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ttaining. S

-'any of tbe physiolozical parametera studied._: ' =i

The purpose of this study was to investigate the effects of
high speed treadmill training upon 100 meteraprint performance
"'- and eight physiological parameters. . A flat track training group and
& control group were utilized for comparison purposes. L f;":
' | Twenty-four subjects (mean age 22 9 years) ware"ranked ' o
A :j » according to 100 meter sprint time (mean 12 54 sec ) and blocked into Cel
‘-:three levels. Ihe subjects from each level were then randomly |
iassigned to one of three groups.‘ The first Sroup acted as controll':t“ﬁ
-the second group trained.on a flat track five days per week for’fff
sev/@ weeks, the third group trained on a high—speed treadmi].l five
: dsys per week during the same period. | . e ”
Analysis of Covariance, multiple stepvise regression, simple .
j;correlation matrix and single sample t-tests were utilized to anaiyze
chedata._..,_ S e T | s
N " No statistically significant difference was found in any of
; -i the parameters among groups after seven weeks of training. Each of
o ,'the three groups experienced significant improvement (C‘. -0 05) in
:100 meter sprint performance after seven weeks of training._ Statia-'

o tically signgicant differences imnmber and pattern of muscle— - °‘

- joint stress sensations betveen groupa was evident as a result of

, Correlation, coefficients revealed statistically significant
- ,relationships between 100 meter time, hip flexion, hip extension,‘ L
. ssrgent jump, standing long jump and concentric, eccentric and |

";isometric leg sqength. Reaction time measures did not oorrelate with}'f

,,.
P

cromwend




'7€research. I would 11ke to extend my aincerest appreciation to. .'f_r

. these individuals.,jf g, ,;; - r’;f 'a;_f.iix‘Jg_ﬂ” o

This final product is the culnination of the efforts.: 1

guggestions and encouragements of many 1ndividuals given freely and

'Q{ 1ncere1y throughout the yeara prior to and during the actual

To Dr._M. Singh, my aupervisor, wbose 1nszght, patience,-.’f'

time, energy and encouragement made the cpmpletion of this thesia

& possible and made my experience with bim an enlightenins one.a

To the members of my examining~cmumittee, Dr. T. 0 thuire,hi ;f'

Dr. B3 McLachlin, Dr. Glassford and Dr. S. Sidbu.m'»vff‘ N

o

to the Subjects from Edmonton who gave £ree1y of their tine't’

to take part in the study.‘ To fellow students for their helpful

S i .

r sussestions- e - PO R e ""f*_"

'35 To mg wife, Judy, a very 3peé%al thankryoﬂ, because uithout _-1'*:1"7”

her love, devotion, encOuragemeut and sacrifice this would not have

AN .?i*

'“'7: the Medical Research Gonncil of Canada.’ m'?ifl

been possible.:,Lu_rl ;f-,lf:}'* ,w.ff.”': | fqﬁ':
Finally, to my three cbildrpn, Lenay, Shari and Karin who

have given my life a bappy side at times when the concen;ration

required to complete thie academic pursuit brought tenaion to my

r-—‘——:

Thank you all.ljﬁbldr‘

This atudy was 1n part supyorted by a researcb granr frou : R

&
S

"~xu;g“yy;xﬁagfuw._a -




Chapter ;ei

. Introduction o . Lele e ."' .. ‘- o . v. .".. 0 . .':!-.

.E_Definition of Termg —giif}:r'”-“'

";Teinjuries and Sprinting'3' "'

.",0'. . ofo‘. c‘ - b:" . e 033

.":‘

TABLE OP CONTENTS

-'L'

srAmﬂm OF E PRoan e e e e

l;Bypoqheses,. .'. s ._._}*;';;;fer._;-,.; .

' jLimitations of the Study FERT r';:-‘;:f“

- .‘ Delmtationa ‘ o _: .o .o 4-0 - o ‘. 't‘.:.'o‘ . _eA o .— .

References e w ._.-.f. G eles e e end

mmw or mz urmmz SR S

Leg Strength and Sptinting .F;;mf,z;f;'._{

\Leg Strength and Knee Angle .;g,.”.}gv;-,‘”

ZQLeg Power and Sprintin& :; ;v.ie.;}¢;;‘

0;.-

| '.Flexibilit:y and Sprinting ’-»»'-',

-(1) Significant Positive Correlations‘

(11) Nonsignif:lcant correlations '

-'New ue:hods of Sprint Training R

(1'5“ Towing ue:hod of Sprint. Traiuing .

3
!

. e Problen N

”fA'Reaction Time and Speed of Hovément e;i;:éve'

re.

(2) Sloping Surface Method of Sprint mmmg

"’]}Qfe0vetground vetnus Ereadnill running.v. .'.,.f.v.‘. ;:,'349'




”:1111‘.; METHODS AND- Pnocznunzs TP I

[

Experimental Design

L]
.
»
.
.
.

o
.
.
.
.

L]

Anthropomet:r:lcal Data . AR R _.'i,_ Ceea
ilot study ) . ‘v." » : .' . .' ’ , » '. . . . .' . ‘. ’ ."b -.,v

Test Procedmes PP ,vao" ‘0‘ v‘ * . .‘ v.. 'y u‘ e o

N ° ,-(a) Maximum Oyygen Uptake_’ ‘». “o e . | ‘.'f-b

o '(b) .»100 ﬁ‘egg% Sprint Perfor&nce RS o .

©ofe) Sargent Tump and St:anding Long Jump f .

}

‘_.,(‘d»);‘ Hip Plexion and Extena:lon cee e .A .

R ¢ T ,React\ion Time .'_. .' e e . . "

Subjects o u c -' Q‘.f . o '_o o_’&‘zo ; o- -o- - .‘

-"'(f.) '-‘Con entric, eccentric and 1sometric ieg '

G rengch . .L...~.,.......;._
rﬁ _-Experimental Groups ';':. .. .' ... s .‘.v . 0

.(1) . Inactive ‘ Contr.rolv btuup - ."

(2) Track Training Group . sie w. e o

(3) High §peed 'l.‘readmill Group e .  . .o
,'Calibration of the Apparatus .' a“'.'_'. T “vele

. ) - ' Statistical Tl‘eatmﬁt ‘o o-. u: . oo . Tee . - : .

W RBSULTS A DISCUSSION s e S e

i. Res‘.llts .o - - o ‘o' oo . I .l ‘O' '. '-. l‘

Maxiﬁun Oxygen Uptake :

»
E 4
-
£ d
»
-.“
L)
L]
.
L]
[

Referenceﬂ o-' O»o ‘e .l.q ‘. ‘l_ oul -; ‘Qv.". .nA'

BOdy weiSht ‘. u‘o oo o“-.o' 6. ooo .v: :u_".' .o

46

) ﬁ4§ ‘.
51
51

5L

| 152_
. 56
v 56 .
PR 5-7.":-‘.'

62
R TER

BN

S
ST

a8

N

4



Diacuseion . Y vis e '
Pretrain:lng Analyais ele

Pre and Post Differences Analysis

References '.‘,'..;.“. ;. i .,‘;. o W6 e 6Tl

v o SUMMARY Am) concwsxons;. e e

) Smfy . --_‘l. '.'. .-.o_ o e A '._- o A.v:.
COhglusj'ons "v,‘°‘ s o o o '.‘-r.;. . . .v ...‘

Recoﬁinenda‘tidﬁs_' A  .‘~ Ce e

R References e e e .. R .

BIBLIOGRAP%Y . l.';_-; . -. . ‘- f“.l' . -_b__e\-".'-‘-_' ..

" APPENDIX A iRaw Data A R

- APPENDIXB ‘.Analysis of Covariance .Sumiary and T-Test

Statistical Computatj.ons For Experimental
'Parameters GPre and Pos-t)

a“coo'o

" APPENDIX C  Study Drop OUES . . o v s +ieceie s o s s e

Ty

. L1357
148,

. 102

103 -
.105."'.
.17




g
&

(N S e

IV Subjects Personal‘Data _;'. AT

' _VI/ __7Pre-Training Cortelation Goefficients R

'w.Vilﬂ.{ Post-Training Correlation Coefficients . f_{

'.VIII -: Correlation Matrix Post Hinus Pre—Test Values

’:ixi’_‘ Multiple Stepwise Regression Analysis e e

'Pre and Post Test Mesns snd.nifferences §f.”;

iustpd Poat Test Heans :.*x .';»-j;‘.?;’;:‘~

I11 ':Maximum Oxygen Uptake and Body Weight oo e

v ':Muscle—Joint Sensations .u. .'. . .,.“; m Ve

’;*“QtPage:’

| 'v'_6vs,‘
;s;56§fe .-
| 68 :
RO

woo
7'5“-» .

T



t, .

ar

1

VII

f:Maximum Improvement of Sprinting Speed Through w
: Specialized Training Erograms ip e . °,'Q"’

"Sample Recording of Reaction Time Data . .V;i;f

VI

1iSubject Training on. Treadmill with Safety .
. Harness, Front and Rear View R

? ... . LIST OF FIGURES.

*

. Aiding and Hindering Factors in Treadmill S o
U Sprinting ..o"o .. . e o'o.o " t__- o,so '... . el

-Reaction Time Apparatua P ;'. -p;‘. . ._}fs”.?e',ff
,Sample Recording of Leg Strength Data IR 'F"

,Trendmill and Safety Harness f. . ._.'.A;i. . 5., .

5

.

e,
g -, BN
i S I .

pee

.p{. P‘gé.f'i’,‘

. ' 53 . ’

54

55

. 60



. f--ini?roved by more than 0 3 seconds during the 51 year period foilowing

Introduction '

. complex interaction between impro'emen.ts in

potential. Many coaches heve utiliz.ed this k:nowlé’dge and the resulas
‘ man has been abLe to achieve in the 100 meter race heve not been , =

- ‘\‘mn has 1ifted 2137 nore pounds, ran the‘ mile 16 5 secondszaster, o
slung the discus 60 more feet during this time apan/ (2&). . .'-

o of literature suggest no enswer (15) Several researchers cla_

". . 'STATEMENT OF THE PROBLEM . . '

e -

Chronological plots of world records (30) in track and field

provide evidence of irregular but consistent improvements in the .

performar&e capacity of men and women._ These new- records reflect a :’ o

’ ts equipment . / |

':'performance, technique, training, more competi ions, ,and chhnges in

\

& -3

1.

' jsocial and nutritional inflnences. Research by Exercise Physiologists, ’,':'

oy Phgsical Educators, Psychologists, and Hedical Doctors has provided

" new knovledge which now enables coaches to scientifically design ” .

e
training programs in terms of d’évelopin-g an athlete to the fulles::

' have been phenomenal‘ in most events. Sprinting performance, howe r,

BN

-‘has not experienced this degree of improvement. The best reaults ( hat.i' .

Coen

,-"Charley PaddOck's 10 2 world record in 1921 (30). Aa a P

l.high jumped 9 125- incjhes higher, threw the shot ’put 12 mor' feet dnd .

Wby is it then that ‘man :or wonsn cannot ‘rumy fester‘f A "'ev:lew

/state thct the physiochemicel properties of ;hs leg mscles are the

-

nw. sprint ability s inherent (15, za‘ ta).a. Othrre (13, 19, zo. zs) L

tl

oy

.
q



.i‘f; 1n running speed (gg 39 64)

S dthletes agree that there msy'bev e

5

.ffwdiagrametic1tepresentation of current training progtams and their

g ff,"of each of thegi different trsining programs (6 11 12 62)
5 o

3;ultimate goa Much research has been reported regarding the effecte

- o mechanisn‘haa also been stated toﬂbe the limiting fector for sprinting

.'~f speed by seversl researchers (31 32, 38 b6 49) Butﬁinger (29)

) .s\

o found that a person s racial characteristic vas a—iimiting fectof

””: ﬁho studg and coach Bprint":

'?tiﬁe, flexibility, pover, endurance and running mechanics (6 7 9, 19

7(-

_place a strict limit on running speed. »They encourage athletes and

'f’coaches to develop and follow a diversity of training programs

(7 1S 16, 22 39, 48), each with a specific goal. Figure I is a

»

Hhen an at?lege becomes successful and breaks s horld record

"*"fﬁ.his training progrsm is sought efter. SOon ;housandﬂ Of youns

. athletes are foumlt adjustiné their trainins 'prJ}rams to simﬁtg tbe .

:-f_traininglprograls[of Chenpion athletes.;;¢,7”f:ﬁ -

e

'.‘s-

“’e;yfstrength, quursnce, flexibility, poWer end

"'{' uiIl produce s significanr(amouut of

f?5 'ro improve a sprinteer perforuence beyond his natural abidity once
.. . : _

» A yﬂ

¢

l"in limiting £actors but that 1~\v“ |

;~: these can be overcome by developing the athletee' strength, resction ,’d"'i' o

16,17, 21,22, 23, 3L, 3, s, 48, 75).  These. researcheredonot

l« el

' 5r‘}iinprovenent\in;those regpective paraleters. It is very difficult. 3 gn"
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¢ e Progrems. . °bjectives .‘i ,?*i,“Attack _ Goal T
VR ‘”'bv“".ffi‘ﬁff75’f7*j ;'ir~ SO el o Points S.Tf'k?zp o -~;u.f73'1;;5r

e

Lo SR ,,f. _Incteases strength and

S et 7T power inm. the muscles - B
SN A e T R e ;?3_1nvolved in"the sprint-'rfuil S e T
A A- __v{ e ing: action.'ﬁi‘*~ S e T
L J;;Mechanically sound s T
{"sprinting- technique,
includipg coasting._;A

’;f ’ . 'f'Bxplosive power'ﬁ.“ ﬂImproved range of motion'&?..zuh
j“\:; - |strength . L ]'[‘in the. ‘hips, shoulders AL
- ltrainiog 0 | | | and dnkles. -__; o

T Lt L ;Increased pdwer of leg
ot (Flexdbiliey | | || 'drive on push-off with

© - leraining T[] { each step: higher knee° :
' T e ’

8 .. ) [Forced. striding using Ty N e
oo | fronger step. . p o

. L _'5; | Decreased. interval . muscle ,.‘51’J . »1.'75'4]‘ :; ;~; >gf¢;
'Form and -} i resistance. allowing e

. % efficient -movement lim- IR
- lstride: = : : T 1mprovement

S PEEEEE T ted engrgy expenditure RS | L
'-5552932§f~:f' | | | and harmony of antagomis-. - - ¢ .- :°f £ eeé""

N R R agonisticimusclés: . - . -

vfIncreased strength and
‘' power in muscles L
.| involved in the =+

visprinting action._*"

°,Increased rqte AR
,_‘and efficiency Tl
f'ﬁof le8 S

2

ptintgttainingtv'_ﬁ"Eorceﬁ ‘action and - k:v' v;5 _‘frg_?f.v 

XY

:i'print—assiste {xfincreased leg movement R PO T PRI
krainiag” o }f)- | speed I ICEIEY PETREE SN LU
"ﬂ'J_”ffjgﬂ Vo ‘3 ;. 1}‘Mechanica11y sound S Rt T
oA '_{;/sprinting technique,.,_,lf ol
s 0wl MHechanieally sound . - N
s T 7 L] [ etarting technique.;il_u_f""~rW? REE
S .:H*;f;ﬁ7nap1d accelération €0 ,gImproved 3*" e
Lo ) | maxdmm speed.l;ﬁ_,, ._’;statting B
S IR ff;“Rapid response to the :.aability
TR “,vq»j;"i'ﬁlstimulus (gun or- ac~
woossl o7 ['tion of the Opponent)‘,;'
A | Forceful thrust or. pushy’
PRS off from blocks; force— T LR ISR
o] ful forward thrust of 1. .= .o j;,x.,~f*335.g_ g£jnf
- a:ns ol upper body. ,f.w'f?21f¢:j E};F*f,n*- 0 Tt

FIGURE I
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\ {.'f", L Three theories provide the fundamental basis for current
A training practices. overload, specificity and reversibility (18).-

The principle of overldad contends that for a phyaiological parameter

\.

toaimprove in functional ability it must be taxed to the limit &f‘
'zlf' . its present abillty to respondt The theory of specificity maintains

IR vthat training is- specific to the cell and to the specific ,‘k‘

-Transfer of training occurs only to the extent that the same muscle

fibers are recruited\and used in a similar manner. 'The theory of
reversibility asserts that the effects of training are transient

!7 ' ._ .',)‘ o

-3;‘.'atimu1us. A speed’ training stimnlua 1s difficult to differentiate
, pfromva strength training.stimulus.' Both red and white. muscle

‘q'jfibers demonstrate a broad range of contractile speed (25) and-

rapid movements should result in the selective recruitment qf the

©

'faster fibers. The maximum rate of contraction of an nnweighted
A v J /

‘muscle is not related ‘to its strength butiis inversely related to

J

l:the relative load placed on it (27) If the load lifted,/expressed

B h7l] :
as a percentage of<the maximum lo the mnscle can liftnis small
P - o

- 2

.5— A L _the maximum’rate of contraction is fast. If the load-lifted is a /

ubstantial“percentage of the,gaximum load that can be lifted the

irate ‘of contraction is alow.f'z'ysiologically thisﬁrelationship

.provides a safety factorpq?,prevent rapid muecle contractions at

=ons and from breaking bones (3) ‘The

L.0a ’

e 'zﬁwﬁ ST e R

9

vstructural and functional elements within a cell that ‘are overloaded. 5

‘_(43). These theories must be considered 4n planning a Speed training

o



NS

; - . o . N Sl o . . - . . - .

i - aré prone to- muscle pull injuries. Speed training requires the B

movement of 1ight 1oads at maximum speed theory of overload, such ﬂv
R as,in 50 and 100 meter sprint races" The precise interaction o; the
irate of contraction, the load on’ the muscles, the duration of the .

sprint, and the range of motion providea a complex motor unit

o

. recruitment system that has yet to be analyzed. According to Astrand
and Rodabl (27), the recruitment of motor units diff 8 depending
’on the velocity of the contraction. Therefore a sﬁéiitersu speed

training program must be planned with the theory of specificity

" in mind The optimum stimulus for speed training should be sprinting

‘.’q -

N <r’.o
'earried out at the highest speed cdmpatible with correct technique, '
) hased on the principle of—overload sprint trsinin;t
p o :
; " o »_' Coaches and exercise physiologiats haué thus far not

..- ;a

succeeded in finding a_auitable method of ovéiload sprint training. i‘~i-f
They have explored vagious ways of mskingjan.athlete TR as fast - |
as phyaically possible and have not been satisfied with running on R
-flat-surfaces Several coaches have experimented with down—hill |
fii‘ xunning (16, 34 36) holding on, to an elastic rope fastened to a:
motortycle (36), harnesa running (37 40), running with the aid of
a following wind (34), running while being towad by a car (15 33),

j“f}t. runnidg without -any footwear to decrease the-load (8), and stair‘

case running (15) Athletes have also tried running holding on to fd.ff,.ﬂ'

-

the side-of a tram car (34) once per day each time the csr went

H past during its daily ‘route. "Running on Hot Bricks" that is fuu




; speed running concentrating on "light" action and rapid pick—up ERIRE

- fof feet has been practised (1) A small degree of success has ?:

e

: 'been experienced in all of tﬁsse overload sprint training methods.,f?

.»In many cases, however, the program had to be terminated because of

1'_injnries due to’ the runner' s inability to maintain his balance S

.efuat high speeds (36) As a result, most coaches mﬂintain Qhat ?.

s'sprinting ability is best developed by interval sprint training
"methods. _' . | ‘ . v
:. Dintiman and others (15) reported that ouerload sprint
‘ltrsining is the most scientific approach tm improving sprinting
-.ability. Dintiman suggested that a high-speed treedmill should ‘be E
”,used;\ He hypothesized that adjusting treadbelt speed to- gradually
’ force an individual's rate of 1eg movement to a speed beyond that
o of. which he is capable in unaided running,.will lead to imp}oved
: speed on a flat surface. It has been shown that daily uae of a:

'fmotorized bicycle ergometer that forébd a{more rapid rate of

:'.H;leg movement than that possible withOut aid of a motor, Carried over fi-f’

._to increased revolutions without this aseistance (15) Thus, the

~

rate of 1eg movement in riding a bicycle was improved through

V,jforced techniques. Dintiman tested his hypothesis and concluded

"ﬂrgfthat high speed tresdmill running is effective in. improving 20—yard
"'1L1dash times.‘ No research has yet been carried out to investigate.:.‘

'.'?n the effect of high Bpeed treadmill runnins on 100 meter sprinting andfir:j

a i on. other seleoted Physiological parameterg.‘fglif;f:-

L0
N
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51
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AR This research vas designed tZ study the 1effects of overload /

’ ".isprint training on a high-speed treadmill. The safet:y of the B / "
| .subjects was ihsured by using Ian overhead gymnastiq spotting safety /
'. harness and a bar which could be held by the runners to prevent S
E falling forward. - A pilot study by BAtes and Outoski (S) showed N ‘_' o;’ ‘

, that this is ‘a safe and efficient method of overload aprint

o ‘.Jl .

- training. This ovetload sprint trainint method was. compared toa i
4~ .

: ‘current universally accepted (1, 7 l6 22 34 39) method of
(sprint training on a flat track standardized for statistical

comparison purposes.s In the past, researchers have used training

LA,

L 'programs without any concern as to vhy speed may have improved (15)

| "In orde; to gain a better insight into speed development eiﬂ\t
:

| phySiological parameters were studiad. 'rhese parameters have bTen

I vimplicated in sprint training programs by many authorities in: the

field of coaching and exercisg physiology (3. 16 lﬂ,":,

_ ‘38' 39) ,"f ‘__.‘;:”_ ‘ﬂ .“. TR t,_‘gs‘,. . /
: ‘l'he Problen [ _‘ P ‘» T E R

' The purpose of this study was to train bubjects emplo _ing

‘ following sub—problems' '. : ¢ 2 '-‘\_ A .: 5 ‘-1' RS P | ST
l,; To compare overload sprint training with the cc%wentional* :

'b

: method of sprint tr‘aining on a traek. 5
’ ERRTY To determine the effects of treadnill sprint training
compared to the conventional nethOd of ‘100 ueter sprint

" At.'ta‘._,‘_ing on the fol:lovins phys‘lological par7ineters' -




Hzpotheses

{3‘f{;_r3L2;7vThe 100 meter sprint ﬁime will not/change es a

® i‘

;ﬁfﬂispmetm leg strength

(e) :.leg éowel' E : .' ., X :
(1) vefcical jmp i ; e .
(u) standins lons jump -
” "v’v.‘_(f) hip flexibility Tl
(i) extenaion R

(ii) flexion

of probability. T

100 meter aprint time

' :1.: "'. There is no : difference /

'f{as a-result.of differ 4 training methoda employed.',m;Q_[' ciid

' fresult of forced spl::l.nt traininxw/ aE S
‘l>“:H33;fN° aifference ﬂill occur in the eisht physiologieal

parametera betvéen t:he t:hree groups after training

.4'.:".?,There ia no difference in the eight physiological

':;fgparameters 88 a reeult of“treadmill sprint ttaining.$:¢ BN

Lintitations Of 'rhe Study

"'fg'ifﬂ;The experimenter had o'control overzhis subjects, - ”1irh




e may have affected the results of this research.

- - Tlal o0

? 2. "4{“The experimenter could not coutrol the subjecta

.'."‘motivation to’ Rerfom meximally duting the testing

and ttainingif’ ;ituations .'I.'he experinenter did

" "however encov,rage the subjects to perf.om mxmlly. 3

B Delimitations '.: '

.f_l._. -The atudy was 1;Lmited t:o male volunteers fron the s

gy

BN 1 ocal track-v&ml_field clubs from students at the

8 ‘f :University oﬁ"‘Alberta.

h 2;': The subjects in the experiment were l:l.mited to thbse
'.who had maximum oxygen uptake of 45 ml Ikg /min or
o "3.._>'."§/The experiment was lim:lted to the 100 meter sprint
: -thus inferences to other sprint distancea are K
—' L | : . ‘_',questionable. o | |

o trainin.g whereby the individual attempts to run above his naxinun
running speed. thus adheriug to the’ overload priuciple oﬁ trainins

o In this study, subjects were forced to run faeter b‘y usins a high
o speed treadnill. | | ‘ .

. . D Unnn

100 meter egrint t:lne. fﬁ' 100 meter sptint tine is the

s crouch statt., The time is recorded from the inatant the runner iu

Nt N T "

Overload sprint training._ ,OVerload sprint training is sprint

ahortest tinc it takea an individueL to run 100 mters starting fro-




given the command "go" to the instant he crosses the 100 neter

finish 1ine. o ~‘ -. o

.Reaction timei»< Reaction tine is the time that elapoea

,._-/c .

between the appearance of a stimnlus and a. motor response.ﬁ flfi,“"
i '

Leg sttength.v Leg strength is a: test of the capacity of

'f'an individual to exert muacular force with the muacles of the leg

9

at the“knee by having the subject provide

', resistance

’concentrically, eccentrically and isometritally on ‘a. leg dynamometer.

"'?The strength curve was recorded on- a Boneywell thicel Electronic ~;"'

Concentric contraction. Concentric contraction is a dynaulc -ce

"‘bcontraction during Hhich the length of the contracting muscle

' i'decreases. In this experiment, the strength of the concentric ;"

\

"contraction is measured during the movement of the knee joint through

' :'increases‘z In this experinent, the strength is measured whu

‘h'.the angle of 120 degtees.

Eccentric contraction. Eccentric contrection ia a dynamic

contrection during vhich the length of the contracting musc1e='“ N

the

, :isometric contraction is perforned at the knee angle.of 129 degreea. .,.

Conventional nethod of aprint training. Conventional method

o

t’.ffof sprint training is/a universal and current nethod of intcrval

'_-_(ngre 1) S R -‘ -; ‘

'-jtraining used by track and field coaches to imptove aprinting

g ggg Leg pow'e;:th the ability to telease nexinun

Lfnuscular forcelnt naxinun apeed In thia expetiment the etanding

"fventical end long jumpe were used aa neasures of leg power. ffglfff,fill‘vd

‘,-,




O
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. Cardiovascular endurance. Cardiovascular endurance is

"‘;the ability of the circulatory and reLpiratory system to adjust to :

- and recover fron the effects of exercise or work and ‘was. evaluated

”_Eby the Mitchell-Sproule Chapman Hethod (35) of maximum oxygen uptake

‘*_1°measurement. ;‘.;'

"‘ : . < . .. - —\

.\

Maximum oxygen consumption., Maximum oxygen consumption is

the maximum volume of oxygen which the body can remove fron the

"..air per minute.f It is used as a measure of the peak capacity of |

':::fand extension,by using a Leighton flexometer and uaing Leighton s
' &

--f to perform prolonged mederate to heavy uork,.provided that large

Y

:rstandardized technique. o 1f¢f; 15 Qf li ;f»x '5. S ”f“ ' ,hni

“;;carried out over a period of time

A:the cardio—respiratory systems to take up, traneport— and release
"::Loxygen to. the working tissues, and for these tissues to utilize 3'd'lg; L
*npiithe oxygen in energy production. Haximum oxygen uptake is considered ’;f;_,f
| by most exercise physiologists to be the.best single indicator of

‘ :sgphysical fitness (2 3, 4 14 41)

Hip flexibility.. Flexibility is a measure of hip flexion

thsical fitness. Physical fitness is the ability of a

ENE biological organism to»maintain vatious equilibria as_ closely

as possible to ‘the . resting state during strenuous exertion and restore .

npromptly after exercise any eQuilibriums whicb have been disturbed (6).,

T
. The definition specially scceptable in this study is the ability

f;t'.mnScle groups are utilized (3)

ra igg A regular regime of physical activity that is




. --‘

Flat Track Training,{i_lat track training is training on a

level running track as opposed to training on a traﬁk that declines f’_.

‘o er inclines (Rnssian Methoda recently developed)

sensations of pain or stiffness that Were felt as- a result of

AL L.

physiological stress due to i

'fA°'1' Lo Stress S&nS&tiOﬂB;n Stress sensations are subjective ffi*‘iv
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Strquth_Andﬁ*printiga '; f,; ’»Qh;; i;;;:i_f‘g .

Researchers eﬁd writers in the area of Track and Field:

 ij(2 6% 26 25, 28 43b 51, 68 81, E‘ 85) have stressed the necessity

'd“bof a high degree of 1eg strength for good sprinting ability. Research\\‘_\\ff

R -

':'_evidence, however, is somewhat conflicting._ ;5 ; R

A survey by Fiedlius (47) revealed that 1eading Polish

5} sprinters on an.average were well below the strength level of physical
. U -
'education students of the Warsaw University. He also discovered thst

e »

the correlation of running speed and 8 ength Has statistically
\' I
insignificant. His finﬂings were similar to those of Clarke (16) who

Aa

. ‘?‘“ ,' ?‘ , o .1

lt there was no. significant relationship between strength/

Another_study by Clsrkeq&13) with a training gnoup'using a selected

vy “r\§E££E§*°f strength exercises indicated that there wss no correlstionu,,; B

\ AL

betveen individual differenses 1h speed and strength/mass ratio, bu; R

R ‘..
individusl chsnges in,, ;‘"atio correlated significsntly'with

phsyiolbgists (47) headed by Jakgblev, ubrking with several ;f*:?' |

experissdtal groups, found that "optinum nervpus processes were '



R B "18-*.
A N L. ’ . - . ; . -
obtainable from compiex trainingiprograms when strength speed and
Aendurance training was carried out simultaneously without emphasizing
.Iany one of«thesevparameters.. Second best results \ere obtained by
the group concentrating mainly on speed. Ihe groups emphasizing
endurance and strength training were last on the list.j Strength

'training had only limited influence on speed ‘but restricted the

: development of endurance. Similar results were also obtained by

> °

g;
'Kalidein and Lukin (47) when they investigated various training
' methods and their effect on the physiological development for "sports

| Colgate and Pierson (119) along with Rasch (67) demonstrated~thatv“

‘.increases in general arm strength did not affect the speed of

,'reaction or arm extensionn Smith and Whitbey !7&) experimented with

(

-;thirty-one college men participating in an eight-week strength
‘training program which involved isotonic and multipositional isometric ‘ f}“

'exercises The object of the experiment was to determine WhEther a ;\
i o .

substantial increase in strength was associated with a: proportional
iMprovement in speed of_movementr As_aftesult of the streggth

training program'there was aoﬁzvpercent increase in Speed.v The'
: s
strength training resulted in signiiicant and. nearly identical

*strength increaaes at earh of the six angles. This overall strength'

.;;increase had an insign' icant effect on net speed at timing station

_‘.s.

one, significant losses at stations two and three,,with highly -

significant gains in Speed at stations four and five The-authors o
e e , ' R ’

-stated:v



A

speed increase following strength training progr

Co comparison of the results of .the presént. study:vith IR
“the findiogs of previous studies,. which favolved the .= .. ol
"investi tion of the-effect oflan increase in strength upon - o
. speed of movement, revealed thjz the most significant. increase R

- in/strength is not necessarily ssociated with the most
- ﬁsubstantial increment ‘in speedJ L

Meisel (55) fOund a loss of| speed in running ten yeards, o
« U BRI
after a six—week-weight training prog;am.. 104 male university
students were dividedointo experimental and control groups and were

equated on the Basis of time required to run ten yards after a 15 -

: yard running start. The experimental group participated in a six

‘ L

"week training program consisting of exercises designed specifically

© for strength development of the legs whi&e the control group did '

.;. |

) not artic ate in an organized exer ise program. The exercises
R %

:__f\
'J : *t

included heel raises, squats, leg flexion and gluteal pull. Strength‘-
was measured by a back and leg dynanometer. Results showed a i -
significant increase in ‘the leg strenLth of the group using the .v.
progressive resistance weight %raining program.? The experimental 'Ah
group showed a 1oss of speed in the 10 yard sprint, a’ decrease }

significant at, the 0. 03 level of significance The control group

S showed no significant differences in either strength or speed of“ “

@

‘.

3 running. - [ I 3; T y“ . 'N@y-

"{ Several researchers have reported significant sprinting S
¢ ) AR ‘ , _
‘"':Dintiman (22) T

SR
studied 145 subjects randomly assigned to ‘one df five training

groups. The aubjects were tested for flexihility, leg strength, and

C.

running speed before and after an eight week training period. Results. qu

showed that both weight training and flexibility uaining, as

v”_

ST »



supplements to sprint training, increased running speed significantly e
more than sprint training alone.__Chui (11) conducted ‘one - ‘of the |

»;,4; ..... ~’—4first studies pertaining to weight training and athletic power..,-

v

3?:;Althpugh mOSt of‘the items in the experiment were concerned with

S

{gpower events, such ‘as’ shot putr“one item was concerned With
T . ¥ ‘
-»Y;»sprinting apeed._ One group particﬁpated in an intensive weight

~

:}”training program twice a week for three months, while the other
:;_:group acted ‘ag’ the control.group. A retest at the end of the .
';program showed that 17 of the 22 subjects had a mean improvementrof
| .33 seconds in a 60" yard sprint, gains varying from l to 6
g seconds. Four subjects showed no difference in time and one subject;,i
was,.l seZond.slower. From this, Sills (74) concluded that these
:results indicate the proiibility of increasing sprinting speed through
. ST
c:a - >training with systematic peight training exercises. The leveI of
5 "significance of - the‘dif?erences etween the groups na"hot stated

' 7jSlater-Hamme1?J75W pund'that the speed of movement is not the speed '

ﬂ?;4 f"f,{;il of the legs per 5&;? His study determined that leg rates in

L i ]ﬁsprinting ra?ge from. 3 10 - 4 85 per second in cycl.ng from 5. 6 to .
| 7. l per sﬁgznd Therefore, the sprinter could move his legs’faster
;:eegfﬁff;.i‘;rywithogxmtgl load of the legs and body. Hence, Slater—Hammel

igcludedgthat leg rate is not limited by neuromuscular mechanism

Ejf%ut by the wéight (load) the mnscles must move. Hence, strength

Jis the limiting factor. Sperry (79) makes a similar interpretation

S

"v.of his finding that the contraction rate of the large muscles of

:[’f"' the shoulder vary undet differing conditions of load, A{'v'

LT i
1

B T : e ,.2'0“"-
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.‘1

Glenski (27) studied sprintin& P#rformance of three groups

of athletes wHo participated in fartlek interval and sprint training

programs ” He found that all three groups improved equally in 60

-

xw‘\e )

yard sprint perfonmadce. All thﬂee methods of: training improVed ‘. R

‘.*f leg strength equally as meaaured by a leg dynanometer..f,

T ~»,', TR : o R

IR 3

ng Strength and Knee Angle ';' LT ‘ff:‘ \

»'(. r“

' "f' Carpenter (10) studied the effects of different knee angles ;

" on leg TTIN He, concluded that the maximum 1n leg lift i&vobtained

A
when the thighs and Iower leg make an angle at the knees between

115 degrees and,124 degrees Strength at anglee less than }15 degrees

Willgoose (10) and Clarke (15) agree ‘that. the maximum lift should 'f'ef'
l occur when the subject 8 legs are almost straight at the end of the_f.'

1ifting effort. 'jl.’*- - ;m. o ‘;u~-_h . ’:5_ S p' i

NI
¥, 0

&

"use of the term power aa a mechanical physiological parametet._'w

: Leg Power and Sprintig& N ,:' v

A great number of authors and researchers (2 6 8 11, 12

' 18, 24, 25 28, 29 51, 58 84,y 85, 86 87) have implicatea power

with sprinting. At least two sources (69 111) have questioned the

: In this study power is defined as- the ability to release maxinun

force in the shortest possible time; as is exemplified by the

E Sargent JumL (70) and the standing lonngump (1)

]

' Forlnearly a half century the Sargent Jump haa been the o

;: most counm y used teat of leg power by Physical Educators.

_ or greater than 139 degrees was found to be inferior,‘ Maﬁhews (52), ?2'



'7,,D. S. Sargent (70) originally used the test to indicate neuro-

&

"muscular efficiency but L. W. Sargent (70) regarded it as a test :""a

~_v,.of power, he states.,f_' li_ljr;, 7'71°_-:§5'3:,'.ﬂ

o ‘the’ work ‘done by causing the body to rise above the ground

.- as the ‘excess of work done over that required merély to raise
it from the squatting to the standing position and this excess -
work consists of building.up- velocity, an- accomplishment

'possible only when' the rate of doing work (power) is above a 4';

.'v,certain minimum.._. _
McClqy (53) states that the Sargent Jump when combined‘with an

'Lappropriate formula containing factors of age and weight predicts

. the ' power type of athletic ability. He indicated that it was

probably the best single measure og predicting explosive energy. Hv:' '

Several others (9 30 61, 81) also regard it as‘éhe best index

The standing broad jump has also been used as a test of powe
by several researchers (7 /}1 80) A study by Stuart et al

' evaluated power by using both the Sargent Jump and the standing Y

; 1ong jump.' Both these tests of power have been accepted as reliable

g measures~of ‘power. (44) _ ‘ ’
'_ Balsevitch and Siris (4) who studied the aptitude of 4"
o children for sprinting stated.

) _'. Our experience is that for establishing ideas as’ to the
,aptitude of children for sprinting the following evaluative
»:lexercises can be of help: 30-meter run with flying and ¢rouch
.| starts, standing long jump, distance Jumps from the crouch ‘

S “position. o= ‘ L ‘ .

~

: They found ‘that children s ability to spr:l.nt vas highly correlated -

'v_with power.

.‘,ﬁ; R



_fcompared and a correlation of 47 ‘was established The test used ,;f!'j:?

T e

‘ Grayés‘. al. (29) designed a test—of leg speed using the o

bicycle ergometer. The factors of leg speed and leg‘power were then

J,to measure leg power was. the vertical jump The correlation was

“-significant at the .001 level., The~correlations;betweenrspeedfand

f;power obtained by Gray et. al were‘mathematically"; though'not':'”

- speed and power studied by Rarick (69) and Harris (31) Rarick

‘ statistically, lower than correlations between the tests of leg

v"_ obtained correlations of 64 and 61 betWeen the time takeu to cover .

~the 1ast 10 yards of a: 30 yard sprint and the Sargent Jump When he

. eliminated the arm movement in the Sargent Jump the correlation was f3v

‘correlated .59 with ‘the Sargent Jump. The dift;xent teats used to

63 Harris found that 1eg speed as measured by the 40 yard dash

Cea
< 4_».{

measurd&tﬁe factors of speed and,power together with sample and
a %r 8

'experimental errors probably accounted for the differences in these v';“.

'correlations.

Start et al (80) utilited 63 male subjects to study power ,'

speed and strength in the lower limb.‘ They studied 19 measures

‘seven of isometric strength, four oﬁ power, seven anthropometric

3alinked with speed rather :han strength>/

v_estimates and one . of speed.v The tests of power used were. ‘the '
’ sargent jump, the vertical pOWer jump, squat jump and- the standing ﬂ.

;Iong jump Factor analﬂs‘s of the data suggested that power was

a0
O

NN
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Flexibility and Spthing L

.. "‘;

__ﬁ__praetic explanation regarding the concept underlying

—

the mechanical factors in relation to Sprinting was/offered by
McCloy (54) in,mhich he stated'i "Flexible performers, vhether

F_-r_;f athletes or dancers, have on the average a higher degree of

,0

. competence. To illustrate this concept he visualized a hypothetica1;;nv4 3

runner uhose movements were impeded by elastic cables simulating :.-l:ff?ah .

tense hamstring muscles
Very little research has been reporbdg concerning the effects
¢ of increased flexibility upon sprinting speed., Nelson (60) attempted

' to determine the effects of increased hip and ankle flexibility upon j'

running speed He equated two. groups of 20 subjects on the basis
of hip hyperextension and flexion, ankle extension and flexion, and
. 50 yard sprint time The experimental group took part in a
flexibility training program, involving ballistic exerciaes, while

the control group remained inactive He concluded that an increase

~j-;>, _]' ' in hip and ankle flexibility did not improve running speed~

[N L

. Dintiman (21),,attempted to determine whether a flexibility .
'1 training Program, a weight training rogram, and the combination i.f~'
| of both would improve sprinting speed when uaed as supplementary
'fl) training, to the conventional method of training sprinters. One f‘
hundred and forty~five subjects, randomly aasigned to’ one of five
training groups, w're tested for flexibility, leg strength and .
| running speed before and after an’ 8~week training period.y Re8ulta fj::“'l
showed that both weight training and flexibility trainingb aa' :

: ' (.
Q- supplements to sprint training, increased running speed aignificantly

.
W B
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u-,amore than -an unsupplemented sprint training program. o

.

R shOuld decrease the negative forces involvedein and thus _ |

'f‘; improve.running speed ;3rwever, an in‘estigation y de Vries (19), .’

> An which speed and oxygen consumption op a. lbO~yard sprint were S

-

i;measured failed to confirm Ehis hypothesis.. Static stretching uas

used as a warmrup procedure to allow evaluation of a relatively

B pure flexibility factor .as a contributor to muscular efficiency ’

,:ior'"looseness o Four subject@ch ran ten l0,0-yard sprints .

:fpanaerobically.: Five trials followed no warm-up and five followed

7'l,sdperiod'oflstatic stretching.- Respiratory gas samples were
:ianalyzed for gross and net 02, 2, ventilation rate, and. true.O2
jDifferences in running time and all respiratory measures were small

in magnitude and most achieved significance at the 05 level.

'Reaction Time and,kpeed of Movement
Research findings on the relationship between reaction time
.and speed of movement does not appear to be consiatent. Slater-A

“:Hammel (76) and Henry (32) and others showed that these phenomena J

7;_are unrelated whereas studies By Scripture (ZZ&, Westerlund and
o ”{vTuttle (82) provides evidence of a positive sjgnificant relationship.‘

':iThe latter studies utilized primarily a forward arm ‘movement whereassb

'—the former have used a variety of movemqnts. . -

é

(i) Significant Positive Correlations :
An early study by Scripture (72) compared reaction times of

'5sprinters and distance runnersa On the basis of his data it was

.
I AN

.7 De Vries (20) has pointed out’ that improvement ‘of” flexibility_



- these three groups ‘was found to be .863.

5 - 28

e concluded tﬁptutheji B g

eactidggt;u“:ﬁ”

g ird‘ shorter for s% rs";."_ o

lg Westerlund s and Tuttle s (82) findiﬂts.

~uorted Scripture.'t
1ifThey studied the reaction time of sprinters, middle distance runners

:1and distance runners and repo;g;d the mean reaction time fcr each

w
B -t

'group as follows. _'_]l-; e o -

sprinters;.i ;'l:; e e g"'ll'f' ;v.:.j; 131 secs.i“

_’middleudistance runnerss C e i e e e e _.149 secs.

distance runners e e e ll...'.l. . e .169 8ecs..

The correlation betwaen reattion time and 75 yard sprint time for L
: _ ™~

In 1954 - Hipple (38) reported a possibly significant"

-jcorrelation from the measurement on 12 to ‘14 year old white male

. ‘ .

fsubjects. Wilson (83) also found positiVe correlations between RT

and MT in arm movements (r =" 31). Two years later Younger (88)
. r,-'7‘ ", ~_/~\

found a low but statistically significant correlation betw

reaction time and movement ‘time for female college studedt_, athletes

fand non—athletes.» During the same year Pierson studied 400 male

, *subjeczs. aged 8 to 83 years._ The subjects were measured for reaction

utime and movemeut time by a fractioning process.A The correlation'

"between these variables was computed for the 400 subjects as. well
“as for. certain“age.groups,vand an analysis-of these,compuietions o
‘Epermitted the conclusion that for males between the ages of 8 and

:83 years there was a atatistically significant correlatiod between

5%reaction-time and"movementvtime ' Olson (62) compared athletes non R

-athletes, and an intermediate group consisting of intrsmural and junior‘ L

o



Two years later Kerr (45 46) studied the RI of 47 male

Noe . N

| tcoll‘ge students Theg’ubjects ‘were tested for speed of reAction
f and movement at a knee extension of 60 . One veek later, 39 of the?:
8 jects were retested In both testa, reaction time was’ found ‘
«vo correlate with speed of movement (rx-_.53 and 62) 1 The ‘two
| correlation coefficients Were not: found to be significantly
/ different from each other. R "-,, -~ |
U In 1972 analysis of studies p:;c;;;:;g the Hunich Olympic ,

games were presented at the International Symposium on Sports d

Sciences held in Munich (71). 'The.toEBten sports-dr-events ‘which

: ' L
develop the best reaction times were 1isted as: o g - o
- o E -
table‘tennis .vi_.;-‘sprinting ”' %X.-o'
; ﬂ‘ e o fEnciagj/vivf‘ S gymnastics_‘
N . ', box:l_.ﬂg . ' . L : v"vwe'ight -1.1f'ting‘
'ﬁ .‘sqdash S o _“r“'basketball -
o _ B R A

§ . Y

. '_>.%7'.7_21)l‘;
L
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‘ it is for a "fast reactor o The results of Slater-Haugcl studyf

L

b

j reaction and movement times.

v (11) -Nonsignificant'correlations; V;.“[vf?'“f
In 1952 Henry (32) reported that there waa no correlation

between simple reaction time and the duration bf

| discrete movement. He concluded that the two functions must,vf;t}
: therefore, be considered as independent and un;elated.; SIater-' ‘
Hammel (76) likewise found no correlation between reaction time and:i'fv': )
.‘d movement time and in addition indicated that the method of movement“:

l" termination has no pronounced effect upon the relationship. He did'

nqt agree with Henry about the significance of the fact that

o reaction time ﬂld movement time appeat to be independent‘gnd

uncorrelated.v The lack of correlation means only thst the possibility“

e

3 of a Tglow reactor“ having a’ fast movement time is ag’ great ‘as B

were interpreted as- simply indicating that measurement of reactio

»

time cannot readily be used to predict speed of movement.— In‘the>'

" 7 same year,studies conducted by Fairclough (25) uBing different ;; §§¥n;.

movements, reported nonsignificant correlations, allg"well within;ﬁ' T

- the 1imits of the smnpling error of a true zero correlation

During the next year these findings were supported by Sills (74)

'_ and Howell (40) who found a negative correlation (r !-.382)

Subsequent research by ?ierson (65) and Cooper (17), Hodgkins (39), ;
Henry and Whitby (35), Lotter (50), Benry (36 37), Smith (77), f:

Mendryk (56) and Phillips (64):supp?rted these findings. All

-‘researchers found non-signifitant or negative iorrelations bet&éen

. ‘~ B "
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L fast sprints, an:al

The studies presented thus far have not used sprint running-_:4 :?]35

as movement time.- Henry (33) found that reaction time is of very ”'i

.._

’”'ed 12 showed positive relationship betWeen fast reactionq and
= - 3
3—showed- a negaxive relationship., Fhrthen

r
. .

' analysis of the data supplied.an explanation' the va , ce—batwe
- two' sprint reaction times is extremely small being on the average~wf

) only .0009 seconds whereas, the variance between two 50 ysrd sprints

is 15 times greater, i.e. .0135 seconds. He’then j tq-the

: responsible for any important differences iQWa sprintef 8. speed
in succesaiwe runs. He further stated that there was}nx correlation

hmong individuals "reacting ability" and sprinting abili&y - a fast

“\,

'T;sprinter may#ge either a fast or a "slow reactor", or anﬁﬁaverage

' R
i M
\
l

was compared with an’ igetpetienced,group._ In the beginning, the ”.v

S e h

L inexperiencéd grbﬁb wis: off the blocks in. less time than the experienced

’ 7,sprinters. : the’inexperienced group gained in skill and speed the

fA
ltime on the blocks 1ncreased. The best sprinters tended to be slower

. Ef in leaving the blocks, but caught up and paased the others at the

o 10 yard matk._ Recently, it was reported by Osalin (63) that thete

537was no correlation between reactiou time, acceleration,‘naximuh"';f

fspeed, and speed changes in the'sprinters tested.-;}gil-fy f"f7i:ff';ﬁ:i

. o . v S P LA T = e T .“ LR Lot [ I

little importance in sprinting performance. Of the 25 sprinteés 7':f;f ;Yfﬁ-f
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A

The t‘onplex relahonship between r*‘tio tine and ‘novement

o 'time rema:lne qpeatfonable. The di‘IBCtiOn °f t

SER T s

- el 'appear to be regative. nmowever, 1n v:lew of the fact that Some X
. v: ,J ‘»~'jstud:l.es have shown signif;l.caut corr lations between 'reection time
g and mvement. t:l.me, th:l.s etudy agein observed this relati ship. __"f
- L !

. | New Methods of Sprint Trainin;

e
S

g means of improving speed' by increesing both ettide lehgth and

.th rate of leg alteration. Re also stated thnt‘ ' / E .» B o T T

Wh;llg typical sprint ttaining programs will J dite recovery

. . etWeen spﬂinta, delay alowing arid allow maximm speed to be
. “held ove¥ a loriger: distance, the. maximum speed that an. .~
xm,’widual can’ reach {s unaffected.. .A sound ‘program to develop
. ’ }T ‘th ore's mximuﬁ‘ %otentul "-equiree a change ‘to naerobic
- ‘training 15 perceﬁg) and: focus upon progtama that altef e
‘ stride length and sequenc epeed.a” DR SR T

an malterable, mherent ‘Quaiity.a However, there 13 evidence to the

",‘ G’J

coutt’ary. - SLater—Hamel /;.(75) ) for example, fmmd that higher rates ‘

RN

_s__of leg alternatioﬂ were poes:lbl}e in» cycling than sprinting

- S de vries (“ZQ) suggeeted that tbe physiological r’eaeons

o supporting improved‘ :unning speed throug‘p incteased flexibility iav-"

’ tremendous., Ke stated that reaearch 'Ln énpportv of tbié 18 grossly"




'ﬁflacking but it 1s 1qgical to’ assume that someone who is more flexible f ;i,1?q

-3'range of motion in the hipa,_shoulders and ankles possibly is aa‘~‘"f_':ip}¥ll

irh~means of increaaing stride length.

.. run for milea without fatigue and at the same time increaee hid

)

o poditive results. Be developed 5 "towing plan"‘with his athlete._fﬁ" g

. . B N B Lt S g L cf T I R

;f:inny be able to take a longer step.w He' further suggested that improvedf-_,w

e

Dintiman (22) suggests ;hat three specialized programa have -

'fattempted to achieve improved sprinting apeed by increaains both '_?“f:f,f

R

f‘stride length and frequency. ;R‘i’,vjjf_”,jlﬁ-}; ,‘ 6”7 _;»aﬂf'}‘e;v

.iz;;.DoVnhillvrunning;',?-

. ;3; :, Treada‘ill)’runnmg.a " R v'\? Do '. _ - . -‘. 'v . "»v“f‘.. . r
. i L Fay - " ‘ ' 'A. = : ’ N ! o . I

'1 Towiugrnethod of Spri!t Trainiqg_ o F':, o '_ co "_;;Tféf"

- . = h - . =t
—ne EU -

The first person to experiment ‘with. the towing method was ";‘ 'fﬁkff

"Paavo Nurmi ‘of . Finland (49) in 1925 Nurmi had attributed hie ?Q

},,

longer flowing stride to his habit as a youth of hanging on to the -

""-v .
I~

=isidea of -a aloqtmoving train.; Nurnd related how he was nble-to ,{f R

o

s A

L ”'stfide length. Heneley (49), a former champion marathon runner fron
4,Australia duplicated Nurmh:s experiment.; He improved his 100 yard
Lf.sprint time by one aecond aEter a year of holding on to the side of a-

'tram car whenever he hnd the opportunity. Hensley retired from

i

-competition and became a coach., He waa thoroughly convinced that

o ibeing pulled by & ttain, a tram car or an automohile would produce ﬂv_jb,reji

'_‘This car-towing nethod nade it possible for his athlete to run na@y




_ strain or fatigue., His athlete reported (49)

D S

el

eight~second 100 yard sprints in repetition without any undue

- o

S

As we had Expected the first few weeks revealed nothing e
in particular. "I found.that it was .no effort to run.repeat 100.
'yards in 9 seconds'with onlY 110 yards Trecovery. jogging after
“It soon became -apparent that my own | stride was : :;7’
noticably increasing in my races. After three weeks I was .

each.-

running 200 yard sprints in'my tow trainming. 1In onme ‘session , |
. I tecorded a 22-second: effort, four :19-second efforts,.and a

blistering l7 5 clocking for my last two.. ‘The only recovery.
"period that was necessary was the 200 yards Jog back to -the
starting. point._ After six weeks of the experiment THhad my
first track face of the Olympic season over 10,000imeters.
- My time of 29:50. was a new Australian record g (\‘

Soviet coach Fruktov (63) observed similar development,T

in his experiments with sprinters running attached by an elastic. o

.' rope to a motor cycle. His athlete, Ponomaryeq:)raced after a

ja

minimal warm-up behind a motorcycle three repetitions with five

six-minute rest he performed two repetitions of 50 meters from a

.

minute recoveries over 50 meters from a flying start. Following a

rlying start under normal conditions and improVed his Best time

l by.0.3‘seconds; In Pouomaryev 8 own words the runs behind the

'.ﬁihsﬁe‘reported success. Double gold medal winner Borzov

;'motorcyc!e;gaﬁe'him a feeling for higher speed"

2. Downhill RunniﬁgﬁMethod:of Sprint Training

~

r

Sprinters using downhill tracks to develop sprinting speed

ykS) won'both ‘short sprintS‘at“the'l972 Olympic‘Games. He: trained

on downhill slopes. Research conducted by Ozolin, Lonov, -

©

Obbarius and Petrovsky (63), found that using a track with 2-3, :

per cent

-

decline gaVe ‘the best positixe results. aAt the Sports Center

AN -’-

ot . . . . : e

B
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' the effects of training on slopfﬁg gnrfaces He had three grahps

of students following Specific training programs. Group "A" trained
on a regular flat surface Group "B" trained on a downhill-.' B "v;;“ //

' uphill surface and Group "C" trained on ‘a downhill—uphill flat T _‘“ ' . S

.surface Group "C" showed the best results in improving their . - /

sprinting performance .

e . -
[ . B LT c . -t

3. High Speed Treadmill Running ; % SR W

High-speed treadmill/running consists of running beyonﬂ

voluntary maximum speed (forced) Dintiman (112) reported significan

improvements in 20 yard sprint times after an e ght week treadmill

e .
" training program.._’v;._—,ﬂ.

. l;juries and Sprinting z: ‘, "f o
. . N / - . ‘ B .
A distance runneﬂ“s injuries usually a pear gradually

Sprint injuries, 1ike the event itself happeq suddenly and a :‘f

TR

often very,sefious. Mot t injuries develop during the start f a'f

!7

N

ci a staying explosive and lpose,at the same time Spri ers h ve to stay ;*... j%
. .‘ relaxed at high speed in order to sustain speed and econo
energy, and_powerful yet flexible to avoid injury The.most common | ?/.::'
injuries to sprinters report%dly (5 20 24 68) are shﬂnsplints, ~&>:1? h
and injuries to the hamstrings and quadriceps mnstles.‘ Brubaker B
and James reported that the most common injuries to runners are

strains (33%), fractures (202), sprains (142) and tenosynovitis 6122) )

o et

o - : , S .
. 3 ; . ) R ) A L R K .
o ; . o oo Lo . :
- o ' . . . { o .

3 . . .
: K R
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'v’The'injuriesIVere'distributed by event as follows sprints (242):,
;_~'Lmidd1e distance (152) distance (412) joggers (32) Strains ~

l'lhaccounted for 18 of the 26 injuries to sprinters which was the

[

,*highest incidence of injury hy category and event.

A,' e PR J

vto provide an easily standardized reproducible work performance

'lphysiology lab ratories :,,'f -_’ P

-,‘0verground Versus Tteadmill Running .

The motor driven treadmill has long been used by igvestigators

o N\

task. \Its advantages lie dn using a common human movement which

. can be varied in intensity while the subject performs in close
'.proximity to sophisticated electronic recording instruments. Initial
j treadmilbs were designed for slow pace running and they played a

.. very important role in the discovery of many aspects of the

physiological responses of man to exercise The advent of the.
treadmill brought about a multitude of studies related to

cardiorespiratory training Of special importance has been the

' influence of . physiological research on- the formulation of training

¢

“regimens and evaluation of training levels of athletes The "' h;_

treadmill became a basic piece of equipment in all exercise

K
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o :fp.:mr‘m‘- _ - R T o
e /‘{}& A, _” ‘_Ye .: o‘. T;ﬂ‘“--'v : o :ﬂ;; ‘
/Very few studies have been undertaken with subjects running
_fat maximum speed on a treadmill.: A very basic question arose f ff :
:regarding whether the results from treadmill studies can be d}rectly
applied to running overground.- Astrand .Balke and Margaria (59) ,‘fd'
'1indicated that such an application is valid on the basis\of R
" fundamental mechanics. These researchers agreed that except for.
_air resistance it can be assumed there is no: difference in running
on the two types of surfaces. - f; _‘f_-u; j;u;:_ . 'h"'
Nelson, Dillman, Lagaase and Bickett (59) compared the 'l
. biomechanics of overground and treadmill running using
cinematqgraphic methods._ Sixteen runnErs were filmed while running

K P
at thre% speeds and onfthree slopes over both surfaces. Temporalv

e 94 . w TS

factors and vertical‘and horihontal velocities of the center ‘of
<v:gravity yere ;nvestigateda Treadmill running was chacterized by
'flonger periods of snpport% 1ower vertical.velocity, and leas variable
ertical and hgrizontalsvelocities th:nvfor overground running
R E‘l’t was concluded thap’performance on the treadmill produces A
| ‘significant Changesuin the biomechanics of running |
- Dintiman (22) supported Nelson.et al and pointed out "“fﬁ”"

sevexal aiding and hind.ering factors m treadmill sprinting, :

(Figure I) He stated that treadmill running was smoother and

provided a feeling of complete mastery with little effort.a ﬁe
‘further stated that since it was an aided device the total effort
L appeared less although research indicated that oxygen uptake and

energy expenditure were similar in treadmill and unaided running.;
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’ f‘ Recently, Dfntiman (23) studied the effects of high—speed

; treadmill training ypan sprinting speed ' Eight male subjects were

i_"o!fwo groups using matched pairs, on’ the basis of pre-test il

oy

Lod Bp ﬁ;t time, age, height and- weight. The experimental
P "f; L N
a group engaged in an eight-wee& training program, three times weekly,_

consisting of weight training and high-speed treadmilI running.
The control group participated in Weight training d cOnventional
| sprint training program. Treadmill running consisted of sprinting

' at maximum sPeed .and at nearfmaximum treadbelt speed (up to 26 5

m.p h. ) for the prescribedonumber of repetitions while supported in a .

-

' ;~-suspended harness that permitted free arm movement. Pre and post— "ingf
test means were compared within each grOup to determine whether
' statistipally5significant improvement occurred in the 20 yard sprint

‘# b ES I
with a running

14. The experimental group improved significantly
from the pre tq the’post-test while the control grbup failed to do
' 80. Within the limits of this study, it was concluded that high
:~t‘ispeed treadmill running is more effective in imprpving 20 yard sprint

times than a. conventional program ‘of sprint training when these '

programS\are supplemented by weight training. ,

e

}pilot study (3) preceding this dissertation utilized

;five subjects who ‘were experienced University level aprinters The

49)'

,subjects were able to run all-out -on their first trial without ‘any
AcOnScious effort to change their style of running._ It was c:::ifded
ffthat if there is any difference in technique or. style of apr ting )

on'a treadmill 1t is not: evident. A L e e



o Stride 1ength incre sed

B belt speed.'_

&

1 FIGURE I

R

o o Aiding An ndering Factors In AR ;f;. B

Trea 1 Sprinting -

+ FACTORS. .
: - Aiding‘ SR : l; ’

'-*Breaking’effeét'eaoh tine"the.'

lead foot touches the treadbelt -
belt speed is slowed at this-. '

l~point to obscure sPeedometer
’ reading. : -

J‘Noiwind;resistance'

Nofunfavorable environnental

conditions ~ temperature,

‘inclimate weather °

'

,'Energ§ conservation ~‘steady,
. .unaltered pace, less knee lift,

no acceleration.

Less time on weight bearing foot.
Motorized belt forces a faster ‘pace .

. Form correction possible while _ o
_‘Subject is sprinting ' :

-

Challenging - pre— 1

- *This braking effect is greater in initial sEages of

treadmill . running and tends to ‘be eliminated as acclimatizetion ‘oacurs:
- and form instruction is“given.- At high speeds beyond one's maximum
. speed (in early use -of treadmill), the braking effect almost redices

.",

- FACTORS
Hind EEE, A

',‘Limited'push;offfpossible_7,‘”'

from_weight"bearing foot{; d*,

Form alteration required
that affects positive

‘transfer to flat ‘surface,

unaided sprinting.’

.
,
_Z : /
AR

&

W

‘treadbelt speed to a sprinter's maximum speed. ‘With contiuued

S

: training, this point is easily overcome,Dintiman (22)

3 N )
™
'\F"‘ﬂ_\"""""\'\—w\—\—.-.
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with the aid of high speed photography. No- significantvchang s
_-,were found in stridé length or

: "\r.—,c‘l

te among

a4 <9
-]

any of the érogps. él
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study, investigated the changes in atride ratekand s@fi@g léhéth AR
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- METHODS AND PROCEDURES

N e -
. - N “ -
P . . N . —

_Subjects . B , ot '

5 f“ A sample of 24 male subjects was: obtained §rom among tracﬁ

. e l

and field athletes and frqm University of Alberta Physical Education

: :- z | StudePtS. ' oL SRR o : Ca T T

- . —_— . . . -

The subjeets were volunteers between the ages of sixteen

"4 and thirty—one: Only subJects whose maximum oxygen upfake was
ofy . ’ } e
45 mls: /kg,/min. and - over were 1ncluded in this study.g e e

,_4"().

_§perlmental Design B o ‘ o L‘ -'_ o

o~

All Subjects were pre—tested and ranked according to their g o

a.

time for t:' 100 meter sprint. To overcome the differences in initial

100 meter sprint time the-subjects were divided into three blocks of 4{/ =

eight subjects each. From th%se three blocks the subjects were ‘ _
\ L : . N oL
randomly divided into a control grouP, a track group and a speed-
~ © . b .
' treadmill group.‘ All sublects reported for thqﬁihfearch project.<vi .
2 -? . . .

) healthy and free of any known injuries, sorehess or stiffness. ihé’:
_(.4 “ ’ N i

pre—test started two days before the training period began and the post—'

- :. test started one day after the seven week training period ended. The 1h
o tests were administered over’a period‘of two days in each case. ‘The e
«fvg,;' following tests were made during the pre andlnost period:-fmaximum
fi;}1 oxygen uptake, 100 meter sprint time, st;nding vertical jump, standing |

" long }ump, hip flexion, hip‘ertension, reaction time‘ concentric leg 5;{

e

istrength eccentrié leg strength and isometric leg strength.: The ‘

e . . v

LR g : [ . o :.\,‘ ER R ‘ ,




. L T . ’ u;i”h; . 47

| _':subjects were tested in assigned ‘random Prder during each testing

&

period. During the seven week training period all track and

treadmill training was closely suPervised and injury status wasv

| recorded daily The study was conduiggd during July and August 1972

D

at the University of Alberta Faculty ‘of" Physical Education research B

laboratories and track and field facility ‘ v:' o T -

. . -
i . -

ol

Anthropometrical Data 1;_ _f ‘ - L 'i BRI

The following anthropometrical data was collected from each

¢ ) -

.suhject: age; height,_weight and major activity 1' f?
Pilot Study i N L f . ;'~ , _7.']j ;
N -‘ " K' . » « . . % .~ .
. A pilot study was earried out six weeks prdor to this‘
4 TN L
', research Five SUbjects were utilized as ‘an experimental group '13

-

f//f The purpose of the pilot study was threefold.

.,'-_,

it

e

,(a) to design a harness to be used by the subjects during

‘ high—Speed‘treadmill sprintfﬁg for safety purposes..x ,
;.. _'7.112 5 (b£L~t0~design,economical procedurgg_tg_iéllow during all
A~f . _ aspects of the major thesis studyvtq Iollow.: . _Fi' '.; ’:_’.'
'}Jﬁhghg.;l:éf;":.i“;_ (63 to develo; safety'procedures‘and.operational ' :Qh}ﬁ;”_“t'ﬁ'_;
o e skillsﬁonbfga\iéeadnill li’f_ o lfz';?J'JF‘ | f:’l ;;;?:'»l
3. f‘ff" f"* oo T : s e L C

'Test Procedures

Ail 5ubjects were dressed aimila;ily running:shbes; socks,;‘
h vlight top, and shorts. All subjects received idpntical instructions
T'vzl o :‘on the method to be used in testing prior to both the pre and post—

© .tests.



Ly °ﬁ§' . calibrated with test gases prior to use each day,s .

L.

| .a." R | : o b,l’;, - R - 48 ?_’>'

'The'pre and post tests were_administered_in'the.following,'

E
P

(a) Maximum Oxygen Uptake _

The Beckman E2 oxy&en analyzer and the Godart

- Capnograph carbon dioxide analyzer ‘were carefully :-,.

) and at regular intervals during the testing eessions.
! . The~correction faCtor for converting the gas ~volume:to,-‘

_'STPD‘was'taken eaéh;time a test was administered°»

A Collin' s triple—J valve was connected to a. . ' _ i

lightweight headgear and f;.tted with a sterilized rubber '

‘@, ) . -~

mouthpiece for easy attachment to the subject. ‘A
.

flexicoil-hose was.attached to the ' outtljent onfthe,
' i : o

Jtvalve, and coupled to a Douglas Bag. The subject's nose
was clamped with 3 clip. Exfired air was collected

during the last minute of the two and one-half minute

e L « o t
he R, workloads. Thie was analyzed immediately for 6xygen
—— and’(arbon did&ide content (Beckman EZ Oxygen analxzer and .
: » . .
o s.; - *Codart Capnpgraphs A Pérkinson Cowan Dry Spirdmeter lf: '

;p: Type CD4 was utilized to measure ;he}xglume of expired/air

An OLivetti 101 desk computer was ﬁre—prog d
. ,o

with the formula from Consolazio, Johnson and Pecora (3)

A

The input data consisted of :v

a) corréction factor to STPD"

>

b) volume of. gas expired (BTPS) liters per minute, o

14



,_c) body weight in pounds, ' v c ‘

.

- , d) Beckman E2 oxygen analyzer reading,lb

‘ 'i*c; . : \\ - 1e) Z concentration of carbon dioxide in expired S :n'd

~’

. 7_ . “".'_,;f~' air obtaineﬂ from the Godart Capnograph.

The\:ollowingvoutput was received'
) . . ’ -« . X . BTN
S S Ay A oxygen in expired air; 'j"f.

b)' molumes of expired air (1iters per minute STPD),

c) Z nitrogen,in.expiQZd air,

L d)l volume of inspired air (liters per'minute STPD), =
. 5. .

: ’é)' oxygen consumption (Iiters per ‘minute STPD),

_f)f oxygen consumption . per kg. per minute)
, {
The maximum,oxygen test ‘was.. administered according

»

' to the method of Mi;chel—Sproule—Chapman (13)

measure body weighna(and height\ﬁor anthropometric N
T . i/

e e data recond) a Heelth—O-Meter Weight—height scale‘was

-~ - B " -

n e4:' :.j ,utilized
P S DY o .. ,-."' [4 ,‘; - 23 ' - Rk o ’ . N
- ‘{7_ o . 4(b)1_100 meter sprint performance..y 37* [T e
\"v oo ’ 1"'-‘,‘_." S .-‘ - : . .
e ARG e Fo:mgi wgrm-up procedures were given to all
T -subjecps prior tQAthe 1od meter sprint test., Two~7 ;-
e - T L ~. . ,/' | “n
B R experienced timers started their watches on aJhand :
,"~ \‘-‘v
' ' ‘ signal given by .an experienced starter. As the subjects B

.

ﬂh‘>5 Ll B raced across the finish 1ine. the watches &ere stopped

'when the chest of the‘sprinter crossed the vertical

4

",;' : o ‘i-pfline above a 100° meter marker on the track. Each subjecC

":raced with someone aniﬂ%othnwere instructed to race three

= —F T -
” L B
-~ R } v‘ N
- S,
4 v SN
¥ ¥ A ,



' 1'3’- : N o s
| : so
“A._';_ L '-;f ’ .;. yards beyond the 100 meter marker.-ﬁd"‘ |

* | o o To reduce timing errors the following steps- o
' .};eré’»takem_ - A B
‘/d) both watchee were s&nchronized prior to’ the initial
;t —-jand final sprint gests.'f :' - ;1-',f _1”_~§“;éﬂ7
‘ . '2)_iboth timers‘were t?ught té standardize their oovements;;>.?f'
" u'.such as the focus of - attention at the start and |
o8 : ’finish of the sprint, and eliminating the slack in .: v
'“";<» ¢ the stem‘before startid; or stopping the watches. -
X 4?; ”d35i'each tdmer was presented with the same stop watch on,
{., el ” L B gach testdggyoccasion;;..‘ | C - ]
- s *:.( é‘;\" The average time of the t \_w;tches_was ueeg‘es

’ : '%f...‘s' 'Eh' the official 100 meter time for ea y'triait 'The t§§
| REP R fg'fl‘-timers, ‘the . etarter and the runner-dete;oined'whether
P R - .
‘ﬁ o maximum effort was’ kiven. If maximalleffort was not. given f'?:}f
} e . R
4; ) ~ i}e. the t;ial did not count. The times were recorded ;ikthe
T . ;} ,.) nedrest baqrtenth of a second.—;"x>. . ‘e ' - ‘{"/_
’ l{fh;#f:7df” o f; ':v', . Each subject ran two trials on each ;f the two o
:; .ﬂf"igd”i;.fi;‘hllt days of the pre ‘and post—test periods. The secoud triﬁy
Z R : Er followed the f;.rs:t trial after a'10-15 minhte rest: ]
{:f;'ﬁ?"f?tfj:'f- i'\._-rperiqd.h,” B d .\ 5_!:,;‘-:;';:.',f;;.;“‘.ffe ..'?th
Q:;:~~ e :f:L:.:;}:f'~~"ii= ) Allzsohﬂecte‘were inatructed to‘wear the. same//
;fo-_;;‘} ;7?E_:‘:f;f‘ 'shoes, socks, shorts and a lighf top for all of the y“'
: N P e
”'ng;:'”;h;ﬁ ‘ h“ olOO meteé\ prints. The subjects started from the~v/’
. T = dcrOuched position and verbal even-cadence conventipnal R
. . i o : . 1 L ‘
k3 ; L
S o x L i /



~(c) The Sargentb Jumm ahd the Standing Long Jump tests were .

.ﬁ'
\administe’_} ¥ollowing ‘the standardized procedures

S,

T . S ¢

’ N . N . . - r

- S o . 51 £
o - = T
starting commands were given accompanied by a. rapid ‘
C

¢

lowering of a raised hand for timing purposes." ,g
e

¢

The average time of the four trials was used . ¢

. g

e e _ L
‘;

for statistical anaIysis.

f. .Flexometer Method (11, 12) a
(e) Reaction time was measured by utilizing a: sensitive load

ted to the Honeywell electronic medical system

con nec
J

c@j%

S

coisisting of a Model 1912 Visicorder for recording
8011 multichannel

phyéiological phenomena, and a Model
LI
A sample recording of

osedlloscope for data display

Y

N reaction time data is presented in Figure III. The

D2
.3000 pound capacity load cell,‘model U31 tensiou type
, fer ‘BLH Electronics was connected to each subjecﬁ*s

- : ankle by/afleather strap.

that in general both frOnt and‘rear legs startcd to
' start, the ankle of the -

g

y
exert forces during the crou

'? leg that is placed in the T ar position during the

' Only

.
ey,

Figure IV displays the reaction time apparatus.

the researcher and the subieCngere allowed in the

i et

rOOm during reaction—time éesting period.

) -«
- . .

S e
&

- " . o
RSO R AT TR

crouch start was used for standardization purposes.

Although Payne (126) found

T .-

o e -



- - AR .
- §
v 5“'5" SRR -nv;* - 1?’1 }f*:. _;'f‘ e52._,«

"; Each sﬁbject was seated in a relaxed position fv
facing a light stimulus. knees flexed at approximately
110_degrses and bothtfeet flat on the floor. Each
subject uga.allowed three practice trials after which

,,ig»presentation of . the visual stimulus.: The time span :'

'between the warning signal'and the stimulus was varied

’ﬁto prevent any anticipation‘by the. subjects.; For

g tatistical analysis purposes the average of the five"

.
‘8,

tﬁdals was used.

Concentric, eccentric and iaometric leg strength ‘were

»

‘measured by using an experimental leg dynamometer

-

. develQped at the University of Alberta and described

to a Honeywell Medical Electronic System (l) Each

: 'subject exerted maximally through an angle of 120 '

' fdegrees measured at the knee joint with a fixed angle
‘apparatus. Each" subject kept his entire back against
& r’_._._c_v

,_a moveable sliding board attached to a vertical stand

’fThis was enforced to preqakt any flexion of the back and

S hip regions.. The atandardized procedures outlined by
Singh (17) were fOIIOWed. A sample recording of 1eg |

‘.;strength data is presented in Figure V. Rk

? .
R o
4 ' AP
- - = : \ }
. . e . ‘l".
' o L . ~
.y -

.fS trials were fecorded. A warning;signal preceded the S

by Singh (17) in combination with a load cell connected
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5

Experimental GroAps

1)

@)

of: eight subjects was required to participate in a

Inactive control grdup

This group -of eight subjects*was required to ", _ -

-'participate only in the two testing periods. pre—training

.

'and after seven weeks of training. They were~instreeted

- to carry on with their normal activities but not to

,engage in any form of sprint training. A verbal summary

"of their experimental period daily activity was.given o

to this investigator at_ the end of the research period.

Stress sensations were recorded for comparison purposes.
Track training group

'

In addition to the pre. and post-tests this group

“

'*conventional interval Sprint training prqgram 2, 5 6,
7, 10, 15, 18 19).

A warmﬂup consisted of one-half

:7<mile jog, 5 minutes of calesthenics and slow stretching

) Sprints consisted of a walk back to the starting 1ine.-"

.and'2—3 sprint“accelerations. Seven training sprints‘ o

;.followed. The warm—down consisted of a: 1/2 mile jog. e

i

;QThe seven sprincs vere all-out efforts of 60 60, 80, ' "‘ g

100, 80, 60, 60 yards. The restlinterval between the

- The maximal rest interval was limited to three minutes._
;These workouts were performed five days a week for seven

weeks. Each subject chose his two weekly rest daJs

1

'depending upon how he felt. All sensations of stress

were retorded. L DR

o
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(3) High speed treadmill group
The high speed treadmillgroupperformed a daily
. .warm-up consisting of five minutes jogging at 4. 5 miles
: per hour on the treadmill with two or three sprint
",_S%;; ‘;1-*_ accelerations to near maximum followed by calisthenics‘ f ?3:';
'j;} r‘. fz' 'exercises. The subjects then performed seven sprints |
;ij' : on. a treadmill five days per week for seven seeks.-‘f

ot i o ‘ s The rest intérval between each sprint consisted of three

R minutes walking. Each sprint consisted of a rapid _ 5

“ B acceleratidn té 100: per cent of maximum running‘l7eed as |

o .

A determined bf_w pre—test 100 meter performance. * ‘“g;ﬁf*”” ‘

X

As soon as the émbject reached his'maximmm running speed \
'-g;.' . - . the treadmill speed was increased one-half mile per hour ) ';

every three days or until the subject began to lose his = i\,

running control after which the treadmill wss stopped. EIURE

.

' ;: - :, ) ’;) The sprint period was cslculated to 1ast approximately

the same number of seconds it. took the track training

U

group to run their seven all—out sprints of varying

= C '

distances, 7 14 . seconds.i The warm—down period coneisted ‘

[ o

SRR P _ R
L \\\' L ' of 3.to5 minutes\of\;ogging. I SRR

A gymnastics belt wss\attached to eachﬂ’ubject at

- waist level./ Two rope connected the belt to two sturdy :

cables on the ceiling above the treadmill. A rope. was

7
also attached from the gymnastics belt to a hand rail in -

e

v, - : .'_i ”f frgnt of the runner., This hand rail attachment prgyeﬁted



%

4
N

-." ~.‘;1; - 58 o

_the’ subject from falling behind during a run whilei

the gymnastic-to—ceiling engagement prevented the subject

' from falling»down. This harness was designed so that g

J? arm and leg movements were free of any restrictiona

; ?igures Vi & VII) The investigator kept his hand on

'vthe trepdmill controls in the event, a subject was

experiencing difficulty in which case the treadmill
1
" belt: would be stopped within two and one half revolutions

n.r

A five day workout acclimatization period was utilized to

7
_ allo#fsubjects to leatn to run at high speeds..'

" The subjects trained five days a week for seven

L weeks. Each subject decided whatQHays he would rest

A

depending on how he felt. A one—day rest-period‘was

>

‘ allowed before the tests were administered. All

-

subjective §?kgss sensations were recorded dsily.

-}

1

g

0
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gpth testing periods a calibration check was made at regular

~intervals;

“'1A correlation matrix waa also determined for each of the pre, the

: post and tHe pre minua post-test data aeta'

5 . o ‘\ i U “,\ .“ - B - ¢ .
y I R
T AN AN S
: L Calibration of the Apparatus co '} ,%f*_:'”: . lff"xy'»

The load cell and the Honeywell Electronic System were

.'.calihrated by comparing the indicated deflections on the graphs

»iwith known weights added to the 1oad cell. Linearity of the load

£ .-

7ce11 measutements was confirmed. This calibration procedure was

\

o carried out previous to both pre and post -test periads._ During

. B e
. v ,-‘

- . - B . -

Statistical Treatment

The significance of the differences between pre and post,test/"‘;’

- - ¥

‘x{group means of each variable in each teat set waa computtd uaing the

+

ranalysia of covariance technique (4), -The' analyais of~covariance _"*

1:was done via the IBM 360 computer at the Univeraity of Alberta.-

To determine what set of variables\waa mogt strongly related

'.'to 100 meter sprint time a slepwise multiple regresaion analyses

on the pre minus post-test data aet waa also calculated utilizing

_h,the IBM 360 computer system at . the University of. Manitoba.‘ The
"”dependent variable was . 100 meter sprint time and the independent

‘fvariables |were the eight physiological pamametera under investigation.'* g

~ .

One tailed T-teata were computed on each variable to deteruine
\

"‘~if any statistically aignificant pre and poat differences within

1

1if Diffe‘encea at ‘the 0 05 lele were considered to be significant

A

f_fin each analys ak\w _:hﬁ ;'f

s,
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' " RESULTS AND DISCUSSION .~ «

o Results

_ _ SN RO
The pre and post-test means are shown for each variable
Nt

»'for each group in 'Table I.

R
4

' The data were treated with an aaalysis of . covariance technique' Lo

 to determine if any significant differences between groups occurred

F

. at the' p08t-test when corrections were made for any samyling
‘_differences' at. pre-test timz The ‘results are shown in Table II. E

To determine if ststistically significant differences existed :

e

’1 between pre and post scores wifhin groups,lone-tailed t-test
computations wete made (df=4 t,o<0 05 =- 1 895), Appendix B. _

';'All groups were found to have significant différences between pres_'
L a *.'st-
e . <
: 'jand post~test mean 100 meter times. Mean concentric.leg strength
.; s ‘-

‘l"*';jwas found to decrease significantly from pre to. post-test time in

Lfﬂ_th@ high‘speed treadmill group. g L
: R PV o
, Mean reaction time scores increased significantly from pre to

i post in all the control and track training 3roups. The significant

‘aintragroup values are denoted in Table I.
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;ATF -1f,v1':. Maximum Oxygen Uptake . R

There was no significant change in the maximum oxygen uptake
l/ f

v betweeh the pregand post scores within the three groups,,(Table III)

-

Further, there wqu no significant changes found in—between group

[ comparisdns, (Table III), The: control group mean maximum oxygen

‘uptake decreased by 2 ml. /kg /min‘ The track and treadmill training

~

"~groups demonstrated mean increases of 1.96 and 1. 56 ml /kg /min. e

respectively
'*\,
Te.Bodszeight
‘f- There was'no significant change in subjects body:neight
following the " SQVen week study period, (Tables III -and IV)
control track and treadmill groups experienced nonsignificant
hi mean increases in body weight of 0 5 0 4 and 0 06 pounds respectively. :

: Subjects Injury Record ;' ‘@ N

1"'

<

'Ab~* e Prior to the pre-test all subjects reportedly were healthy

individuals‘without any complaints of muscle or joint stiffness or \
'soreness.-'During the seven week inwestigation, 45 complaints of -
8 muscle and joint stiffness and soreness were registered, (Table Y)
he control grOup recorded 3 complainta and the track group recorded ‘
':10 durinaﬁthe first four weeks.: The treadmill training group 4%3'A'<9‘,-"
recorded 32 muscle—joint eomplaints. The inter and intra-group '

"‘differences were statistically significant at the 0. 05 level.

o SRR : S L e

L
S



'v: /f";"'f :‘ TABLE 243

MAXIMUM oxmm UPTAKE AND BODY WEIGHT CHANGES ‘. e

. SUBJECTS - . POST MINUS ?RE VALUES ’.'7__Posr MINUS PRE .

3 ,IN nl. /kg /min o, UPTAKE VALUES IN. POUNDS BDY." .

. — e
_ gontrol Group .: . S
O L e  :f2¢32“
SR -2.34
TR .. =1.55
o RUEERERAE O T S
4,13
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M
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o W
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oouwo
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' Track Training Group- o
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MUSCLEPJOINT SENSATIONS

e T ;;’1 Jff-COM?iSiKTSLQriJFf4‘f Mo oF

' Control Growp ¢, . - ' L 'j‘; w3

'w_jnil Sl L
.Q}ishers»,: fv'” ’
B
SRR heel bruige - . . # T oo
R - 5 P A SO RETR IS
'F SRR cmil o

'a><:a§vt;~u¥»:ﬁé

v IR . L

:=.“2Track Trainigngroup (no complaints after k weeks training){j'_{ 16'7}-5‘5v,1;?? pf?
:  sore groin, stiff quadricep . B IS SRR
_sore feet, stiff: quadriceps B :‘; e Ddes s

"'pn

.
7 i‘x~"]stiff quadricep
o stiff quadricep S e

' ghin splints- *f P
- slightly sprained ankle I S S e
-+ tstiff quadriceps. - 'v“_m‘::-'_f{ A S R

.

stiff quadticeps . ';_f,g‘ S ,?r-;_L".»>~

~

-¢~¢m§&nw

H

'__gb Speed Treadmill ’ e ER s RETIC SR
Training;Group T (conplaints thnoughnut 7-week period) 2 o
R PSRRI S v,;__,J' /tight ‘hamstrings, stiff hamstrings, tired

TN T e 2g?_5 "~ 'back of knees: tight, stiff calves, stiff
VoD T e e e ”4’_§uadricepa, tired outaide of . rt. }nee '

Tep

Sl gore . R
3'.ft13ht»cQIVes, tight hamstringa, lefti~"
. knee sore, left ankle Bore .. R
" tight -calves, sore hamatringg, stiff LU Dmie N
.H.”,?-t},hamstrings, tight hansttings, rt.j,, P :
7. hamstr¥ing sore . - T AL
= .7 ‘back of lega tight, tight hanstrings;'ﬁwﬂ”.
—..rt. knee sore,. sore left: eide, sore. .“"V
.. outside rt. knee . o
*»ftback~of egs. tisht. st1f£>hamatfinsa;ff?'\-“ e

“bﬁ.Ef;{ankle, rt, dhlf sore g
o back of legs. tight,. rc. knee sore,:_
, o fti"ed, leit cglf stiff

‘v




- ‘

Other Analysis '.:'; "gtf'gnil-fji.f:Qfﬂ;fﬁf”ﬂ'b

Simple correlation metrices wﬁre computed for the 253’17 .

t

100 meter sprint Performance and other parameters..lii;bnf;iiiﬂ?f-j flgyﬁlgff-

4 1:5v4 the post and the pre and post-test differences, (Tables VI, VII and ,T',£D.'

',; standing long Jump’(SLJ), 100 meter perfo‘

if with Sargent Jump, and hin flexion.v“f"" o

I
L T A

/The pre'ttai“ing °°rr918tion coefficients revea d that

Sargent vertical jump (SVJ) was’ significantly correlated witb ‘

flexion (HF), hip.extension (HE) and iaometric 'eg strength (ILS)

The standing fong jump significently correlated with Sargent {f;d'

'1'.»" N

Jump, hip flexion and the three meesures of leg strength. 100 neter
. \ .

performance wes found to. have statistically significant correlationa ;]“ff?i

) '_,fi The measure of hip flexion possessed a etatistically aignificant

. ce (100 m.)’ hip _ , .

correlation with Sargent jump, atanding long jump, 100 neter perfofnance;”v

hip extension end isonetric leg strength._ §f~.'"

'ﬁf*nip extension correlated significantly with Sargent Jump

Ceen A

and hi{ fléxion. : "

Coneentric leg strength diaplayed 8 statisticdlly significant

isbmetric les Btfﬂnzth (ILS) f”fiwmi'7ftu‘““% TN

E t.?n

Eccentric legultrength significantly correlated with _t[.{;«[gﬁf



: (j“/_‘ :

: 'significant correlatiqns wi_th bothf meas;fres of power (SLJ, SVJ) ,- =
hip flex:ion, and concentric. and eccentri,q leg stﬂength.' Table VI S
“_denotes values greater than t:he t~ ritic’al (5-0 05, dfﬁ-‘23) for '

pre-training test results. . e ~.." S ~_'

.. ; 3
orrelation coeff icients. L

that <existed with hip wtension and ieometric leg etrength was get "

strength. : 'l‘he bignificant correlation

b 'Sarggant "jump and the othet tvcr mea.sures of leg stremsth . SR ,;:'.;.:",T‘ \

. v .
' Isometric 1eg strength analysiai revelled statistichlly

SN ': e . B . RS
i s - -~ . &. ol

LN

(Reaction time di;f not demonstrata aﬂy/etat;istically significaht

5 . "..,.' (_ ) “\.-a" .“.\, """'.i:ﬂ':

oA .'-:" LA a‘;‘.l\V' IR

. b Table VII portraya the. correlation coeffictents for t_he %gat- :

. '-:,
. Se o

Sargent & jump disoplayed a significant (:orrelation with sta&xding ",':a;"

. q‘,. : ’ N "
. ‘ IR A

e “long jump and 100 meter performance.-, 'rhe significant correiation o o,

B ‘bdemonstrated at post-test. B O R L

Standing long jump demonstrated a Bta.tistically sixnificant

IR}
oD

R .correlation with Sargeant Jump, 100 met:éi:' perfomance (not inA o L k

RO

' . existence at p‘re-training test time), hip flexion and concenté&c 1eg




c_"-.‘_ . .«

: with both measures of power (SVJ and SLJ) and° ter perfotmance.'i_'. '

N

,The correlation wit:h hip extensiom and 1sometr c leé‘strength was

‘ lost at post-training ’teat time

-
v',.Q

At post-tes) hip ngtension did net display significant

‘correlations with any of g:he parameters under sﬁudy.

- significant correlationd with atanding long jump

v Concentric and eccentric 1eg 8trength démonstrat.ed statistically L

. 4 c a
The three me?uares of strength correlated significantly vith

11

5

. ;o ,
each ot:he‘r at post—test. Isome:’ leg {glength lost its correlation

with the two measuz'es of power (SVJ and SLJ) an.d hip flexion after

: ‘d'i-ﬁt,énces, (Table VI]&) demnstrat:ed che following statistically

e

. . ’ -

- A correlation coefficient matrix using pre and pd teat

significant correlationa. E L .

e

Y

(a) Hip flexion and h:lp extension s

\ (b) Eccentric leg sttength -and ‘ﬁ:l,p flexion

v

| A

-

@(c) Eccen"tric and 180, tric leg strengthad?




Y

- 4 df~23) for pre-trad.ning test . results IR

'j :§?#$;i

mS RN o 365 ﬂd_.;27'7, >

;3j]h€ :7$ ; i“»H

e : TA‘BLE VI

g

g

PRE—'L‘RAINING conmi\non coznrcmu'rs B ST T

SLJ ‘1'2 iy 825*- .  o G -
100m .' 3 '_0 6304 -0 %86 \k . E
mvz. - 0.565* 0.647% -0 ag1x R L .

HE S f_? 0: 427* 0. 392 -0 238' 0. sov

cLs | -

"I__{’l‘-—.

s vp 2 3 ek 5 16 R AR

- 3 REERSEY @ ,‘

vt e = e 11y

0321 0.467% o 005 0.232- -o 015' r
ms . 7 0,30 -0.522% “0.115 . 9.239 . 0.186 0747k

-
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© o~ 0(

/

- [ o ! oL N - - : - o A o -
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’ mmm it L L

ST-TRAINING CORRELATIONS COEFFICIENTS

/_A. . L .

* PARAMETERS . SVJ  SLI 1oo,n CER gE c1.s ELS . IS’

1 2 3 s

an
A ]
o]

100m 3 -0, 550* -o 4,11* R N

A

..-_
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S 79; - -0»011- ~.-0'. 1617 -0. o o. 1319 0130 -0 27 o.zaa o 279

o ,*denotea waluea xreataf,“ﬁhan the t critical (0 396,“-0.05, / al -

dE=23) for post-training/ test reuulcs I T e TR

. .'r:
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e TABLE Ix | L el
. mn.nrgx STEPWISE REGRESSION Ammrsls

I ‘-%YUH" (Critical t 05 o 1 725) ’f:;;- :.i‘1£' :;* .:'F-i‘éfj“l
IR L . c 2& 3 R R B S T

CVARTABLE  REGRESSION ST, ERRORQF  COMPUTED / R
. NUMBER < ,..coxrncnm . REG. COEFF o TIVALUE. '
. T o.00e76 7-._7_'.*_{jb."oflboii{_ﬁ;_ ”‘-’o 67:".;'5
0.0097, . 0.02340 - el
-0.02594 . . 0.07681 - -0.338
0.78429 . 2.38031. . 0,304 = <+
©-0.00012 - . -0,0003%. T -0, 325 oL
' 0.00006 . 0.00043 - . 0.2 .
7 0.00002° - . 0.00031 -~ - 0.080 -
| s :: o f‘17i0-U60115ﬂ!f.[',:_ i-OsOiZLIr’"v”fMV - ;‘0‘669 3_5flx ot
'F:'INTERCEPiﬁ : "{;: ;fo;2O503,', ' AP RN

TR~ W N

- FOF 8Vat1ab1es Entered S D e e
Multiple Correlation. Coeffiqient eee.t 00,2800 o 0

. CAdjusted for De Fi) virsseraians 0.570 % .. o s
'ThValue for Analysis of Variance ..... 0,160 ... ~ . _ "0

Standard Error of Estimate ;..........f_ 0,308 0 . - o

(Adjusted for D.. r) 0.369.. 0 - N

N

i .-._‘.(".:_._n




e ”,{ evident th}t good sprinters werjrapprehensive about volunteering to

While attempting to recruit subjects for this studp" it was

o;ﬁ e "participate. Because high—speed treadmill training was a relatively

‘N

nsw approach to sprint training many sprinters were in fear of

IRTE "jeopardizing thei; chances for improvingltheir performance.: Severalw
":rkrstated that they would participate only if they were randomly selecjed

.ftotrepresent the control or track training group. As a result two .

"'*iof ‘the’ best sprinters dropped out after the pre-trsinins tests. |

v

:;Pre-training;Analysis

A summary of the results of the pre-training tests on all\‘z; .

'original subjects reinforces previous findings in the review of litetature,i;;
_When a11 measures are ranked and compared (Appendix.A), it is

- Aevident that the best sprinter on the average, was the most physically o

| ,fit, the tallest,‘the heaviest, the strongest, the most powexful and |

possessed more hip flexibility than the poorer sprinter. Reaction.d'.

fitime, however, was onCthe average similar fOr a11 the subjects. :V “_s*;“ ;if-

T Irwin (37), using the subjects in this study, analyzed stride rate and";i;lif

stride length at pre, mid and ﬂbst—treining periods, and was able to« ‘;rf |

vdetermine thet on the everage- he’ beat sprinters possessed the longest !
;i g;:i”';jt; ;,stride length.,:Stride rate, however, was s \\1ar for both groups.
;jni{' : f;h:xr5't v was interesting ‘to’ note that both atride rate and reaction

| L time were on the average similar for a11 subjects.‘ These tvo measures :_:
:;fifgfﬁ-f$5;3&hiwould in theory appear to reinforce each other since both have-been -

“”=*gf;fjre1ated to neuromuscular control by several reseerchers (8 /ﬁS, 73, 81). :

K Ve A




A

Camputation of correlation coeffieients usinﬂ pre-training teat» ";'-f :

: scores for all subjects revealed . hat reactiou time Was not correlated

: i“witho any of the parameters studie' X This finding was in disagreenent

| f_w:Lth research by Scripture (69), Hipple (27), Wilsm (82),

e Westerlund and Tuttle (81), Younger (85), Piersou and Rasch (59), L ‘ -

.. ‘Ketr (41, l\2) and studies in Hunich (67) However the results of the e

N R DI Il

_' .analysis in this study strongly agreed with Benry (29), Slater-ﬂamel o
(74) and o(:hers az, 21, 28, 30. 3, 33, 34. .40 at., 47 52 53, 61, 70,
72 76) Theee researchers failed t:o find statistically significant '.
-f',Acorzelgtion coefficients when simple reaction time was compared to

) "'other physiological parameter& and sprint performance after

"i'._training.-,s T L

'l o ’

- —-Johnson_and Nelson (38) have attempted to explain why o

“--'v.insignificaﬁt relationéhips exist.v They stated'

’ ; '. e It has been fairly well established that some
; individuals react quickly but move. slawiy, and some react
- slowly plat - are able to Tun. or TOVE ; very rapidly once t:hey
get started. _ A , .» - e

”

3 '4. .. when speed of mOVeme.nf and teactione are to be cu j
o studied separately, ‘the specificity of ‘each must’ be considered
ooor L as'well a8’ ‘how each may operate in. relation to the movements
R S ~involved and ‘the ‘task. In. ‘other words it ‘would- not’ ‘make mch
'BTSense to measure reaction time by having the subject releaae 5
T a telegraph key device upon hearing a. buazer‘, and’ speed of - ¢
- .sovement by the '100 ‘yard :dash, and then attempt to make -~ .
- "conclusions” ‘regarding’ the reaction and mOVement speed of a
.--”-,"defeneive lineman in football. The ,<tasks are t.oo unrelated.

_ Thie investigation measured sinple »reaction time by uSing the
. 1eg and muscle sroups tlﬁt were specifically involved in the & pr 1nr ..

';:':'start (back 1e8. lex extension musclei) Final analysis revealed P |

no significant correlation although Johnaon 8 enﬂ Nelson 8 (38) advice E

" -'vwas followed‘ Since adherence to specificity did not demnatrate .e




significant correlation it is reasonable to cOnclude thst reaetion \zfl;“f’h:

- h-ttime is not an important component in the make-up of a good sprinter.<

(I

The relationship betueen IOG'meter 5erformence, strengthi

“a

"',,3 power and stride length, in the present studYs are supported by other :

"‘»findings (15, 16) Strength, by definition, is a component of power.v =
{?Only isometric strength demonstrated a significant correlation -

ii °°eff151e“t "ith the Sargent “Jumpa (stle VI) However all three:'-ﬁ{

-

’ghtﬂmeasurementsrof strength we%e fouhd to be significantly correlatedﬂ;”

4_:with standing long jump,,vlﬁo meter performance on. the other hand o

:displayed a statistically signficiant correlation coefficieut witho_ifp
":standing vertical jump but not with any of the three measures of

'*'fstrength-' This power-strength - 100 meter performance relationship

. suggests that the Sargent jump is more important thsn the strength

o measures or the standing long jump as a predictor of 100 meter ;;f;fot

'—3gfperformance., This deduction is supported by two studies which fqund

"ststic strength (5, 20) and dynamic etrength (i. 49) significnntly
ﬁrelated to leg power, thus indicnting strength as’ an important

'-W{variéble in powen nessurement. Also seversl studies (9, 14) hsve

7lindicated that speed vas significently related to power %nd thst it J:

"3ifwss-more importent than strength in ethletic performance.. Additional

‘_.:support is evidenced when HcCloy (50) found the Sargent junp wes

":aglsignificantly related to the total point score of select track

A,-?g(incinding sprinting) and field events.rk;‘r:;t,;é,;"

Dyson (19) stat_s;’"‘ j:.,‘. stride length is the product o£ ‘a.

”f{lffdriving forwsrd of the entire body.f;;since the best springet, ;}}'"'” R

possessed lnrs atrength and pouer they were sble to "push-off" snre

oo




:.sf_f.f?f : ”~14éifr'ffflwgff:'*fffnff"f" Jfrfw;f53°if
i ‘forcefully against the ground and therefore displayed s longer stride S
N
‘pattern.. A,characteristically longer stride results in a greater ' R
. range of movement in the hip joint and therefore the fastest L
‘fsprinters also displayed more hip flexion. The fact that 100 meter ;:L_

"f_sprint performance, leg power end hip flexion demOnstrated |
istatistically significant correlatipn coefficients supports this
. .theory._ This was evident in all analyses (Tahles VI,,VII VIII and
P : : . : This analysis should have practical applicat‘ions in training
o “of sprinters., Many drills have been suggested by coaches (6 62
Adi7?83) to improve stride length., In all cases these drills attempt tovv“
.Aff“have the runner consciously lengthen his stride ;hile sprinting.-, -'ffp g;sv;
'7~-The analysis of the data in this study and others (6 15, 18, 22, R
?_ff_'d:'.~:i62 83) would suggest that mbre emphasis should be placed on leg
| actpower s0. that a greater "push off" could be produced~xesdlting
blg:in a lengthened stride.: This is only true if the stride rate S
‘;irrempins constant.. 1f runners have low levels of flexibility "}
ein the hip joint the stride(length could possibly be restricted viip
iflluntil this quality was improved..;n..~l;i‘ | o

S SR ey 4;-» e S
‘Pre_snd Post-Test_Differences Anel’sis”;;u--~'ifﬁ

el

A minimum maximum oxygen uptake of 45 ml /kg /min was the
"chiterfon for acceﬂbance of subjects into this study.‘ This was
"hz necessaty so thst any changes in,performance would not be due to

F:’r'gphysical conditioning and so that a conditioning phsse was not




| ; necessary at‘the begi;ningvof the project.i This minimum requirementf‘ ;i.
ll'hv ‘was also necessary to ensurf that the subjects were physically fit ;;h?’
NEnough to withstand the physiological streas if thq; were randomly ;ff

"'selected to represent either of the training groups. According to
ir'FBalke' clasaification of fitness, which is based on max VO2 of f' -
li(ml /@8 /min ), the subjects weﬁe in "8ood" cardiovascular condition };.. 1;'
at the time of the inftial test and could be considered being in a g: iu'. .

trained state (2) . , ‘2} ﬂt.,‘~- \.f -"’{*‘ - ”_i-p 5‘}_ '. NSRS W

The pre—test mean maximum oxygen uptake of the twenty four

.,subjects was 54 92 ml. /kg /min., (Appendix A) This value is simil

}hto the maximum oxygen uptake of Olympic sprinters during the XVIIth
;n01ympic Games in Rome in 1960. De Prampero et al (17) calculated
'-,g their mean maximum oxygen uptake to be 55. 50 ml /kg /min.':'-*ﬁ fl

| | As expected there was no statistically aignificant change )
B »in the maximum oxygen uptake values between the pre and post periode.;ed;.[

,x.,

O All subjects were instructed o’ continue with their normal everyday '
: 3 pattérn of activity., 'I'he two training groups did additional training B
:f-rov“t' o 'as outlined in Chapter III. The fact that the pre minua poéé HVQ2

'only changed 4& ml /kg /min. meant that the subjects did carry on !'

'normally ‘as instructed._ Several inveatigators have studie' the

‘gv”changes following cessation of tradning and found, in gen ral,uvr.fh o

when activity is terminated

.g:rapid retnrn to pIE‘traininngevg §é .
_h;,(24 23 64 65 66 79 80) Ther ;was no detraining offect evident

”e{igin this study including the control Qroup. _,';;f!z




ey
The pre minus post mean difference in body weight for the jfg,:ff’ -
e twenty-four subjects was 0 5 pounds. This value strengthened the

"fsuggestion thst the subjects did not change their normal diet and

R .or exercise pattern during the seven weeks

b "Stress is the state manifested by the specific syndrome T

J» W a B PR

-*hwhich consists of a11 the non—specifically induced changes within ad
‘”;v;m i : biologic system" (70 52) Simply stated stress is the rate. of
SO wear and‘tear in the body which wuuld include being tired jittery,-&
;weak muscle sensation, or ill.. These are known as subjective

g 'sensations of stress. The stress changes i\hlude'damage and adaptive -
'; 'reactions which include mechanisms of defense set up by the body to
' } "T'icombat stre:s.. This stress syndrome, as it is know, ig deﬁined

| ' i.'as the totality of changes“ (70 SS)f Forty-five muscle-f

|

‘ f,p‘complaints were regorded during the. course of this stud;ﬁ (Table V) o
. ‘ "fn : )

'9“-; ‘The control group reported three complaints which can nly be

Y

e ni'%fexplained ag: normal incidentals. not symptoms of t :u-ing stress. The?f:

- track and high-speed treadmill training groups r'z\iéhred 10 and 32

b »ydi

':complsints respeetively These complaiﬁﬁﬁhli considered “as subjective:f

TIHsensations of stress {70 52). Complaint 5 hg
IR R group were non—existent after four weeks off
v~_treadmill group registered complaints throughout the seven week .l'

”*fperiod, although fewer during the last two weeks‘ | 'f”:v*” ‘ »v? f}"z}”f”*_

, . . .»- . .‘W'” ’ -
This would suggest that physiolagical stress was present“,

o S

‘.,throughout the seven weeks in treadmill trsining.; This would

*

also suggest that adaptation to stress was still continuing at the end




V'zof this study whereas the tradk training g:oup had complete J

: ._;adaptation after the fourth week; A 1ogical conclusion uould be that‘

= %of 100 meter sprint tfaining stress would be required as further

iﬂ reaistance running methods (16 '57)._

r”the quadriceps muscle group.; The treadnill group regietertl

4f_high speed treadmill training is a form of overload aprint training.:fiiﬁv

4r‘The flat—track training could have reached a plateau and another form*}f- .

:stimnlus. This was somewhat in evidence when 100 meter sprint '

;fu performance improvement was 1eas in- track than:in the treedmiil grOUPi;h

SQ

"”’f(Table I) 'No difference innsprint performance wcs demonstrated .
'fby the track groep after the fourth week (37) Coachee who have

'nldrealized that flat-track sprint training\does eventuglly linit

:.iAthletes have attempted running downhill 416 48’ 56) h 8

o

'~f:behind cars, motorcycles, traina (16 46 #8 56) and avvariety of

tl

The track traininggroupxwgistered aix stress sensctions in

‘””}-ione such complaint., However, fifteenlhanstring and baCk °f the 1333

.

'f::’fstrese sensations were experienced by the treadmill group.: Thie ia
>y clearly a definite gignificant diffcrence in stress and suggecte
R that a dif:Zrent technique‘was required to run on the trendlill.v ;f rff:'“

i »-j..Similar vigws were expreuad by Helson et al (55) ‘“d by, ”mt“““‘ (16)

o o

‘ -'”.-Furthermore1 there was e general advancing pcttern of stress sensation

only e

o '1mprovement have experimented with various methods of forced runningll ft;




-fvsuggests that a possible change in running technique was occhrring ffi‘“

R during the seven weeks.: In conversations vith the subjects during :5h :

. v'investigator revealed that the treadbelt was throwing the leg \\

'7-}the hamstring and knee joint sensationa of stress.'zck”'

S ffron the rapid stride recovery on the treadmill ”:i?f:fﬁif?

"ﬂffflegs and set thgh down rapidly in succession This 1eada the uritet:“:.ig':

7fithe study they reportedly’ﬂere» t conscious of trying to r&n»with

'i'to complete the stride ¢y¢1e If this happened the knee uas

:ffactually hzger extended before the foot touched the treadbelt.

fftrack because the lower leg does not have the momentum that res

Q

"idifferenk technique. Their immediate objective was "to keep np "ff7-7

':with the treadmill " Constant personal observations by the fjféliizf"v"'

‘fbackward 80 - that maximum knee flexion was occurring, in many instances»,,i,7§

'heels touching buttocks. This resulted in a shortened radiua

and resultant increased velocity (7 331) of the leg coming through

'l(recoveryiLto a final extension before being placed on the treadbelt :%‘f;

‘/

This hyper extension and resultant hamstring activity would explain

d

This hyper extension does not occur while runnins on a Eiat

ts.

The fact that tha flat track group experienced streas if yfi j,giu;

f?sensations in the uadriceparinplies that they uere puahing againat

::the ground as they ran. Thib ia the action (extension of the leg} of
.7£!_the quadriceps group of muacles and is the required technique for ,
;”wrunning on a flat track unaided (19). The treadmill group obviously.-o yi;';
. '?fij}was unahle to push agatnst the treadbelt becauae thcy could not e

'ifi_apply force faqt enough. Iheir action i&s simply to lift their ﬁliiﬂgszsf

;@
. . : N A-'. N
L . K9
1 R
O




immediately be increased snd adoption to a new plateau adVaneed . S
.-“‘This would be a monotered chtentific approsch to observing the
s overload principal of training.v Ouly the tresdmill g;:dup

-l_.f-recorded sensations of being tired. four were recorded. This Rl

o .._physiologically much more sttessful

-y -

i'::f"i'ilaboratoty- ; Other wn'-ﬂmhi‘a “Pm‘““’ ‘?f":ﬁ'{:

:_ \-,.‘

to conc.lude that this knowledge could be utilized to determine

. o
F "\ . B . KI

°whether subjects were ready to experience an 1ncresse in treadbelt )

speed during training. : If a subject was experi;encing quadriceps /

4 )

E "5 ::JstreSS sensation or/a feel:l.ng of pushing this could be an indication

of adaptation to’ the exist:l.ng treadbelr% speed. The speed should th

| ':’ .'strengthens the suggest:lon that the treadnill training was : /

B \_ N
e .

R »’disconfort during the high—speed workout by his subjects. Ke :
.lcredits this tecord to his wsrn-‘up which coneisted of t.he following

.' ,drills executed by runnins 1n plsce-: s f'-: | f_ 3 ‘" fi,fl‘.

"3"‘1./2 speed (low knee lift) '-- 2 repetitions of 30 seconds each
"-‘31/2 speed (high knee uft) S 2 repetitions of 30 seconds each

5 "3/4 speed (hig‘n lmee lift) - 2 repetttions of 15 sec_onds saeh

f f<"_-',.f"-'::Dinrinan reported thst: i no eonplsints of injury or diécoufort

dur:l.ng the hi&n-speed vorhouts" Host oq the Conplaints were voiced ’

L before ghe warm—up when subjects wgrc ques&d.onned upou arrivalk at tlie

Dintiman (16) did not experience }complaints of injury or




’;.differenc,es bet:ween groups 1n power measﬁrea after training to
:[mprove sprint perfomance. ‘. T ‘_'?'.‘i. -:- -: L

v

Multiple atepwise regressiog, analyses demnstrated lcw posi.t:ive

statisticall‘y insignificant reldtionships betveen 100°meter sprint

parformance and powet as neaanred i.n th:la atudy. : ) L

Analypes of correlatgon coefficients (Tables VI, VII) and

AT Rank Order analysis, (Appendix » associate power w:lth flexibil:lty,'
oA strength and 100 meter petfotuance. e This amq:l.ation wks very 7 R

A 1B . v
o \eﬁdént m the pre—ﬂeac analysis and in other investigationa (161, 15).

sé correlationa furthet f&onstrate. the coﬂplex mterrelationshipa

.‘th. t haye beeu evidenced by reaea'rchera i.n the past. Since the .- DRTIG

t;raining smce no other tuaarch has bcen mderukm( t:o coapate



'\9

N

ecomparison purposea. The pre m!nus pos% within group differences S

were statistically significant at the 0 05 levélfof confidence,_
&

(Table I). High speed treadmill'training did improve 100 meter o
sprint performance by 0. 31 seconds. This improvement is more than

the improvement in the 100 sprint perform;Lce world record during /r

the last fifty years 439 This O 31 second improvemént was mqre L

' than the 0 18 se&ond improvement by the flan track group despite .

th; fact that the treadmill group had a mean 100 meter performance

: timeiﬂhicﬁ was better than the controff‘—d track group (Table I)

S

O

. which in total was greater thqn the combined flexibility sh}exion andof.._

’,- g . : ;- .' .

The fact that the treadmill group improved their sprint

-J

penformance significantly substantiates findings by Dintiman (15)

Dintiman observed a mean improvemenpjof 0. 20 seconds for the high ?

¥
i

speed treadmill group yie} ng a t-value of 4 9 which Was significantf

. at the.O 05 level of confidenceﬁ j;_" e _‘gi! o ;’

°©

differences between groups occurring at post-test time in hip 1;} FT
i . FE
flexibility. The treadmill group displayed a trend of a 1ow

positive improvement in both hip flexion and Extension (Table I),

2

extension) of the control and flat track groups.ﬂ This difference wast
',(;j\

1 not statistically significant and agrees with observations which

K]

"A were made by Nelson (54) when he studied the effects of increaaed

.ﬁf‘

flexibility upon sprinting speed. Change in flexion did not

neeessarily parallel an equal change«in extensiona This has been

K

posit1Ve1y demonstrated by Harris (26) vho performed a factor f"'c

Analysis of covariance determined’no statistically significant f,



oA

. IR

df'actiOn was uncorrelated to- any other joint action and by

..1‘

s :Di‘ckinson ‘(,-1‘3_)'- who bb;_ser\'ved;.'l';oﬁ \cﬁommi_snai_pif. jQint'-»mdv ‘

' that the different mbvements possible at a joint are indepe_ ent:;'

‘V:'of each other.; The mean values obtained from the three tests of
Aﬁ

--lstrength executed in this study, generally agt&e vith those thfn'.ﬂf

S . ) L G L ,:-’-‘"'.
reported in the literature.=~‘ o ’

'l v . - N ',’_.»»

There was no- statistically significant difference between p,gl ,‘d

"ggroups at post—test time in the three measures of leg strength,

'7Crab1e I) The control group had 1ow positive imprOVements in *j‘;

“~1eg strengtheuhich could be accOunted for by the fact thst the dV

pre—test occurred at the end of spring and the poet-test wea o

5zadministered in late summer. During th summer people tend to be ';;'

more ective than in the winter and therefore leg etrength ehould
“iimprOVe during the spring and summer months.~,The improvement could
'[still be occurring:at pre—test time.u This could alao partially

?iexplain the reason the control group displayed a trend of low

. ‘\\v' K

f'ﬁ~—~These observetions were similar to others (10 11, 32, 43. 51, 60,

Aimprovement in the power measures, (Table I).,. , :
Both training /ﬁroups displsyed decrements in strength
'j'fmeasures dundng the seven week program. This decrease in

“concentric strength between the pre snd post-testa of the treadmill

2 alfi' -
-{grOup was statistically significsnt et the 0 05 leyel of confidence.v]}

v

"73) Wh° fG“nd low. Btrensth—moveﬂent~t1me 1ﬂprovement ’elaticnshipa..;ff’ﬁ

Since strength is a componeht of power by~phyaiological definition

il



e .

*‘already discussed._ f;7':,‘;;ﬂ . e

It is possible that the strength-sprint relationship ';{/,'
"being observed in thia study and others supports the current theory
' “o!‘neurOmoéor apec‘;icity (1 3, 4 36. 68 71) with tespect to l;;fy

f“or coordinations If thia in fact.is the cl?ff IR

-_i..'_ strength W Vis hore related to the sprinting action itaelf .A. |
...'Perhaps some means of measuring the forces (Etrength in sprint action)i R
',agqinst the ground during an actual eprint is needed to demonLtrate
’strengtb-loo meter sprint performance.-,;}f,:pri f?vqté, f”(f‘ﬁc,_
Since strength is a component of power and since theae
two - measures haye been related to 100 meter perfomnance,_(rables VI &'
”"::jVII), it is obvious that a high level of specific strength ia s -'i ’
: fvnecessary for optimal aprint per:fovrmance._'»‘__4;.\3z J._fdlvuar 'f',;;t=}. .’.!
4 ‘ Analysis of covariance revealed no atatietidally‘aignificant

.'l‘difference in reaction tlme betveen groups at post-test time

L4

' 1Single aample T-tests did determine a aignificent difference in “L .
1,‘_t,

‘fpre minua post values within groupa for tne control anx track |

:;#d'p“groupsa Theae differencea denoted a slowing of reaction tine.~‘d B
r(Table I).v The treadmill group experienced a low mean tnprovement

i:?{in reaction time but thia ﬂms not statiatically cignificnnt.- | | |

vi;lSeventeen of the twenty aix etudies reviewed in the literature ”lid ;l N

‘5'~-indicated that reaction tine ia a complex integration of neuro-

tdmuacular design and cannot be easily related to movement performcnce: o

1iftr:¥The reaults ‘of this study regarding recction tine do—not aid in pur'



g agree with Benry when he stated (33) that- :é. S

;‘ffperformance. -

Y
e

understanding of this parameter. These results would therefore

| ; 3 Ll
o .j. the postulation of a’ common mechanism for reaction
- time -~ movement: time, vaguely described as 'speed,'"

';'time-movement -time - correlations should be . high., In«contrast,-
gfthere are separate neurophysiological mechanisms for movement
- - speed and for.reaction. speed; ‘muscular- force causges speed of
" 1imb: movement,-whereas reaction 1atency reflects the:- time
trrequired for pre-movement operation ‘of a central nervous l
. system. programming-ewitching mechanism.. These ‘concepts }-.—
 lead to the prediotion that the fundamental ‘reaction time-
movement . time correlation should approach zero."i B

In summarizing what happened during the seven-veek study it

;vlwas found that 100 meter sprint performance improved significantly o

lin all three gronps. A significant amount of concentric leg- s
.v'fstrength was lost in the treadmill group. The track and treadmilli;“’
v. Vgroup experienced more stress sensations in leg mnsclee than the

‘control gtoup, the treadmill group experiencing the most.,-Tneal37¢

L

;fstress sensations differed significantly between-the three groups.”'
fTheee stress sensations could possibly explain the contentric leg ?’7

’-;strength loss and both in turn could explain why no statisticallyf_u

oo BRI 3 ﬂ“»‘:‘l{‘ o .
“‘significant inter—groupgﬂifferences were demonstrated in 100 meter_r.”
. -‘p;,_‘ - o : e o .

An analysis of the post-training correlation coefficients, ;?;ff—f}ff

‘.ffi(Table VII), reveals that hip extension and isometric leg strength' "

?L‘i‘SUSSests a prediction in which the fundamental reaction {fﬁéLf:“




T

v

lost eir relationship vith 100 meter performance. Aégin;achéii

'h»rtance of leg power and hip flexion for sprinters was evident. L :.

The fact that large inter and intra variance occurred makes Y
o, - .,.I i :

",pg'it difficult to find statistical significance, However the general-=7"""'”

4_gpattern th!t was observed in the statistical analyaia, the hetero-

' fhgeneous findings in the review of 1iterature and the complex

4

’ relationships that exist between the parameters under study still o ;*”

1'permitted this investigator to demonstrate a safe method of improving

;n100 meter sprint performance. Although the improvement was not

}'significantly better than the improvements experienced by the T

".-consistent, greAter and significant practically in as: much as

"training.“ The trend of greatest improvement was tovard the

’contr/b and flat track training groups, the improvement was more

<

sprint impr0vements can be stimulated by conventional methods of A

direction of the experimental treadmill group despite the fact

-,that to begin with.this gronp displsyed the fastest mean 100 meter"-:y_.]

sprint time (Table I) The pattern that has emerged has intrigued ,31‘

"'[this investigator to pursne further research regarding this sprint,

N . - - et
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SU!NARY AND CONCLUSIONS

'2‘; Tbe purpose of this study was to train subjects .on a'ﬁigh
“'speed treadmill,and thereby improvi
i

'eir 100 mefir sprint time

- One: subproblem was to cOmpare high speed treadmill training with the:_

,conventional method of interval sprint training on a/flat té;ck.__F

"&-second subproblem was to determine the effects of the twc sprint

e
.

ftraining methods upon leg strength, hip flexibility; reaction time, v.ﬂ.

.o )

a

.11 1_and leg power. 't; vf‘;f ‘_ff'i°;

A sample of twenty—four male subjects were utilized._ Each L

RS

’subject vas ranked at n;e—test according to 100 meter sprint time
if(overage time ‘!§50ur trials),aﬂd tandomly blocked into.one of

: o Q,,.thtee groups"c ol, track training and high-speed treadmill ¥
“¥ s e

Each subject vas tested befote snd after a seven—week

b'ﬂfslif”.ﬁtraining period.f In additionvto thetl?O meter sprint tests th:) t,

ﬁ;.following standardized tests uere administered naximum qugen ft'»c

":uptake, Sargeant Jurp, staedins long jump, hip flexion, hip |
‘extension, concentric, eccentric end isometrig 1eg strength and |

: _reaction time Anthroponetric date frou each subjett::js elso

"v:’f:ecorded in pre end yoat-°teac petiods. A daily reco of subﬁectivc

SR R AR e
'11;;-nsc1e-joint conplsints was kept..” _f;f-'; ’ "'

During the seven-qeek trainins period the control gnoup uas

1nstructed to ¢°°t1n“e '1‘h their ﬂVGdeﬂy acttvities as nornal. o a

EnJJ"?V;;ﬁ*sfti;f;}h'?7ff"L'

6

-

iy v



.

' i-fipost minus pre differencea_occurred within groups._ Statisticelly

*'5;7"in all groupa. concentric Ieg strength decrease fﬁbthe treadnill

track.: The high—speed treadmill grouP trained aimiiiarly ona

~ treadmill. Both training groups performed seven inteml aprints

' six days per week‘ e o {’_,_' ST
An analysis of covarience on eech of the'ﬂependentovariahlee af75f7
3 [

to see if any significant differences betueep groupe occurred at | ‘_h:¥§{
post—test time resulted in no: éignifieanﬂg;being evident.; Correlation:fyf}

coefficients with values df pre-teet, pos

v'i test: differences demonstrated statistic&ily siznifieant correlatiof1ai?pj-l
“‘be‘"ee“ lq°“°tef Peff°fman°e, Sarsent Jump, standing long Jump. RERNTEE
L{,hip fle;ion, hip extension and the three neaauree of strength. ,‘ﬁ
Reaction time did not display significant correlation cqefficiente._,j;ef'
v:'f'Leg stren8th leg power and hip flexibility correlation coe, icienta e

: ‘rverified the importance of these.parameters wben training for 100

5':pmeter sprint performance.

.-t

;:::é'p Mnltiple stepwise regreesion analxeie to determine which

fofphysiologicel parameters paralleled 100 meter sprint tinn :ng ;,

o ey :»_
. improvements (negative or positive) alsa indicated etatieeieally

- s L - E S
Vinsignificant coeffieieﬂts.: .-”f ”T.ff'~if.ﬁff“'l“-;:;; . f'}1~1.1;‘.av

4”2? *3f~- Single sample t-teste Were copputed to aetermine if any

-

v"]“significant differencea were observed in 100 meter sprint inpvovelent vliff

L;{{T}group and the cpntrol and track trainins groups experienced signifieant

PR . el . . ..’, °.

ﬁpreaction tine decreaseu:




. s
-

-lj]_v Overload sprint training did inprove 100 meter sprint time

°

By a ﬂean difference of 317503 seconds.. This improvement was S

h greater than that of the control and track training groups who

,-experienced mean gains of l27505 and 182501 seconds respectiveﬁﬁ

' The mean differdﬁce betwe@h groups ‘was not statistically significance ; P

»EfOf all the parameters under observation the difference between
..i.groups in the 100 meter time was. nearest to’ statistical significan ‘-,
",(Table II) These findings agreed with many previous studies (1, 2, 3,
.4 5 6 7 8 9,_10 11, 12,013 14 15, 16 17 18, 19, 20, 21
32, 23) which found insignificant differences between power, v
"y' flexibility, strength, reaction time and aprinting performance after
i training.v
h Previous to the study a11 subjects had participated in some rf
form oé physical trainingves evidenced by the meximum oxygen ,
'f4ghuptake pre-test mean of 54 92 ml/kg/min., (Appendix A) During the
'sevenrweek training period the control,gtrack and treadmill groups'-t

| experienced 3 10 and 32 injuries respeétﬂVely Crable V)

'doubt this number of complaints negh

'i‘_gronp throughout thevsevenrveekﬁ;raining period. ;. g. o vi ;5/'.

[i'Conclusions ,”

) From the results of.

1s study, the following doiclusidns
. were drawn "iii? S fu;gr.: |

":(i)'i0verload- % vt trainins did improve 100 meter sprint fv-
’;'time.,ﬂrne mean difference of improvement wasg -

N



-

,

e statistically significant1at,thef0,ésfieyé1,vg :

i'.ffﬁl(i)'?ﬁign-”peedftreadmill training did;not?r;sult’iniaf'il ;i;
‘ statistically significant difference of improvement‘»:“.
e S ,'in 100 meter sprint performancé as compared to e
- :;training on a flat track and a cbntrol group.
réfd) ‘No. statistically significant difference occurred
| ‘in “the eight physiological parameters between the ff'
. ,p_three groups after training “f.;ﬁ?i l’f
(&) There is no statistically signtficant difference
.:‘vfin the eight physiological parameters as a result

'_;of overload Sprint training. .

. Recommendations

L L S Lo e

Q It is recommended thdt the effects of high—speed treadmill»

"training be studied over a. longer period of time to allow for complete

SN h\_\ w0

wphysiological adaptation to occur.- It is- also recommended that
this training program shOuld alternate daily with £ldt track
Furtﬁer research comparing track and high-speed treadmill l
. training should be’ attempted using sprinters who have reached a |
__performance plateau and have not been able to improve their sprinting
aability following conventional trsining programs .It is also '

| recommended that high speed treadmill training should be utilized |

as a sprint training method under close super#ision.5
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The following 18 a list of twelve subjects who dropped out of the

'.'study.

"Subject‘r o o (average of 4

pre-test trials)

L 1104

2. 12.40

5. T o s 14.2o_fdpf»

8. 1360
9. o 12,60
0. .} . 16.20.°
lig L a0
12. ¢ o (r12,70’-<

L

100 me‘te‘r time

'f}The SUbJect dropped out due to
. ’_'quadriceps muscle Anjury. not
R relat? to: this study ’

" Reason ‘for’ dropping out: = -

.

f_fWhenirandomly Selectedvto;treéd; )
~-mi}l group the subject chose to -
“drop. out of the study. - ..

The suhject was forced}to‘drop out’
due to.an ankle injury received
during 100 meter pre-test trials.

The subject failed to. complete the
pre-test battery during the two day
-time limit .

: These subjects did not meet the
minimal level of oxygen uptake
requirement :

These subJects did not submit to
following training instructions

N

%'

a The subject dropped out due to o
'_,academic pressures..y[,, .

= The. subject Tost interest in
»the study :

&

The. subject’ reported "stiff and

. .'sore" :at post-test ard thus had .
. to be-drépped.’ 'This stiffness :
.~ .‘and soreness was due to -a S

.~fqamp1ng and hiking holiday which o

. -was - not normal for- his daily ¢ '

:activity .
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