography is the motor unit.. The nerve cell body,
.;the long axon of the motor nerve, its terminal‘branches and all of the muscle
lfibers shpplied by these branches.constitute the untor unit. “The number of
muscle fibers per motor unit depends on the degree of fine adjustment needed

1:'»

,by the muscle. While the muscles:controlling eye movement may have less than L

. 10 fibers/unit, the quadriceps may have.more than 100 fibers/unit.. A strong
. o

'he contraction of many such motor fﬂ :

';units. An asynchronous Volley of impulses,"with each motor uni"twitching
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‘pull“by the'muscle}, “The cumulative result of-a series of electrical impulses .

is called summation. With a very high\frequency of impulses the motor uniljgfl :

4 »
——

twitches can summate to form a: tetanus. /;ch’t;itch elicits a minute electrical

' Tsec. Because all of the fibers of a mbtor

unit do not contract at exactly the same time the electrical potential of the
unit. lasts 5-12 msec. This electrical discharge can be picked up - by electrodes
and measured in terms of frequency, duration and amplitude with the deflections

displayed on ‘a- trace recording of an EHG.

' . . L . L : LN

AAEParatUSl o _ - s S ,"ﬁlm o SR Sl
o E'LE'CTRODES |

There ‘are a w1de variety of electrodes used for EMG but these could be-

Iy

div1ded into two main types, surface oF skin electrodes and 1nserted (ngedle

‘or w1re) electrodés. Both must be brought close enough to the muscle(s
) [

, being s#d to pick up it‘s electrical charges.

Surface electrodes have the adVantage of convenience,.they are easy to

. ‘use and give little discomfort to the subject. Three surface electrodes can
: . . \. r L o

be purchasedthrough Hewlett Packard Medical Suppliers. They are approxxmately

2.5 cm. in diameter and constructed from a siIVer metal disc set 1nto .a, plastic

1nsu1ating cup. A circular adhesive strip secures the electrodes to the

skin., A saline electrode Jelly imprqyes the electrical contact.. It is essen~
tial that electrical resistance be kept to a minimum and to this end the dead

vsurface skin and protective oils should be rubbed off before an electrode is

Qf applied. The optimum distance between the electrodes is. six to ten cm, A§£f5

' third electrode acts as«a ground and is attached to‘albony prominence away L

“lfrom_the muscle'being studied. The disadvantages of surface electrodes are }-b f*

. !
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2
"

The disadvantages of the surface electrodes are the advantages of inserted o

‘?? electrodes SUCh as ‘the needle or wire electrodes. Basmajian (3) prefers the

fine—wire, bi—polar electrodes over . both surface and needle electrodes.. Reasons

for this are:
- A ,

"l. ,extremely fine (and therefore painless)

2.  easily implanted and withdrawn

3. as-broad in their pick up from a specific muscle as are the best

N surface electrodes, and yet, :

4. they give beautiful, sharp spikes similar to those from needle

electrodes." (3) - . :

There are various types of needle and wire electrodes but all, of course,

involve insertion of the electrode into the muscle.
. Y E S '

ELECTROMYOGRAPHS . . =~ - : S

~There are a wide range of4e1ectr0myographs§ﬂ§ome are home”made’ some are ' .

’.converted from EEG or ECG equipment‘and some are”custom ‘made. The physical

AN
_‘ .

education faculty at the University of Alberta has a Honeywell Electronic

A

Medical System. This particular machine consists of seven visual recording

3

\channels with each channel containing a transducer, electronic coﬂlitioning

Y

'equipmentuandf“

'electromyograpﬂ?as basically g high gain ampliphier with a preférence or -
‘selectivity for frequencies in the range from about 10 to several thousand L
‘Hz (cycles per second) It ‘may be:practi;;l'to have an ampliphier’that -
: rejects frequencies below 20 Hz and above 200 Hz when using surface electrodes
as this would limiti"ampliphier n01se", general non—muscular "tissue nOise"
and any other outside electrical interference which upsets the EMG trac1ng.

At the same time there would be no significant loss of the motor unit p?;en-

h'tials.ﬂ This Honeywell machine has an EMG. channel with an Accudata 135

\ . : : . . SR 5

m . e Co St ey
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biomedical ampliphier ahd a galvanometer in a model 8011 OSCilloscope. Thisih
‘oscilloscope can display 3 channels Simultaneously w}th sweep speeds of 10
:h'15 25 and 100 mm/sec. The sensitivity, waveform amplitude and vertical
"-positioning can be controWed _' 1t runs on.a single ended DC voltage and low‘
frequency AC voltage'inputs. |
An Accudata 136 physiological integrator .can be equipped to the EMG

.channel.' An integrator will average or summate the complex EMG recording to
give a.more simplified recording." They take the variables of amplitude,
’.frequency, and spike shape and give an arbitrary quantitative figure.. The

.

shortcomings of ‘an integrated EMG read out are that one cannot discriminate
M~

e

between artifacts (outside electrical interference) -and unit potentials.
\

Another problem is that integrated potentials from one channel cannot be

W -

compared to those from another.

.

:RE'CORDING-I’):E\.IICES Lo o "4:""%' .
| . Both the EMG output and the integrated EMG can be displayed ‘on a paper
reading from an oscillograph. The model 1912 Visicorder-Oscillograph uses a

\
high intensity, ultra violet light sourCe ‘to. necord on ultra violet light
'sensitive paper. The printout papers are developed with exposure to normal
light. This type of printout is greatly superior, though much more expensive,

o~ v
to the more common mechanical ink writers ‘which are not. responsive enough to

-~ do accurate EMG work Paper speed on this machine _can ‘vary from .25 cm/sec.

to 400 cm/Sec.: On the next ’ page is an EMG printout on light sensitive paper. ,3;"

'Two electrodes were placed on the rectus femorus with a ground electrode on-d
»i the iliac crest. The subject was a 16 year old girl ‘and she performed the

vertical Jump. ... L
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) vIntégr.at:e_d ,
EMG - T, o
: ~N
. d ) e ‘
2 - [
L S . |Landing .
Take~off . K i ‘
. . ‘_~
~
c . . ] R
‘ . EMG’ —'Nancy Newhouse, Age 16 Vertical Jump oo
- Rectus Femoris, Nov. L, 1980 L T
Thé&bottom I;ne shows an EMG musclg actlon potent1a1° whlle the middle 11ne .
‘ (although fa1nt) is an integrated EMG, The Cop line 1sipoth1ng 1n this N

'1nstance but tould show a number of other physiologica
S g / S
The second burst of activity represents an'eccentr1c

?i nctions if that

\,channel were operatlng.,




. . . N . ..

‘have filmed the movement to better coordinate the actiom with the printout .
. . N L IR U o S , o

Ccnclusionv ' ' i

Electromyography gives us - 3 major types of 1nformation.‘l

Slf- which muscles or parts of a muscle are activated

.2 :the chronological order of involvement of the different muscles}

-

Ln an activity,

3. the degree and duration of the contraction of the different

‘muscles in each moVement. (1) '

~
‘¢

This type of evaluation isfimposeibielucing,other‘reseerch'methods.

N

'3 AR "L :
5ﬁ No;e:' for a llsting of EMG manufacturers the reader should consult page 440

.

. of Basmajlan.
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Pages 81-88 are copyrighted-material regarding the Stoelting Force

Sensi;iveﬁslatfbrm (Cat. No.:19570).

\

This material may be obtained ffom:

Stoelting Compaﬁ§
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Chicago, Illinois



FORCE SENSITIVE PLATFORM

(MODIFIED LAURU)

For the study- of forces axerted while executing |
bodily movements. The modified design uses “*Linear
Variable Differential Transformers'’ (LVDT) instead
of quartz crystals. The platform is hexagonal in
shape approximately 25" x 22" x 5 an weighs
less than 100 pounds. The design maintains the
geometric properties of the equilateral triangular
placement of the contilever beams. The LVDT's
require 400 cps, 6 volts for excitation; the recorder
should have o sensitivity of 1 cm pen movement for
1 mv change and havik 3 recording channels.

The platform is capable of measuring the forces
exerted by o subject while performing various types
of muscular work and is sensitive enough to record

the heort beat of a motionless subject. 7

The instrument is suitcble for laboratery experiments,
study of work methods and _measurements, human
engineering ond job design. Among the type of ex-
periments thot might be performed with this equipment
are the following: ‘”

il STOELTING COMPANY - 1350 5. KOSTNER AVE - CHICAGOG, ILLINOIS 60

LY

14

(1) detection of the differences in work methods;

{2) indication of optimum arrangement of controls
ond disploys in man-machine systems;

(3) clos;iﬁco"ion of jobs by phys_iblpgical'effon.

(4)‘domonstrc?ion of the effects of individual dif-
ferences on job performance.

Other areas of opplication may be in the study of
diagnostic ond therapeutic techniques with handicap-
ped individuals. Animal activities could also b
monitored with the use of this device. The duvi

Hﬁ_o%ﬁq*jn oll axes .with frequencies os
igh as ¢ps. The notural frequency is beyond

400 cps andthere is no noticeable interaction betwe
oxes. o

Th; latform is shipped completely ‘assembled and
wired and should be calibrated when
Instructions are fumished with unit.
e

instalied.

"\

I

<
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// A PORTABLE FORCE - PLATFORM

FOR MEASURING BODILY - MOVEMENTS 82
- _ 4 .

.The study of the forces exerted while executing a bodily movement
has long been of interest to physiologists, psychologists, and industrial
engineers, Development of an instrument for measuring bodily forces dates
back to the nineteenth century when physiologists constructed myographs
for-qunntifying the extent, force, and duration of muscular contractions.
Wendt (1938) and Davis (1942) reviewed various techniques of recording
the forges exerted by a specific bodily member; however, conclusions .
concerning the total amount of bodily force exerted had to be based on
inference. : : ' , )

Lauru (1957) developed a force-sensitive instrumeht utilizing
Piezoelectric quartz crystals which have the somewhat unique .property
of emitting a small electrical voltage proportionate to the amount of
externally applied pressure. Five such crystals were incorporated into
@ triangular platfori consisting of two sections. The top level rested
on three of the crystals, one placed at each corner, in order to .measure
vertical forces. The remaining two crystals were mounted on the outer
edges of the platform,. -One, resting against a c¢orner, registered forw

. ward and backward forces; .and the other one, resting against a side,
registered transversal forces. After proper amplification, the electrical
impulses wereés recorded by means of an oscillograph. The result was a
graphic record of the total amount of vertical, frontal, and transversal
forces exerted during a bodily movement, :

Greene and Morris (1959) designed a force-platform consisting of .
& top plate in the shape of an equilateral triangle supported by a frame
which, in turmn, was supported at the corners by steel ball bearings
"rRsting on cantilever beams. Horizontal movements were restricted by
two other sets of beams, also acting through steel balls. A steel sub-
frame supported the beams. Because deflections in, &4 cantilever beam
are directly proportionate to the applied forces, the beams could be™ /
used to measure the forces generated by a bodily-movement. . The beanm . 1
deflections were sEuns ormed into electrical signals by means of Linear
- Variable Pifferentlal Transformers (LVDT) and recorded with a:Universal
Brush Analyzer. ZThe triangular design and the arrangement of the beanm
“ could resolve any externally applied force into 1its three orthogonal
components, . . ) : K
AN ) Lot .
The forée-platform‘in a re-designed version of the original model - L
constructed by Greenme., The new design maintains the geometric properties
of the»equilateralv:rianguliﬁ'plnoement of cantilever beams and the utila
ization of LVDT sensing units but possesses the added features of being
compact, portable, 'and relatively inexpensive to reproduce, The device’ X
weighs less than 100 pounds, with over-all dimensions of 25" x 22" x §w, )
The force-platform can be used in conjunction with any standard three :
channel recording instrument that has a 400 cps, 6 volt source for gage
excitdtion and is capable of one centimeter of pen-deflection per qne . '
millivolt change in excitatfon. ' q

> )

T

The re-designed force-platform is "capable of measuring EE} forces ~¢
exerted by a subject while performing various types of muscular work and,

ie sensitive enoug@;;O-record the heart beat of a motiohless hubject. . . '

STOELTING COMPANY
1350 SOUTH KOSTNER AVENUE |
CHICAGO, ILLINOIS 60623 . . I
AREA CODE: (312} 522.4500 .

s
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The instrument {s syitable for laboratory demonstrations and experiments
fof undergraduate courses in work methods and measurement, humgn engineer-
ing, and job design. Among the types of experiments that might be _
performed with this equipment sre the following: (1) detection of differe
ences- in work methods; (2) . indication of the optimum arrangement’ of .
controls and displays in man-nachine systems; (3) classification of jobs
by\ physiological costs; and (4) demonstration of the effects of individual
dififerences on job performance. .
In addition to the above uses, the instrument may be adviantageously
utilized in fields# far removed from Industrial Engineering. For example,
diagnostic and therapeutic tecliniques with handicapped individuals may '
be investigated through study of bodily forcea. Similarly, the platform’
could be used to investigate the development of motor and coordinational
8kills in children., The apparatus could be used in comparative psychology
in order to measure the reaction of a rodent to some noxious etimulus.
Undoubtedly, the research oriented individual can think of many. other

possible applications of this instrument.’ ‘ , e
. ' |
STRUCTURAL CHARACTERISTICS ‘
‘Mechanically, the force-placférm consists of a 3/4 inch thicﬁ\h\
hexagonal aluminum top-plate and truss section suspended vertically - *
by six horizontal cantilever beams and restricted horizontally by

8ix vertical cantilever beams. .In turn, the twelve beams plus three
sensing units are supported by an- aluminum base plate,

ForgF; VI, v2, and V3 in the Schematic Diagram represent the weight

of the suspended portion of the platform plud any other downward vertical °
force thaclgight be exerted on the instrument. These three -forces are
~exerted at shree points which form the vertices of an equilateral triangle.
Forces V4, V5, and V6 represent the upward vertical forces that might be
exerted on the platform during transpartation or large displacements. ‘
The three upward forces form the vertices of a second equilateral triangle
superimposed on the triangle formed by the downward forces. The common
~intersection of the perpendicular bisectors of the sides of the trian
formed by the upward forces is on the same vertical axis as the inter
sections of the perpendicular bisectors of the sides of the triangle

formed by the downward forces.  This arrangement not only restricts the
platform in both verticadl directions, but, & constant force ‘exerted in
either direction anywhere on the platform will result in the same amount
"of deflection at the center point of the hexagonal top-plate.’ o

Forces Fl, F2, F3, ‘and F4 represent the frontal forces and forces L1
and L2 represent the lateral f&rces exerted on the platform.- Horizontal
wmovement of the suspended portion of ;hejplatform is restricted by the

two sets of vertical beams. . ¢

The. restrictive forces in the vertical dand horizontal directions are
exerted at point contacts consisting of steel balls pushing against flat
tool-steel surfaces attached to the cantilever beams, : Therefore, only
force-/perpeﬂdicular to the restricting beams will cause beam deflection.

! e - N ' [ .
' 5111{:.
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DEFLECTION SENSING o ’
. Y. . ° )
Deflection in the three orthogonal d

irections 1s detected by
ial Transformers. These devices

the axis of the coils causes increas-
’ ' ils; while linear
coupling of the
coils is used g»

deflection in the opposite direction causes increased
other end coil, This voltage differential in the end
&n input signal to & recorder. : '

The %ertical deflection sensing unit Sl
center of the two equilateral triangles.

the center brace of the truss section is - used as the sensing face as shown.
The frontal aeusing»unit~sz 1s placed along the frontal axis passing’

A vertical plate perpendicular to

LTo ; ! ng face. Onlyvdéflections‘p;rdllnl
to the frontal axis will displace the core. The latera}l sensing-unit §3

' the center of

1s placed at the common
An adjustable et screw through

:he.blgtform. A sensing face similar to the frontdl one is used s0 that

only deflections parallel to the lateral axis will aiupihcg the core in
- 4

., e f\ cALIBnArxon’rzanIQuz

‘The : ibration set-up with the force-platform
ed tQ the cen a three.fobg_gqgg;q;g}Qninqn‘bnn@. A movable

center-post is ¢clamped to the outer edge of,:hg'bnlg'plate. Horizontal
static forces are exerted against a crops-~-frame by means of &« threaded -

-shaft acting through a. calibr ted.spring scale. The cross-frame is . ©
, . . gs_ 3

bolted to the top of the plat :5g§ Virttcaliltnticgforcea are applid
tform: -e&ns of dead weights. Lt ’

] namic’ forces can be achieved bf means of_aVVItiable 
':vﬁng an off-center circular cam of known mass, Thequtor
Iong the cross-frame in drder to record irontgl or transe

\ o o . . -
of the force-platform were subjected to an extensive series -
:h'qtltiannd dynamic veigh:l."The‘inatrugeht exhibited =
Jdinear force response curves for all axes with frequencies

cph,° well above the requirements for most experiments using hGman and
Bfrafuman subjects.. There was no evidence of interaction between dxes,

" A8 previously stated, the sensitivify of the device was sufficient to

record the-heagt'beut_of a4 motionless human subject.

L]

250 cpm., The natural frequency “of the device was beyond 400 '

. - o ®

3.
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. 'SCHEMATIC' DIAGRAM OF THE

. FORCE PLATFORM - *. . . . %
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R T

19570 - LARU FORCEn_LATFORM
oA =]j”*-"l*ilt - spECFIcATAON, 751:3':95
0. General ;27-df”7f*”//(15;’ ZTJ

';{;The Forcc Platform is essentially a tran ‘

3,portiona1 electrical s1gnals.e Due to the'design of the plat-‘

;'form 'applied forces are resolved into f ree'orthagOnal

[components, frontal lateral and vertica1;
1.2 ”The platform xf/suspended and restricted by a system of
“scantileVer beams that provide good isolation between axes

: and low meehanieal compliance\ Movements are trahslated '

___to LVDT cores, whose stators are anchored to the refe
;plane._ Mouement between a: core and its stator produce an L

-1output %ignal linearly proportional to displacement and the ?;

1 -

.r?_applied ﬁorce. ﬂd

PO

. 7l43”f A three channel exciter/demodulator|system (notfsupplied)
'iumust be used in conjunction with the platform. The demodu-

lated outputs can be reeorded on’ most recording med1a.~_
4 S
[

s

eié,OZIfTransducer Characteristics“
:Z;ll.'lnput | | ‘
TR 100 26 /)
2 l 2 ComPliance . Hfiih;"ﬁd‘? i;ilx;l;gi; .:1‘.l,':“y;;i5h;
o v !f FrOntal and Lateral -othgi ;i 2r§fkhlbf§:?ﬁ/iksfelv
o o vﬂrt-tcal . .. 4x10_51n/1b

.9

->2 1 3 Natural Frequency Qd'.?_ﬁj‘ﬂﬂr f7le-“:.l lj'-Vijyﬁf'd”
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RTICAL JUMP BRIEFING SHEETE . "~




'“of jumps with heavy weights.s?”

iate power gazp‘ as seen in the vertical jump, through a brief session lrf

The number of active motor units and their firing rate detérmine

the force produced by a muscle An electrbmyograph (EMG) can detect theV

3,; eI"ctical“impulses }eading to motor unit aetivation An integrated EMG

can tske into account the number of motor unitgyrecovered thei'ffiring

ratew and amplitude, therefore describing fully the electrical activity

within muscles 'A.force plate could confirm an- increase in force _,'”

exerted while a filmed jump test Will reveal how‘this relates to per-A-Vr

formance

e

Ereseéasg.-nv:.u”v"* e LR

The right quadricep (rectus femoris) and iliac crest (ground elec~ S

”fff on the rectus femoris are placed on the mid portion of the muscle

in a longitudinal plane about five centimeters apart fromleach

other

| 'i‘-" ‘}The sub1ect stands_uehind_tha_mme_platam;elaxed_quadrleeps;__—l

3.h,The cameras ‘are switched on,f??

.fThe subject steps to the center of the force plate and immediately
f{peerFmS a maximal verticad Jump R

. “The cameras are switched of £ LghV" L

l;A one minute sitting recoverypis:allowed between trials

.jrSteps 2 to 6 will be repe‘”

’"ith these variations'”

I,ffControl Group "A“ su,

s.will do seVen more jumps without ‘j{'f
f;the weight bar on the shoulders C '

'=?fh7lIlfgControl Group "B"'subjects will be given a seven minute recov~~

7 ery folloved by a post-test jump. oy

'37»1IIIQ. Experimental Subjects will perform six more jumps with a 40 to i'

:';:80 kg weight bar on the shoulders followed by a- post-test P
1f‘without weights ' e ' S



'.‘APPENDIX D
VERTICAL JUMP consnm FORM AND'
: w« , ASSIGNMENT CARDS
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. APPENDIX-E. .

' SHOTPUT BRIEFING SHEETs




SRR VO

The Effect of using;a Heaviet Shot in warm-up on Standing
o e 5S"t Put Pe nformanceAu~s~ : T

-”This is the third and final portion of testing to be qonducted for

“ﬁf:my study., In~ this experiment it is. necessary that you come :on three.

"band as- an experimental subject .on
ot Procedure.'ﬂ* 3

"hbe kept consistent for the three days.,,

: ,different oceasions. ~You: will act a8 a control subject on 2 occasioné
: 'third. L : .

:l:] 1f you wish you may stretch before putting the shot but this must.ﬁ_'*

2 Pre test’ take one maximal standing shou put with the regulation R

- ',_t‘;'weighc shot. S

ff3 Control "A" subjects < six’] more maximal standing puts w111 be AR
;taken with the regulation weight shot. (one minute recovery between)‘,;ﬁ:n"

B

Control "B" SUbjeCCS - Simply take a seven tdnute recovery beforef C

'vdoing the post test.

Experimental subjects - six more maximal stsnding puts will. be
taken with'.a heavier shot. (one minute recovery between puts)

' 4 Post test; take one maximal standing shotfiut with the regulationfff&
~weight shot._ : . ' 3

""" Thanks once ggaih_fbr beinghéjsubjeeta

-
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A hypothes.{us haa been developed that suggests that a varm-up with B
. :mcreaaed/ res:.stance may aid’ explosive power events. , Thza s:.mple
expei'ment w:LlZL test thls hypbthes;s 1n an actual co\npetitq.Ve Blt-
uat:.on.,-"*u AR . . : o

Instruct:.ons fcr subjects- L e e oot
I P Wam-up in-your iusual manner w:.th 't:he only vu.riation bexng Y

that all vam—upgmts Vlll ‘be w:.th a heav:.er,shot, nen use approx.

20 1b ‘shot; women use: either 12 or -16 1b shot. - 4
2+ Answer the’ follo\ung questlona after the co-petit:.on and :

return this sheet to me. . ,

e 1f female whlch ‘shot’ d:.d ‘you use ‘in varm-up? .,‘. "116 b, .
-‘How many,;varm-up puts. did you take? stnndf- ] -wlth gl:.de 2/

Uhat is your best. shot. put performm‘ice? 78 datew, comp.
What ‘are" your recent })4Erformam:mso 6 ,date_ﬁn an. g2 ,comp.

L&_M:wf

How many ‘years. hawe you been compet:mg in. dmt put? 3 (2

Have ‘you used thls type of arm-up before?__‘[_i__ - .
Coment on, factors, other than th:.s warm-up, which proba.bly affected S
your performance today° eg. no - competrtlonf ;.ndury, fansue ete. ]

L)

B Further coments a.re uelcome. ’Thanké-yoﬁ for yoﬁr eo-efpex‘at:.on.

a Aeavlef' Sho‘f"is d 9°°d_ uﬂgf f-a R rm yp ﬂ’)— e L
me becauje o .ﬂow.r wou douin - a"'“ Hius tjod o S
A Fee/ .{QUV /’AS’("”\ bef*'e" ar‘\al qu‘CH VOU7ef‘
bacK— ‘h? \10ut‘ mrmﬁt S‘haf VOV A‘"‘ MO"Q ._r,or,

‘3"«»‘(1'J}"‘.3"3¢' £3:7¢ (337 u3YS L,y

9 -



.

A‘Instructxons for subjects..j 5

.a‘ t’-eckl\‘t

'A hypothes:m has been developed that -suggeats that a ve.rm-up with L
_.-mcreaaed res:.stance may. a:.d explosxve power eventsn . This. simple
. experiment w:.ll test th:.s hypotheus din. an actual coupet1t1ve sxt-
By 'uat:.on.'- PR ST ooy L N T e

.,\.1 -

e \vlarm-up in your usual’ manner wu.th ‘the’ only variat:.on be:.ng

. that all- warm-up puts’ will be’ .with a. heavier shot' men use approx. '
20 lb ahot, women use eitheéer 12 or. 16.1b shots . - e

- o : Answer the’ follow1ng queetibns after the conpetition and

Gl return th:l.s sheet to me,: R RAY P _ o

R Name Lc r.e n\,t.,.,o.s o Age g

< If ~female whlch shot did you ‘use in arm-qp? , 16 lb. ‘
How ‘many. warm-up puts did jyou take? standing & . , with gl:.de 3
What is. your best shot pu performance? [ gj date :
) What are your recent performances" j L d 1, ,date :
o R 27
* r _"_ IR J‘l .JT —
} How many years have you been compet:.ng 1n ahot put° S IRV N
. ' ’Have you, used th;s type of warm~up before" N g--'- L pe ,
“,\"‘-»Coment on factors, other than- -this warm-up. wh:.ch p;robably affected ,-'-
»"Z;_ your pe;formance today ‘eg. no. compet:.tlon, injury, fatigue etc.
N N2 -glAL— SRR ’ln\/ld’ G}-—“ £ouf a—h ‘
_J_p_mlg o-f—_ relt“;} [ of'F :._” AEC
// Didn +. ' 'f':’»"‘_'f’ a,H . M

,';;7 Further comente are welcome.__ '].‘hank-you ior your ‘¢o=0 ratien. -

Vawr WSc.S ka,.s os&tb) ‘f“z PL{..)
’h’tu wcru,\d u)o r K » o m\\i N "\.i +‘ '
(o w de H“—S b"‘"“"

e...-?_S
9?‘/3 et go"r'a; b::t-mu-’r S°""“‘*“

kacl +'o H“\Y.L
LS »fo o /‘?.n fazt

- e ) ~

$

2



H*A hypothes:.s has been developed that auggesta thkt a varm-up with " :

.. ;/increased: ;resistance may. aid explosive’ power. events. " This simple = -

.. - experiment w:.ll teaﬁ; this hypothes;s,.:.n qn\ actual competit:.ve sit—‘»
: "mtionb 'v‘ '.' S . ) RIS ] R

: Ins wctlons for subjocts. .

AR

: : : ahot did you use. in varm-up? 12 ¥ 16 lb. N , AU
o -,\Hov many varm-up puta d:Ld _you: ’:take? stand‘f .-., with gl:.de e
. -8 comp. W.Can. Jium

’:V"'Uhat e.re your recent perfomances" .:4‘ DS
SRl Pmﬁ « e - Dec




A hypothes:.s has been developed that auggests that a warm—up vith
f' . ,mcraased res:.stance may ud explonve power events. This s:.mple T L

experiment. w:.ll teat thlB hyPOthes:.s in an actual competihve szt-” L

N‘rﬂuatlon. RUEI o B S & ) s

i

Instructmns for subjects. [ ' -
e Varm-up in- your uml ‘manner with th& only variat:xon be:mg
, thqt all warm-up puts will’ be with a huvier ahot. ‘men use approx.
s 20 lb shot, women use -either 12.or 16 1b“ahot. - . -
LA ‘ knswer the follow:.ng queations after tho conpetit:.on and - ‘
f'return thn.s sheet to me, 0 S Pl

e 1t female wh:.ch anot dia you use'.s.n varm-up? 12,16 1,
oAl ‘How many warm-up:puts did you' take? standing , with gllde S
\vlhat 18 you:c best ahot put performance? 2. date _mo. comp. '

‘Furt'héric'éﬁngﬁts' -‘.f_ai‘u-e, welcome. iﬁf'.'_l'bl}ank-you for your co-Operatlon._ N

Q\ M‘Vm\w

ikl Lyl fouge ! mid4




L

w»‘A hypothes;s has been developed that suggests that & ‘warm-up- vith

. 100.

: 1ncreaaéd resistance -aid. explosxve power events. This aample ;,--!:“
experlment w111 test s hypothesls in an actnal competltlve szt-"

uatzon.

Instruct;ons for subjectsx S : X ‘ o
f e Varm-up in your usuj manner vith the only varxat1on be1ng
that all varm-up puts wzll e with a heavier shot; ten use: approx.
20 1b shot, women use. either 112 or 16 1b shot. :
' 2s. _-Answer the followlng questione after the coupetition and
eturn thls eheet to me."‘ ST

1 1@4{ Age 25

If female vhxch shot did you use in varm-np? 12 ' 16 lb. _
How many warm-up. puts did you ‘take? stand;n&dé:;n with gl"e £
Nhat 15 your best shot put performance? Z date

- ‘What are your recent performancea°

. ‘.
L S '

s

.How many yeare ‘have you been compet1ng in ahot pux?_ £

Have you used this type of warm-up before" A/ O
X

your performance today eg. no competltlon, injury, fat1gue etc.

P

g Further commenta are welcome. Thankﬁyou ior your 00-0P0r3t1°n-

i2.00 121‘2 ' ZBC 1250 73.03

Comment on; factors, other than this warm-up, which probably affected‘_




e Instruetlons for subjects

;A hypoth981s has been developed that suggests that a warm—up with f'f* o
-xncreased reslstance may aid’ explosxve pqver events. This simple o
experiment will test this thothesls 1n an actual compet;tlve s;t— N
.uat;on..,m_. T ; L

LY

3 warm-up in your usual manner Vlth the. cnly varzat;on belng
,’that all varm-up putb will be. with a hesavier shot; . men use approx."
, 20 b shot. women -use e:.ther 12 or 16 1b. shot. -
2. _Ansver the followlng queations after the co-petition and
return thls sheet to me.-v;_ . . , :

'- Nm_g\‘{m\ | Rw\c\a -'-.-'Agéf":j?;f!‘.l'r :

j,va'female whzch ahot dzd you use in warm-up? 12 ' 16 1b. . ,
... How many warm-up puts d1d you take? stahplng H v with glide Sg ,
; Uhat is your best shot put performance?!5 1 date , ycomp._

What are your recent performances?;[;‘lﬂk date : »‘  ,comp the.nﬂﬁﬁiJéi-

© B . L . i

-~

o . . . N A L = .

1

How many yedré have.yOu been”competing in éhot'pnt? aif"i
.Have’ you ‘used. th;a type of warm-up before?. !3;) .

'Comment on factors, other ‘than thls varm-up. “which probably affected
your performance today° eg. no compet;tlon. 1njury fat1 e etc.

1 WO
i A

"'Further comments are welcome.' Thank-you for your co-operatzon.

Dt.SCV.S frq.r\.nj + &»'qrm—up w ‘f\-\ kequ.er'
/‘/u’ 14.62 /L/ 35



