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:key factor

'ABSTRACT( R ;‘*

The pr1mary purpose of th1s resfarch was to 1nvest1gate the
s
effect of two vary1NQ pre11m1nary exercise. 1ntens1t1es on a speed and. j

endurance task on. the b1cyc1e ergometer

" The secondary purposes were to determ1ne the re]at1onsh1p bit-

"‘ween ;epdbic/fitness 1eve1 and t1me to 1ncrease recta] temperature

from its pre-exerc1se va]ue wh1lst work1nq at two vary1ng pre- “\9
11m1nary exerc1se 1ntenS1t1es and to observe 1f re]at1ve or abso]ute |
work is the primany determ1nant for th1s 1ncrease

18 hea]thy male’ phys1ca1 educat1on stugfnts were f1rst g1ven a

-"_'SJostrand PWC 170 test from wh1ch work]oads correspond1ng to a PWC” ]35}
','heart rate 6T135) and "PWC 165 heart rate (T165) were calcu]ated AN

subJects compheted both pre11m1nary exercise cond1t1ons and a contro]

\

pcond1tion pr1or\to both the speed and endurance task An 0. 5°

1ncnease in recta] temperature from its pre-exercise value 1nd1cated
that a pre11m1nary exercise state had been achieved | |
The TI35 pre]1m1nary exerc1sefcond1t1on proved@sign1ficant]y

L
(p< 05) super1or on both the speed and enduranée tasks.. The resu]ts

_seem to. 1nd1cate that re51stance and not the 1ntensity of work 1s the ' o

The low fitness group (N 7) took s1gnif1cant1y (p< 05) ]onger to
1ncrease their rectal temperature 0. 5° c under both the T135 and T165

;cond1t1ons The resu]ts 1mp1y that knowledge of. aerob1c f1tness level

- may only add minima11y to the predlctability of the t1me to increase

/.
H



| rectal temperature ,"E’

~ erature 1ncrease T B

abprox1mat1ng‘50% y02 max. T135) for approx1mate1y 15 minutes can

- When working at 50% VO2 max. (T]35) fhr-approximate]y']S minUtes'
&\ ~ .

vt seems that the re]ative work]oad for each ind1v1dua1 1s more

'l.1mportant than the absolute work]oad 1n achwev1ng the 0.,5° C temp-

S t:t R ."’a'
It appears a d1rect1y re]ateq_pre11m1nary exerc1se at an 1ntens1ty

N

'enhance a'sﬁEed~perf6rmance.(approxt~10 secs. ) and endurance perform- -

_ance (approx. 4 mins.) on the bicycle ergometer. o
/ 'W’J ‘. R -
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' I‘NTRO[‘)UCTJION'» S g .
R v In}regard to whole‘body wagm -up and iaege-' - s
¢ . .'muscle activity, theresseems little doubt. <
' “that any precedure that increases rectal . . =
and muscle temperatures will _improve sub-* - 4
-sequent athietic perfonnance (24 375) o :
1iStatement$;Sfm11ar,to theeabovedcan be readiiy Tocated in almost any
; text on'exercise physio]ogy However the vaiues of preliminary exerc1se
-'have recent]y been questioned Aithough st11] accepted by the maJority |
jitfof athletes today, and an integrai part of their athietic repertoire;,.
some studies have cast doubt. upon the real vaiue of preliminary exerc1se
_~and have conseqﬂentiy made 1t a worthwhiie research topic (21 11, | ({
- 41:300, 54:446, 76: 1069, 92:147). |
_ - The most basic ciaims of preiiminary exercise are that it Wiil
limprove performance and aid in 1n3ury prevention and those of us w1th ,-h
f'any background 1n ath]etics wouid most 1ike1y support these genera]
;.assumptions There wou1d<seem 1itt1e doubt thaf nreliminary exercise
t‘piays some rolé in physicai performance, whether it be reflected in,
1mproved performance, 1njury reduction psycho]ogicai readiness, phy51o—f
’Wogical changes or. combinations of one or aii, of these factors Dfrg
Vthe non empirical ev1dence availabie there appears total agreement on’
.the vaiues of preiiminary exerc1se and ‘the maJority.of the experimentai

.'d;data sug»'sts the same conc1u51ons An integ 1 part of the educationai'

}ihowever, to question accepted concepts and 5or this reason '

‘; the concept of preiiminary exercise deserves further attention
: The empirical data avaiiabie indicates j nat. preiiminary exercise is,f.

| either beneficia]ﬁ(l AP 45, 72 55 104 231) has no 51gnificant S “
;iheffect (36 246 40 1117 53 63 87 45), or actually produces detrimentalﬁb‘a

:'v'resuits-(Z].ii 32 19 41 300 87 45) Foiiondng a critica] analysis of

N
" 7
B
FAEE
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i'the major1ty of ev1dence ava11ab1e the 1mportance of spec1f1c1ty of -
pre11m1nary'e;erc1se emerges In many of the s;ud1es where the re-
searchers reported a zero or negat1ve effect from pre11m1nary exercise_ w{gw
-'_ the type of pre11m1nary act1v1ty adopted was quest1onab1e as was the o
'comb1nat1on of work. 1ntens1ty and durat1on Presum1ng each ath]ete,
or coach has a thorough understand1ng of the pr1nc1p1es of the act-

'1v1ty to berursued theK 1t appears each 1nd1v1dua1 performer shou1d

'carefully select the type, 1ntensity and’ durat1on of pre11m1nary exer-f

Jé

cise most su1tab1e for. thémse]ves and for the performance

A]though a cons1derab1e amouht of research has been done in th1s
genera] area, the stud1es have been extreme]y var1ed in type, intens1ty
'?}and duratxon of pre1im1nary eXerc1se 8 - we]] as 1n the cr1ter1on test
on which the pre11m1narx)exerc1se effect has been measured. The a1m of
3this study was to exam1ne the effect of us1ng a d1rect1y re]ated pre-
11m1nary exercise on two cr1ter1on tests - one be1ng a speed task on the
?_b1cyc1e ergometer and the other an endurance task. Apart fyrom the | |
'.'coﬁ!ro1 group, there were two treatment groups us1ng var1ed pre11m1nary

..f:exercise 1ntens1t1es as determined by a physica] work capacity heart -

”f, rate of 135 and 165 beats per minute AF*’pre11m1nary exercise was

o fo]]owing quest1ons

comp]eted on the bicycle ergometer The ind1cator of sufficient pre-

liminary actfvity was a stipulated 1ncrease 1n deep body temperature :

LA
\« . .
. —

(0.5°). Sl e A
. It was hoped that by using an experimental structure 11ke the one o
?out11ned that we could supply SOme answers to severa] or a]] of the
| :1.» Did the speed and’ endurance task times significant]y differ
B fbetween the contr01 groups and the treatment groups following the -

(el /3 - . ]
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directly related preliminary exerc1se7 ' : 7&*{
\ S «

[y

Z.p Nere there any differences in the effect of the prelinunary
' exerc1se when phys1cal fitness was taken 1nto account7 o

P

3  Was there an optimal preliminary exerc1se work intensity7

_4 was the time &o 1ncreasf the\recta] temperature determined B
a ‘\ ) ‘»‘A‘ . o

~

by the relative or absolute work output? f’y _Qf:;»nj¢t~ '

13

5 was the time to 1ncrease the rectal temperature related to the

subJect S aerobic fitness level?

6. . Was the adopted: increase in deep body temperature suffic1ent

- s L 'v'" : (t_“:

for the criterion. task7 o €? R 4 _
. '37. When working at higher 1htensities did fatigue play a part7‘?u}
f: was the control successful and necessary? o :
| 8. Was the psychological control successful?
9. Were any 1n3ur1es incu}red during the control condition?

To attempt to answer questions like those outlined above the
research proaect must be very carefully de51gned and conducted Some |
'studies in the past have been criticized for their ch01ce of dependent '
“and 1ndependent variables and their poor sc1ent1fic control yet ' )

influential and consequently 1naccurate conclu51ons have been drawn 1}
The ultimate effect of this type of . data lS reflected in the cdnfus1ng |
'picture one rec ves from rev1ewing the literature .on preliminary
Vexercise It was hoped that thlS study was 'S0 constructed,, with clear
and relevant dependent and independent variables, associated with :QG
n.sound scientific control that the results Iﬁuld, in some small way,. _:

‘: Vhelpqclear the air. in regard to our knowledge of preliminary exercise

'and physical performance utilizing speed and endurance tasks on the<

:-lbicycle ergometer

-.J. . .



Definition of Terms

Deep body temperature: refers to the internal temperature of the body

as measured by a rectal thermi?tor to a ?epth.of 10 centimeters.‘

Directly re]atedgpre]1m1nary exerc1se refers to any. preparat1on

that 1nvolves movements 1dent1ca1,to those be1ng used in the perform- -
ance cr1ter1on. ‘Also referred,tO'as formal pre]1m1nary exercise.

Endurance;performance refers . to any pro]onged work that requires a

regu]ar suppTy“of oxygen and substrates for 1ts comp]et1on (aerob1c)

~Indirectly related pre11m1nary exercise: refers to-any preparat1on,, y

that involves movements similar to those being used in the performance

criterion. .
¥,

" Passive pre]iminary exercise: refers to_any preparation'in which the
subject exerts no effort and applies no external force. - HotvshOWErs,

" short-wave diathermy are classified in. this category.

;Preliminary,exercfse: refers to any préparation that is.undertaken
d prior to physiCat enercfse.for'the purpoSe of”producing optima1 work
performance, 1t 1s hoped that it w1l1 act1vate the necessary systems 3
.of the body and produce a cond1t1on of phys1o]og1ca1 and psycho]og1ca1

read1ness in the part1c1pant If an act1ve prel1m1nary exerc1se 1t

i - should be at the non-fatiQU1ng ]eve], but shou1d~be an-exerc1se of

*‘suff1C1ent 1ntens1ty to place the 1nd1v1dua1 under moderate to re]atlve- S
‘,3‘1y heavy stress For the purposes of this study the 1nd1cat1on tH%t :

the. pre11m1nary exerc1se cr1ter1on had been ach1eved was a stlpulated

'-V-increase in deep body temperature (0. 5o C)

Psyiho]og1cal effect refers to a menta1 preparatwon w1th1n the

1ndiv1dua1 wh1ch may result in an 1mprovement in performance

.!/

"Speed Performance ' refers to any work that can be completed in such




»"construc 1on as descr1bed 1n review of 11terature

time as to require on]y‘high energy stores for metabolic fuel i.e.
ATP CP for its complet1on (anaerobic) . ' , ;\',"4'

Unre1ated pre11m1nary exercise: refens to any preparat1on that does ‘

, not include so]e]y the muscle area 'to. be used’ 1n the performance

g cr1ter70n Qenera] calisthenics are c]ass1f1ed in th1s category. Also

H

o eferred to as informal pre11m1nary exerc1se

rMETHODOLOGY;, . / I

Sub;ects
18 male students aged 21 to 41 years from the Faculty of Phys1ca1

' :‘Educat1on at the Un1vers1ty of ATberta vo]unteered for th1s study

'Relevantepnthropometr1c and phys1olqg1ca1 measure? are shownijn Table 1. ,_'

SubJects were tested dur1ng 6 week per1od from‘EBbruary 16th to

L March 26th , 1975 and where possible at the same~t3me each”week. vIn

an attempt to e11m1nate any poss1b1e psycholog1ca1 preparat1on prior
to each testing session al] SUbJECtS were kept naive as to the true
nature of'the experjment., | | |

\\hatu o
Equ1pment used for the research 1nc1uded

‘:1} Monark b1cyc1e ergometer equ1pped W1th an electr;c metronome
'and 1ndependent revo]ution counter (Mar1etta)

2. Sanborn 500 e]ectroca::hograph (E.C. G )'f

, 3ﬂ Ye]low Spr1ngs te]ether ometer in ser1es w1th a Sargent':

. recorder (Model SRG)

,'h; Thermistor W1th 10 cent1meter catheter of sem1-r1gid

5. Gra-]ab electron1c t1mer (Mode] 171)

i’.._



¢ »
TASLE 1 o
INDIVIDUAL ANTHROPOMETRIC AND PHYSIOLOGICAL MEASUREMENTS
|'SUB.| "AGE | HTL L WT. | PMC 1,0 | PRED. VO,|T135 TIME| T165 TIME |FITNESS
[ (YRSN(INS.¥(KG.)| - KG..o ;|MAX. (ML/| #/Tr v T e
I R R S NI (Z;g§.) ~(MINS.)
1|25.6 [74.5 j88.2 | 15.51 | 42.69 | 14.83 | 16.38 | L
2(32.4 169.3 168.6 | 17.35-| 43.83 | 12.77* 1099 |0
Lo| 3(25.6 9.3 73,9 19:50 | 56.07 7| 13.76 | 9.2 | m
| 4]25.9 69.5 j82.5 | 1532 | 39.56 | 21,35 | 17.74 | L
. 5/22.6 68.0 170.7 | 16.56 | 48.23 | 19.21 | 10.68 | ‘0
6l22.2' 0.8 J89.2 | 9.08 | 28.93 | 22.33 | 17.85 | L
7122.3 68.3 [58.3 | 15.89 | 49.50 | 17.35 | 21.20 | o
827.6 (8.5 [18.0 | 15.28 | 42.09 | 10.76 | 9.07 | L
9/41.3 170.8 [75.9 | ‘14.48 | 35.83 | 15.09 '| 18.61 | ‘L
10/23.9 69.0 8.9 | 14.44 | 44.23 | 18.00 | 13.28 | L
1228 [11.0 3.6 | 18.35 | 53.01 1755 | 1513 N
| 12[21.0 69.8 [7321 | 19.59 | 56.24 | 11.30. | = 8.45 H
{ | 13f24.7 9.0 [76.4 |- 18.03 | 5192 | 1342 | 9.46 |
14{22.5 [70.0 PB1.6 | 22.84 | 61.07 | 12.06 | 8.00 | H
1522.8 [69.0 [76.3 | 14.66. | 43.32 | 14.99 | 13.49 L
16/28.4 5.5 [72.0 | 18.38 | 48.16 | 10.10 | 10.25 | W
1726.8 70.0 -75.9 | 15.57 | 46.25 | 13.43 | 1118 | o0
18123.5°[74.0 [82.9 | “19.18 |' 54.02+ 16.03 | 12.39 H
Mean|25.7 69.8 75.9 | 16.72 | 46.94 | 15.267 | 12.97 |
T fsa. a7 20 7.2) 2.3 | 7.8 | 3.40 | 3.86
- L=1Llow - - ‘ v,
* o | v(j‘:*Not,'.}Incl.uded,_ B "‘/ |
{ L | H f&ﬁi'g-h»_" ‘



6. Hanhart DGM 1902 490 stopwatch

Laboratory Protocol R " -

Amb1ent temperature was ma1nta1ned between 20 and 22° C w1th the rel--

ative hum1d1ty between 45 and 65% All subJects wore runn1ng shoes

and shorts w1th no T- shirt for all experlmental cond1t1ons Thelsame"

- 1nstruct1ons were - g1ven to all subJects regardlng the cr1ter10n tasks

and all were 1nstructed 1dent1cally regard1ng the pﬁel1m1nary exerc1se

: cond1t1ons SubJects rested in a s1tt1ng pos1t1on for 5 m1nutes on

o enterlng the laboratory dur1ng wh1ch time pre exerc1se rectal temper-

"rature and heart rdte was telemetered In the control s1tuat1on subJects

:'rested an add1t10nal 10 minutes prlor to complet1ng the cr1ter1on tasks.

After complet1ng all prelim1nary exerclse cond1t10ns subJects rested
j:for 2 minutes~prror to perform1ng thetassoc1ated criterion task.

| Attthe conclusion.ofgall,the testing each'SUbjéct was questioned
o P

regarding the purpose'of'the"experlment The1r responses were used to .

‘1nd1cate effect1veness of the psycholog1cal control applied throughout '

1

'1 the testlng sessions

'_Selection of Preliminary Exerc1se workloads : "_ - ¢l . :"{', \

t ALl subJects 1nit1ally completed the SJostrand Phys1cal Nork Capac1ty B

"',Test (PNC ]70) From these results workloads corresponding to heart

| !rates of l35 and 165 beats per m1nute (b p m. ) were extrapolated These '

- ‘workloads w1l1 be referred to as PNC 135 and PNC 165 and constltute the
' ¢1nten51ty of work performed as prellminary exerclse in the Tl35‘and
,;TlGS treatment condftions respectively ' |

An appropriate program wasldesigned for the APL 360/67 computer

%which calculated the required PWC. 35 (Tl35) and PHC l65 (TlﬁS))work-‘_'

"t~loads using the princ1ple of simple regression (Appendix B) The-same o

T T

_r"/‘



S

proqram calculated PWC- ]70,‘ W ]70/k1loqram predlcted max1mal oxygen l
o consumpt1on (VO2 max. ) both in l1ters/m1nute and m1ll1l1ters/k1logram/

| m1nute where appl1cable -an age correcﬁnon factor was automat1cally
‘ applled As 1nd1cated by - both Astrand et al. (4 354) and an earl1er

' ;p1lot study a 50% VO max. workloag is’ 1nd1cated b\\a heart rate of

’*4approx1mately l35 b. p m. A heart. rate of l65 b p m. 1s an approx1m—

| atlon of . a 75%,workload For thlS reason the PWC ]35 and PNC 165

S

extrapolated workloads were utlllzed : ‘
For the 1n1t1al PWC 170 evaluat1on the subJect pedalled ciht1n- .
uously for l2 m1nutes at 60 revolut1ons jer m1nute : The number'of- ;{"'y

_revolut1ons were recorded at the end of ach 4 m1nutes of exerc1se

~'The workloads were adJusted to ach1eve a heart rate of l20 to l30 bvp m.
'by the end oftfhe f1rst 4 m1nutes, l40 to 150 b. p m. by the end of the ‘
8th. minute and l65 to l75-b p.m. by the end of 12 m1nutes The actual;' B
H.work output for the 4th ' 8th and l2th mfnutes was co&puted by mult1—_‘."
: ply1ng the mean workload for each 4 m1nute perl”d“by the number of

pedal revolut1gns for the same per1od and th1s total by 6 the dlstance T

"";‘1n meters of one revolution Within the APL 360/67 program the approp-,

riate PHC ;40 (7135) and PHC 155 (Tl65) workloads were calculated “The'
'res1stance requ1red f0r the PWC 135 workload was the resistance ut1lized
:‘for both the speed and endurance tasks. ' . - |

'jThe Prelim1nany»Exerc1se Cr1teriqnq s “1} ;,ff‘f_\

: ;-f;A.criterlon increase 1n deep body temperature, as measured rectally L 'le”.“
. (Tr), was set at 0 5° C.. All!prellminary exerc1se was conducted on the B
.'bicycle ergometer ‘Used as a d1rectly related preliminary exercise Sub- .}
.‘-{nJeCtS pedalled at 60 revoluflons per m1nute at their: precalculated .‘
| ";.ch ]35 and PNC l65 reslstance SubJects contlnued work1ng untll thelr T

)4 .



* -r]i(35) and relat ve resistance was adopted

-

o]
—
s

Ye
/

,recta] temperature had r1sen 0 5° C from 1ts pre- -exercise value and the

t1me e]apsed for the increase was recorded The rectal temperatureswas
Aimeasured us1ng a therm1stor to a depth of 10 cent1meters Avcatheter,‘
’}of sem1 r1g1d construction was used to ensure that on 1hsert1on it
~adopted an anter1or pos1t1on in the rectum hence avo1d1ng the cooT1ng
| effects fom the returnTng venous b]ood 55 9] _ The temperature was

:.recorded usinq the Ye]]ow Sprinqs te]ethermometer in ser1es w1th\the L

"w'Sargent recorder Both dev1ces were ca11brated tb 37° C pr1or to each

| exper1menta1 se551on The accuracy and effect1veness of th1s equ1pment -

was. tested 4n a pi]ot study conducted ear11er | |
. ) The pre exerc1se rectal temperature/Was determ1ned wh11e rest1ng
in a seated pos1t1on on the bicyo]e ergometer . | |
| : when comp]et1ng the PWC 135 pre11m1nary exercise res1stance aTT .
| ‘subJects performed w1thout rest At ‘the ch 165 prellmlnary exerc1se |
;,res1stance an. 1nterva1 type exerc1se was adopted to e11m1nate p0551b1e ‘

._‘fat1gue effects SubJects worked for 3 minutes and rested for 1 m1nute

?unt11 their rectaT temperature had r1sen 0 5° C from 1ts pre exercise : ‘

s

: vaTue o

: “The Performance Tasks ‘

= . , :
~ The PNC T35 res1stance was adopted as the res1stance for both perform-

f;ance tasks. -~These tasks cons1sted of a speed type and endurance type,

‘f‘factiyity on’ the Monark bicycTe ergometer Specifica]Ty, the ergometer

_’_;speed task involved the completion of 35 revo]utions on the bfcycTe L

e

_1ergOmeter at the ch 135 resistance Therame number of revo]utions
or all subjects The bic cle

-

B

’T1h~ergometer endurancettask invo]ved 350 revo]utions also at. the PNC°]3§ .

~';'resistance for aTI subjects.v The time taken to compTe;e\both tasks



- owas recorded and heart rateiwas teiemetered prior to and-at-the comple-
‘tion of the exerCise S . |

: Experimen?ai De51gL7 ’

| A repeated measures deSign was utiiized each subgect acted as their
E .own controi and compieted both a speed and an endurance task with and
_w1thout two different types of preiiminary exercise That is, prior

to a speed or an endurance t%sk each subJect experienced either no/pre-

'1iminary exerc1se or a PNC j% or a ch 165 re31stance as a preiiminary _ '

|
. H
: exerc1se untii a criterion increase in rectai temperature of 0 5° C
, 3

; “Was achieved This resu]ted in 51x different testing se551ons for eachi
isubJect, i. e. no préﬂiminary exerCise, preliminary exerCise at PUC- 135'<

'n*and preiiminary exerc1se at PWC 165 prior to both the speed and endur-,f»

J

ance: tasks ~ Thus' ‘the three 1ndependent variabies»ue<e:. .
o 1, No preliminary exerCise (controi) B X
2. Preiiminary exerCise at ch ]35 (T135)

oA

.3,_ Preliminary exerc1se at PWC 165 (T165)

: f The T135 and T165 conditions acted as directiy reiated forms of prei]ms

» .inary exercise

Foliow1ng the c0mp1etion of an 1nitia1 PNC ]70 test the 5ubjects

| : wdre randomly assigned to a.number from 1 to 18 which determined

.'A:through utiiizing a modified Latin Square, the order in which each sub- f~

: R
Ject performed the independent and dependent variabies (Appendix C)

The dependent variables measured were

_1; Times to compiete the speed type (seconds) and endurance type -

1J:_(minutes) performance on the bicycie ergometer working at the same re]-’;.

s

: ative resistance

"“: .2 Time to achieve the criterion in&\ease in rectai temperature

10



AF{ (minutes)
A The repeated measures de51qn, assoc1ated w1th rand:m asSignment
to order of performinq each condition resuited in qreater 1nternai
vaiidity and any "history effect“ was consequentiy accounted for :To"
controi for any testing effect was a qreater probiem as 1t 1s difficuit
to know 1f any change recorded 1n ‘the performance times on the criter-
| qon tasks were due\to the 1ncrease in deep body temperature or other
N unknown, yet inbu1it factors | '
| The statisticai analyses of the resu]ts 1nvoived both a: one way
and two way ana1y51s of variance, both w1th repeated measures The_ :
statisticai computations were made u51ng an ANOVA]S (25) and ANOVA23
(25) computerized program I v“ -:-eg
| . To detenmine the effect of the different treatment conditions on
. the two criterion t;sks the one way anaiy51s of variance with repeated
: measures'(ANOVATS) was~utiiized The two. way anaiy51s of varianpe |
(ANOVA23) was aiso appiied with order of takinq the test as the second

factor If a significant F- ratio was found the Newman Keuis muitipie

comparison method using the studentized range was . appiied to determine

¢
.

. = which means were” siqnificantiy different
By examination of the ch ]70/kgm ‘and predicted b ;_yaiués

aff;f high and Tow fitness groups were. formed Through the uhﬂfoftthe7tw0'

way. anaiysis of variance with repeatedgneasures program the effect of

physicai fitness on time to- increase rectai temperature was examined

..J

Each fitness group consisted of 7 subJects (N 14) a]iowing a ciear d1V-

ision between the groups ;

To determine 1f any reiationship ex1sts between 1ndividual fitness

ieyeis and time to increase rectéi temperature a Pearson product 'f;'”’.

L

1



-

- son to the T]65 cond1t1on (Figure 2)

e 12
) Y
, , \‘ N S |
moment corre]ation COefficient'(,) was computed between both the R

».

-PWC 170/kgm scores and pred1cted VO2 max values. and the times to

increase. recta] temperature during the T]35 and T165 cond1t1ons for -

- the total group L | -

: For‘§h1s study thejsfgnificant leVeisbwere=set.at pk.OS;for all

statistical analyses.:

el

RESULTS ' :
T

When performtng the speed cr1terlon task on]y ‘the T135 pre11m1nary

exerct\etcond1t1on produced s1gn1f1cant1y (p< 01) 1mproved pe\formance

N

: over the control condltlon It aISO»produced a s1gn1f1cant]y (p<. 05)

better speed perfonnance in comparwson to the T]65 cond1t1on (F1gure 1)
When perform1ng the endurance cr1ter1on task ‘once again on]y the

|
T135 pre11m1nary exerc1se cond1t1on produced swgn1f1cant]y (p< 05)

. improved performance over the contro] condit1on and aga1n a]so pro-

duced a s1gnif1cant1y (p< 05) improved endurance perfonnance 1n compar1-' -

The mean times to 1ncrease the rectal temperature 0 5° lerom 1ts

pre exercise value were 15 .24 (+3 41) m12utes for the T135 pre]iminary

exerdtse condition and 12 97 (+3 86) minutes for the T165 pre]1m1nary

| exercise condition (F1gure 3) These tfmes were 51gn1f1cant1y differ-

o ent (p< 001)

In order to ascerta1n any re]at1onship between an 1ndiV1duals f1t-.:;‘t"

" ness level andatheir tfme to 1ncrease recta] temperature 0 5° C from thef"

the pre-éxercfse va1ue when exerc131ng under the T135 and T165 cond1- '

tions eorre]ations between these times and each subJects PWC ]70/kgm

| score and predfcted VO2 max (ml/kgm/min ) va]ue were computed

..ga

kﬁ( ORI N
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Corre]at1ons between the t1mes to 1ncrease recta1 temperature under the
T135 and T165 cond1t1ons and the PWC ]70/kgm va]ue were '0 578 (p< 02)

\“and 0 623 (p<.01) When mak1ng the same compar1sons but us1ngqthe pre—

d1eted~V0. max. va]ues in ml/kgm/m1n cor?b]at1ons of 0 478 (p<;05): o

2
“and -0 59 {p<. 02) were found.

. After a]locat1ng 7 subJects to each of a hrgh and 1ow f1tness f
“‘group it was found that under bqth the IJBS and T165 cond1t1ons thg
.Ah1gh fﬂtness group ach1eved the :equ1red 1ncrease in recta] temperature
within a shorter time (p< 05) (F1gure 4). L _f] i
: The PWC ]70/kgm scores ranged from 9.98 to 22 84 w1th assoc1ated
T135° work]oads of 450 and 930 kpm and T165 work1oads of 720 and 1470
kpm. ‘The pred1cted VO2 max values ranged from 28 93 to 61 07 ml. kgm/

“min; When exerc1s1ng under the T135 preliminary eXerc1se cond1t1on the -

«range in times for the tota1 group (N-18) to 1ncrease the1r recta]

.vtemperature was 10. 10 to 22 33 minutes and\under the T165 cond1t1on'

_:1from 8.09 to 21 20 m1nutes Complete data 1s recorded in- Tab]e 1. }Af;;}

o In stat1stica11y analyz1ng the data perta1n1ng to the cr1ter1on i

"'V_;perFormance tasks the use of the two way ana]ys1s of var1ance with
'“repeated measures (ANOVA23) did not y1e1d a more,s1gn1f1cant F- ratio _ -
" in either case sO the ANOVA?S one way ana]ys1s of var1ance w1th repeat- B

o .ed data was reported (Appendices C and D) -’*fju”*,i'_'ff‘,"lv“r

o The p§§%ho]ogical control attempted proved 1neffect1ve 1£\a11 but

| “6 subjects. AR .f~} e 3_7jffﬁ[-aﬁf/t g

l

16.

No 1nJur1es were reported throughout the entire testing session R

N

"
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DISCUSSION

Direct comparisons with other studies in this area are difficult to _

make since the preliminary exercise workload, the specific criterion

“tasks and the technique for.determining if a.pre]iminary.exerciseAcondé"

ition had been achieved are, in totaT, unique to thfs'study- Only. the -

use- of the bTCyc1e ergometer for both the pre11m1nary exerc1se and the

cr1ter1on task ref]ect s1m11ar procedures adopted in other stud1es

The faster t1mes recorded: 1n the speed cr1ter1on task. fo11ow1ng
both the T135 and T165 préliminary exerc1se condi tions bas1ca11y support
the results found by Asmussen et al. (1}1) and Schmid (85: 950) ,“The e
T135 pre11m1nary exercise condition produoed the onTy~signdfiCant‘f o

time decrease (Figure 1), being significantly faster than both the con-

inptro] (p< 01) and T165 (p< 05 condition‘ It appears that a preliminary
V_Iexerc1se workload approx1mat1ng a phys1ca1 work capacity heart rate of
135 beats per minute (b. P nﬁﬁ produces an optimal. performance w1th1n
| th1s exper1menta1 env1ronment, on a task 1nvo1v1ng a max1ma1 speed per- .

formance on the ergometer of 35 revo]ut1ons at the same res1stance One.

exp]anat1on may be that d1fferent musc]e pools were recru1ted for the .

pre11m1nary exerc1se (s]ow tw1tch ox1dat1ve) than the crlterlon task

| (fast twitch glyco]yt1c)

When peda111ng at 60 revo]ut1ons per mi on thé}bityt1e'ergo-

tmeter at the T135 res1stance the mean t1me A5. 24+3 4l:mins ) for all
'subJects (N 18) to increase the1r rectal temperature 0:5° € from 1ts

“pre-exerc1seeva1ue was-sfmilarvto that reported by other-fnvestigators !

(16-131; 84*1757) Presumtng it 1s ‘some augmentation of physiological

| parameters (Appendfx A) that s responsible for. the Tmprovement in ‘-:'

"speed performance which was found then a 15. minute preliminary exercise |



- time at ‘the T135 reSistance shou]d aiiow suffic1ent time for these

9

;phy51oiogicai adaptations to occur. This Ti35 re51stance corresponds i

[}
to a workioad approx1mat1ng 50% of the subject's V02 max. 14 354).

The associated increases in rectai_temperature and heart rate at this'
'workioad’are the oniy physioiogicai.adaptations-that can be'empiricaiiy
supported from-this study. ’ S m . " i‘_ , ,“d, S
Severai 1nvestigators have found an improvement 1n.endurance per-
| ,formance on the bicycie ergometer foiiow1nq a directiy reiated preiim—
1nary exerc1se (151,- 9: 138 101) “In comparison to the control grqup,
"'faster endurance times were found foi]ow1ng both the 135 and T165

- N
('preiiminary exerc1se condition aithough oniy the Ti35 condition produced

a 51gn1f1cant (p< 05) decrease Th1S time was also 51gn1ficant1y (p< 05), f

faster than the T165 condition This would 1nd1cate that a pre]iminary<

jexerc1se workToad approx1mat1ng a phy51cai work capac1ty heart rate of

. 135 b pam. produces an optimai performance, w1thin this experimentai
| ~“environment on a task invoiv1ng a max1ma1 performance of 350 revoiutions

at the T135 resistance As w1th the Speed criterion task the mean time &

0
(12, 97+3 Bp mins ) to 1ncrease the rectai temperature would allow a

_,maJority of the necessary physio]ogicai adaptations to be made

| The specificity of pre]iminary exercise cannot be overemphasized

;.wit in. this study the pre]iminary exercise workloads were comp]eted at .

sistance corresponding to d PNC ]35xor PNC 165 vaiue, depending on.

‘-»the condition The PNC 135 (T135) reSistance was maintained for both
hthe speed and endurance criterion tasks whether they fo]iowed the controi

B AZT135 or T165 condition The fastest times for both the Spied and,endur-.

T ante tasks were found foiiowing this T135 condition, 1endi g support to
L y the principies of specificity of resistance, but not of intensity, as -



. the 1ower 1nten51ty (T135) preiiminary exerc1se was a]ways superlor
Fo]lowing th]S spec1fic1ty discu5510n “to 1ts 1ogica1 conc1u51on

'one wou]d expect to find the greatest 1mprovement in performance in

_ the endurance task as the mean peda] rate was 94 revo]utions per minute, -

'a rate which more cioseiy resemb]ed both preliminary exeroise conditions
(60 r.p.m.) Invthe speed task the mean pedai rate was 165 revolutions_
B per minute But this Was not-the case as the greatest'improvements in
performance were found within the speed task (Tab]e 2) ‘ It would
therefore ‘seem that re51stance and not speed or 1nten51ty.gs more o

B

"limportant in. detennining improved perfonnance

Although the speed and. endurance performance times were not signif-

1cant1y faster. foiiow1ng the T165 preliminary exerc1se conditions some

".‘1mprovement over the controi was noted (Tab]e 2) Approx1mat1ng a 75%
: ;A

:VO max workload (4: 354) thlS reSistance proved t00 severe for the

2

"subJects in the preliminary testing to maintain continuously for a suff- N
: p1c1ent time to increase their rectal temperature 0 5° C.- Consequently |

;the 1ntermittent rather than the continuous scheduie was adopted ‘Even -

;"after assuming a 3 minute eXerc1se I minute rest scheduie 1t appeared
;that this preliminary exercise inten51ty was st111 too severe ~The

| ;mean heart rate for a]i subJects fo]]owing the T165 cond1tions was

162+15 b p m whereas the T135 pre]iminary exerc15e conditions produced E

a mean heart rate of 142+8 b p m The mean time to increase the recta]

-,rtemperature during the T165 condition was 51gnif1cant1y (p< 001) 1ess 3
vtat ]2 9713 86 minutes and it is possible that this work period as

| ) reflected 1n the time for the assoc1ated increase in temperature was

"ftless effective in mobilizing therreviously mentioned physjologieai

'bfiparameters

,20.'
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The T165 condition couid have shown greater improvement in per-
' formance 1f the work 1ntervais had been shortened to decrease the
- effect of fatigue e.g. 60 seconds work w1th 30 seconds rest It does

appear that these intervais were too 1ong in this research

Aithough ‘the endurance task fo]ioWing the T165 condition recorded K

a mean perfonnance time of oniy 3 79+. 46 minutes, compared w1th the

'controi time of 3. 81+ 45 minutes, it is pOSSibie that ‘the eariy portion"
‘ of this actiVity itself may hgge produced some within task enhancement

”.which would have masked some p051tive effect from the preiiminary :' B

ziexerCise :.But one wou]d have expected the same occurrence with the

, endurance task foiiowing the Ti35 conditaon and this was not,the case;

‘-’Stili, 1thin—task enhancement is a worthy con91deration

| The prox1m1ty of the post—preliminary‘exerCise heart rates to
/d

'futhose obtained from the phy51ca1 work capacity test at the same re51st-7,v

~ance shou]d be noted FolloWing the Ti35 condition (PHC 135) a mean |

:heart rate of 142:8 b p m. ‘was teiemetered and’foiiowing the T165 B

'r,condition (PHC 165) one of 162+15 b p.m The accuracy of the 1atter e
‘;'recordinqé;s questionab]e since it was p0551bie for this reading to be L

| 5taken during the iatter part of the rest period on the intenmittent

}

,workloads were very ciose to those desired

Nithin the iimitations of this study there appears to be an L

22

L exerc1se scheduie But this does indicate that the actuai preliminary"f'.__

5;voptima1 preliminary exerCise workioad and within this workioad it seems le-'

"'the reSistance and not the intensity 1s most relevant A workioad

';fcorresponding to a physicai work. capacity heart rate of 135 b. p~m , or ;df.'

| ﬂcapprox1mate]y 50% VO2 max. s produced the most favourabie resu]ts in

- j,both criterion tasks ]An a55001ated mean exercise time of 15 2413 41

-



m1nutes was recorded be1ng,the time to ra1se the rectal” temperature,

0. 5o C at the T135 res1stance and 60 pedal revo]ut1ons per m1nute

It would also’ appear from this study that a work]oad correspond1ng L

to- a phys1ca] work capac1ty heart rate of 165 b. p m R or approx1mate1y
'475% VO2 max. , when adopted under an 1nterm1ttent exerc1se schedu]e
tended to resu1t 1n supertor‘performance t1mes than no pre11m1nary

" exercise’ (p< 10) P f" 'e_ - 'Av D R

' The ev1dence from th1s part1cu1ar research supports the ut111zat1on |

'f‘of pre11m1nary exercise but as prev1ous1y noted the acceptance of th1s

'fpr1nc1p1e 1s far from conclus1ve It seems. there 1s no s1ng1e factor

: account1ng for th1s improvement 1n performance An undeterm1ned comb1n- L

'ation of physio]og1ca] (Append1x A) and poss1b1y psychoﬂog1ca] read1ness7 -

| L factors assoc1ated with some 1earn1ng/pract1ce effect seem to p]ay the

most dominant role.

Al] the phys1o]ogica1 factors 11sted cou1d have come 1nto p]ay and

an attempt was made to ma1nta1n psycholog1ca1 contro] by keep1ng al] -""

)

- _-subJects naive as to the true nature of the research A]though th1s

“{gmethod has supposed]y been successfuIly adopted by other researchers in

the area (1 1 9 ]38 71 202) 1t was found to be genera]ly 1neffect1ve .
B

lrf‘in this study Many of the subJects were aware of the researcher s -

"»-fi area of 1nterest and were able to recogn1ze the true purpose of the*

9’

itl‘study by simpTe examination of the experimental procedures In on]y

6 subJects (N 18) was any true psychologica] control maintafned This~
'4“fanlure to eliminate the menta1 readiness factor within 12 subjects

f'makes 1t even more difficult to delineate the most re]evant reasons for :

i"fimproved performance As one researcher found (53 63) this mental

'”cglffpreparation is possibly the most iqportant single faétor 1n produc1ng

23.



k s p0551b1e that subjects and athietes unconscious]y contr01 their

-

optimal- performance
By adoptinq 2 Latin Square de51gn to determine ‘the order in which
‘SUbJeCtS comp]eted each pre]iminary exercise condition and assoc1ated
criterion task had the desired effect in eiiminatinq an. overa]] 1earn-
ing or practice effect W1thout the utiiization of th1S de51gn princ- :

“> 1p1e the resuits from the speed tasks wouid most 11ke1y be unchanged

- but: the 1earn1ng effect from the endurance task wou]d have been con-

f 51derab1e Ai] subJects reported a marked 1earn1ng effect reiated to ,"\

the pedaiiing rate for the endurance criterion task The effect of

. this ]earning was eiiminated through the adopted experimentai de51gn

By random]y a551gn1ng,subJects to a pOSition from 1 to 18 and by assum- L

’ving the Latig Square deSign 1nd1v1dua1 variation l;}yearning, and any / 5

test to -test learning that may have occurred Was ccounted for

Since phySicai education students with pre determined 1deas regard~ 33

Jiing preliminary exercise were used throughout it is p0551b1e they were

o _7unwiiiing to perform to their maximum during the cohtrolsphase of the

. experiment During the testing 7 subjects requested pre]iminary act1v1ty'

Aﬂ'fprior to’ the compietion of the control performance tasks This may '

3 partiaiiy account for the improvement in performance when comparing the e

'T135 and T165 condition times to the controi times, but wou]d piay no ‘f‘

‘ ?part in the improved T135 times/over those of the T165 condition Ity'-

initia] activity ievei to enabie the eariy portion of the performance .jf.f‘i

"”;”task to act as a preiiminary exercise period

One of the probiems expected’with the T165 preiiminary exercise

20

E _<condition, if completed as a continuous exercise, was fatigue As pre- S

; f{';vviousiy mentioned prior to the actual testing period 3 subjects were e

. .



.;/,

. R . . ‘ ‘ .

worked at the T165 condlttoh unt1l they ra1sed the1r rectal temperature. N

0 5° C from the pre exerc1se value - 2 of the SUbJeCtS were unable to
complete the exerc1se An 1nterm1ttent type exerctse was then adopted "

' and no further fat1gue problems were ev1dent Although this change

~ from continuous to 1nterm1ttent exerc1se el1m1nated the obV1ous fatlgue | '

‘factéhs th1s prel1m1nary eXerc1se was st1ll p0551bly too severe for thef

. selected cr1ter10n tasks and th1s would account for the reduced efgsgt-

' __:1veness of the T165 prel1m1nary cond1t1on

- Prior to 1n1t1at1ng th1s research a p1lot study was conducted w1thf~, P

;'16 male phys1cal educat1on students (20 to 40 years) to determ1ne the
. effect of physfcal exerc1se on deep body temperature when aerob1c f1t— .
_ness level of the subjects was taken 1nto account Although the more |
rjf1t subJects performed the same relat1ve workload as the léss fit they‘
’fviwere working at a higher absolute workload,and consequently expended

: more energy and hence generated more. metabolic heat It was thought

: Lthis would result 1n a- decreased work tlme to achieve an 0. 5° C rise in e

"f[rectal temperature when the f1t subjects worked at the relat1ve workload

Af‘Th1s deep body temperature, as measured rectally, and probably the- temp-’ :

: erature 1n the working muscle, has been shown to- be a function of the U

..

vidence suggests that subjects

i'{relative workload of the 1ndiv1dual anE not the absolute workload per- j,,'g

“formed (2 64 sa 120, 84: 1757) Thls

: »'working at s1mllar relatlve workloads, as set by a percentage of VO2

llfrmax., or workloads correspondtng to spec1f1c heart rates from a Physlcalf l'-7‘

'}?WOrk Capacity Test (PNC ]70), wlll not show a signlficantly d1fferent

deep body temperature (Tr) fo]lowing an 1dent1cal work tfme\of l hour fff .

0? more

The pilot study resulti;‘

indicated j‘tn-a't,,ah_n st working & ajféelg‘tfng‘ -



© toad (so% Vo,
’ 'hi'the hlgh and low fftness groups even though the hightgroup makes a great*"'*"

"workload approxlmatino'so%"of the subjectS'VOZ max. there"was no,slg;:l

. nlflcant dlfference in the tlme for the subjects to 1ncrease the1r |

'rectal temperature 0. 5°.C from the pre exerc:se value A correlatlon ;
: }of r = 0.1 was obta1ned 1n computlng the relatlonshlp between VO2 |
0nl/kg/m1n ) and t]me to- 1ncrease rectal temperature (m1nutes)
Z_The var1at1on in max1mal oxygen consumpt1on was from 42580 to 67 70 ml/
- kg/m1n w1th suﬁsequent 50% workloads of 750 and 900 kpm., and rectal |

ftemperature 1ncrease tlmes of 19. 58 and l8 68 m1nutes respectlvely

... The mean tlme for the temperature 1ncrease was 18 18+3 54 m1nutes

In flPSt con51derlng the Tl35 condltlon wh1ch approxxmates a

‘ f50% VO2

of r= -0 48 when predlcted VO max (ml/kg/mln ) 1s correlated w1th

max workload a mild trend is. recognlzable from the correlatlon

' t1me to 1ncrease rectal temperature Th1s trend was further supported
when f1tness level, used as one factor ina two way analys1s of var1ance.

';:showed a 51gnlficant (p< 05) main effect Both these results 1ndlcate

| _that aerob1c fltness level should not be 1gnored when t]me to. increase

- deep body temperature wh1lst work1ng at the same relat1ve workload is
fbelng cons1dered ThlS result then 1s somewhat in: confl1ct w1th the
-p1lot study and possibly with the work of several other 1nvest1gators

"”;(2 64, 66 815 84: l757) who conclude that during perfonnance at a

| .{j"relative workload of 50% VO2 max there appears 1o s1gn1flcant d1ffer— -

cl-ence between fltnesp levels and time to 1ncrea5e rectal temperature

:This conclusion is drawn from the fact that at a lower relatlve works;yf'm

2

.lf;,perlod more heat 1s produced per un1t time.‘ Slnce no stabilizat1on

max ) temperatures stablllze at a 51milar level 1n both e

%6

R
)

3ih1er effort 1n relation to energy consuMptlon and hence durlng their work ﬂi-iﬂ



.';- ﬂ}re]ative homogeneity of the sampfe used may have made it difficuit to

’ -occurred in either study this assumption may be questionable a]thouoh

-,”}our pre]iminary exerc1se was on]y about 15 minutes in duration. 'It i

“therefore is difficuit to draw comparisons with these other studies -
‘f“51nce al] their work times were greater than 30- minutes. - P

~The’ dev1ation of this T135 condition resu]t from the prev1ous

\

' study is not 50 severe as to ehminate the fatt that a*]ationship -

;between the relative 1nten51ty of the work performed and an ind1v1dua1 s
"‘deep body temperature does ex1st Whilst working at approx1mate1y 50%
"Vd’ max. an 1ncrease 1n the amount of metaboiic heat produced resu]ts :f

in a rise of the deep body temperature and a consequent dev1ation from

| yfthe bodies set p01nt Th1S in turn activates the bodies . heat diSSipation :

ﬂmechanisms and causes increased skin blood fiow and sweat excretion (46:_?“

'815) The removal of excess heat v1a these mechanisms is 1nsuffic1ent
as the 1owered skin temperature, due’ to sweat evaporation reduces the
' b]ood flow and the sweat gland act1v1ty and the deep body temperature

(Tr) ncreases It may stabilize at a new. 1eve] corresponding to a

U ;.balance between the activating stimuli and those concerned with continued?

1 cooling (46 815) This reaction of the bodies heat diSSipation mechan-i

‘isms does appear to be re]ated to relative and not abso]ute work]oad

27

' within the 1ndividua1 when. working at 50% VO2 max or less and for per-”p;fs'f

,1.¥iods of time in excess of 30 minutes This relative work]qad expresseStt; _/d,h::

_f,a ratio between the indiv1duais demand for o§ygen and h1S elimination R
: ]i°f excess heat and at 50% it is expected that. there will betlittle v

';:difference in the time for any indtvidual to increase their recta1

' -ftemperature 0. 5° C (2 64, 84 1757) But it is possible that the absoiute'i;i5;ff%

g pwork done does play 2 more significant role in some individua]s Theg}f~




‘draw these:conc]usions“ |
| when correiations were made u51ng the predicted VO max va]ues
'and times to increase the recta] temperature under the T165 or 75% '
':'VO max., pre]iminary exerc1se condition (r = -0, 59) a Simiiar trend |
Ias with T135 was found The 11terature s less conv1nc1ng 1n 1nd1cat—
| 1ng the 1mportance of relative workloads with these higher reSistances ,

but Sa]tin et ai (84 1757) found no Significant difference in time to

'hfincrease recta] temperature when working at about 70% VO2 max for over 1

1 hour‘

The shorter times to achieve the criterion increase by the subJects

1n the high fhtness group cou]d reflect a relative stabiiization of the-ﬂ‘

’w-.ﬁdeep body temperature of these subJects A]though they may reach the |

»icriterion 1ncrease 1eve1 ear]ier due to the greater amount of abso]ute

. Work. perfonned their heat dissipation mgchanisms may hand]e this 1ncrease et
‘imore effiCiently and a]low a 1ower stabilization to occur Kozlowski -

| (46 815) found that during 65% VO2 max. exercise subJects with higher
' ;trelatlve work]oads had: stable rectal temperatures after 30 to 45 minutes i»»“:
l*twhereas subjects working at the 1ower percentage VO max ieveis reCtalpe,~e- .
ftemperatures were 0.5° C greater after one hours work In the: present }’

f}study it is un]ike]y that any serious stabiiization could occur since

Y

'_'the mean times to 1ncrease the recta] temperature under the T1350and

"‘~ff5T165 conditions were 15 24+3 41 minutes and 12 97+3 86 minutes respect-;“yuﬂri'"ﬁ"

‘ th;,rively for the totai group/ By compieting.the same experimental procedsﬁ,,7c“

"ffure on the faster responding muscle temperature this hypothesis couid v ;'f;ﬂ-7*"'

:.?more effective]y be tested

I" considering the information from both the present study and the f;t L e

eariier piiot study it does appear that relative workload is a factor *[;‘"

i BN N



“L? ] of the aerob1c f1tness 1eve1 of the subjects w111 on]y add m1n1ma11y

"- to the understand1ng of these pr1nc1p1es - If f1tness 1eve1 is: re]ated

"{}',” ;t' .. .:E " R . / ‘ ‘ ‘
B 1n determ1n1ng the rate at whlch deep body temperature (Tr) 1ncreases,~

espec1a]1y in the f1rst 15 m1nutes, and that pOSs1b1y an- understandlng»i

1t is 11ke}y that the re1at1onsh1p w111 be m11d1y negat1ve and the -

f1tter 1nd1V1duals w1th the greater abso]ute work]oads w1]1 1ncrease -

" their temperatures ‘more rap1d1y

“In ]1ne W1th almost a11 other stud1es completed in th1s area no
_;>1n3or1es were reported in any of the exper1menta1 cond1t1ons ' In»
part1cu1ar no inJur1es were reported fol]ow1ng the« contro] cond1t10n
No patterns were recognizab]e from these reports From th1s exper1ment-
. al s1tuat10n it appears that 1nJury prevent1on cannot be stated as, a'
= major va]ue of pre]iminary exercise a]though one wou]d not adv1se heavy

-

physica] exertion w1thout ft

~fons canYYined -

. " speed-and} ;wrance performance on a bicycle ergometer set atsﬁhat same
 :re$i§tane . . L . ) e ) o

"~f;v2L > n*tncreasfng rectal temperature 0. 5° C‘from 1ts pre-exercmse

- conducted in this study it seems the follawing conclus--

21 deep body temperature rises 0 5° C results in superior o

29

S value working et a relatfve work]oad hfgh aerobic fitness 1eve1 subjects .fp'f

lf may achfeve the criterion 1ncrease more rapidly Hence, aerobic fitness B

o Ievel may give some fndicatfon as to the tfme 1ndtvidua1s will take to ‘_fﬁaf."

fncrease their deep body temperature. ,f.r’»"

.‘,- .:\ , . _-_,. s DL e ) . . . ..



| ifd muscle and.joint injuries and increase flexibility/mobi11ty to those

- i 7herence to the area'

30

The type of pre11m1nary exerc1se and not “the cr1ter1on 1ncrease“ -

in deep body temperature (Tr) appears mos; cruc1a1 in achiev1ng opt1ma1 .

va]ue from pre]1m1nary exerc1se

4 The reststance and not the speed or 1nten51ty of the pre11m1n—
ary exercise appears most relevant " ‘ -
4 hhen app1y1ng these research conc]us1ons to those a1ready extracted
T,hifrom thé review of 11terature the fo110w1ng po1nts appear w1th some "

'cons1stency

) 1 The pre11m1nary exerc1se work]oad shou1d be suff1c1ent to p1ace .

~the 1nd1v1dua] under moderate to heavycstress

2, The pre11m1nary exerc1se shou]d be suff1c1ent to ra1se both |

“~-musc1e and deep body temperature

- 3. lLong (up to. 30-m1nutes), v1gorous (40—60% VO max ) preliminary'

,vexerc1ses contr1pute more than short moderate ones.. One must be aware
‘jof fat1gue‘factors in adopt1ng heavier workloads part1cu1ar1y with

_untralned subjects

4 The rest périod between pre1im1nary exerc1se and cr1ter1on per-,s"

- formance shou]d be short, preferab]y no longer than 15 m1nutes

. 5.- There are undoubtedly 1mportant psycholog1ca] "and mot1vat1ona1

. -4 .'
aspects 1nv01ved | ' | o
;ig;ﬁ; Pre]iminary exercise is thought to reduce suscept1b111ty to

"Jo1nts L

. Do T 5 e -
Hhen considerihg the total realm of pre]iminary exercise and per-. o

: formance several more general conclusfﬁns may add some clarity and co-_f_ -

Sy

: 1 Preliminary exercfse 1s a necessary and important part of
Yoo ‘ , , _ R



-a]most every ath]ete S reperto1re. -

_. 2. D1rect]y reTated pre]im1nary exerc1se shou]d be. adopted where
poss1b1e bt 1nd1rect1y re]ated and‘unre]ated pre11m1nary exerc1se 1s
| better than no pre11m1nary exerc1se for most 1nd1v1dua1s

3 Pre11m1nary exerc1se procedures must be su1ted to both the

act1VTty aﬁd the 1nd1v1dua1. For opt1ma1 effects there are 0pt1ma1
| fwork]oads and durations. = E o b 'hh . f‘ o _,: ~’¢f .

. 4.' Age, sex, phys1ca] cond1r1on, skill 1eve1, att1tude mot1vat10n
are al] var1ab]es to bi cons1dered when a]]ocatlng a pre11m1nary exerc1se

,schedu]e o S

R
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S | "APlJEN'DIXA l"; T
[--'REvnzw OF. LITERATURE »'5 '~'. R Y
‘ﬂfi Reported studies 1n this area begap lﬂ the 1930 s and Contlnued at ar
-f{<:product1ve rate until the late l960 s from which time few have been
liihpublished ‘Although there appears to be adequate ev1dence available in
,‘;hAthe area, few valid conclu51ons can be drawn 51nce the conduct and
‘: f;tructure of much of the research makes comparisons and COHC]USlonS“
'if_f}meaningless Given an apprec1ation for the spec1f1c1ty of preliminary _
| f_aiexerC1se makes conclu51ons even more dlfflCU1t to dYaW' What we-can .
. fl?establish from the literature is someuin519ht into the nature Of pre-'
| ”L~liminary exerCise, the types of preparation undertaken, 1ts duration N
‘Aﬁfi,'and intenslty and the varying performance criterion, all of which |
| “i‘gtf1ndicate its diversified and eemplex nature B R
o In attemgsgng to present the information in a meaningful fashion':’
r.;3{1 have reported the general nonaempirical view p01nts first,and then,v
li,iprovided an over view of the empirical data, followed by a more
;"::eif;?specific examination of the anaerobic and aerobic performance areas as
'ZYlﬂindicated by speed and endurance tests on the ergometer Finally, |

. review|of some of the work related to the measurement of rectal '

"

”ltﬁeatemperature o Vo it A |
“ After interviewing 33 champion U S A athletes Miller (59 3l)
ﬁkreported that lQO% of these athletes engaged in serious preliminary B
exercise and all emphgically supported its value, both related and .
nrelated methods uere adOpted with a greater»maJority utilizing the f;’: |

[

: - hff,former‘* Robson (81 27) fepﬂrted total acceptance °f preliminary

exercis which varied in time from only a few minutes for marathon ;._ﬂf'i:ff 3

; . to l hour. 0 COnnor (70 48) agrees that preliminary exercise i




.«l'i of work done dt

s essential to the athlete and adds that a unique program for each |

. ath?etefis_nec s - Finally, warner (l09 12) believes strongly in S

‘rpreliminary,ejv v"icross country runners and states it should be

’ 'extreme:enougf‘ he athlete to. experience “second-Wind" prior

f;data available three areas of interest emerge -
: ; exercise as related to phySical performance, second, ik;
Lthe,psychgé;t“4 vfpspects of preliminary exerCise and Jast, prelimin- ;'

,_eelated to inJury prevention | By far the greatest
i

~ary exercig
acas been reported in the first area and in an attempt

-~ amount of 'wg

i

lto'preSent : %information in a meaningful and conCiSe fashion Table

'-was construcéi ?5‘The literature presented here covers the maJority

i a;ng'the period l936 to l974 The limitations of this

¢

u table are’ self evident but it does outline the ba51c conclusions that o S

" have been.draun; ' he studies available as well as indicating the

‘criterion test] ‘iminaryfactivityiused;' :
ppraisal of the information reported in Table 3

findicates there are 144 %units" of empirical evidence tabulated and

l',_583 units (58%) state that the adopted preliminary exercise had some

u’beneficial value, 5l units (35%) state that the preliminary exercise

'ynfhad neither a positive nor negative effect, and lO units (7%; convey
“}'that the preliminary exercise had a deleterious effect on the criterion |

"test As can be seen the studies are extremely varied, both in the

osh

o }lpreliminary exercise procedure adopted and the criterion under which

| the preliminary exercise was tested Although in some ways this could

"”-_-ifbe ievelled as a criticism it does give us some insight into the ,;ﬁi..' )

"ll e R

'Aflcomplexity of the general term “preliminary exercise
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The psycholoqicai aspects of preiiminary exercise are now playing N ﬂblq

‘a more dominant role 1n the studies reported. Some of the studies o
| attempt to contro] for any p0551bie benefit 1n performance due to a.
psycho]ogical preparation as can be seen in Bonner s (9 138) recent

.study where he misinformed the subJects of . the true nature of the

experiment 1n order to controi for any p0551b1e psychoioqical/mental o

'readiness 1nf1uence _His approach proved effective as shown by the

- subject’ s surprise when 1nformed of the true nature of the eXperiment

'Rochelie et ai (82 499) in an- experiment to determine the effect of
: preiiminary exerc1se on throw1ng for. distance attempted to ru]e out
the pOSSibiiity of a psycho]ogicai effect of not making a maximum

throw without preiiminary exerc1se by giv1nq a monetary reward for

".? each throw greater thap their preViousiy established average Like
Bonner, Pacheco (71: 202) attempted to contro] for p0551b1e psycho]ogi- j?

“ica] factors in. her study on pre]iminary exercise and vertica] Jumping .

cby disguising the true purpose of the experiment ASmussen,et al.

| (1: 1) adopted a 51m11ar procedure Hippie (36 246) reported there R

was no psychological benefit in his study where the subjects ran a

I_;series of 50 yard sprints they were of the impression that the first

| ”fisprint was part of a speed running,contest between ciasses whereas 1t )

;ﬁ was actua]ly the preliminary exercise itself Karpovich et ai (40

1117) were a]so unable to find any psychoiogical effectiin their studyt

;?‘Smith et a] (93: 78) investigated the attitudes of - col]ege women o
‘f.d toward preiiminary exercise using an attitude inventory which indic-
,ated whether the subJects had a more or less favourabie attitude

: -*toward preiiminary exercise They showed that. perfdrmance improved |

- Awhen preliminary exercise was given to those with a favourab]e =

. \\.



}b.attitude toward 1t whereas there was . .no improvement in perfonnance

in those subjectsiwith an unfavourabie attitude The other studies

c1ted 51mp1y state that psychoiogicai factors most iikeiy did not. piav

a part in the resuits that were obtained and any improvement shown in
the dependent variables can be accredited to changes in the independent

: variab]es and not ah uncontroiied psychoiogicai preparation factor

But there is one, study cbnducted by Massey et ai (53 63) with‘

' Ayoung maie aduits which attempts to: show that it is psychoiogicai

_ factors that 1mprove performance and not the preiimnnary exerc15e
"_Prior to the preiiminary exercise procedure all subJects were piaced

. in a hypnotic state and consequentiy did not know if they had § >¥.3'

__participated in the preliminary exercise procedure or not They'were7

"fthen tested on a. speed performance task u51ng a bicycie erqometer where e

}the fastest mean times over 4 triais occurred with the subjects

~

‘ Hreceiving no’ preiiminary exerc1se The psychoiogicai controi was

"?apparently excei]ent as no subjects gave evidence of being curious

‘:-1concerning their behaviour or activ1ties whiist in the hypnotic state

'51They then concluded that the resuits of this research 1ndicate that : “M ;

pre]iminary exercise is primariiy a psychoiogicai value and théhr

'.controi by hypnosis eiiminated tﬁis factor 1eav1ng an uitimate detri- -

0

; mentai effect from preiiminary exercise. Criticisms of this study
e.'inciude the choice of subjects - oniy certain individua]s can be
- effectiveiy hypnotized ' SRR "'
Some writers have expressed their beiief that the psychoiogicai
"5ipreparation is more important than the physiologicai adaptations
'-'Karpovich states SRR Lt

After reviewing iiterature on: warming up




I have come to the conclusion.that . -
-although mobilization of varfous -
physiologfcal systems (other than
CNS) ‘may be beneficial this effect
is frequently overshadowed by - the
intervention of the central nervous

. system-or by so-called psychological
effect '(47:169) '

 There appears two general areas, the first often labelled "mental_"

readiness," refers to an indiv1dual S mental preparation to perform a ‘
vcertain task and attempts as reported preViously, have been made to -
\ control for this by keeping their subjects naive as to-the true nature ‘

fof the\F&periment The second isa practice effe’t, or facilitation

o ;}factor, all movements are cbntrolled by neural patterns Wthh are. 9

.- spec1fic to that particular movement and consequently separate move— ["

4;:ments must be learned individually In the skilled athlete minimum

conscious control is necessary as he or she is a coordinated performer,'f

?“but in the less skilled this practice effect alone may produce an

'fimprovement on performance on the criterion task This is particularlyal o 4

. important in psycho-motor performance. Related preliminary exerc1se -

4‘f'these reasons it may be beneficial to carefully select subjects for

iﬁ’participatgon 1n some preliminary exercise research This could jf”

itvenhance the validity of the final result

50

'.=obviously plays a more dominant role in this facilitation effect For SRR

llj'i Finally, King et al (42 8) believe that an expectation of perform— 3

vance may be sufficient to improvd the performance herefore it

s .

A”would seam there may be psychological factors present so it is advise- ";:? |

) ']able to control for them where possible. Although it appears one can

safely say there»is a need for psychological preparation prior to an

= t;,a;hletic performance to enable individuals to perfonn at their maximum, “

;o

"f'“;'? 'the literature available does not suggest that this benefit in 'fifayg L



S

i performance lS equal to that of. preliminary exerc1se, it seems more an-.

_ '.integral aspect of that performance

’j Closer con51deration should be given to the hypo;he51s that lt is’-'

_the practice effect which cadses 1mproved performance and not an’ |

exclUSive preparation of phy51ological and/or psychological parameters,_‘,‘

-"Depending on- the criterion test this practice effect could play a more‘;

af dominant role as seen in performances 1nvolving complicated skill _7

,patterns and extreme accuracy It seems this fac1l1tation effect 1s a

L icontributing factor\in ‘many. studies but many con51der it an integral

part of preliminary exercise and not a parameter that should be o
fseparated Nhen heavy exercise is the requisite to complete the
'[vcriterion task as’ in the marathon, the early minutes of the test

""exerCise itself may produce a suff1c1ent enhancement effect ThlS

’ d»within task enhancement may mask any p051tive effect of the preliminary'i :j"'

"-hfexercise and may help explain why some investigators were unable to :
_l::find a performance improvement following the exerc1se . | »

| ie champion athletes that Miller (59 3l) 1nterviewed agreed that
‘l'»mental readiness and.inJury prevention were integral aspects of |
i<f_preliminary exercise < this leads us to a review of the literatUre o
:hi;concerning preliminary exercise and injury prevention De Vries

f*(?3 305) in a study with 4 college age male athletes running lOO yard

L{ sprints stated that when running with no preliminary exercise 2 of the o

‘f::fsubjects developed muscle soreness that may have been kevere without o

'?:fv;of‘Warm-up,pn the prevention of injury may be even more important than ;‘

. [jreflect the opinion of the maJority of people involved in this area,

B .

o 51

»-;iT:immediate effe? ivé treatments Rasch and Burke state that "the effects -

::jf“7its effect on performance " (77 385) These’two statements\most likelynllif



thet is, preiiminary exerCise piays an 1mportant roie in reduc1ng the

. 1nc1dence of injury at the onset of perfonnance But a study by Start
et ai (96 208) showed that preliminary exerc1se had 1itt1e effect on -
, .the 1ncidence of muscie 1njury when strength and speed were measured

:A siight discomfort was present when isotonic and isometric endurance

| were measured _These resu]ts are supported by Trembie (105) who ]ooked'

;skwat the effect of pre]iminary exercise ‘on injury to the hamstrings '
..musclet Karpov1ch et al. (40 1117) tested the eff1c1ency of various
-‘forms of preiiminary exercise on subseqhent perfonnance and found that

’d:aithough the subjects 1n their controi group exerCisedemaximaiiy w1th

no° pre}iminary exercrse, no injuries were 1ncurred Similar findings '

V"*‘were reported by Michaei et ai (58 357) and Mathews et ai (54 446)

Quotes Iike the one aiready presented on. preliminary exercise and ff-'

| ?injury prevention are readiiy avaiiable in. aimost any reievant text

'The problem of. demonstrating empiricai]y the effect of preiinﬁnary

”"fexercise on ath]etic inJuries is a difficult one to approach obviousiy"’

.‘fgus to believe that injury prevention is not one of’the beneficiai

'faspects of preiiminary exercise ' In every study reported in Tabie 3 1'1

-

;;there were eontrol, or no preliminary exercise, situations but oniy in e

: ?a,one case (23 305) wes there any report of injury when participating

_'fiwithout preiiminary exercise Four (53 63 54 446, 58 557. 77)
’;specifically mentioned the iack of injuries Deiforge (20 ]08) found

.,thqt more injuries occurred eariy in the season when the athietes were *»Hi.‘
’ iin poorer condition---it is possibie that the subjects USEd were i"

‘;t” t0p condition, hence reducing the impertance of preiiminery exercise.; .
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e cannot, set/about injuring. or attempting tO mjure, °'"' SUbJeCtS t° B

‘?’f'examine the hypothesis Indirectiy though the studies availabie Iead i- o



.,y&

hlthough there is little empirical eVidence to Justtfy preliminary
exercise on the grounds of 1nJury preventaon I feel that the plethora
iof profes51onal opinion in favour of 1t cannot be 1gnored We have

.experimental ev1dence to. support the phySiological changes that occur

'_5w1th preliminary exerc1se It 1s likely that many of these directly

o or 1ndirectly Prepare the individual for act1v1ty and aid in the - ;::

reduction of inJuries ‘articularly muscular
| | It seems appropriate at thlS stage to outline the main physio- } '
-:.logical changes that occur w1th preliminary exerCise as stated in the

:'l literature Preliminany exerc1se as-a preparation prior to phy§1cal

'?Twork attempts to produce optimum performance by 1ncrea51ng one or more

.‘“'4of the following readiness. factors - muscle temperature, core or deep

body temperature, c1rculatory efficiency, joint mobility/fleXibility '

ik’If we ' can succesSfully increase the blood, muscle and deep body

- temperatures there are seve;:l areas which are directly or indirectly v

1f ? involved in improved performance that could be affected |
| '_lf’ Increased speed of contraction and relaxation of muscles, -
. ,;nerve messages travel faster at higher temperatures (4 524) Loweringl; ;

'lfﬂmuscle temperature below normal decreases muscle contractility and ‘_1¢

;““fgtrcapacity for work /

.2 Greater c1rculatory efficiency due to lowered viscous resist-;.fﬂ S

: f“f‘ance in the muscles and decreased resistance in the vascular bed

. '7Hidimsky et ali (llo 983) state that preliminary exercise can produte ;yf,‘,l

e . i-‘a decrease in total pulmonary resistance of about l3%

3 with an increase in blood circulation we get an increase in ff:*:i

blood volume flowing past the active tissues

Pulmonary ventilation is increased.-.fyyid 5'lffff.;;l.ijfxypfj?f- o



B f_‘aerobically and in doing 50 1ncur a smaller anaerobic debt (35 70)
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v_¢5c: By performing a preliminary exercise up to 30% of max1mal

' oxygehgconsumption (VO2 max. ) the athlete can utilize more oxygen

'”_6. At a higher temperaturi the exchange of oxygen from the blood ‘:“‘ -
to the tissues is more rapid, 1 .e. hemoglobin gives up more oxygen at /
. higher temperatures and dissociates more rapidly | |
7. Myoglobin shows temperature effects 51milar to those of
o hemoglobin ‘ '>’ | | ‘ : PRiTer
| 8 Metabolic processes increase their rate with increa51ng

1,ftemperature, for each degree of temperature 1ncrease (°C) the metabolic e

e rate of the cell 1ncreases by about l3% (4 524)

Moderate to heavy exerc1se may 1ncrease blood sugar level
» "fblood sugar serves to replenish depleted cel]ular fuel reserves

Preliminary exercise is used therefore to describe an actual body

' ’é7state during exercise and therefore should be of particular value to |

.‘af,the athlete who is performing relatively short term exercise where the

. ffmadority of these states would not normally be reached

In relation to this study a more specific review of the literature

.;;concerned with pretiminary exercise and a criterion test of Spe@ﬁ or s;»,;w

"'»-Tfendurance on the bicycle ergometer is included

'p-f;:;but still one of the most frequently cited in the current literature, -

One of the earliest published studies on preliminary exercise, ;ilg”¢;;fff"

"fi:‘15 the work of Asmussen and ije (l ]) wh_,demonstrated in 4 trained

"ff,ffsubjectsian[ mprovement of 3 5 to 8 0% in both a short performance

‘7”sfg(955 kgm/min )time 1asting 12 to 15 seconds and 2 6 to 5 5% 1n a long

B f;fiperformance (9860 kgm/min ) time lasting 4 to 5 minutes on a bicycle

' &#.gﬁjeer‘ometer when- ompared to the results of the grpup with no preliminary ‘ 1i*
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fexercise The prel1m1nary exerclse of 660 kgm/mln for 30 m1nutes\w
. preced1ng the performances 1ncreased the rectal temperature up “to :'o
.10 8° C:. They :also. showed that the results from the group rece1vlng
*':prel1m1nary exerc1se were better than the ”cold" group on both perform- o
: ‘oances There were no stat1st1cal analyses to show 1f the results of o fc{y':f
w_‘the "warm" COnd1t1ons were signlf1cant when compared to -the "eold. ";" SO

© In-a. second exper1ment sim1lar criter1on tests were ut1lized and the

"‘body was "heated" uslng wave d1athermy and by a hot shower (47° C) for f

JI,h about l0 mwnutes wlth the short term performance the rad1o diathermy

'1mproved the performance 4 7 to 6 6% and in the long term performance 1"
3. 9 to 7. 5% on 4 SUbJ&CtS N1th the rad1o dlathermy the rectal

temperature was 1ncreased l 5° C from the restlng value Us1ng the o

' hot shower the rectal temperature was raised by 0 5° C and 1n one ‘_’b_‘:

'“fsubject an- 1mprovement of 5.0 to 7. 2%-was recorded On the short term ,“: -

'*i7;performed on the data

‘performance Improvéd results were always shown when the subjects were

'-:warm Massage showed no effect Agaln no statisticaﬂ analyses were -f[v“

Asmussen et al (l l) concluded that the 1mprovements were :'f‘l

N

faibrought about by an increase 1n muscle temperature and not by an

*N;if}fa1ncrea3e in’ deep bodydfrectal) temperature. They showed that the best

”">i?l}f}asymptote after ]5 mlnutes, rectal“temperature continued to rise

ff,flmprovement was achieved when the muscle temperature was vlrtually

.j;istabllized whereas th,}\usclf temperature reached an approximate

f thfeexercise perlodt The performance tlme and e




('*’3;pary exerc1se procedures w1th a dom1nance for related types, but

Schm1d (85 950) on exam1n1ng spr1nt performance on a blcycle ergo-
"” meter used related non’:zfated dlathermyx hot showers and massage as

'vary1ng forms ‘of prel1m1 ry exerclse and found that all were more

‘benef1c1al than no prel1m1nary exerc1se A related prelim1nary exerc1se

‘-ﬂhad the most beneficial effect on the cr1ter1on test 1nvolv1ng an

'll out ergometer r1de The only other reported study that supports

the beneficial effects ;s one by S1monsen et al (90 152) where he 1'Ll--’<"e

- found that non related prel1m1nary exercise proved advantageous for o

f CITEE R

h_speed performance on the ergometer .

. Research reported by Karpov1ch et al (40 lll7) Skub1c et al |
(92 147), Pyke (76 1069) and Schutz (86) dlsplay a var1ety of prel1m1n- ;,lf ‘

3 :;show no 1mprovement on the criter1on test of speed performance on the f‘
-rfl;ergometer : SRR o ,,; R
e In relatlon to endurance performance on the b1cycle ergometer there

"ﬂare two studles that support the basic f1nd1ngs of Asmussen et al (l l) L;f»

'“*'f:jprev10051y “gpqrtEd Bonner (9 l38), previously quoted for h1s

1"1L@psych910glcal control, used 60 male suhjects and 3, prel1m1nary exercise

B perlod of 10 mtnutes worklng at a load between 350 and 950 kpm/min

..,ri:exerclse, the net effect rfslng to an optimum then deéllning to

ff_,The crlterion task consfsted‘of pedalling for l0 minutes aga1nst an _'37~'j"’

t_ﬂ1nitial workload of 163 kpm/min._:His "two factor theory" postulates

SRAE e
o concurrent facllltatory and fatlgpe factors resultlng from prelimJnary

a W

~5feventually become negative as the preltmlnary task is progrgssively

';ifincreased.i His results supported the “twe factor theory""; He found

i*fia positlve effect at 350 kpm(min., a maximal positive EffeCt at
;j650 kpm/min TR degline to zero at 800 kpm/m1n and a strongly

¥ ,;.‘-\_,

a., Ko



| negat1ve effect at a pre11m1nary exerc1se work]oad of 950 kpm/m1n
Second]y, Sucec (101) wlth 36 co]]ege males. used al0 mlnute pre11m1n- :
;L: ary exercxse per1od at 250 and 500 kpm/m1n? and a cr1ter1on task of and
:".all out: ergometer r1de at 500 kpm/m1n and found that both pre14m1nary.
.;,cendit1ons were super1or to the contro] cond1t1on of no pr1or d
N exerc15e = L - . »
| Converse]y. Stewart et a1 (96 169) and Massey et aTYl(.3r63)
reported that pre11m1nary exerc1se had ‘no s1gn1f1can effect on the1r
'endurance task on the ergometer One study by Karpovich and Pestrecov..f
'(41 300) conc]uded that no pre11m1nary exerc1se was actua]ly superlor -
“to. the experimenta1 condition No mention was made regard1ng the T ‘
| tra1n1ngsstate of the subJects B AR

There are several add1t1ona1 studies that are ooncerned w1th the

o 1nf1uence of body temperature upon performance and these are’ relevant o

.‘e' ’

here Muido (65 102) demonstrated w1th has 3. subJects that a rise 1n
-bod temperature before swimming facil1tates performance Nhen the
prez1m1nary work consisted’of 1080 kgm/mln for 10 mlnutes ona.
b1cyc1e ergometer the results showed 1mprovement from 1.4 to 2 6% 1n ‘i ?
the 400 meter freestyle and 200 meter breastroke The recta] temper—'jkf
ature was raised ab0ut 0 6°‘Ctv when 10 minutes of 11ght Jogg1ng and R

bicycle ergOmeter work were app11ed the recta] temperature rose

l""77fi‘e~b8tween 0 4 and 0. 9° C (mean 0. 6° C) and the performances 1n swimming o

’3~}ff;: ere improved 0 6 to 2 2% in time., Muido a]so found that when’ the ',': ;55_:_'

subjects rested for 10 minuteS/before the testing, the rectal temp-

erature showed a fall of on]y 0 1 to 0 2@ C, whereas the musc]e temp-_ fd

‘,greater deprease Th1s concurs with the 1dea that

heis more sen51t1ve to chan9e He then CQ"dUCted

‘ ’t R



f'an exper1ment show1ng that reqta] temperature after 60 m1nutes of"

rest was still 0. 4° C h1gher than the recta] temperature 1in the Lt

R _ control cond1t1on whereas the muscle temperature had reached the d

‘ d contro] cond1tion 1eve1, or lower The performance t1mes st111

r ;showed an 1mprovement of 1 2 to 4(3& after the 60 m1nutes of . restd.h
In an add1t1ona1 exper1ment by Muido (65 102) n 1mprovementj
'-1n the performance t1mes of 2. 0% in. the 50 meter freesty]e were |
f-recorded by the 1ntroduct1on of hot baths (4Q343? C) for 15~to 18‘~‘
f-m1nutes pr1or to performance An 1ncrease iﬁ'}eat51 temperatuku
“between 1 0 and 1.6° C was noted Mu1do thereforE‘concluded that -
. ;'the 1ncrease in rectal temperature was respons1b1e for the improvement
| In one of h1s exper1ments w1th sw1mmers Car111e (11 143) fbund

’that the best performances were made when recta] temperature was L

between 99. 1 and 100 9° F (37. 28 and 38. 28° c) ‘The rectal .tempe_rp

‘ature was found to be between 98 8°A (37 1° ') and 101 6° F (38. 6°“C)e. .

A

o ;1n the 5 subjects after 16 m1nutes of hot shower at 105° (40 50 C)

3

t-when the swim ttme for 220 yards freestyle was corre]ated with a’

:rectal temperature of 100 5° c (38 1°' ) only one. subJect out of 5

)

'_had 1mproved h1s time,and hence Carllle conc]uded that for a rectal

'vtemperature below 100 5° (38 1° ‘) the swimm1ng time was: genera]]y

’.'unrelated to recta] temperature, except in this one subJect Un11ke

_and not recta] temperature, although it had not been measured
| WOrk comp]eted 1n th1s area has 1nd1cated that the deep body
'“temperature (rectal), and probably the temperature in the work1ng

'1fmusc1e, is. determined by the re1at1ve work 1oad of the 1nd1v1dua1 :

"fajfa"d n%t the absolutelworkload performed (2 64 16 131 46:815 68 120'“

|-

"';}Muido he: attributed the improved performance to an 1ncrease 1n muscle o

58 -
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84:1757). It appears thatisubjects'WOrking at varyiag relative

’ g(work1oads, as set by a percentage of V02 max. , w111 not show a >

'_s1gn1f1can 1y d1fferent deep ‘body temperature fo1low1ng an 1dent1ca1

e t1me of work Spec1f1ca]1y, Astrand (2 64) found in a11 her subJects

K recta] temperature of 38 1° C after 7 hours at a work1oad equal to

R 50% VD max desp1te a var1at1on 1n the oxygen 1ntake dur1ng work of -

. 1 1 to 2 7 11ters per m1nute Extrapo]at1on from the resu]ts of

| _ire]ationsh1p between the 1ntens1ty of work performed and the deep body -

fSaltTn et a] (84 1757) show 2 ma]e subJects reach1ng a recta] temp- i
erature of 38 10° C when both work1ng for 60 m1nutes at a re]at1ve |
; work]oad equa] to about 49% of the1r VO2 max . but one had a V02 max.
©of 2. 61 Titers/min. and the other 5.35 11ter/m1n A s1m11ar pattern Y
s reported w1th 2 female subJects _ ‘ _' e
".'. C]as1ng et a] s(16 131) fa11ed to find d1fferences 1n the recta1
4temperature in persons w1th 1ow and h1gh phys1ca1 perfo?mance capacity
dur1ng 2 hours work at about 45% VO2 max Koz]owsk1 et al.- (46 815)
“‘reported s1m11ar f1nd1ngs when thelr subJects worked at 35 50 and 65%
V‘VO2 max.- but found at the h}gher relat1ve work]oad rectal tempensturesp'p
'”had stab111zed after 30 to 45 mﬁnutes Hence, there appears agneement,
v,lthat at 1ower re}at1ve work capac1ty (1ess than 50%) temperatures N o
."stab111ze at a s1m11ar 1eve1 in both: h1gh and 1ow phys1ca1 performance,xif'

“capac1ty groups It would also appear then that there is a, constant

o temperature (Tr) f'h‘, - 1;'f‘ - «f)f f,“~~fi *F"Ziﬁ""-K?//.i;u;r
' As a conclusion to'th1s réview of 11terature 1 would 11ke to .. mfb ;

provide some unjerstand1ng and support for the use of recta] temp—'w

o n.erature as a- measure of deep boﬁy temperature The centra] or eore .

'temperature, wh1ch is often measured by rectal temperature, r1ses . f’t;"

o";

R
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gradua]]y\dur1nq the first h0ur of- work to a“new eve] that is"
proport10na1 to the re]at1ve amount of work perfoi;e 64 1296
Ne1lsen et al. (68: 120) report that in ] hour exper1ments on a man.
'perform1ng d1fferent rates of work in a coo] room (22 to 23° C) that “

the rise of core temperature in work 0ccurs even in co]d env1ronments

o in wh1ch heat diss1pat1on is not a 11m1t1ng factor They conc]uded
‘that during work both recta] temperature and esophaqea1 temperatures
: were pract1ca11y 1ndependent of env1ronmenta1 temperatures between -

-5 tG 30° C.

Astrand et al. (4”493) c1a1m that recta] temperature isa v

representat1ve 1nd1cator for the purpose of assessing changes in the

s

1' deep body temperature prov1d1nq the measurement is made under steady

state cond1tJons, that 1s, after at 1east 30 m1nutes The recta] .

‘ vtemperature in a rest1nq 1nd1v1dua1 is sllght1y h1gher than the ”
'temperature of,the‘arterjal b]ood 1t is the same as Viver temperature
and- s1ightty 1ower (0 2 to. 0 5°‘C) than those parts of the bra1n where

E the therma] regu]atory centre is located In mak1ng a compar1son of

,recta] temperature w1th esophagea] and musc]e temperatures Sa1t1n et

a1. (84 1757) have shown that when- the1r SUbJeCtS were. work1ng at 50%

y: max the tota] range of all 3 temperatures was 38 01 to 38 7° C

| w1th the higher record1ng be1ng the muscle temperature and the recta1v

’ temperature being‘BS 14° C; The1r f1nd1ngs squest that the recta]

:vtemperature is as’ good an index of the core temperature dur1ng work

| :as any . and the average d1fference between esophaoea1 and rectal ,

f. ‘»temperature was on]y 0. 14° C. Only at the htghest work]oad (70%) was_d
'ath1s dlfference s1gn1f1cant Ne11sen et a] (68 124) also found only

o a sma]] difference between recta] and esophagea1 temperaturés

v

‘;,'AAB"



<ft:ggfg;hstherefore that although rectal temperature is not

'synonymous with musc]e and esophaqea] temperatures only sma11

N dev1at1ons ex1st Therefore the recta] temperature is a sound. 1nd1c- .

ator of deep body temperature even 1f a somewhat slower responder
| Mountcast]e (64 1306) states that recta] tempergtures are usua]]y
about 0.65° c h1gher than those of the mouth .In the rectum there
| are var1at1ons of 0 1 to 0 9° ¢ depend1ng on the pos1t1on of the
'record1nq 1nstrument The Iowest rectal temperatures are found in

those parts of the recta] wa]] c]osest to the ve1ns|.arry1ng return—

ing b]ood from the buttocks and ]egs Mead et al (55: 97) found a

S1m11ar s1tuat1on in their study and emphas1zed the nece551ty for

v'accurate pos1t1on1ng of - dev1ces for reeord1ng 1nterna1 temperatures

. They descr1bed a r1q1d p1ast1c catheter wh1ch perm1ts reproduc1b1e

pos1t1on1ng of a thermocouple aga1nst the rectaT mucosa suff1c1ent1y
anterior in the pe1v1c cav1ty to be beyond d1rect 1nf1uence of the |
blood temperature 1n'the.1arge_vesse]s»of the poster1or pe1y1c wa]].

Ne1]sen et al (68;T20) measured rectal temperature at depths -

of 12 17 22 and 27 cent1meters and found very l1tt1e d1fference on ;p’

'57 exposures Mead et al. (55.97)_measured at depthsyfrom 3 1nches

to 8 1nches, Sa]tin et al (34-1757) from.TSIto.17 centimeters; |
\Kozlowski et al (46 815) at 10 cent1meters, and Astrand et al (4 443)
: state that rectaT temperature 1s customar11y measured/jnom 5 to. 8 '
-{_cent1meters It therefore appears that posit1on 1§‘56re important :

- than depth 3}l-' "" B _' | | ”’ |
It 1s aTso 1mportant ‘that 1nformat1on obtained from research done
‘, 1n the field of phy51ca1 educat1on be made ava11ab1e to those desir1ng

to~ut1lize it. It therefore becomes necessary for us to meaningfu]ly

el

s
S
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s

_class1fy and break down the types of act1v1ty 1nvo1ved
Knapp (79.121) proposes a continuum of sk11ls adapted or1gina]1y
from Pou]ton‘(79?121) _ There are c]osed sk1v1s wh1ch utilize a |
stereotyped movement pattern in a stab]e env1ronment and open sk111s ‘
~which are 1ess pred1ctab1e in a constant]y chang1ng env1ronment _The }‘*
ergometer tasks used in many exper1menta1 procedures are s1mp1y
'“closed sk11ls and 1nvo]verd1fferent sk111 acqu1s1t1on patterns than
an open skﬁ]l, or one 1nvo]v1ng a comb1nat1on of both open and c]osed
sk1lls R h " j | ‘
Under Fltts s Leve]s of Diff1culty (79 129) where tasks are ft
c]ass1f1ed according to the1r degree of difficulty and the processes

B }1nvo]ved there are 3 1evels The. ergometer tasks come under Leve] 1

. where. the performer and obJect are at rest pr1or to 1n1tiat1on of

"-?the act1on ' Leve] 11 1n Fitts's taxonomy 1nd1cates that either per-

. ; q;}
‘former or obJect are mov1ng pr1or to the in1t1at1on of . the cr1t1ca1

o e]ement 1n the movement pattern and Leve] Ir that both are motile.

Addit1ona1 tauonom1es are ava11ab1e to further c1ass1fy human
- performance and,can be consulted 1f the above ment1oned do not ‘0 o .{r'*
‘;v'effectively enable one to break down a part1cu1ar activ1ty
:Ergometer work then is a c]osed or Levél I skill.

' After cons1der1ng this: rev1ew of 11terature, accompany1ng
fle-genera1 statements and the experience from an ear]ier p1Tot study |
some of the shortcom1ngs of the: research in. this field became evident
7.Hopefu11y the'experimental procedure ut111zed in th1s research wil]
,A.eliminate some of these 11mitat1ons and a]low the results to have

2 more meaningfu] app]ication

o
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"APPENDIX B

| APL PROGRAM TO DETERMINE

-

PWC. ]35,,ch 165° PNC |7O/KG PREDICTED v02 MAX (ML/KG/MIN )

-, VHCT[D]v
v WCT. .
]  NepHR ST
] SXe/HR o
] WL<PRx6xKP -
] SY«+/uL
] -6 | ,
]- SXSY«SXxSY . .
] SXSet/(HR*2) VS
- [8] 'XYXY++/(HRxwL) |
[9]  BX<(XYXY-(SXSY:N))
{10] " BYX«BX+(SXS-~ ((sx*z) N))
[11] AYx«ész (BYXxSX) )+N
[12]  PWF«(BYXx150)+AYX -
- [13] - PWS«(BYXx170)+AYX
- [14] PwA+(BYXx1g5)+AYx°;

- [15] PWB«(BYXx165)+AYX
B [16] - »(S=2)/260 =~
. [17] voL«(o. 003waF)+0 5
. [18] =(voLs3.7)/22 -

[19]  +(voL24.7)728
- [20] vOL<vOL+0. LR
[21] »25 - o
[22] *VOL+VOL+0 S v
'[23:_._,25 R B R
'_:24:»”V0L+VOL*O 2 S
Te51 s27 A
] VOL+(0.00334xPWF) 0; 5
- [27] ACF«1.2-(0.00913xAG) -
‘[28] CVL«VOLxACF =~~~ . =
- [29] - VMK«({CVL:KG)x1000 - .
"~ " [30] 'SUBJECTS.ID'IS ';ID .
"‘"EB]“ ‘PWC-150 IS ';PWF -
'32] 'PHC. 170 IS ';PWS

'fl‘E33 . 'PWC.135 1S "';PWA -
- [34]" 'PWC 165 1S .';PHB o
- [35] 'PHC 170/K6'1S ' PNS+KG R

- [36] 'vo2 IN LIT IS ',VOL
" [37] - "AGE FACTOR IS *;ACF -
i E38}‘~'V02 IN LIT COR: FOR AgE 15 ! CVL
> “Tyo2 IN ML/KG/MIN 15 A,VMK -
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CapPENDIX C

~ VODIFIED LATIN SQUARE TO‘DETERMINE 0RDER'OF~CQMPLEIION.

S oF‘coNoITIoNs

N

ToowtROL. | T3 B [

1
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9
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o bon.

Lo~

©CTl - speed Task

' era - Endurence Task
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VAR SOURCE

|- Residual

Y

APPENDIX [

? sTAT1§T1tAL.ANALYsEs (ANOVA15) OF SPEED PERFORMANCE RESULTS

lcontROL |

| VARIANCE -
©0.99 . - |

8D
0.007

0759

- 0.871

Cmes

‘!ATqrAL--

0684
0.893

[ 0.827
| 0.945 fj

:Betwgen_

| Within

Treatments

| 2,036 |
0.378 | -
3.416

LI
|

17.137 | <.

S T135

T165 1 -C oy

T135

II T165

omc

* p< 05

~5* *E p< 0]
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. STATISTICAL ANALYSES '(ANOVAT5) OF ENDURANCE PERFORMANCE RESULTS .~

D
. 'APPENDIX E

S

e

| coNTROL - -

~ MEAN

| numBER

.18

BN

| VARIANCE

- S.D.

. 0.206"

1 0.453¢" |-

|mss

18

3.58

0.122

. 0.350

165

18

0.218\- |

0.463 . | .

54

0182

S ToTAL

| VAR SOURCE
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