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ABSTRACT ©

Fifteen volunteer male subjects participated in an eight Qeek
program using-hydraulic resi;%ive equipment.' They were compared to a
'ndrﬁa1 grdﬁp consisfiﬁé of fifteen male subjects. Each subject undeff
‘went a pre-test and post-test designed- to measure- aerobic power,l |
mpséu]ar.strength at two pre—se]eéted angular velocities and muscular

~ endurance. ’ B | ‘ .

" © "The experimenta] group shoﬁed.a éi:Egrcept (p < 0.005) improvement |
,jﬁ maximal 6xygen ubtake_whi]e th normal group did not change in pre- |
to bdst-test. The difference between the post-test means was significant'

. (p < 0.05). When the data was’nbrma]ized the A percentage cpange was
significant (p < 0.001). Similar results (26 percent, p < 0.05) were
noted‘whéﬁ the data was expressed independent of body, weight‘(e.g.,'
1iter$/miﬁ'9f oxygen). _fhe HBrma]ized A percentage change wgs«sighificant.
(p.fso.qpi)._’Minute ventilation 1mproved'16 percent. from pre- to post-
tes% which was not éignificant; however, thé difference between posi-
test means was significant (p‘é 0.05). The normalized data was signifi- //

© cant (pi< 0.05); R |

J ) . . . '- - 3 -
Muscular strength was measured during maximal knee flexion/extension

of}the’right leg at angular ve]oc%tieg of 30° and 60° per second. At
‘ 30° per'second, the experimental grbup imbfoved 20 percent (p < 0.005)..
during extensfon and 23 percent (p < 0;005)'during flexion iq pre- to |
post-test means. ’The nqpna] group demoﬁ;trated:comparable improvement
(p < 0.01). As a result Ehe post-test means were not significantly B
\\\\“different. The normalized ‘4 percentage change was significant (p <0.01)
| for exteqéion. At 60° per second the experimental group improved 19

percent (p < 0.01) during extension and 28 percent {p < 0.001) during



Aol

flexion in pre- to postJtest means. Improvements in the normal group

Aresulted;in nonsignificant (N S.) post-test means. The normalized b

-

percentage change was also not significant™ for exten51on—or—f1ex1on
Muscular endurance was measured  in terms of total work and total

'ﬂwork per second at an angu]ar |Iﬂoc1ty of 180° per second until 50 percent
drop off In terms of total work, the exper1menta1 group showed a 29
percent (p < 0. 001) improvement in extens1on anda 35 percent (p <.0.001)
improyement in f]ex1on. The normal group d1d not change significantly.
‘Nhen the data was normalized.the a percentage change was significant |
u(p < 0.05)'for flexion and‘not significant'for extension;‘ fn.tota]‘

.work per second, the training group improVed 39 percent (p < 0.001) in
extension and 47 percent (p,<'o}oo1) in f1exion in pre- to posf-test.

The norﬁa] group did not'change in extension—put had-significanc changes
(p < 0.05)‘for'f1exion.' Post-test means were‘signiffcant (p < 0.05) for
extension and flexion. The normalized data demonstrated significant

(p < 0.01) for extension and flexion.
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CHAPTER I
STATEMENT OF ‘THE PROBLEM

Introduction

- Traditional weight 1ifting has not been' considered one of the more

effective forms of exerciée with respect to improving cardio-respiratory
function. Keul (1) has indicated that this is due to the relatively
lTow heart rates which occur during traditional high resistance, low
/repetition weight 1ifting regimens,- However, Byrd et al. (2) demon-
strated that the cumulative effect of repeated 1ifting during wefght
training programs can produce heart rates in excess of those which
have serred as an adequate stimulus for eliciting a training response
during running programs (3, 4). Byrd et al. conc]udes that the
reperted lack of cardiovascular adaptations in previogs,weight trainfng
Studies might have been the result of the limited training program
QFration or'to'the use of 1nappropriate exerciee tests to evaluate the
eardiovascu1ar effects. of weight training. |

.Qircuit weight training is a form of physical conditioning'that_
combiﬁEs the benefits of weight 1ifting and the cardio-respiratory
gains associated with circuit fraining (5). Fox (3) described 1t as
an effect1ve tra1n1ng techn1que for 1mprov1ng muscu]ar strength, muscu-
1ar endurance‘and to. a lesser extent, f]ex1b111ty and cardio-respiratory
vendurance. The influence of circuit weight_training Qh_cardfo-respir-
atory endurance has aroused a great deal of interest among researchers
(6, 7, 8, 9, 10). These stud1es have reported conf11ct1ng results,
but, for the mpst part, have conc]uded that we1ght 11ft1ng was not an

effective means of improving cardio-respiratory eff1c1ency.



Other ;ésearch has been carried out on resistance training equip-
ment emphasizing isokinetic exercise (11, 12, 13). Several variable
resistance exercise systems have been developed in an effort to make
_the best practical use of training principles. ' The Hydra-Gym+ hydraulic

resistive exercise apparatus is’ a recent design. Hydraulic resistive

apparatus provide a self accommodating variable, isékinetic-]ike
resistance at any joint angié throughout.a range of motion and .at Qhat-
'evér épeed the user maves. This is made possible by the use of
hydraulic cylinders. The hydraulic cylinders with ranked settings'“l”
through "6" can be adjusted to vary the resistance. This is done by
changing the aperture size through which hydraulic fluid must flow as
the lever arm moves; the faster the lever arm moves, the greater the
resistance. The manufacturef (14) claims that while the valves are
pre-set, the rate at which the 1imb moves agéinst the resistance of

the éy]inder is determined not so much by ihé\machiﬁe as it is by the
contractile proberties of the usgr'g.musc1e fiberg and the muscle groups
that those fibérs constitute. Consequently, at a gjvén valve setting,
if the-user attempts to move as rapidly as possible, 6ptima1 resistance
overload with each repétition should occur. Evenlas the muscle fatigues,
the effectiyé resistance:oyer1oad remains the same. Thus‘the user
;ﬁhieves optimal resistance overload at the beginning of the set wheh
the muscles are at thg peak of their energy level andia]so at ?he end—
of the set when the muscles are fatjgded. The basic differences between

hydraulic resistance and isokinetic resistance is that the hydraulic

resistance machine is not pre-set to a constant velocity as in an

nydra-Gym Canada Ltd., 25 Woodbine Courts, Sherwood Park, Alberta,
T8A 4B1. o 0
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isokinetic exerc1ser The manufacturer describes tﬁé\exerc1se as omni-
kinetic - a form of var1ab1e res1stance exercise that a]]ows for optimal
self accommodating res1stance and which is dependent upoQ\the muscles

contractile properties.

This system may have practical advantages in conditioniing the cardio-

respiratory system since any;hing from low power output with ‘small
muscle groups t6 ultra-high concurrent power outputs with larger muscle
groups can be achieved (11). For example, a training program designed
as a circuit using‘hydraulic resistive equipment and minimum rest‘perfqd

between stations may stimulate cardio-respiratory improvement as wel\l

1

/

as muscular strength and endurance improvement.

Statement of the Purpose

The primary purpose of this study was to critically eXamine thg
.,tra1n1ng effect of an eight week program of circuit tra1n1ng using
hydrau11c res1st1ve apparatus on a common]y used indicator of cardio-
respiratory f1tness maximal oxygen uptake (V02max). |

A secondary purpose of thelstudy was to examine changes in muscular
strength ahd muscular endurance of the quadricep and hamstring muscle

groups as a re;u]t of eight weeks of training.

' Signiffcance of the Study

The present study examined the effects of an eight week program of
hydraulic resistive exercise on cardio-respiratory fitness, muscular
strength and muscular enduranée. This may have practical sigﬁificance
as a\tr;ining program which may attend to several of the components'of
physical fitness when'considering the‘varyihg circumstances under which
pedple are eﬁp]oyed in the Canadjan Forces. An example of this may be

in the Navy or in isolated circumstances where Timited space and



inhospitable weather conditions become a deterrent to physical activity.

v

Limitations
The iﬁVestigator could not control:
1. the subjects' motivation during testing and training;

2. the subjects' diet during the course of the study.

Delimitations

The study was restricted to:
1. thirty male subjects, 18-35 yearé of age;

2. spétific training program and equipment (see Methods).
{

'Operationé] Definitions

Maximal Oxygen Uptake: refers to the maximal volume of oxygen which is

consumed per minute (liters/min or m]/kg/mih) during a progressive
exercise. During a continuoys bicycle ergometer test, it.was a
point where_tﬁere was an'increase'qflless than ‘80 ml/min in VO,
measurement in two successive read{nés or when the subject-could
no longer continuetdué to fatigue.. |

Circuit Training: refers to a specified number of exercise stations

where exercises are performed in a specified order and time .using

hydraulic resistive units (sée Method).

Muscular Strength: refers to the force that a muscle or musc]e~groupt\
: erts against a resistance in one MaxiMal effort as measured on -
| Cygex IT during knee extension and flexion at 30° gnd 60° ber' .
second angular velocity -(see Methods).

Muscle Endurance: refers to the ability of the muscle tg’éontraét

‘continuously and/or repeatedly against a,constant;reéisfahéé; while .

moving through a range of motion as measured on Cybex II during ’



knee extension and flexion, at 180° per second angd]ar-ve]ocity

N, \

until 50 percent of the maximal torque volume was reached,(see

Methods).
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- - CHAPTER' I1.
b . METHODOLOGY -
; ’ ? L oL s - !

] . ﬂ} . .
Subjects .. P S . o | //)
- The subjects, were 36ﬁma1e m%litary,ﬁersonnel from Canadian‘Forces

Base Edmonton. The majority of tﬁe.subjects were fire fighters or

.other support personnel who voJunteered to part1c1pate in th1s prOJect
_The subjects ranged in age from 18135 years with a mean age of 26 06
years. Durfing the study;fthe experimental subject group was “asked to
refrain from any systehatic or vigorous activity other than that associ-
ated w1th the exper1ment or w1th the normal performance of the1r

military duties. " The normal subJect group was asked to refraln from any‘
contact with the exper1ment§1_equ1pment. They'were asked to refrain
from starting any new sy;tematic or vigorous activity during the course

. of the study, if they Were not currently invb]?ed in e training gFOgram.
Although there was no attempt to control the diet of either the exper1—
mental or control group they were asked not to. change the1r d1et
drast1ca}]y-throughout‘the-study. ATl test subjects had been medically .
screened by a physician withfn,the month preceed1ng,the study. .Pr1pr to
commencing the pre-test, each subject‘cgmp]eted tﬁe "Par Q, Heelth
Appreisal Form" (Appendix C) 5n order to provide additiogel igfermation '
on 1*‘estyie and.exercfse habi ts. AT subjecté Were required to complete
the "Ceroent Form fofiExefCise Test" agd-the‘"Censent Form ggr‘ParticiF

gation i1 Training PrOgram"'(AppendiX c).

Testing Ses~“ons

AT subjacts comb]eted one pre-test and one post-training evaluation

test battery. ATT1 tests were carried out at the Universitygof ATberta



. Physical Education Department and the Research and Training Centre for the

-equipment——The-bicycle-ergometer-protocol-wasintroduced: ~Each subject

Physically Disabled. Prior to the pre-test, a familiarization session was
carried out at the Canadian Forces Base. During thjs meeting, all test
subjects were informed of testino and training protocols. Test subjects were
fami]farized with the test eouipment, uith the exception of the Cybex II

performed a familiarization ergometer ride in accordance with the test

“protocol,. using a nose clip and a mouthpiece. All ather pre-test

administration was'completed,at this'time.

'The‘physical activity questionnaire'(Par Q) was administered and
the ”Consent for Participation in a Training Program" and "Consent for
Exerc1se Testing" forms were reviewed and signed by the subJects at -

this time. Although the control of d1etary habits is con.idered a.

11m1tat1on of this study, test subjects were rem1nded of the 1mportance

.of a normal and comp]ete d1et In order to emphas1ze 1ts 1mportance,

each subJect,was provi W th a copy of the Canada Food Gu1de The

vsubJects completed a s1mu1ated max1ma1 oxygen test E%Ch subject was

1ssued a test/training adv1sory (15) (Append1x D) There was a minimum-
of 48 hours separat1ng the pre-test fam111ar1zat1on and the pre- test
The test batter1es 1nc]uded measurement of max1ma1 oxygen consumpt1on

on the Beckman Metabolic Measurement Cart and the measurement of max1ma1‘15

knee extension flexion torque and local muscle endurance (LME) on -

_'Cybex II at the spec1f1c-angu1ar ve]oc1t1es~ A1l tests were performed

under standardized c°nditions The temperature ranged from 22.0 - 25. 5° C.

SubJects were requested not to smoke, eat, dr1nk coffee or tea, for a

Beckman MetaboT1c Measurement Cart (MMC) (Beckman Instruments, Advanced
Techno]ogy Operations, Anaheim, California).

4 Tt beex II Dynamometer Lumex Inc (Bay Shore New York, 11779)

A



period™of 1.0 hour prior to testing (Appendix.D). They were also advised
not to perform vigorous exercise'for‘a period of 48 hours prior to test-
ing. Test schedules were arranged so that each subject was tested at

the same relative time of day, pre- and post-treatment (15).

oo L
Testing Procedure

Maximal Oxygen Consumption _l - : S

~

Oxygen_consumption was measured by the Beckman Metaho]ic Measurement

.Cart while the subject rode a'Monark cycle ergometer. The metabolic
“cart read-out TncTuded expired volume, oxygen consumption in litersper
m1nute and m1TT1T1ters per kilogram per m1nute resp1ratory quotient,
percent oxygen and percent carbon d1ox1de VoTumes were corrected by
the 1ntegrated computer system for Standard Temperature and Pressure,.
dry (STPD) and Body Temperature and Pressure Saturated with water vapour
:J(BTPS) ETectrocardiograph (ECG) leads were attached to the subJect in
addition to the Exersentry heart rate mon1tor1ng dev1ce The measure-=
ment of max1ma1 oxygen consumpt1on was carr1ed out in accordance with
f;the Mod1f1ed<McArdTe Continuous B1cyc1e test (16) The test protocoT-1s
’outT1ned 1n Append1x B. The cr1ter1on that V02max has been achieved was

that VO, showed an 1ncrease of less than 80 mT/m1n when measured in

two consecut1ve measurements or when the subject could no Tonger continue -
'z»due to fat1gue ‘ Heart'rate mas continuously moni tored on the Exersentry.
L‘Oxygen uptake on the Beckman was monitored every 30 seconds An ECG
¥trace was recorded cont1nuousTy for, at Teast the last m1nute of
exerc1se in order to detenm1ne and record the 1nd1v1dua] s maximum heart
“rate Dur1ng the recovery per1od ‘the subJect pedalled with m1n1maT
resistance forAtwo to five m1nutes in order to aTTow a cooT down period."

Heart rate was monitored until it had dropped to 100 bpm.

) <
”

T Respironics (HK) Ltd., 38 Hung-To Road, Kwon Tong, Kowloon,.Hong Kong.



Maximal Knee Extension-Flexion Torque and Endurance on Cybex II

One hour and thirty minutes after the completion of the maximal

_ .
bike ride, all subjects completed, maximal knee extension and flexion of
the right leg. Each subject contracted maximally in both directions at

an angu]ar velocity of 30° per second and later at 60° per second..

_;“‘Each test was separated by a - five minuté rest™ per1od"—‘F1fteen m1nute5““—~‘“"—;~-
1ater the\muscu]ar endurance test was completed. A]] subjects exercised
at 180° angular velocity, until 50 percent of thehnaxima]'torqne'was/f'
reached. Five submaximal oractice trials were permitteo to a]loW'the _
subjects to experience the accomnodating resistance The subJect was
seated in the chair and was 1nstructed not to ho1d the sides. Straps
were app]ied just above the ankle to secure the lower leg to the hachine
and across the thighs to secure the thigh to the chair{'.Theisubject then
cohp]eted extension (starting_with knee at 90° and eannglnith knee at
0°) and fTexion (starting with knee at 0; and endingtwith knee at 90°)
'”}movements All subJects comp]eted warm-up exercises to stretch the
quadricep and hamstr1ng muscle groups - prior to the test1ng Peak torque
“and rate ‘of fat1gu: were determined from the chart record1ngs Throughout

the test1ng, the subJects were verba?]yvencouraged to extend and flex the -

knee aS‘fast as - possible. ‘ : : o o R

Training - ' , ‘ T

. The tra1n1ng program cons1sted of a c1rcu1t of e1ght exercise
stat1ons ut1]1z1ng Hydra Gym hydralic res1st1ve equ1pment A1l of the N
training equ1pment was rented from the manufacturer. -The tra1n1ng-equ1p—
ment was p]aced in a .training room 1ocated in the F1reha11 at the
1 Canadtan Forces Base. The following stat1ons were 1nc1uded in the program:

1. Jump Squat (legs)
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2. ﬁench Press (arms)
©3. Adducter/Abducter (hip)
4. Biceps (triceps)

5. ‘H1p Flexion (extension)

. 6. .Upr1ght Row (tricep extension)

7eéfpnilatera1uQuadnicepr(hamstning)
8. Incline Shoulder Press (lateral pull)

The training. group performed the exercises in the order as.listed, but they
were initially permitted to start the program at any station in the circuit.
Subsequent workouts commenced at the next station on the Tist.. The
exercise stat1ons were organized to alternate upper and lower body
exercises. The training subJects were‘pa1red and orov1ded'w1th a traine
ing card as shown in Appendix'E

_ Eacﬁ tra1n1ng pair completed 3 sets at each exerc1se stat1on anh
subJect wore an Exersentry heart rate mon1tor1ng device. ,As one .subject
exercised, .the number of repetitions and the heart rate 1mmediate1y be fore
and after'the eXeroise bout were recorded. A]] of the datalcoT]ettion
was done by a th1rd individual designated to observe the tra1n1ng sess1on
'hAll work re]:ef rat1os were defined by an exercise music tape wh1ch
: s1gna11ed the start of exerc1se, stop of* exerc1se and the 1ength of the

‘rest per1ods For each exerc1se during- the f1rst four weeks, the subJects

‘.‘vcompleted as many repet1t1ons as - poss1b1e in 20 seconds Th1s training -

'protoc01 was fol]owed by a 40 ‘second rest per1od After week founAthe
subJects completed as many repet1t1ons as poss1b]e in 30 seconds,

followed by a 50 second rest.

Individual -progression was based on the number of repetitions
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- completed in the exercise period and in accordance w1th the manufacturer s
recommended schedule (Appendix F). For the first training seSSion, the
~ resistance cylinder selectors were p1aced at settings "1", "5", and "3"
for the three sets of exercise completed at each station. Each repetition
was counted and individual perfonnance was recorded on the training card
; ~~~~~~~ (Appendix -E).—After-each-session- themind1v1dua1 S re$u1ts weresassessed ______ S
‘and new training cards prepared for the next workout indicating the new
'cy]inder setting (i.e., if on station number 1 [Appendix E] cylinder -
se]ectidn‘"i" "5", and "3", the:subject comp1eted 20, 12, and 16
~ repetitions [Appendix F] during the first workout the ‘training card
would be amended to ref]ect cylinder selection "2" '"6",‘and "4" for the
. next workout This would be carried out for every station in the
circuit). After each training session, the training cards were eva]uated
This process continued until the subJects reached cylinder se]ection "6",
"6“, and "6" or until there was no further 1mprovement After week_fourv
’ and the increase in work reiief ratio to 30 50 seconds, a]] resistance
"seiectors were returned to ", "5”, and "3" for the three sets. |
Ind1v1dua1 progre551on was based on the performance criteric outlined in
Appendix F and as prev1ous1y described , N "
| Prior to the start of ‘the training session, a]] subJects part1c1-
‘cpated in a 2 minute warm up period, empha51zing various stretching and
A-ca]esthenic exercises. The last 30 seconds of the warm up 1nvo1ved a few
”»,,repetitiOns at thepstarting”station of_the circuitt -These were_performed _
- at about hait.the;speed'that.the subject would use if(he were making an
a]]-out'effort.' Upon completion:ofethe training session thevsubjects ‘
participated in'a cool-down periodrof Svminutes duration. ’Everyone;was

observed untii heart'rates were below 100 bpm.



fhe program wao carried out over an eight weekaperiod with 7 work; .
outs every two weeks performed on an a]ternate day basis, The investigator
superv1sed a]] training se551ons The subJects were encouraged to make i
max1ma1 efforts, by the 1ively music, by their tra1n1ng partner, and by

the tester.

12

Stat1st1ca1 Analysis

Each dependent var1ab1e was ana]yzed by -a 2—way ana]ys1s of variance
“with repeated measures The University ‘of Alberta Department'of
‘Educat1onaﬂ Research ANOV 26 program was used for the ana]ys1s _The‘

‘ ‘ d1fference between se]ected means was - tested for stat1st1ca1 s1gn1f1cance

by a Scheffe test on an a pr1or1 bas1s (17, 18). S | 'm””“”*\\
\\ e

. Pre-training t tests were comp]eted using the Un1vers1tY“of A]berta c
program SPSS,(Stat1st1ca1.Package,for the Social Sc1ences).on each of
the dependent_variab]es'in‘order'to ensore that the two groups were not
significantly different before treatment. The 1eve1 of éignificance was

set at. p {'O.OSE'J

ij.

Iy



" CHAPTER III
RESULTS .

1

Pre-Program t-Tests

The pre-program t- tests demonstrated that the exper1menta1 and

,hormal group_pre-test means were not s1gn1f1cant]y different for any of

the dependent variables (p < 0.05). The results of the t-tests for a

difference between two independent means are contained in Appendix G.

" Ventilation Measures

During the pre-test measurement of maximai'oxygen uptake (V02max),‘nine
normal and ten experimental subjects achieved the primary objective
criteria for attainment of VOémak (i.e., an increase of 1ess‘than 80 ml/
min in VO2 measurement in two successive measurements) During post- |
| test measurement eleven normal and twelve exper1menta1 subJects ach1eved
this goa] The rema1nder were considered to have attained VOzmax

\

"because they were exhausted and had resp1ratory exchange ratios greater
than un1ty » -

Appendix H prov1des a swnnary of the two-way ana]ys1s‘of var1ance
~ for repeated ‘measures and Scheffe test for pre- and post -test means. i
Cqmparjng the d1fferences between the means for the exper1menta] and ndrma]’
‘group, a'27’pereent increase was obserued in V02max (p < O.OOS)Iin the
exper1menta1 group from pre- to post -test wh11e the nonna] group exper- v
1enced no change. The d1fference between the exper1menta] and normal
 group was fdund'to be s1gn1f1cant at .05 1eve1 for post—test-means
(Appendi x H,’Figure_l). when the'data;waS'normalized,.the A.percentage
| ~ change was significant (p’<'0.001). Similar observations (26 uercent :

_increase) were noted when the ventilatbry data was expressed independent

13
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of body weight in liters of oxygen per minute (p < 0.05) (Appendix H,
%igure 2). The normalized a percentage‘changé'was significantly different
(p < 0.001).
: in addition, the training program resulted in a 16 percent increase
in minute ventilation maximum (VEmax) between'pré— and post-test. The
A——~w—diﬁférence~betweenwthe~postQtestAmeanSA(p;<~0705)—wa5~found—to—be—signiﬁi-~——~—w
cant (Appendix H, Figd;é 3). The same level of significance was demon-

strated when the data was expressed in terms of A percentage change.

Heart Rate Resbonses During Training
During é]] of the fraining séssions, the subjects' heart rates were
monitored. _Heart rate was recorded immediately pridf'to the commencement
of the exercise period and immediately after the exércise’béuf, on the
tfaining card (Appendix E). As a result, heartlrate was recorded 48 times
throughdut the exercise period. }n'order to compute yhe percent of m§ximum.
heaft rate.achieved during the trainﬁng session, the ;re-exercise heaft‘
rates ‘were averagéd with the post-exercise heart rates and divided .by the
maximum heart rate-acbieved dﬁring the continuous makimal,‘ st achfevéd'
during pre-test on the ECG. The results were computed after each workout

..and individug] and group results were provided to the traiﬁing group.

Group means for the experimental grodp are proviced in Table 1.

TABLE 1

KLY GROUP MEAN FOR HEART RATE RESPONSE .DURING
\ TRAINING FOR THE EXPERIMENTAL GROUP

Total Number Group Pre-Test

of ‘Maximum Group Percent Maximum Heart Rate Week Number
Tra1q1ng_ - Heart Rate ‘ , _ ‘
Sessions | 1 2 3 4 5- 6 7 8.

27 ' 181.61‘ 85.4 82.9 82.4 81.9 82.5 8l1.8 79.0 80.3
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Strength Measures

Mustular strength was measured during maximal knee extension and
flexion of the right leg at angular, velocities of 30° and 60° per second.
- The experimental group during extension at 30° per SQQQnd angular velocity

improved their performance by 20 percent (p < 0.005) between pre- and

__“_m;postztestAWHile_the_normangroup_did_not_show~si@nifjcantmchangeJW_Ihemw_;;___n_

difference between the post-test means for the experimental and normal .
subjects was significant ét the 0.05 level (Appenéfx H, Figure 4);‘ When
the data was no;malized; the & percehfage change was significant
(p < 0.01). ' |
During flexion at 30°, the experimental group achieved a-23 berégnt
(p < 0.005) improyemént in strength between pre- and post;tést. The
normal group achieved‘cpmparabie'resU]ts (p < 0.01). The post—test
.means for, flexion at 30° were found to be not significantly different
for the two groups (Appendix H, Figure 4); When the aéta was normalized
.;he A percentage changeAwas‘not signifigant. B | )
With regard to maximal knee eXtensioﬁ and f]exfon at 60° per second
angular velocity, the training group experienced a 19.peréént‘(p < 0.01)
improvement in extension and a 28 percent (p-< 0.00%) ihprovément fn S
-.t~f1exion (Appendix H, Figure 5) in pre-'to post-test means. The post-
tégt means were found'tb be not significantly"differenf for the two
groups. When the data was:normd1ized, the A percentage change was not

significant for extension or flexion.

i

" Muscular Endﬁrance Meésures o
In regafd to total wdrk-thé éxpepimenta]‘gfoﬁp démonstfatéd a.29

. percent (p'<0.001) improvement iﬁ~éxtén$f0n and g 35‘percen£ (b'<.0.001)
impfovement in flexion. %he‘norma1 group did not demonstrate signifﬁténtly

different results (Appendix H). The post-test means were*fouhd to Be.nbt'
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sigﬁificdnt]y'qifférén; for the fwolgroups (Figure 6). When the data
for flexion was normalized, the A peécentage éhahge for flexion was
‘significant (p < 0.01) and for éﬁtension was not'éignifiCaht;
"During-the}muscu]ar enduranée test, the time of exercﬁse:was
-recorded and was used to determine extension and flexion i newton-

meters per'second. The training group demonstrated a 39 perte‘t

(p'<K0.001) improvemeﬁt‘in extension ‘and a 47 percent (p/<10.9,;
impré&emeﬁt in flexion in pre- to post-test. Thé/;fe- to pogkgtest'means'
for the normal group.were found taube‘not significant fof exteﬁsion and |
v signfficant (p < 0.05) for'fTeXipn.‘ Subsequent Scheffé tests demonstrated
signi%iéance’(p’< 0.65) fér bosf4te$f éxtensiqn and flexion means in
.re]étién‘to_time.(Appendix'H; Figpfev7). When the data was nofma]fzéd,
the A percenfége.changé'for éxtensjoh and flexion wasvsignificant.

(p < 0.01).
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| CHAPTER IV
- | DISCUSSION
| -
The 15 exper1menta1 subJects completed the eight week program w1thout
inc1dent As observed in the resu]ts, the tra1n1ng subJects worked at

re]at1ve1y h1gh heart rate 1ntens1t1es throughout the program. The

subjects commented on the lack of musc]evsoreness associated with
the training program.. Fox (19) has shown that muscular soreness isfieast
i L ‘ : SR
.fo11owing'isokinetic contractions. Perrine's (11) observations support
these f1nd1ngs |
An 1sok1net1c exercise does not cause a musc]e to contract
eccentrically following a concentric contraction; in fact the
. opposite muscle group can be loaded to its relative maximum on
the return movement of a full repet1t1on Thus, a muscle. can
relax. briefly ‘and receive circulation in between every contrac-
tion. This may even produce a pumping effect on circulation and
experience indicates that it provides freedom from the muscular
ache and 11nger1ng weakness common]y developed in uninterrupted
contraction exercises. Thus in addition:to the potential physio-
logical and metaboTlic benefits with intermittent contractions,

" the freedom from discomfort may. be 1mportant to an 1ncent1ve for :
exerc1s1ng regu]ar]y T o T

A]though the’ 1nvest1gat1on of musc]e soreness was not a purpose of th1s
‘i"study, its absence promoted cont1nued part1c1pat1on by the exper1menta1

"grdup' Further research is requ1red to 1nvest1gate muscle. soreness -
assoc1ated w1th the use of . hydraulic res1st1ve equ1pment

The experimental groupvpart1c1pated in no. other’ physaca]'trainihg‘;

'actjvity_other than thehtraining program. ,A]though‘the,normat'group Was' |
vasked to refrain from startfhg any‘new systematic or vigorous activity' ‘
dur1ng the course of the study, it was observed in the post test quest1on-'
‘na1re that th1s was not the case. S1x members of the norma] group |
were requ1red by work regu]at1ons, to attend f1tness c1asses three times

: ;per week throughout-the training period. . The c]asses cons1sted of_A
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fifteen minutes of‘calesthenics‘and conditioning and thirty‘minUtes of
organized games. Additionally, two of the normal subJects had arrived‘
and reported for work immediateiy prior to” the study. SinceJthey were
new members of the work team, they were assigned JObS which involved
“heavy 1iftjng tasks, such as working in heavy vehicle tire bays.

“Although these}tasks were part.of. the job routine, there was a great

deal of work emphasizing‘knee extension andvfiekion.

rl

Ventiiatory Responses I I ‘ S
| MaXimum oxygen uptake is the most w1de1y\used dependent variab]e )
in asseSSing the magnitude of training effect (20, 21, 22, 23 24, 25).
In the present study, the experimenta1 group demonstrated a 27 percent
(p < 0. 005) improvement from pre- to post—test (9 69 m]/kg/min) These'
vchanges are re]atively high and even exceed those reported in some
running programs, of 15 to 20 percent increase (26 27, 28)
Using Cybex isokinetic training deVices Gettman et al (29) reportedf
a 3 percent (p < 0 05) improvement in aerobic capaCity as measured on a
~treadmill test after the initia1 eight weeks of a c1rcu1t strength -
training program In. a subsequent study Gettman et al. (30) demonstrated
?va.17 percent_(p < O.QS) improvement in szmax as;measured-on a treadmi]]
test,with a‘groupfof'men‘inV61Ved in circuitiweight training»(CwT) usingj“'
~ Universal Gym Inc;:machines; ‘The‘training subjects'were required'to run :
.for'3qpseconds}f0110wing each CWT station. A secOnd group was required‘
ghto‘do CWT.on]y,and showed aniimproVement;of iz'percentr(p‘<_6§05)_fromi
‘, Pre to post-test . | ‘ L p» |
In a. study by: Satre (31) the training group showed a 15 percent
'ti(p < 0. 001) increase in aerobic power from pre “to. post test as a

’uresuit of traintng,for 10 weeks using a varietyaof Hydra-Gym machinesi



™

In Satre's study, the pre test group mean. was very close to that

)

.//

' observed in the present study (35 73 ‘versus. 35 3 ml/kg/min). In'Satre's

\
study the method of predicted max1ma1\performance was used to measure

V02max The acce]erated 1mprovement in the present study in regards to

post test V02max may be associated w1th the 1ncreased intensity and

frequency of training when compared to preVious works (29, 30,_31).

Whereas V02max prov1des a re]ative figure for oxygen uptake in

consideration of the subJect S body weight, oxygen uptake (VO ) prov1des

] an absolute figure for the measurement of increases - in aerobic power

- for the training group, for the most part, is directly proportional- to

The’experimental group demonstrated a 26‘percent (p < 0.05) 1ncrease in

VO2 between pre- and post- test

_Minute ventilation (v Emax) increases in. pre- to post -test scores

increases in the amount of 0xygen'consumed and carbon<dioxide produced ,

per minute by the\working musc]es {32).. VEmax increased by 16 percent

(N. S ) in the experimenta1 group . from pre- to post test however the

: difference between post ~test means was. 51gn1ficant (p4< 0 05) The'

Jincrease in VEmax represents a mean difference of . 23.3 ]1ters/min

-1

between’ pre- and post tests Gettman (33) prev1ous]y reported 51gn1ficant

"1ncreases 1n both 1soton1c and 1sok1net1c max1mum pu]monary ventiiation

'Mean_differences of'11.6,and 10.3 hters/min,1 betweenvpref and.post—-u E

"test_were reported after 20 weeks of training (33). In'contrast,'Nagie

- and'Irwin»(ZO) and Butta (34) reported no significant differences.preil

-; to post test between experimentai and contro] ‘groups in VEmax after

'training with weights for 8 and 6 weeks respectively

The ev1dence of the present study strong]y suggests that aerobic

power can be Sic ificant]y 1ncreased u51ng hydrauiic reiistive appa.atus

n training ~ The resuits of thisstudy were achieved over a shorter duration

‘1 o Not.Significant



| | _27‘

than in prev1ous 1nvest1gat1ons (Gettman [7] - 20 weeks, Gettman [30] -
12 weeks, Satre [31] -.10 weeks) which .demonstrated s1gn1f1cant improve-
ments In the present study, the program d1d not involve any other

exerc1se ‘other than that performed on the equ1pment In the study by
&

Gettman (30) which demonstrated the h1ghest previously recorded improve-

and antagonist1C'musc1es during the same exercise bout. This type of .

ments in VOZmax, the training subjects were required to run for 30

"seconds following. each CWT station.

The physiological responses that were observed with training’on the -
hydraulic equipment’imp1ies thatvintense work can’ produce improvements
at a faster rate\than can other types of equipment studied‘(7% 10, 20,
29, 30,‘33). This may be‘attributab1e to the nature'of the hydraulic’

resistive equipment. The equipment permits exercise of both agonistiC‘

.exercise has-been suggested to produce a musc]e pumping action which

a1ds the flow of blood to the work1ng musc]e unlike the blood occ]us1on

that occurs_durlng_other}contract1ons (19). - As a result, acute muscle T

SOreness due to lack of adequate blood flow and .deldyed soreness which

.'is'greatest following eccentric contractions (19) . is reduced

allows for a self-accommodatjng‘resistance which is dependent upon the ‘

- speed of movement, the user; therefore, achieves a high accommodating

vof movement-is not pre-set on the machine. The hydraulic equipment -

Another factor which may account for “the 1mprovements 1n the ventila-
tory measures 1n the present study 15 the hydrau11c res1st1ve equ1pment S
capability a]]ow1ng the muscles to,recemve near max1mum_res1stance

overload with each repetttion. Unlike isokinetic apparatusJ the speed .

'res1stance overload at the beg1nn1ng of the set when the muscles are at

" their peak energy 1eve] and also at the end\of the set when muscles are e

0

-_fat1gued; Thereby anv1nd1v1dua1 shou]dido more work, with 1ess chance

¥
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of local muscu]ar fatigue and consequently p1ace greater demands on the

cardio- resp1ratory system than with other types of exercise equipment.

““““*“—““Perhaps the- greatest-problem _interpreting_the_ results of this study

and other stud1es using d1fferent types of equ1pment is equating the
tota]_amount of work done or the'intens1ty of the tra1n1ng sessions.

In the present study, one method of‘monitoring intensity was the obser-
vation of heart rate responses to the training sessions.

In1t1a11y, the primary purpose for monitoring heart rate was to
~ensure that the subJects were not overly stressed by the tra1n1ng reg1men
As the study progressed it became apparent that the subJects wére using

-}x\he devices for self motivation (35) (i.e., 1mprov1ng responses by
work1ng harder in order to 1ncrease their percent of maximum heart rate
in compar1son to previous performance and compet1ng against the1r tra1n1ng
‘partner)L The Exersentries became motivating devices that seemed to
promote increased intensity in'regards to heart rate response'to_the
tra1n1ng 7" _
"This type of stimulus coup]ed with the fact .that much 1arger
gyh quant1t1es of high intensity work can be performed 1nterm1ttent1y than
\cont1nuously (21, 36, 37), in the author's op1n1on m1ght we]] be
"respons1b]e for the major success of the training method used in this

study. : AT

Muscular-Strength and Endurance

| ~In thTs study, the measurement of change in muscu]ar strength and endur-
ance. was carr1ed out on the right leg dur1ng maximal extens1on and flexion.
efforts Moffroid observed that the study of the quadr1cep muscle group _'-Yv
is s1mp11est "The musc]e has a d1st1nct force var1at1on through a range

of mot1on and one ca& be re]atwely assured of. correct]y observing peak.



torque andlthe'point?in the range of motion where it occurs. This is
not as true for the hamstring muscle group" (38). |

Th:. “1e et_ alemsuggested that: "The-measurement-of-- torque—ns ~the——————

\‘rv

change sngn1f1cant1y. The post-test means were not significantly ';5{

best index of muscular contraction sinﬁs exercises which involve: 1ift-

ing of weights are difficult to interpret as tests of improvement in
)

. ) -
training programs" (39). Strength was measured in this study on the

. Cybex II at angular ve]oéit%es'of 3? per second and 60° per second and

‘ peak torque was recorded. At an angular ve]oc1ty of. 30° per second,

Ve

' the experimental group improved 20 percent (p < 0.005) dur1ng extens1on
and 23 percent (p < 0.005) during flexion. The normal group demonstrated\“‘

comparable jmprovements. As a result, the post-test means were not

significant. .The strength results at an angular velocity of 60° per

‘second showed the same tendencies.

Muscular endurance was measured in terms of total work and tota]
work per second at an angu]ar ve]oc1ty of 180° per second. It was
considered to be atta1ned when the subJect reached 50 percent of the
peak maximal torque achieved: at the start of exercise. In terms of
total work the training group 1mproved 29 percent (p < 0. 001) in exten-

sion and 35 percent (p < O 001) 1n>f1ex1on The normal group;d1d,not

s

different. 4

Muscular endurance was defined by Moffroid (38) as the average ' o
power output over a given period of time.- It could be quantified in
units of newton-meter of work per second. It was concluded that the

amount of work done was not as important as the rate at which it was

. done (38). This supports the theory‘of HeTJebrandt (48) that: “power

(f x d x t71) is the variable on which the extension of the limits of

performance:dependsf. Thusly, the importance of showing“improvements

|
\
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in the rate of doing work was considered to be the most meaningful in
_expressing the results of this study.

With regards to total work per secdnd, the' training group improved

39 percént (p <.0.001) in extension and 47 percent (p < 0.001) in flexion
in bre— to post-test. Thelﬁdkmal grbup'did‘not change in extension but
had significant changes (p < 0.05) for flexion. Post-test means were
significantly different (p < 0.05) for flexion and ektensﬁon for the

tﬁo groups. | ’

A factor WHich must be considered in this study is thét'the normal
group made excellent imprbvementsAin maximal knee flexion and extension
at 30° and 60°'per second ahgu]ar velocity. This hay be attributable to
their 'normal' actdvjty level, described in the results, and may have
contributed to th:4Tj;E\3¥ statistical differepce in post-test means;oﬁ
_the Scheffé tests. : o | .

| THe normal group,waé highly motivated to improve their personal level
of fitneés. Prior to'assignment to the experimental or normal groups, |
several of‘the‘subjects indicated tha? they intended to train whether of
‘not they were selected for the'training-program. The post-test\question-
‘ naire (AppendiX C) identified eight normal subjects fhat éither trained
- Or were invelved in héavy muscular activity. It is possible-that other
normal subjeéts did not identify activitfeﬁ tﬁat may have improved their
: fiyneSS level. This may have occurred és a result df the conflict between
the individual'§ desire to become more fit.and'the reéeafcﬁér's‘request
to‘refrain froﬁ starting new or éystematic or vigorous activity duriné
the course of the study.

The‘speed of'traiﬁing of ;he normal and experimental grouhs ih

comparison to the speed of testing may advantage the normal group. The

members of the normal .group that trained regularly during the program

-

~
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participated in large muscle activity involving slow, static contractions.

The é;berimental test subjects completed repetitions as quickly as

possible in the exercise time frame. ATthough it was not possible to

31

calculate the exact speed of exercise due to the various resistance
settings and individual-efforts of the subjects, the'authdh estimates that
the subjettsltrained at‘vahying angular velocities with a mean score
greater than 120° per“secdhd thtoughout the training period Moftroid ‘

. (38) has shown that fast training produced a]most the same hesu]ts at
both the h1gh and 1ow velocities, while slow training produced markedly
better results at the low velpcity. In th1srstudy the exper1menta1
“group showedfimprovements, however, the choice of test speed (30° and

60° per second) may advantége the normal (slow training) groub. Moffrpid
(38) has shown that low power (1ow speed, hdgh Toad) exercise proddces

greater increases in muscular force only at slow speeds. Perhaps it

g

’”“wou]d be more appropr1ate to test at h1gher speeds in order to ensure

'that training effects ach1eved during tra1n1ng by the norma] group are
not advantaged by s]ew speed tests; | '

The effect of learning on‘both horma1‘andﬂexperjmenta] brer to
post-test scores may account for part of the jmprovement shown by hoth
groups It Waé not possib1e to:schedu1e more than‘one bre- and dne v
post-test session due to the subJects work schedu]es A training‘
sessjon on the test equ1pment may: have prov1ded an opportunity to
'exper1ence the Cybex II resistance pr1or to the actual test. As a
result, part of the improvement experienced by both groups may be
attributed to equipment fam1]1ar1ty assoc1ated with pre- to post-test-
1earn1ng: s | . |

‘Sjnce'there‘ie 1itt1e.reseeréh,informétion dvai]abTe on hydheu]ic

- equipment, compérisohs will be made with other eduipment descrfbed in

——
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the literature. Gettman et al. (33) observed a‘ lack of difference
between isotonic and slow 1sok1net1c tra1n1ng in the1r 20 week study

at 3 'sessions per week A1T subjects were tested isotonically and.

1sok1net1ca1]y for strength gains. - In contrast, Rosentswieg'and Hinson '
4(41) compared tra1n1ng 1nvo1v1ng isometric, isotonic and 1sok1net1c
contract1onsvuswng integrated electromyograms. Their ana]ys1s was based
on the-assumption that the exercise modeithat caused the greatest .
intensity of e]ectrical'activity in\a muscle will pr0duce the'greatest
training effects These resu]ts were in agreement w1th Th1st]e et al.
(39): 1sok1net1cs was‘sTTghtly ahead of isotonics with 1sometr1cs
1ast. The genera11zat1on of these fjnd1ngs other than'to‘e1ectr1ca1 1
act1v1ty in the mu$c1e 1s ev1dent » v‘ - | |
P1pes and Wilmore (12) ana]yzed the effects of an e1ght week, 1so— E
kinetic and 1soton1c tra1n1ng program on strength and other parameters
In their op1n1on, the resu]ts demonstrated a c]ear super1or1ty of 1so-
k1net1c tra1n1ng procedures over 1soton1c procedures re]at1ve to strength
) (12) | .’ : | o _

? ThedchoicejOfgthe'most‘appropriate_method to strengthen'musc1e has,_
_not been c]arffied - Atha (42) suggests that*v "D1ffeﬂ!gces between
‘methods appear to be swamped by d1fferences w1th1n them for the

‘.tra1n1ng effects produced are: dom1nated by the chosen reg1men (1 e., by

.the schedu]1ng of tra1n1ng 1oad frequency, durat1on, speed and rests)“.
The' pr1mary d1fference between isokinetic equ1pment and the equ1p—”

- ment,-used 1n the present study is that the hydraulic equ1pment speed of

fvmovement is not mechan1ca]1y pre set but contro]]ed by the 1nd1v1dua1

-muscles contractile propert1es as descr1bed prev1ous]y The author 1s:

1n agreement w1th Atha (42) in that '"The mbst 1mportant property -of

the strengthen1ng stimulus remalﬁs the 1ntens1ty of. the load1ng on the
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: muscles”. Perhaps the stimulus proVided by theAhydradiic equipment is
most appropriate in~that it is-not pre-detennihed by the°eqdipment

The present study has observed significant 1mprovements in card1o—

respiratory and strength parameters following eight weeks of hydrau11c
' apparatus tra1n1ng Cons1derab1e comparat1ve 1nvest1gat1on remains to
| be completed before a fu]] understand1ng of the mode of tra1n1ng is

: available.



_ CHAPTER V
SUMMARY AND CONCLUSIONS

Purpose
- The purpose of this study was to exam1ne-the effects of ‘an e1ght week

‘ program'of c1rcu1t training using hydrau11c res1st1ve apparatus,on
'VOZmax A secondary purpose was to observe changes that occur in
muscu]ar strength and endurance of the quadr1cep and hamstr1ng musc]e

-group as a resu]t of the tra1n1ng.

Samp]e Se]ect1on ‘,J
= v ,
Vo]unteer subJects were random]y ass1gned to e1ther the exper1menta]

'jgor norma] group. The nonna] group was requested not to start any new

?systemat1c or v1gorous act1v1ty dur1ng the course of the study

——

. Procedures
A]] subJects were tested 1nmed1ate1y pr1or to the start of the programv
and 1mmed1ate1y after the end of the e1ght week tra1n1ng program |

Vent11atory measures were taken dur1ng a cont1nuous max1ma1 b1cyc]e -

‘_tergometer test and measured by the Beckman Metabo]1c Measurement Gart

”wh11e exerc1s1ng on a Monark cycle ergometer | Max1ma1 knee extens1on-l
s f]ex1on torque and endurance Were measured us1ng the Cybex II at angu]ar
"fve10c1t1es of.30° and 60° per second to measure strength and at 180°-5
_per second unt11 50 percent of the max1ma1 torque va]ue was reached 1n
order to measure funct1ona] muscu]ar strength)or power ‘

“The tra1n1ng program 1nv01ved 8 p1eces of Hydra Gym hydrau11c
‘:i>res1st1ve equ1pment and was based on pr1nc1p1es of c1rcu1t tra1n1ng us1ng

5 1nterm1ttent exerc1ses The subJects tra1ned on a]ternate days for e1ght

"fweeks Dur1ng the f1rst four weeks the subJects tra1ned with a work

3



-a work re11ef rat1o of 30: 50 seconds was used

A two -way ana]ys1s of var1ance was used to analyze the data: the

're11ef ratio of 20 40 seconds During the final four weeks of the study,

© rows correspond1ng to methods (i.e., normaT and experlgental—group) (A);'

Athe'columns to tihe interva]s (i.e., pre- test post test) (B). ‘Scheffé '

tests were used_to compare selected means.

Pre- tra1n1ng t-tests were ca]cu]ated for the dependent var1ab1es :

'] to confirm- group equ1va]ence Pre test means were not s1gn1f1cant1y

_ d1fferent for any of ‘the var1ab]es (p < 0 05) (Append1x G).

2

jResuTts

The fo]]ow1ng resu]ts were observed

: 1.';__2max

- The- exper1menta1 group showed a 27 percent (p < 0 005) 1ncrease

_.from pre-: to post test wh11e the norma] group d1d not change 'The';

d1fference between the tnagn1ng and norma] group for post -test [(

3

\means was s1gn1f1cant {p < 0. 05) When the data was norma11zed the

A percentage change for V02max was s1gn1f1cant (p < 0 001)

I

N
The exper1menta1 group showed a 26 percent 1mprovement (p < 0. 05)

from pre to post test wh11e the nonna] group did not change %Ihe
- d1fference between the. tra1n1ng and norma] group for post test means

"

aA percentage change was s1gn1f1cant (p < 0 001)

Jf |

The exper1menta1 group showed alé percent 1mprovement wh1ch

was not stat1st1ca]]y s1gn1f1cant The norma] group did not change

£
»The d1fference between the post test means was s1gn1f1cant (p < O 05).

o

| __was s1gn1f1cant (p < 0. 10) (1 ) When the data was norma11zed the Tl

A . . O vk
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The normalized. data demonstrated the equivaTent TeveT‘of significance}
. .-

. vStrength 30° AnguTar Ve]oc1ty per Second - Extens1on

The exper1menta1wgroup 1mproved‘the1r performance by 20 percent

,“_(p <-0.005) from pre— to post-test. The normangrouprshOWed‘no

‘ -f-significant“change. The difference between post—test-means was

§ignificant (p < 0. 05) When the data was normalized, the A. percentage i
‘change was s1gn1f1cant (p < 0. 01) . . o 1

Strength 30° Angular. VeToc1ty per. Second - F]ex1on

The exper1menta1 group demonstrated a23 percent (pT{ 0.005)“
1mprovement from pre- to post test The normal’ group showed '
comparab]ewresu]ts (p < 0.01). | The post-test means were-not signifi{"b
. cant]y-different‘ When the data was norma11zed the A percentage

~ range was not s1gn1f1cant

. TStrength 60° AnguTar Ve10c1ty per Sec0nd

| The tra1n1ng group 1mproved 19 percent (p 0. O')'in extensionf:“
and 28 percent (p < O 001) in f]ex1on from pre to post test The
'fnormaT group d1d not s1gn1f1cant]y 1mprove in. extens1on but 1mproved
s1gn1f1cant1y in fTex1on (p <-0 001),;_The post—test means were,found
‘to be no@ s1gn1f1cant1y d1fferent When,the(data‘wasnormalized,’the ’
.A percentage change was not s1gn1f1cant tOr extension'or fTextOn

. iTotaT work 180° Angu]ar Ve]oc1ty per Second - 50 Percent Drop Off

The exper1menta] group 1mproved 29 percent (p < 0. 001) in
,extens1on and 35 percent (p < 0 001) 1n fTex1on The normaT group
d1d not change s1gn1f1cant1y There was no s1gn1f1cant d1fference
'between post -test means. When the data was norma11zed the A
vfpercentage change for fTex1on was s1gn1f1cant (p < 0. 05) and not

’"s1gn1f1cant for extens1on



8. Tota1 workgper Second

The tra1n1ng group demonstrated a 39 percent (b < 0;001),

jmprovement-jn extension and a 47 percent (p < 0.001) imprbyement

in f]eXion. The post-test means'were found to be'significantlyh
d1fferent (p < 0 05) for extension and flexion. When the data was
'~norma11zed the A percentage changes for extens1on and f]ex1on were

;‘1s1gn1f1cant (p < 0.01).

' Conc]us1ons '

W1th1n the 11m1ts of th1s study, the fo110w1ng conc]us1ons have

~been made:’ | | |

1. Aerobic boWer can be.significantly ﬁncreased.utiti}ing'hydraulic;
5resistiVe equipment. | |

‘_.2. vKnee'f1exion‘and extensidn strength can be significantly imbrbved‘

_us1ng hydrau11c res1st1ve equ1pment »b |

,,3; Knee f]ex1on and extens1on endurance can be s1gn1f1cant]y 1ncreased

_us1ng hydrau11c res1st1ve equ1pment _‘. o

Recommendat1ons

Further research is required to exrand upon the f1nd1ngs of th1s
study us1ng a var1ety of exerc1se and measurement techn1ques SubJects
;w1th h1gher 1n1t1a] V02max shou]d be observed to determ1ne 1f comparab]e a
j;results can be ach1eved. Tests of muscu]ar strengthhshouﬂdzbe carried
kout at higher angu1ar,Ve]dcit1es:fn order to observe.changes 1n,strength

o

B associatedbwith'trainTng at increased speeds. The.lack of muscle sore7‘

37

vnesstthroughout-the program mayhbe a positivedfactor 1nnpromot1ng'continuedl '

aCtivity;_ Further investigation on the training responsesvaSSOCiatedvWith .

‘the use of hydrauiic resistive equipment is recommended.,
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- a card1o resp1ratory tra1n1ng program Sect1on v cons1ders 1nterm1ttent

The benefits of ueight'training,programsvhave been discussed at
length in.the available Titerature. _Hydrau]Ic resistive apparatus is a
re]ative]y,new idea and as a result there is little research information

available. The Iiterature review; therefore: will consider related

'lareas in order to deve]op the tra1n1ng program used in this study

Sect1on I reviews studies that deal w1th acute card1o resp1ratory

' responses to we1ght tra1n1ng Sect1on II dea]s w1th muscu]ar contract1on |

and tra1n1ng programs ‘ Sect1on III presents cons1derat1ons in deveIop1ng
0 N

exerc1se as @ method to enhance card1o resp1ratory funct1on The many

var1at1ons in the\c1ted stud1es in exercise mode frequency, durat1on

and 1ntens1ty make d1rect study comparisons d1ff1cu1t and should be >/

cons1dered as a I1m1t1ng factor in the1r 1nterpretat1on

»Sect1on I Card1o Resp1ratory Responses to We1ght Tra1n1ng

: \¢
As earIy as 1950 Capen undértook a research program a1med at

determ1n1ng the effects of systemat1c we1ght tra1n1ng on strengt&kyk

"athIet1c power and on muscu]ar and c1rcqu resp1ratory endurance Capen

‘(43) found that we1ght training tw1ce per week for three months was as,

w0

:' ~effective in the deve]opment of c1rcu10-resp1ratory endurance as ‘was a )
‘fprogram of act1v1ty wh1ch espec1a11y emphas1zed endurance The subJects

"'elapsed t1me for a 300 yard run was used as a cr1ter1on measurement of

‘c1rcu10 resp1ratory endurance Capen found that the group that tra1ned
w1th we1ghts 1mproved 1n the 300 yard run by. 6 2 percent 0bservat1on

of the resu]ts 1nd1cates ‘that. the externa] va11d1ty of th1s study cou]d

[N
~

o



be'suspect due to the lack of control exhibited in the se]ection'of.the‘
= exper1menta] group and the appropr1ateness of the pre- and post- program

tests on wh1ch the conc]us1ons were based.

e l4

Nagle and Irwin (20) conducted an e1ght week tra1n1ng program three
days a week, in wh1ch the 60 exper1menta1 subJects were ass1gned to
1'e1ther a low repet1t1on h1gh res1stance group (LH), or to a h1gh repet1-‘
‘t1on‘1ow res1stance group (HL). Heart rate, oxygen consumption and

]
g ‘was monitored during pre- and_post—tests'on-a b1cyc1e

The endurance test was terminated when-a heart rate of ‘180
ned-‘lFree weights‘were used in the 13 exercises employed

‘1ng gl1th group LH perform1ng two sets of each exerc1se for

'A_a max1£%m of. f1ve repet1t1ons and group HL two sets of each exerc1se,

.w1th a max1mum of five repet1t1ons on the f1rst set and twelve on the

\

second set S
A]though both groups 1mproved in oxygen consumpt1on in post test

1measurement the changes were ot s1gn1f1cant It was' conc]uded that

p

T f1ve to f1fteen repet1t1ons per set. had no s1gn1f1cant effect on oxygen

'consumpt1on determ1ned dur1ng b1cyc]e ergometry (20)
3

G1rando]a et al. (8) cons1dered the effects of nﬂne weeks of phys1ca], ;‘.

tra1n1ng on aerob1c capac1ty ahd. body compos1t1on of 29 co]]ege men

o Each subJect comp]eted ctrcu1t tra1n1ng cons1st1ng of ca11sthen1cs, ,7,

o runn1ng and we1ght tra1n1ng, two days a week. Oxygen uptake m1nute
,vent11at1on and heart rate were mon1tored dur1ng prg and post -tests, on
a b1cyc1e ergometer. 0xygen uptake was ca]cu]ated for the nine :attest
,(more.than-éo percent fat) and nine leanest (1ess than 10 percent fat)
subJects ;;‘A.‘: 5_'a_' o .
Resu]ts of the study showed a 6 4 percent 1mprovement in. V02max

| Ana]ys1s of tha f1nd1ngs 1nd1cated that theré was a greater change 1n

4 .' [ENae ‘.
. P



\J

V02max for the fat group, in absolute and re]at1ve terms - For the lean
group, there were no d1fferences among V02max vaTues It was concluded

that in assessing cardio- resp1ratory adaptat1on of - reTat1veTy obese

53

‘ persons to phy51ca1 tra1n1ng, Tean body we1ght should be used as the

reference standard. _ .
The results of Butta (34) are in agreement with those of Nagle

and Irwin (20). Twenty-seven male subjects performed ten circuit

=training-exercises three times per week for six weeks. Thirty-six
: seconds were aTTotted to compTete ten to f1fteen repet1t1ons, separated

H‘by a 90 second rest 1nterva1 between stat1ons (34) Stat1st1ca] anaTysTs

revea]ed no s1gn1f1cant d1fferences between groups on the- pre and |

post-test means of pred1cted VOzmax Butta (34) concTuded that we1ght

tra1n1ng d1d not resu]t 1n enhanced endurance capac1ty a; measured on’
- l

'ﬂthe blcycle ergometer

:: A]Ten et aT (44) exam1ned the effeﬁts of - card1ovascu1ar tra1n1ng,

foTTow1ng‘h1gh susta1ned heart rates dur1ng we1ght tra1n1ng, us1ng both

h1gh res1stance and Tow repet1t1ons The program was conducted on’

.’Un1versa1 Gym and the subJects worked for- th1rty minutes, three times

=,

Jper week for twe]ve weeks WOrk t1me was 30 seconds w1th a 60 second
rest 1nterya1 between stat1ons for the compTet1on of three c1rcu1ts of
'six'exercises' At the Tast c1rcu1t work wastperformed to exhaust1on

: There were no s1gn1f1cant changes in V02max dur1ng arm or Teg work

‘vfoTTow1ng tra1n1ng " The researchers concTuded that we1ght tra1n1ng has‘

no effect on the card1ovascu1ar response to exerc1se
W1Tmore et al. (10) cons1dered the effects of c1rcu1t welght

tra1n1ng on 26 ma]e and 23 fema]e SUbJeCtS They were. d1v1ded 1nto

“exper1menta1 and controT groups The subjects exerc1sed for ten weeks, .

\

,three t1mes per week at 40 55 percent of one repet1t1on max1mum (&yM )

,/:r



They performed as many. repet1t1ons as poss1b1e in 30 seconds, foTTowed
by a 15 second rest per1od. The c1rcuft cons1sted of ten stations on

a Un1versa] Gym and three sets of the c1rcu1t were performed The

women showed a s1gn1f1cant change in V02max wh11e the ‘men—did-not: ‘*—¥~“~~~~“ﬂ~—
iS1nce the men's 1n1t1a] values of V02max were 34 4 percent h1gher than
the1r femaTe counterparts,_1t was concTuded that moie 1ntense work may
have been requ1red to 1ncrease the re]at1ve1y h1gh V02max Teye]s of
"the maTes.. - 7 . - ‘ » | .
' Gettman et'aT (7) COmpared'li maTe subjectsvandll4'controls after
o ftra1n1ng three days per week for 20 weeks The'circuit consisted'of B
 ten Un1versa1 Gym stat1ons, performed 1n two sets of 15 repet1t1ons
v::.w1th 20 to Zé second rests between exerc1ses | Covar1ance anaTys1s .
‘v?.lshowed no s1gn1f1cant d1fference in V02max expressed reTat1ve to.lean f o
body we1ght in the exper1menta1 group The researchers conc]uded that
‘this’ type of program produced onTy a small aerob1c effect asumeasured
: on the treadm111 endurance run. ' _ ‘ | -
: H1ckson et al. (9) cons1dered the}effects of heavy res1stance
-'tra1n1ng (HRT) on n1ne maTe subJects " The subJects compTeted 3 5 sets,
‘7§ff1ve t1mes per week for. ten weeks us1ng a comb1nat1on of free we1ghts s
kfand Un1versa1 Gym equ1pment ATT exerc1ses were performed w1th as much
- we1ght as poSs1b1e and sets were separated by three m1nute rest 1nterva]s
The researchers concluded that HRT 1s capabTe of dramat1ca]1y 1ncreas1ng V[
short term endurance when the muscles 1nvoTved in the tra1n1ng are used
a]most exclus1Ve1y dur1ng the test1ng w1thout -an accompany1ng inerease -
f1n V02max "‘-,t R L :‘_ - ‘:yf» :: _ 1‘9 %
In another study by Gettman et al. (30) the physiOTogic effects‘offg

a program of comb1ned rdnn1ng and weight. tra1n1ng were compared w1th

" a program of c1rcu1t welght tra1n1ng Th1rty-s1x fema]es and 41 maTes )

- .
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.oy P : ' =
were assfgned to either of the previous groups or to a control group.
The training groups part1c1pated f&za 12 week program, three days per
weék,: Three c1rcu1ts of ten weight- tra1n1ng\exerc1ses were compTeted
—rrwithTl2s 15 repet1t1pns performed ih- 30 seconds at— 49 percent of- one——w‘~¥~~~e~_—-~
repet1t1on max1mum at each stat1on The comb1néd runn1ng-we1ght
tra1n1ng group 1ncTuded 30 seconds of runn1ng beTow1ng each we1ght !f .
tra1n1ng station. The comblned runn1ng and we1ght tra1n1ng group and .
c1rcu1t we1ght tra1n1ng group had s1gn1f1cant 1ncrease§'1n VOzmax, and
strength and s1gn1f1cant decrease in body fat The contro]s d1d not
change. | |
| Table. A -1 presents an overv1ew of the f1n81ngs of tra1n1ng stud1es
“of Ozrconsumpt1on responses to var1ous forms of we1ght 11ft1ng 'The |
Tack of card1o-resp1ratory adapt!t1on may . be attr1butab1e to severa] {' ': Qf.'

~factors | the tra1n1ng program used, the tra1n1ng program durat1on, the

use of an 1nappropr1ate test to measure card1o resp1ratory changes, or

the ‘type of equ1pment used and 1ts emphas1s on a spec1f1c muscu]ar

e contract1on. __'-' FE - s {_.' S Ry
Sect1on II Muscu]ar Contract1on and Tra1n1ngﬁPrograms R R
Res1stance tra1n1ng programs are’ modeTTed around the contract1ons B

wh1ch predomlnate Therefore programs may be referred to as 1sometr1c,

s
RS

vt 1soton1c or-1sok1net1c in nature.,aEach of the tra1n1ng programs has ;“x;;

o certa1n advantages and d1sadvantages Perhaps'thelmajor criticism of-;‘ah
1sometr1c tra1n1ng is- that it deveTopﬁ;strength pr1mar11y at the JOTHt

» angTe of tra1n1ng, but less so at other angles (19) Isoton1cs tend .
to produce a more un1foﬁ% deve]opment of strength An 1soton1c contrac— _ij‘~
t1on. is one in which ?he musc]e short'e’ns whﬂe T1ft1ng a constant B

res1stance Toad w1th the muscular tens1on vary1ng over the fulﬁ range 1{

Y . _‘ ’ ‘ o

g
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of Jo1nt mot1on The heaviest constant']oad that can be lifted through
a. fuII range of joint motion can. be no heavier than the we1ght(§hat

can be 11fted at the weakest point of the musc]e “In A-2 (19) the L

57

- weakest po1nt of the e]bow erxor muscIes through a range of mot1on

: } .
_between 40° and '80° was 48 pounds, and ocrurred at 40° o Therefore,

Ltﬁe heam1est ioad that can be 11fted through that range of erow
f1e51on ts AQypounds ' The mu&ale is near max1ma11y contracted only at
the jbfﬁt angIe of 40°, ‘or at ats weakest point. At its strongest

.ﬁblnt (115*xto 120°) the musc]e is contracted to onIy 53 percent ‘of

f : 'v‘é,

‘xthe‘max1mum Th1s 1s a def1n1te d1sadVantage w1th respect to strength

Isok1net1ccnes1stance tra1n1ng procedures are s1gn1f1cant1y better

in br1ng1ng about changes in muscular strenth body compos1t1on and

motor performance tasks than are standard 1soton1c’$%51stance tra1n1ng

o procedures (19) A breakdown of the advantages and d1sadvantages of

i) i

1sok1ne :c, 1soton1c and 1sometr1c programs is. g1ven nn A- 3. ' The - _

, type of musCuIar tra¢n1ng w1th the overall best rat1ng is the 1sok1net1c
program AIso there 15 thought to be. the Ieast poss1b111ty of 1nJury
| to the user Th1s is, sa1d to be attr1but§b]e to accommodat1ng the -

. \.!
res1stance wh1ch var1es¢to match the force be1ng appI1ed throughout the :

R

L range of mot1on, such that Tess’ res1stance a]ways meetsuIess force and

b

‘_Sect1on III Development of a Card1o Resp1ratory Tra1n1ng Program

<.k
Tty

greaser res1stance aIways meets greater force . i~_~ v.:._ o
S T R -

f R
Y- R D AR E

The deve]opment of cardio- resp1ratory tra1n1ng programs requ1res

careFUI con51derat1on of the var1ab1es of concern. Wenger et a] (45)
T

repoﬁted that the most 1mportant 1ndependent vam1ab1es wh1c

Tanuence,

3

W
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APPENDIX A-3

‘ SUMMARY OF ADVANTAGES AND DISADVANTAGES OF THE
THREE MOST COMMON TYPES .OF RESISTANCE TRAINING PROGRAMS

59

TFox_[31) I

Comparative Rating

Criterion : - Isokinetic  Isométric

 Isotonic

. Rate of Strength Gain .
s T S e
Rate.of  Endurance ‘Gain '

";Strength Gain over RahgeléfuMotioh
ilT{ﬁé:béﬁ&Traininé Session

Exbense o
Ease of Performance

Adaptab111ty to Spec1f1c
Movement Patterns

Least Poss1b1]1ty of Musc]e S * .
- Soreness ) ‘ ke E : -G . P
| R R
Least Possibi]ity of- Injury ﬁ G P
Ski1]ﬂ1mbrovément” T E P G
Ease of Pro§ress ASSessmént - p G E-
‘ o i | o
l 'r,»:‘/ _ o ) ) \{ . . v . e .
E - Exce]]ent Gy~ Good- ~ .P - Poor W &
gl LU : L
: ’ s 2

<
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4opt1ma1 ach1evement of tra1n1ng effect during endurance tra1n1ng are
exercise 1ntens1ty, durat1on, frequency and 1n1t1a1 f1tness 1eve]

Max imum oxygen uptake is the most w1de1y used dependent variable in .

'assess1ng magnitude of‘tra1n1ng effect“(ZO““Zl“‘22‘“23‘“24 25)“““Shephard*““““““;

(46) suggests that there are two poss1b1e reasons as ‘to why VO,max is

s1ng1ed out as the best s1ng1e measure‘of/card1o resp1ratory performance
-_1.. It is the dom1nant phys1o]og1ca1 factor in most. act1v1t1es

]astlng 1 t6 60 m1nutes, and o

s o?*th1s durat1on are of pr1me 1mportance to the.

£

o 2:d'Act1V;
iaverage person. -

Tra1n1ng at 1ntens1t1es re]at1ve to.VOZmax is cons1dered an effect1ve

method of mon1tor1ng tra1n1ng of the card1o resp1ratory system : Astrand

,

p(32) recommended that for an. untra1ned 1nd1v1dua1, an . exerc1se that
demands an oxygen uptake exceed1ng 50 percent of h1S’or her‘max1ma] w1d]
v"when repeated two or three hours per week, gradua]]y 1mcrease V02max
| He further stated that tra1n1ng at 80 percent of V02max may e11c1t -a
‘good training effect (1ncreases.4n V02max of app§§x1mate§y 15 percent)
1‘These statements 1mp1y that 1t 1s necessary to mon1tor oxygen uptake | p
'T'dur1ng exerc1se however _this: can: ‘be’ very d1ff1cu1t in many s1tuat1ons.
) As an a]ternate method, 1t is poss1b1e to mon1tor heart rate as a
'.method of determ1n1ng 1ntens1ty of tra1n1ng (1, 2 10, 44) Astrand
recommended that a heart rate of 195 minus the agegpn years is. 4 goodk-'

,nu]e of thumb *Other methods include the Karvonen method (47) or the

ma] heart rate method (19, 20) . A]though the thresho]d 1ntens1ty -

o varues-among-1ndnxnduals, 1t has been suggested that tra1n1ng at a

_ e ‘, L

heart rate éf 4160 percent to 85 percent of the1r max1mum heart rate as -,%:3-
-‘1‘3/ R . o

est1mated accord1ng to age is appropr1ate (32 44, 45 47 48)

Exerc1se durat1on 15 Qmportant 1n -the deve]opment of a program



. X . ) '.‘.
'The m1n1mum durat1on requi;ed for each training sess1on is controvers1a]

(10 26, 32). A minimum of not less than'20 m1nutes is often recommended

-V

Frequency of tra1n1ng is another 1mportant deteranant in 1mprov1ng

card1o resp1ratory funct1on1ng (7 49"50)“ ‘PoTTlock et aT““(Sl) “demon~ e
Zstrated that maximum oxygen uptake and body comp051tlon 1mprovements ff‘

were super1or in a 4-day per week cond1t1on1ng program as compared to 3 days
_and 2 days per week programs where 1ntens1ty and durat1on were he]d constant..
t Fox et a] (52) found that frequenc1es between 2 and 5 days per week d1d '
_not s1gn1f1cant1y affect gains 1n aerobic power In contrast Gettman
"‘iet»a1.-(30) demonstrated that a three t1mes per week c1rcu1t we1ght B

: tra1n1ng program produced s1gn1f1cant 1ncreases in aerob1c power

i W11more‘et al. (10) se]ected exercise. frequency on the bas1s of prev1ous '}g;;;%.
eXperience Three workouts per week was the max1mum frequency for. nov1ce e
-1we1ght 11fters, as muscle st1ffness and soreness are common Po]lock- e H'};

(51) recommended that ;§§; workouts per week was superVOr However there"

‘ .was someev1dence (30 52) to support two or three workouts per week L

oL

‘1f the 1ntensity of theﬁ%rogram is suff1c1ent ’Tﬁus]y,w he 11terature 1s .

»
"A.T .

';*u¥d1vergent when cons1der1ng exerc1se frequencyt:q.v

.

c Another factor wh1ch must be cons1dered is: the 1ength of t1me over

.wh1ch the subJects tra1ned Recent research emphas1zes a per1od of ten .

R ....

to twe]ve-weeks-(9 10 44) S1gn1f1cant Tncreases in aerob1c power
¥

f have been reported in re]at1ve1y short per1ods Nenger et a1¢¥(45)

reported s1gn1f1cant 1mprovement in seven weeks Gettman et al (7)

-~

have demonstrated s1gn1f1cant resu]ts after extended per1ods to 20 weeks

' ‘It appears that the. magn1tude of change var1es more;w1th the 1ntens1ty
and. frequggcy of tra1n1ng (25 45,550 51,. 53) rather than w1th the L

. ;

]ength of the program
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Sect1on IV. Interm1ttent Exerc1se

~short work per1ods of 30 seconds or 1ess 1mposas a very severe. 1oad upon :

- organs, and 4) both aerop1c and anaerob1c processes s1mu1taneous]y

: depend1ng upon the}author ana]yses. Hydrau11c res1st1ve apparatus is a’ ‘Q

Astrand (32) has demonstrated that 1nterm1ttent exerc1se w1th very

B musc]e- and oiygen transport1ng organs w1thout the engagement ofaanaero-~>—~m-—~~~

“bic processes 1ead1ng to: any s1gn1f1cant e]evat1on of b]ood 1actate
Thus]y, 1t is poss1b1e to se]ect the proper work]oad and work and rest ‘
per1ods in such-a manner that the main demand 1s centered on: 1) musc]e'

strength w1thout a maJor increase in the tota] oxygen uptake 2) aerob1c

processes w1thout s1gn1f1cant1y mob111z1ng anaerob1c processes, ,t

| 3) anaerob1c processes w1thout max1ma1 taxat1on of the oxygen transport1ng “

MacDouga]] and Sale 154) be11eve that dur1ng the shorter work

. per1ods a 1arger prbport1on of the tgta] energy requ1rement comes from

1

the h1gh Eﬁérgy phosphate poo] and from oxygen bound to myog]ob1n, each

of wh1ch has an opportun1ty to be part1a11y restored dur1ng even a br1ef

30 second recovery per1od

#

Thus]y, 1t has been demonstrated that 1nterm1ttent exerc1se is'a- fﬂ";",,;
v1ab1e method to enhance card1o resp1ratory funct1on f‘ S e f?
Conc]us1on o

| Many researchers have stud1ed strength and muscu]ar endurance
changes that occur as a resu]t of we1ght tra1n1ng and other res1stance -
exerc1se mach1nes The study of card1o resp1ratory adaptat1on to these o )
tra1n1ng methods has been, for the most part, 1gnored as a: p0551b1e :
means. to 1mprove card1o-resp1ratory eff1c1ency The se]ect1on of the

0
most aPpropr1ate exerc1se durat1on, frequency and 1ntens1ty 1s d1vergent

relatively new concept in reSistance tra1n1ng L1tt1e research has been )

e



r

carr1ed out on th1s equ1pment The manufacturer :iaqms that there: mayz

be pract1ca1 advantages in cond1t1on1ng the card1o resp1ratory system

s1nce anyth1ng from low power output w1th sma]] musc]e groups to ultra-

63

-“-~—h1gh concurrent~power outputs w1th 1arger musc]e groups can-be- ach1eved"”

(11)

Th1s study has observed the performance of the equ1pment over a

re]at1ve1y short tra1n1ng per1od (eTght weeks) using c1rcu1t weight

tra1n1ng and 1nterm1ttent exerc1se 'The resu]ts‘suppOrt the hypothesis‘;

that ‘the magn1tude of changes var1es more w1th the 1ntens1ty and
-_frequency of_tra1n1ng (25 45 50 51 54) rather than w1tW’the length

: of‘the‘prdgram;»_ - I {:)_, o ,.-_'.K~ 717 \



APPENDIX B

t.

L MODIFIED McARDLE CONTINUOUS BICYCLE PROTOCOL
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APPENDIX B

MODIFIED McARDLE CONTINUOUS BICYCLE PROTOCOL
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1.

2.

4;§cFor the next two m1nutes, the. res1stance was 2. 5 KP (150 watts) and

A Monark b1cyc1e ergometer was peda11ed at a rate of 60 revo]ut1ons

tﬁper m1nute (RPM) paced by a v1sua1 aud1tory metronome

M1nute by m1nute work output was mon1tored from a m1crosw1tch and

counter assemb]y mounted on the frame of the ergometer

The test’ subJect peda]]ed for two m1nutes at 1 KP (60 watts)

' res1stance

W =~

"'the 1oad was 1ncreased 5 KP (30 watts) every two m1nutes unt11

there was an increase of 1ess than 80 m]/m1n 1n VO2 measuremenb*wn

‘two success1ve measurements or unt11 the subJect cou]d no 1onger

cont1nue due to fat1gue, ENRE :/ e '4fj‘ ;t*;f

'Dur1ng exerc1se, exp1red air was co]lected measured for vo]Ume and

,1ana1yzed for O2 and CO2 content by the Beckman MMC at 30 second

C‘u,:, ,

) "_';1nterva1s

.i'The b1cyc|e was ca]1brated after each test in. accordance w1th the

*"/

'Monark b1cyc1e ergometer caj1brat10n spec1f1cat1ons (55)
. . CPT

»

R
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CONSENT FORM FOR EXERCISE TEST .
I, ' _l " authorize the said Examiner
| of the University of Alberta
_and the Canadian Forces to administer and conduct an exercise fitness

test designed to.determine my cardio-respiratory capacity,'muscu1ar .
strength.and endurance and percent bo fat. - |

4 I_understand that'the test for assess1ng card1o resp1ratory capac1ty
Will’invoTve'performing'on a b1cyc1e ergometer at progress1ve1y 1ncrea51ng
work]oads'unti]nexhaustion._ Throughout this period my heart rate will
be mon1tored using an Exersentry monitoring dev1ce My exp1red resp1ra-
tory gases will be measured by “the Beckman metabolic measurement cart.

‘ Every two m1nutes dur1ng the exercise per: 0od the work]oad will be 1ncreased
until there 1s an 1ncrease of less than 80 ml/min in VO2 measurement @
or unt11 I can no 1onger cont1n .

1 a]so understand that for assess1ng muscu]ar strength and endurance :Qf:T
) that I w111 perform maximal knee extension- f]ex1on torque at 60° per e f
, second and 180° per second unt11 fifty percent of the max1ma1 torque va]ue
_ 1s,reached These tests will be performed on. the Cybex II test1ng
apparatus. I o L

Percent body fat w111 be determ1ned us1ng a series of sk1nfo]d )
_,measurements us1ng Harpenden Ca11pers o ‘

N Every effort w111 be made to conduct the tests 1n such a way as to
,5 minimize d1scomfort and risk. ﬁowever, 1 understand that JUSt as with
lvother types of f1tness tests. there are potent1a1 r1sks These include
ep1sodes of tran§1ent 11ghtheadedness, fa1nt1ng, hest d1scomfort 1eg
- E’cramps.and_nausea.andcextremely rarely, heart attacks ' |

R — - - (signature) B ]

i

* WITNESS _



Y
P
~

' . . . . ‘ e . . d',:|_:"” -’.
'CONSENT FORM. FOR -PARTICIPATION 4 R

-~ "IN A" TRAINING PROGRAM R4 .
i o

1, . . : ' ____give my consent to

participate in a training program using hydrau11c res1st1ve apparatus

68

‘Qea,_eTh1s program has been des1gned by wayne Lee

1 understand that I w111 ‘train on a]ternate days, seven t1mes every
- two weeks for a period of eight weeks Dur1ng each training sesS1on, I
will: perform three sets on eight exercise stat1ons Dur1ng the first ‘.'
four weeks, I w11] comp]ete as nany repet1t1ons as I can 1n 20 seconds.

'four week per1od T w111 comp]ete as many repet1t1ons as - poss1b1e in 30

Th1s w111 be fo]]owed by a 40 second re11ef 1nterva1 Dur1ng the second‘ '

wseconds fo]]owed by a 50 second re11ef interval. The cy11nder res1stance

.sett1ng for each stat1oniﬁhl1 be pre -set. However, 1nd1v1dua1 d1fferences ‘

“will be accommodated based on the number of repet1t1ons that I'will
_comp]ete in the work per1od Once a predeterm1ned 1eve1 is reached my

-’res1stance w111 be 1ncreased

I acknow]edge that I have been fu]]y 1nf0rmed and understand the

' fam111ar1zed w1th the tra1n1ng equ1pment

- N

'S pec1f1c details assocuated with the tra1n1ng prbgram 1 have a]so been 7h;

I have been 1nformed that by not1ce given-to the researcher that I o

may w1thdraw from th1s prOJect at any. t1me w1thout preJud1ce

_ I have been 1nformed that all data obta1ned in th1s study w111 be,
: conf1dent1a1 I w111 not be. 1dent1f1ed by name or any other means 1n :g
1summar1es, pub]1cat1ons or reports based on th1s study ‘ T

1 have been 1nformed of potent1a] hea]th r1sks assoc1ated with a .

program of th1s nature S '., SR Sl "[‘“f“ |

,_DATE 'A_ SR "ffﬁv‘*SUBJECT'*'
N T R ~(Signature)

. WATNESS
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. . SundecdusdTewoiFined = Appendeces ' )
——-—Physical Activity Readiness—— s g : e
Questionnaire (PAR-Q)* v - : L amce. AN o R

< ; a -
. ' S N ; . . S
PAR-O is dnlqnod to Mlp you help youru(l ‘Many heaith bensfits are mod-tode mum - . 3
= exercise, and the compietion of PAR-Q is a umibh first mp to take " you are punnlng to LR .

increase the smount ol physlcal sgtivity in your life. . s

" For most people physi Y] sctivity should not posn any problem or hmrd PAR-O hu been - .
designed to ldonmy tht lmlll ‘number of adults for whom physical activity might be inappropriate o LT T
or those who should h-vo dical ldv‘eo mug ‘the type of activity most suitable for them. - : o -

Common unu is your best guide In aanrinq thou few quuﬂom Ptuu resd,, them
- carefully and check (/) the-0) YES or O NO'% ite_the q _' if it -applies to you :

 YES 'NO - o . B . o o
1. Has yourdoclormrilld yob'ﬂh fieart trouble?

. Q¥ P .
‘2. Doyou lnquomlyhmpdm,in ybur heart u\d chut? L - -

A Do you ohon fosl mm orhM spoufolu\modlu!nm?

4. Hasa dodofm said your blood pnswn was loo mgh?

5. Hn your doctotmr told you lhnt you have a bone or)o&m problom wch
as arthritis fhat has been IOQI‘IVIM by .xordn. or mloht be mm ——
won. vnm ox«du? .. S - \

o d_”u oa
Do@ROoD

. s thog. a good phydcal rouon 0k mentioned honwhyyou mould not
follow an activity program even if you wamod to?

: .Anyouovcrlgo“mdnoﬂcﬁyftmndtoviqomnmrdu?

D
™

od PAR-Q ly,- you have
assurance of your present” suitabillty

A' GRADUATED EXERCISE PROGRAM - A’
_ -gratiual lncnm in - proper ‘exercise .pro~
motes, good mnm dovolopmonl wmlo

- ® AN EXERGISE TEST - Slmmluuolmmu . ‘
- " (such as the Canadian Home Fitnéss Test) -
. or more complex typu m-y be undertsken - - ‘_/
Afthe madical exaluafion. m advice from your if you 30 desire. .- :
physs as to your. (.
3 o unrestricted phvuu( '@clmty probably on s | ; LI
. - gradustly InCreasig.Besis. y - '
* ® restricted or supefvised sctivily to meet’ Your it you: hm a mnpoury mmcw mnm wch ssa <
apocmc needs., at least on an initial basis. ) common coid. . . A
 Check in your commumty for specral programa or o H
services.. . - P . . i
. . ,
3 \
' * Developed by the Britigh - Columbia_Ministry ‘of Hestih C nd by ine v Advisory Board on Exercise (MABE) M !
Transtahon. reproduction md‘uu In s entirely is oncouuold Moditications Dv weilten. permission only uol o’ be uue tor comnﬂmu - . . . (
Savertisng in order 19 SGKCH buBINEIs (rom (e DUDLC . L s : : ' : .
. Reterence. PAR-Q Vairdsion Report. Batish Columosa M-nu'y ot Hesitn. 1678 ’ v CE : I { . A
* Produced by the Brihsh Columbia Ministry of mdln g lhl Deoartment of Netional Heath l Weltare . : . . . :
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2. Do not dr1nk coffeg or tea (or other beverages conta1n1n f

B

R T

w1th1n oné hour?of.

\.,'

qr est/tra1n1ng sess1on

t’-i'})

't -.‘ q.av..‘\,,'

'19; your test/tra1n1ng sess1on ?;{'_ '?~=“

i - s ' ' B
5. Do not eXerc1se strenuous1y w1th1n twenty four hours of your test/
tra1n1ng sess1on i ~ B : ?%ﬁ"

.6{; Do be on t1me for your test/tra1n1ng sess1on, 1f poss1b1e p]e?se

-

be- ear]y. J:f,. W e

o : .
,_K',." L

'#’4.._~Do not consume any alcohohc beverages W1th1n twenty four hour'sa;f

K iDo not eat w1th1nﬁbne hour of the test/tra1n1ng sess1on If.yOu oF i
‘. . ¥ R -r' § . . ; . o B
r3icannot av01g‘eat1ng p1ease eat 11ght]y “5, ;t ' ”,f Y, e ;g'f"

9 E ' »
| . g . o o “
_TO: o VALE*pAF TS, =i 2 BB ‘ H :
CFROM:* * 'WAYNE LEE % \_ *
B ‘ v S = .
Pr1or to your test1ng sesswon would you p]ease note the fo]]ow1ng
1nstnuct1ons. | . R  ;, o "; e p
e ... “ . o ' B ° . - ) . ,@~- - . ’ . r .
‘ e u‘ s ,“ ) - . _ v’ . . - S .. y & :t
ST Do not smoke w1th1n ONE- hour of the test/tra1n1ng session .’ - SRR
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Frequency: .-

e

TRAI“ING SESSION PROTOCOL

» 2 L
e N Lo
ihs }3\’ — 75
- i ! "\ . A
: : -
’ 7
B
RS

7 workouts on @1ternate days every 2 weeks for 8 weeks

.Total of 28 workout se551ons

TS
Duration %

Intensity:

Warm-up ‘and coolﬂdown'-vlo m1nutes

Work per1od - 24 32 minutes

" three sets per workoyt
. first 4 weeks -720 se

sk

L\l fr"l

©as ‘many. repet1t1ons as poss1b1e in exercise t1me frame

v'-&la

qds Work: 40 seconds relief

| second. 4 weeks - 30 Sec ds work: 50 secondsﬁﬁe11ef
. v Exer\c‘i se A .2 7";‘:':'.5 . o . . -p,.: . '
Station - Stat1on* Se¢§ Exercise- Start Progn “1dh 8
. ¢ ERAER T - ";:. e A
Y ‘@’ ' g

. )

' fﬁ%ﬁ'“ Jump Squat;

.squat act1on

&J squat™action

1
2
3
»:béh/h:press‘r'n

.1
L2l bench.press -
~3:

squat -actfon -

1 .o . PN
',5 of repet1t1ons Co T
*"1~ " Increases Wi1]abccurvﬁ ko

K U

g
3

M~Based on number

" 4n accordance with: ..

fe bencﬁ press. 5 ‘7 3. .. MangPacturer's R R
Jr,u‘; G .7, recommendatjon’ (i.eo, e
n@ﬁﬁggﬁsf add/ab - .1, 7 20 reps in 20-sec.for . = -
ﬂ?ﬁ* X#2. ¢ ., add/ab : f'f*";5' 1st set, increase to 71,
< ’add/aﬁr £33 ,Uj_cy11nder se]ect1on 2) T
i'; SRR ;L,' B B R
4 )Bi'cepé/T'rficeps‘ 1 bi/tm 1 S E ,_
I 2 bi/tri 5 ‘ o |
= . .3 b1/tr‘1 3 L L ';.Q“ R . ?
"5 . Hip Flexion/. . 1 h1p/f1ex ext 1~ S .
" :Extension ’ 2 hip/flex ext = 5 - L
o 'xv_ 3'; ' h1p/f1ex ext -3 ' { v I
6 _1“Upr1ght row/ 1 upr1ght row/tr1'f1~ S .
- Tricep Extens1on/.' 2 ¢ upright row/tri 5% oo
TR 3 qu1ght row/tr1»‘3 4 . S
I K : R 7 e, s -
7 Un11atera1 Quad/ 1. uni quad/ham 2L ’ B ,Cft
S0 Ham L _ 2 upi qdad/ham’ ,5’ T
o v .3 uni.quad/ham .- 3_ . ‘
’ ._-:.. « . » o Y 3 - L
& g8;fj“1nc11ne Shou1&§$§“1 - inc shauld press 1 . . M S
. 7" Press/lateral.. 2 - inc should press 5. a
’Su‘pu11 ’ 3. -.dnc shou]d press 3

'fﬁﬁ-




. : RS TRAINING CARD - S
W o NAMETZ L - ©o " DATE o : , MAX H.R!
L WEEK NUMBER o : S MEAN EX. H.R.
T'ifnﬁ‘flﬁ~"s AR : : E % MAY H.R.

WK (SECS) - . " REST (SKCS 7 - g
WORK (SECS) _l _ _ REST ( ) . : - CARD NO.

- . B ) o . .
. oAl - . )

@] CYLINDER L PRE- EXERCISE |- )
SEPECTION EXERCISE HEART RATE | REPETITIONS ‘| HEART RATE
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INDIVIDUAL PROGRESSIONAPERFORMANCE CRITERIA‘ »' S ' ?
Method:": After each workout 1nd1y1 dua] performance was assessed and

reSistance setting amended, based.on attainment of pre- se]ected W, , \
repetition goals. _This process continued. as long as the . R

expemmenta] subject performed at pre- sejected goa]s or until @ )
maximum c_yhnder se]ector ("6“) was ach1eved Jtao, e T

Inérease Cytindér Seléctor
1f Repet1t1ons Met or Exceeded

Exerc1se ?atwn ER Sta‘r-t“ . 20 40 secs ' - 30: 50 secs R

. . "
2045 730
120 - 18 _':;;-f-

Bench Presis | AT L ;tﬂ*; h 7;7}20";;';“V 7? 30 e e .
L \\ o ‘f“"‘.,;‘:...q, 8l e 12, & SRR
'e N e 3 13,4; 21 e E
o Adducter/Abducter H1p DR BT SRR ._20‘ PR 30 o
e VL SO0 e ,;15;; I
-+ Biceps/Triceps . “: S AR 28 '_ 42 TR
SN #}, S el 20 .' 39 B A s
| L2030 g :
. ' . s‘“ E i ._; “’ ‘.'n;, o “\%‘ . . : a
Upmght Row/ D S 200 Tt 300 @ e,

Tmcep Extension: .. oo g e, T
_ L 1 . . o . _’
5
3
't
5
3
>

Jump Squa

,¢. « 8

.:n i) . e
P . -

-

&
-

W Ut

* Hip. Flexion/Extension

[ I : oA .. “:Qv'

W

\o’;
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¥
- SUMMARY OF T-TEST ON PRE-TEST
- | v NDEN TABLES
. l - N
_ T . .Degrees of ' t ' - Critical
Dependent Variable ~ -Freedom . _Ratio t .05
. . LI k. ! -
VO, max : .28 Sl 2.048
vo,, B 28 . 1.61 | 2,048
Vpmax .28 ©1.00 2.088
E L - | L
Strength 30° Flexion 28 1.00 - 2.048.
Strength 60° Flexion 28 L2 3 2.048
Strength 30° Extension 28 18 2.048
Strength 60° Extension 28 1.32 " - 2.048
Endurance Total Work 28 . 0.20 2.048
Extension - ‘ - '
Endurance Total -Work - 28 1.17 2.048
Flexion - ' S
Endurance Total Work/ 28 0.278 " 2.048
Second Extension - : —
Endurance Total Work/ 28 | 0.270 | f 2.048

o Second Flexion
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APPENDIX H

SUMMARIES OF GROUP MEAN, TWO-WAY ANALYSIS

/

OF VARTANCE, AND SCHEFFE TESTS FOR
DEPENDENT VARIABLES
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