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Th1s study was: compr1sed of 30-vo]unteer male and fema]e subJects
T

'who tra1ned for a ten week per1od us1ng hydraulic resistyye equ1pment

- and were compared to a cqntpol group cons1st1hg of 29 male and fema1eu
“ .-:.sub\]ect A1l sub’.]ects underwen%a pre~-test and a post test des1gned
 to measure aeroblc power and per cent body fat T-tests demonstrated

| there was no sign1f1cant d1fference between these groups pr1or to.

5

tra1n1ng w1th respect to V02max measures However, three way analys1s
of var1ance on post test VOzmax demonstrated a s1gn1f1cant d1fference '
between these groups fo]]ow1ng tra1n1ng The results of th1s ana]ys1s

were -not s1gn1f1cant]y inf1uenced by sex, age or: 1n1t1a] VO ' An

2

* exam1nat1on of the treatment group means from pre-test to post test

1nd1cated that the tra1n1ng group exper1enced a 12% 1ncrease in aerobic.

power. T-tests also demonstrated no s1gn1f1cant d1fference between

..'the contro1 group and the tra1n1ng group pr1or to. tra1n1ng with respect

to per cent body fat measures However; a three way analysis of var1ance _
’ X

N

: a]so demonstrated a s1gn1f1cant d1fference between these groups fo]low-

1ve-decrease‘of'8.1%

1ng tra1n1ng An exam1natlon of the treatment group means for per cent

body fat- 1nd1cated that the training graup exper1enCed an absolute

decrease of 1. 87% Te:g’absolute decrease is representat1ve of a re]at-
'?he three way ana]ys1s of variance on post test

per cent body fat also revealed that those individuals who were 1n1t1a11y

'class1f1ed as show1ng a high percentage of body fat tended to exper1ence

greater decreases in body fat.

'iV ° o !
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"~ CHAPTER 1" |
STATEMENT OF® THE PROBLEM . .

o Intreduetion..
~ The value of”resfstance eiercise"aS*a trainfng»mOde has'long
been recogniied As early as- 1948 De]orme and Watkins (28) advocated

the first 1soton1c progress1ve resistance program Later, 1n 1953.

Hett1nger and Mu]ler {44) 1n1t1ated research’ on 1sometr1c we1ght tra1n-

1ng programs More recently, research has focused on. res1stance tra1n-

ing 1nv01v1ng 1sok1net1c exerc1se wh1ch a]]ows movement at a mechan1-

-ca]]y fixed rate of speed and offers res1stance 1nherent1y proport1ona1

to the musc]e S- dynam1c tens1on develop1ng capac1ty at every po1nt in
its shorten1ng range ! (59) e '
A number of‘yarlable res1stance exercise systems have been des1gned
in an. effort to make the best pract1ca] use of tra1n1ng pr1nc1p1es
_Many of these systems cons1st of a number of machines des1gned to al]ow
for Jownt movemehts wh1ch w111 accommodate the deve]opment of- spec1f1c
muscle groups Each system is- un1que in the manner 1n wh1ch it. provides
viriable res1stance throughout the: range of mot1on o R
One of the most recent exerc1se systems deve]oped is the Hydra—Gym
sysﬁzﬁ wh1ch 1s based on a new concept in res1stance training referred
to as omn1k1net1c tra1n1ng 0mn1k1net1cs, as 1ntrodu¢ed by the manu- .

facturers of Hydra-Gym equ1pment, 1s s1m11ar to 1sok1net1c exerc1se in

that it involves dynam1c muscu]ar contract1ons in wh1ch the force gener-

ated is, for aﬂ] pract1ca1 purposes, equal to the re515tance (59) How- -

-

~_Aever, omn1k1net1cs var1es both the speed of movement and the res1stance,

whereas 1sok1net1cs 1nvo]ves constant ve10c1ty

~

i

.\‘
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The Hydra-Gym equ1pment operates through the use of a hydrau]1c

'cy11nder wh1ch has a va]ve sett1ng to 1ncrease the res1stance through

¥

"_any g1ven range of mot1on As the 1ever arm of the mach1ne is forced

N i ey

) ;to move by the musc]e, hydnau11c f1u1d ns forced through an open1ng

‘}1nside the cy]1nder The size of this open1ng 1s determ1ned by sett1ng ’

n_ the va]ve "The un1queness of Hydra s omn1k1netic mach1nes 11es partly ,

in the fact that wh11e the va]ve is pre -set, the rate at- which. the

,11mb moves aga1nst ‘the res1stance of the cy11nder is determ1ned not so-

much by the mach1ne as 1t is by/the contract1]e propert1es of the user s

'musc]e groups i (59 11) Thus, at any g1ven valve sett1ng, thé’user

DRV

_.rece1ves ‘optimal res1stance Qﬁth each repetltion performed eVen as the

muSc]e fat1gues&' A]though the speed of . movement may decrease w1th

PN

~muscle fattgue, the effect1ve res1stance load rema1ns the same

Most of th1s hydrau11c re51st1ve apparatuSaa1so deve]ops ba]anced

musc]e groups by worklng both agon1st1c and antagon1stto musc]es dur1ng"

“ the same exerc1se set Th1s tends to reduce the time needed to work all

%the maJor muSC1e groupsﬁand prqvades a rhythm1c pump1ng of b]ood through

1y
',.

 the musc]es o L'~rl S S =e,;1:_gf

’ & .

[ Such a system may have practqca] advantages 1n cond1twon1ng the L

- Qcard1ovascu1ar system s1nce anyth1ng from low power output w1th sma11

f;musc]h groups to uﬂbra h}gh concurrent power outputs with 1arger musc]e

/groups can be achheved (73) If a tra1n1ng programsdes1gned for use on - ;:7

- then theoretica]]y, there shou]d be an 1mprovement

th1s equ1pment were- to take 1nto cons1derat1on the usua] gu1de11nes-;

fol]owed when prescr1b1ng a program for 1mprovement of aerob1cfpower,

&



- The Prob]em ST '; f o L

’.t The pr1mary purpose of th1s study was to cr1t1ca1]y examine whether

\

<"any s1gn1f1cant changes occur in aerob1c power when 1nd1v;duals are sub- ,

Jected to a c1rcu1t tra1n1ng program ut111z1ng hydrau11c resistive equ1p-a

‘ment. B

i

A secondary purpose of the study was .to’ observe any changes wh1ch ‘
,may have occured in body comp051t1on, spec1f1ca11y per cent body fat as

a result of th1s program. |

Need for %he'Stuqy"

The benef1ts of regu]ar phys1ca1 activity are we]] documented N
“'-(6 39,64,67, 79 84) In an effort to 1nvo]ve a greater percentage of our
'general popuTat1on in regu]ar act1v1ty, there is a ‘need ‘to d1rect |
research at f1nd1ng»a1ternat1ve modes of exerc1se sultable for achxev1ng ‘l

a des1rab1e persona] -level of phys1ca1 f1tness | "'7fl' ‘ '
Further, much of the research conducted on res1stance exerc1se to
"ﬂdate is pr1mar11y concerned with strength ga1ns rather. than ga1ns in
~-aerobic power. (10 19,47,74,80,96) There is a need to cr1t1ca]1y exam1ne
-~ an the poss1b1e benef1ts of . res1stance exerc1se tra1n1ng programs, 1n
an effort to atta1n max1maT benef1ts from them ﬂﬂ

- S1nce no/research has Currently been conducted u51ng hydrau11c res- 2
1st1ve equipment there is a]so a need to cr1t1ca11y exam1ne the tra1n1ng |
‘benef1ts that may be assoc1ated w1th var:ous programs us1ng this equ1p-

‘ L‘-s"—:—; g

ment. -
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Null Hypothesis

The null hypothes1s upon which-this 1nvestfgat1on was based asserts
that no s1gn1f1cant change wou]d occur in aerob1c power .or per cent body

fat as a resu]t of the training program 1ntroduced here

o k1/mrtat1ons

1. The study was 11m1ted to vo]unteer subJects between the ages of
18 and 45. o

2. The training program was limited to a maximum of thirty m1nutes
| “per session, three times per week for a per1od of ten weeks.

.:,3r The study was limited to a series of ten exercises using Hydra-

¥

s - Gym equipment. ;/////q

d.'f”ﬂkf,}Tra1n1ng sess1ons were schedu]ed to accommodate the 1nd1v1duals
: part1c1pat1ng in the -program and. the only st1pu1at1on was that
they d1d.not tra1n“three.days consecutively.
5. ~There was no contro]fover ‘the time.of'day for'testing subjects..
. ¥ i
. Delimitations ' _ » . 4

.10 SubJects part1c1pat1ng in the program were a(?zz to ma1nta1n
‘their current patterns of phys1ca1 activity throughOut the ten
week tra1n1ng per1od )

2. An effort was made to control a]coho], c1garette, food, caﬁ§e1ne
and excessive activity pr1or to testlng sess1ons by prov1d1ng an

vli'd1nstruct1on sheet for each subJect before they were tested //

3. An attempt was made to match the contro] ‘group with the tra1n1ng

group by hav1ng each member of the tra1n1ng group choose a. contro]

N

{
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subject with characteristics simi}ar'to themselves.
Training sessions were superv1sed in an effort to ach1eve max1ma]

,'effor; from subjects dur1ng each session.

 but no change occurs in length (39)

. Definition of Terms

1.

Res1stance Exerc1se S a muscu]ar contraction against any form of .

externa] res1stance

. ‘Var1ab1e.Res1stance Exercise - a muscular contraction against a

movable resistance which varies in magnitude throughoﬁt the range
of motion.

Isokinetic Exerc1se - a .form of var1ab1e res1stance exercise in -
which muscular contract1ons are perfOrmed at a constant ve]oc1ty
and res1stance is accommodat1ng to the maxlmum muscle force through-
out th1s range of motion. (58) , |

Isotonic Exerc1se - a form of exercise in wh1ch the muscle shortens

with varying tens1on while Tifting a constant ]oad (39) S

- Isometr1c Exercise - a form of exercise. in wh1ch tension is devq&oped

Omnikinetics - a form of variab]e reststance exercise that allows

for optimal self accommodating resistance at varying speeds which

are dependent upon the musc]e's contractile properties.

Agonist - the muscle group which 1n1t1ates a part1cu1ar movement

usua]]y through a shorten1ng of the muscles 1nvo]ved

”

Antagon1st - the muscle group wh1ch opposes the act1on of the

c

agon1st B
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12.

Power Output - an express1on of the amount of work performed per

. unit of t1me !

Strength - the force a musc]e or mu5c1e group can exert aga1nst

a resistance in one maximal effort (39)

-

Interval Program -.a program’character1zed by short but regular]y

‘repeated per1ods of work 1nterspersed w1th appropr1ate per1ods of

re11ef

»

Aerob1c Power - (V02max, MVO ) - the rate at wh1ch oxygen is

transported to and consumed by the work1ng musc]es



CHAPTER II
. REVIEW. OF LITERATURE

A considerable amount of research has focused on Variab]e resist-
‘ance training throughout the years' However, to date no research has
been conducted using hydrau]1c res1st1ve equipment wh1ch was used in
this study. It therefore became necessary to review the 11terature of
var1ed re]ated areas in order to develop a su1tab1e tra1n1ng program
for this study The review of 11terature has thus been organ1zed under
the following headings; training benefits associated with var1ab1e
resistance tra1n1ng programs, a compar1§1an of interval and cont1nuous
pra1n1ng and finally, cons1derat1ons in developing an aerobic tra1n1ng\
‘program . | S '

" Further, there are a. mumber of test1ng procedures ut111zed to
measure aerobic power’ and per cent body fat and it becomes necéssary tow.”
review the literature in this area in order to assess the available
techniqhes.~ This 1itera;ure will be reviewed under the following head-
ings; measuring aerobic power and techniques for assessing body compo-
sition. |

I

t

Training Benefits Associated with Resistance Exercise'PnQQkamsi

Over the years much of the 1itera ure dealing with resistance exer-
cise has focused on strengthrgains ang a comparison of. strength gains
obsenved for different types of'fesf tance exercise.

‘Such research began with thevn rk of,Delorme and wafkins (28) who

-first attempted to systematize pro dures for isotonic training. The



. | .
work'protocol of Delorme and watkfns fo:\%oad-resisting exercise,:
connnn]y referred to as progress1ve res1sta;te exercise (PRE), set the

'stage for further research dea11ng w1th aﬁﬁernat1ve techn1ques for PRE
and comparisons of these different techn1ques (10 17 62,103)

The use of isometric exercisesas a means of produc1ng strength ¥
gains a]so received cons1derab1e attention in the e&rly research dea11ng
with resrgtance exercise. (23 44,63) \ ‘ |

Both t{nes of exerc1se have proven effect1ve at*1@prov1ng strength

ga1ns but(compar1sons between these two types of tra1n1ng has produced
‘\)

“ conf11ct1ng results. Some 1nvest1gators have reported’iseton1c training

2N

‘Rr

to be super1or to 1sometr1c training (11, 26,77) while othérs have reported
isometric tra1n1ng to be superior. (44s68) There has also been research

"a
~ which demonstrates no significant difference in strength ga1ns produced

by e1ther isotonic or 1sometr1c exercise. (9, 19 ,80) ’ ék:ffd

. The conf11ct1ng ev1dence with regards to the comparison betwee&'
1sometr1c and isotonic exerc1se is part1a11y explained by the d1ff1cu1ty -
1nvest1gators encounter when attempt1ng to equalize the intensity of
tra1n1ng/for the two methods due to the obvious. d1ff1cu1ty equating work
loads. Further, the technique used to measure strength gains w111
strongly }nfluence the results, due to the spec1f1c1ty of training. (6,20,93)

In the mid-to-late sixties a new concept of re51stance exercise

ca11éd isokinetic pxercise emerged. (47, 73) "The 1sok1net1c contractvon

" resembles the 1soton1c contractlon, since the joint moves through a

range of mot1on but the speed of movement may be he]d constant by'a
\ '

: Spec1a1 device." (20 83) This allows for the deve]opment of maximal \‘

tens1on throughout the fu]] range of mot1on rather than the musc]e grbudc
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contracting at-different percentages of maximum through the range of
motion as is the case with isotoniciexercise.(73) Isok1net1cs a]so
allows for training speeds to vary from 0o to 360 “per second "Match1ng
the speed of tra1n1ng to the speed of performance may be 1mportant in
light of recent work concern1ng the spec1f1city of training." (74 262)//~,

Thus far the stud1es investigating 1sok1net1c tra1n1ng procedures
are few and are somewhat ]1m1ted in scope. . (47 58,66,74,92)

‘Pipes and Wilmore (74 262) 1nvest1gated d1fferences between isotonic
and isokinetic training procedures with ‘regards to their "ability to
affect changes in muscu]ar strength body composition, anthropometic mea;
sures and se1ected motor performance tasks " Strength gains were_s1gn1-

ficant for both the 1sdton1c group and for the two isokinetic_groups

(h1gh speed and low speed) as compared to a control- group Both 1sok1net1c

.groups also exhibited 51gn1f1cant1y greater strength gains than the iso-

tonic group and the high speed isokinetic group showed significant]y
greater strength gain§ than the Tow speed group, even when\goth groups
were tested at low speeds. ) c
Thistle et al. (922 compared a11.three types of resistance.exercise: -
isometric, isotonic and isokinetic. uFollowing an,eight week -training
sessfon, the isokinetic group achieved signtficant]y greater strength

gains than did e1ther ‘the 1soton1c or 1sometr1c group The isotonic

group a]so achieved s1gn1f1cant1y .greater gains than d1d the 1sometr1c

group.

o To+date on1y one study has made an effort to compare two we]] known

<*'1var1ab1e res1stance .exercise systems, wh1ch are the Nautilus equipment

and thevUn1yersa1 Gym equipment. Co}eman (22) had One group train an

6
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eech system for a period'of ten weeks. . The program utilized with'each ’
' system was based on the protocol reoommended by the manufacturers of
each system. The Nautilus group performed one set of each exercise
-using a weight ]oad that could beliifted oetween 10 and '12 times' Then
Un1versa] Gym group performed two sets of each exerc1se using we1ght
loads equa1 to ten RM and eight RM respectively. Significant goxns in
_strength were reported: for both groups, with no signiricant difference?
between the two training groups. ’ | . |
. A]though much of the literature to this,pojnt has concentrated on

strength qéihs as a.result of varying typee of resistive exercise, there '
is also considerable evidence to support changes 1n body compos1t1on |
as we]] S1gn1f1cant increases in lean body we1ght and decreases 1n'
absoTute and re]at1ve body weight are well documented for isotonic
weight training. (16,21,24,60,74,96)

Wilmore (96) exam1ned body compos1t1ona1 changes in men and women' .
as the result of a ten week progressive weight training program. The
'bodyucompos1t1on measures used were lean body weight, absolute and .
relative body fat as determined by h}drostatic weighing, seven skin-
fo]ds and fina]]y, 15'and 17Egirth§ reepectiVe]y for women and men.

' Significant reductions in five of seven skinfolds were observed in women,
but only one sk1nfo]d decreased in men. The absolute decrease in o
per cent body fat was 1.86 and 1. 32 for women and men., respect1ve1y ’

This change reflected a relative decrease in body fat of 7. 59 per cent

and 9.99 per cent in women and men respectively.

10



~ Clements (21) also reported a significant decrease in body fat
as the result of a 14 week circuit tra1n1ng program. SubJects trained
three times per week for 35 minutes per sess1on Each session con-
s1sted of a series of ten exercises.

s Body composition was assessiﬁ using. three skinfold measurements to
determ11h body density which was then substituted into the formula of
Keys and Brozek (54) to determ1ne -per cent body fat. The tra1n1ng
group experienced a sign1f1cant decrease 1n body fat when compared to
a control group. Further, an initially higher fat .group experienced a
s1gn1f1cant1y greater decrease in body fat than d1d an 1n1t1a11y Tow-
fat group. ’

oo

Mayhew and Gross (60) eva]uated the effects of circuit weight

tra1n1ng on the body - ‘ahpos1t1on of college women. Body composition
was asSessed by seven sk1nfo1ds, four skeletal. d1ameteres, eight
muscu]ar girths and tota] body potass1um The training group exerc;sed
40 m1nutes per session, three times per ‘week for nine weeks. Two

sets of exerc1ses were performed during each workout us1ng the ten

repet1t1ons maximum techn1que (28) Skinfold thicknesses were unaffected

but there was a s1gn1f1cant 1ncrease in total body potass1um, 1nd1cat1ng ',

an increase -in 1ean body mass _

Coleman (22) compared.two types of var%ab]e resistapce exercise
systems, using work protocols recohmended by thelmanufacturers Body
compos1t1on was assessed us1ng specific sk1nfo]d and girth measurements
as descr1bed by w11more and Behnke (98) Durlng the course of the pro-
gram, tota] body weight 1ncreased and ‘the mean th1ckness of each sk1nfo]d

site decreased s1gn1f1cant1y An absolute decrease of 1.22 per cent

and 1.29 per cent body fat was observed for the two groups. This change

1



represented a re]at1ve decrease of 9, 11 per cent and 9.35 per cent
for each of the two groups _ |
Gettman et al. (40) also reported changes in body composition as
 the result of circuit we1ght training. SubJects in th1s partlcular
study trained for 20 weeks and were random]y assigned to one of three
. groups; contro], circuit weight training,landﬁrunning. Body composition
was assessed}using underwater weighing'and per'cent-body fat determined
-
" per cent body fat was observed. |
In a more recent study by;Gettman et'al. (41) the benefits of?
circuit weight training were further examined. In this part1cu]ar study
absolute decreases of three per cent for ma]es and 2.8 per cent for
fema]es were reported. These changes were representative of a reJatiVe
decrease of 13.3 and. 10.4 per cent‘for males and females, respectively.
Pipes and Ni]more (74) also reported significant decreases tn
absolute and relative body fat as a resuylt of isokinetic tra1n1ng at
both hlgh speeds and 10w speeds. The h1gh speed group experienced a
s1gn1f1cant1y greater decrease than did the low speed group
The 11terature .focuses Tittle attention on the poss1b1e 1mprove—
'ments in aerobic power wh1ch may be assoc1ated with weight training
exercise. |
Nagle and Irwin (69) reported no significant improvement in.
-cardiovascular function in subJects trained on h1gh or Tow res1stance
qwe1ght 11ft1ng programs relative to a control group engaged in m11d

>

recreational activity. - S

The work‘capacity of weight lifters on-a bicycle ergometer nas‘been

using the formula of Brozek et al. (15) A significant decrease of 1.7

12
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_reported as not being s1gn1f1cant]y greater than that of the generail
popu]at1on (36 55,81) Saltin and Astrand (81) examined e maxima
oxygen uptake of international calibre ath]etes and reported that ‘
a]though we1ght11fters had values sign1f1cant1y greater than the
untrained group, they had the 1owest values when compared to other
groups of athletes.

Nupp (70) examined the cardiovascular improvement asSociated with

 four different training programs: (1) fPro§ressive resistance rUnning \

(2) Fartlek training
(3)'.Interva1 training

(4) * Weight training

. The weight training group performed three weight ]ffting exercises

designed specifica]]y to tax the cardio;respiratory system. -A]i four

groups also performed a circuit” tra1n1ng program aside from the program

‘they were ass1gned to. Fo]low1ng ten’ weeks of tra1n1ng each group was
assessed for cardio-respiratory 1mprovement based on performance time
in a m11e run. The we1ght training group showed s1gn1f1cant]y less

improvement than the other three groups However, the assumpt1on that

\

- performance in a mile run 1s 1nd1cat1ve of card1o respiratory 1mprovement

is somewhat questionable. (2, 38) Second]y, no cons1derat1on was- g1ven
to the spec1f1c1ty of tra1n1ng associated with these cond1t1on1ng
programs. | |

Gettman et.ai. (40) examined the cardio-reépiratory effects'of
circuit weight training over a 20 week period. SubJects were randomly
ass1gned to .one of three groups; control, c1rcu1t we1ght tra1n1ng or

“cont1nuous running. There were 20 subjects in the control group«and

13°
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the circuit weight tra1n1ng group whi]e the running group contained 30
subJects Aerabic power was assessed usm\g a maximal treadmill test.
The c1rcu1t we1ght tra1n1ng group exerc1sed on Universal Gym apparatus.
Each c1rcu1t cons1sted of ten exercises. The weight for each exercise
.c0rresponded to approx1mate1y 50 per cent of each 1ndiv1dua1 S max1mum;
‘The number of repet1tions progressed from ten to 20 for the first six

bweeks and were then reduced to 15 per set for the rema1n1ng 14 weeks

since subJects cou]d not complete two c1rcu1ts when performing 20 repet1-

‘ t1ons The rest per1od between sets of each exercise was 30 seconds and
was reduced gradua11y to 20 seconds. Two}c1rcu1ts were completed each |
workout Th1s program resulted in no significant increase in VOzmax when
expressed in m]/kg/min

However, 1n - more recenttstudy, Gettman et al. (41) reported
1mprovements in aerob1c power of 12 per cent for males and 13 per cent
for females fo]]ow1ng part1c1pat1on 1n a c1rcu1t we1ght tra1n1ng program
The program followed was s1m11ar to the one used in the ear]1er ‘Study: by
Gettman et a] (40) with some mod1f1cat1ons In this particular study
subJects w0rked between 40 to -60 per cent of the1r maximum one time 1ift-
ing capac1ty, do1ng as many repet1t1ons as poss1b1e during a 30 second
t1me interva1 followed by a 30 second re11ef 1nterva] One c1rcu1t
‘cons1sted of ten stat1ons and subJects performed three circuits for a
tota] workout t1me of 30 m1nutes |

This program 1nvo]ved a timed work 1nterva1 “during which. subJects
‘performed between 12 and -15 repetitions un]1ke the previous study by
Gettman et al. (40) 1n which subjects perfonmed 15 repet1t1ons ‘with no
time restr1ct1on. Introduc1ng a t1med work interval may have 1ncreased

N o
the rate of work and hence. 1ncreased the intencitv Af tha whwbais”  Cha
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ther, three circuits were perfdfhed7pér workout in the more: recent. study
(41) aé_dppdsed to only two in the.e§f]ier study. (40) This wbrkﬁbro- |
to@blgwould héve Considerably'ihcreased'the tofa]”erk.pgrformedVQith |

each workout and may explain the different fe;u]t;ﬂobserved;inﬁtﬁese,.

<

©

studies.” .
The work protecol used by Gettman et a].'(41) is'characteristic

of an intérva] trainingfpr%?ram, unTike much of the earlier research in

‘which the work pr0t0c01zﬁa$:bésed_on the original wofk"of Delorme and

Watkins. (28) o | | "
An interval type ofVcircuit'training program hay}Qe the key approach
to take if anuimpfovement in aérobic power s ofvpriﬁe};ohcérﬁ;¢ ;s:

AN

A Comparison_of Interval and Continuous Training

A review of the literature in this area indicates_thétiiﬁterval

training can be“an effective means for inducing improvements in aerobic
power.

. With very short. work periods of about 30s-or less, a very

severe workload may be .imposed upon*both muscles- and oxygen-
éransporting organs without the engagement of anaerobic pro-
esses leading to any significant elevation of the blood B -
lactate. It is thus:possible to select the proper worklead - -
and work and rest periods in such a manner that the main

demand is centered on (1) muscle strength without a major

increase in the total oxygen uptake; (2) aergbic processes

without significantly mobilizing anaerobic processes; (3)

anaerobic processes without maximal taxation’ of the oxygen-
transporting organs; and (4) both aerobic and anaerobic

processes simultaneously. (2:401) .

Astrand et al. (3) indicated that with intermittent}exergise of
30 secoRds work Aand 30 seconds~ré1ief, oxygen consumption wéSJSdmfIhr

to that of continuous exercise of the same average power output. -

/
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According to Saltin et al. (84) dur1ng 1nterm1ttent exerc1se w1th
a work 1nterva1 of ]ess than 60 seconds and a reTJef interval 1n the range .
of 1: r -0xygen consumpt1on shou}d osc11]ate only sl1ght1y around the
'requlgements of averagerpower output - ;fn‘ - o | _{g
Essen (33) reported that an interva] schedu]e of 15 seconds of
work and 15 seconds of re11ef resu]ted‘Tﬁ*a s1m11ar heartrate from work
to rest and that th1s heartrate was s1m11ar to the heartrate observed
, dur1ng cont1nuous exerc1se of ‘the- same average power output. 1.. ' .va ‘
‘“: Thus far the 11terature reviewed here has dlscussed ‘only the acute
| responses of 1nterva] work compared w1th cont1nuous work A further )
- examination ofbthe Tfterature has demonstrated that 1ntervaT training o
programs do/produce s1gn1f1cant 1mprovements in aerob1c power (24,31,36,
37 38,57) N | -

' Fox et aT (37) exam1ned ~the effects of d1fferent interval running

"\ d1stances on aerob1c power,. SubJects tra*ned f1ve days per week fon,? 5

'weeks at%a work re11ef rat1o of 1 3 S1gn1f1cant 1ncreases in aerobic.’
power were observed 1n each tra1n1ng group. w1th no s1gn1f1cant bétween
group differences.. : A A | . |
Knuttgen et aT (57) also exam1ned the effects on aerob1c power of
'~'tra1n1ng w1th 1ntervals of d1fferent lengths. _ SubJects were randomTy
. _aSS1gned to onhe of three groups The ;1rst group worked for 15 seconds
'wh11e the second group worked for three m1nutes J The re11ef'interva1 was
;the same length as ‘the work interva] for each group SubJects trained
, between ten and 15 m1nutes, three days per week for ewght weeks Both
groups exper1enced a s1gn1f1cant 1ncrease 1n aeroblc ‘power. . The short

1nterva1 group exper1enced an 1ncrease of .13 3 per cent whiTe the: Tong

7 . . [
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iﬁtervalggroup eXDerienced an'increase of 18 per cent. There'was also a
significant betweeh groupfdifferenCe _Knuttgen et al. (57) also fouhd
that ga1ns in aerobic power were 1nverse]y reTated to 1n1t1a1 aerob1c
power measurements : . N _

Eddy et al. (31) cOmpared the effects of interval and continuous
tra1n1ng, over a 12 week per1od, in both men and women. Both types of
training produced almost identical increases in aerob1c power when the -

tota] workload was equated for each tra1n1ng sess1on Increases in
aerobic power were in excess of 20 per cent and the response 1n both males
| and femaTes was of the same magnitude and in the same d1rect1on

The card1ovascu1ar response of women to interval vs. cont1nuous
tra1n1ng was further exam1ned by Cunn1ngham et al. (24) S1gn1f1cant
increases in: aerob1c power, in excess of 18 per cent, were reported for E
both training groups as compared to a contro] group. . However, there was
no 519n1f1cant d1fference between tra1n1ng groups. |

Thus, there Jds ev1dence to suggest that an 1nterva1 training program-
can be a- v1ab1e~a1ternat1ve to cont1nuous training for the purpose of
"*lncreas1ng aerob1c power

o

Considerations in DeveTop1ng\an Aerobic Tra1n1ng Program

Pr1or to des1gn1ng any aerob1c tra1n1ng program, interval orrcont1n-'
uous, it is 1mportant to take into cons1derat1on the training variables
- which will effect the programx
The ke; var1ab]e we must cons1der is the intensity of the work to

be done by the.part1c1pants. When us1ng an -interval training program the;-"'

R P

-

work intensjty<must be.suffic1ent to produceaan average power~eutput.that ,
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will‘result in an oxygen‘consumption-hidh-enoUgh to resuit in an :fi
increase 1n aerob1c -power. (4, 24 29,59). S1nce 1t 1s not practical to
directly mon1tor oxygen consumpt1on during tra1n1ng sessxons, training
heartrates should be monitored to ensure that they are w1th1n the

» appropraate target zone con51dered necessary to facm11tate improvement

in cardiovascu]ar_fUnction. (6,39) Although this "threshold intensfty"

(29) varies from individual to individual it has generally been suggested

that’ 1nd1v1duals should train at a heartrate between 60% and 85% of
their maximim. heartrate as est1mated according to their age. (6,24,31,
39,85,95) The initial percentage chosen by var1ous‘researchers varies
with the characteristics of subjects and depends primarily on initial
fitness levels and age. (6,39,85)

Another 1mportant cons1derat1on when des1gn1ng an aerob1c tra1n1ng
program is the duration of each session. The minimum duration necessary
for each training session is 5till controvers1a1 (39, 85) A minimum of
'20 m1nutes of cont1nuous exerc1se is often ‘recommended. (72) However,
"most North Amerqcan authors regard a m1n1mum durat1on of 30 miputes as
‘ more appropr1ate " (85: 230) |

W1th regards to 1nterva] tra1n1ng the tota1 duration of each session
is often the same, however, the tota] duration of work anounts to approx-
imately half that of the workout depend1ng upon the work:relief rat1o

(18,27,29) .

vy

The next cons1derat1on is to estabesh thi fr:equency«of«»trmmng.w w“»~% -

,Many researchers. have. sublects tra1n four time per week (24 31 38)

R . \*og.-s...m'-..-\...- - e ‘,.du - gy

"ﬂand four ‘or five’ t1m¢s afe ‘most often recommended (85) However there _i"_'

s st111 some controversy as- to the m1n1mum number of session per week

_ requ1red to produce changes 1n aerob1c power

18
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Astrand and Rodah] (6:469) suggest that "for an untrained individual an
exerc1se that demands an oxygen uptake ‘exceeding 50 per cent of his or
her maximal will, when repeated two or three half hours a week gradually’
f1ncrease the maximal oxygen uptake."
In the case of interval tra1n1ng, Pollock et al. (75) reported»
s1gn1f1cant ga1ns in aerobic power for each of two groups; one which
trained two times per week and\pne which trained four times per week. -
Over a period of 20 weeks the group ' who trained four t1mes per week.
had s1gn1f1cant]y greater ga1ns in aerobic power over the group who
trained two t1mes per week. However, it is interesting to note that after
'ten weeks of training, a]though both groups had significant gains in
aerobic power, there was no s1gn1f1cant difference between the two groups
at this stage. |
. Contrary to these findings, Fox et al. (36)Tfound that frequencies
between two and five days per week over periods of seven to 13 weeks
‘did not significant1y affect'gains‘in:aerobic power " However, 1n the study
by Gettman et a] (41) the frequency of c1rcu1t we1ght tra1n1ng was three
times per week and significant increases in aerobic power were reported
after 12 weeks of training.
Thus, the 11terature with: regards to the necessary frequency of

Care w0

: tra1n1ng also remains controVersﬁal A1though 1t 1s genera]]y reconnénded -

ro-wt

Jp—

that 1nd1v1duals tra1n four or f1ve t1mes per'week (85) 1t seems that two

L

-j‘or'three t1mes _per.week 1swadequate providing the 1ntensity of the program
is sufficient. (6,36, 38 »41)

) In'research, cons1derat1on must also be given to durat1on of t1me

over wh1ch subjects trained before the training benef1ts were assessed
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Much of the early research examined changes over a per1od of four
to eight ‘weeks. and it is suggested that perhaps this is not sufficient
enough time to allow for maJor increases in aerobic power, part1cu1ar]y
if the frequency of the training sess1ons is m1n1ma1 (36 38, 39 75)

More recent research studies tend to observe aerob1c trainihg effects
over a period of 12 weeks, (24,31 ,41) although no opt1ma1 period of time
has yet been established in the literature. Significant 1ncreases in
aerobic power have been reported over time periods anywhere from seven ,
weeks (95) t6 20 weeks (75) and the magnitude of change varies w1th the

intensity and the frequency of training. (24 31,36,9%)

Measuring Aerobic Power

Interest in measuring aerobic power dates back to the work of HiTl

' et»alg‘(IS) Since this time a great deal of practical and theoretical
'know1eﬁge has been accumulated andmany‘methOds for assessing V02max have
been developed and recorded in the 1iterature..(5,8,65,91,99)' However,
Zthese techniques require complicatad apparatus and require maximum etfort
from subjects. Demanding maximal effort from individuals can present
mot1vat1ona1 prob]ems s1nce two or three measurements of oxygen consump—
_-t1on are requ1red above the Tevel’ at wh1ch max1mum oxygen 1ntake occurs

in order to obta1n a- re11ab1e est1mate of max1mum oxygen uptake (100)

Further, the hea]th r1sks 1nvo]ved w1th subJect1ng re]at1ve]y unflt

:1nd1v1dUaTs, part1cu]ar1y those over 30 to max1ma1 effort exerc1se are of |

maJor concern (27,100)
w1th these problems in mind, exercise physiologists endeavored to
develop a submaximal test which would give a reliable and accurate estimate

of an individual's true maximum oxygen uptake. A number of submaximal



e e e A o e

Tt ‘

tests hgve beéhgdeVéibpedJ(i,45,88,94) based on the linear relation-
ship observed between héaptrate and oxygen coﬁsdmption. On the basi$. of
this oxygen-heartrate reiétidnshiﬁ’it is possible to predict an individ-
ual's maximum oxygen uptake by the heartrate response to two submaximal
w;rkloads, assuming a max1ma] heartrate of approx1mate]y 190 to 200 beats
per minute. (6) However, since maximal heartrate declines with age, it
is necessary to make corrections for age. These considerations formed
the basis for the nomogram by Astrand and Rhyming (1) which was modified
by I. Astrand (4) to include an age correct1on factor This nomogram
has been used extensively over the years and has provided reasonably
accurate predictions of maximal oxygen uptake. (4,29,45,94) The standard
error of estimate ranges from approximately 7% (29) in relatively well-
trained individuals of the same age up to 15% for moderate]y tra1ned
individuals of vary1ng ages. (4)

Every researcher must be aware “of the limitations of submaximal
predictive tests and should evaluate the usefulness of such tests accord-
ingly. Astrand and Rodahl (6:3555 stggest that "the submaximal exercise

test is a very useful too1'in‘eva1uating whether or nof a training pro-

gram has been effectfve in improving the individual's circulatory capacity."'

Techniques for Assessing Body Composition
' Many techniques are available for assessing the fat and']eén comp-
onents of‘the‘body. (14) Two of the most fam}\ﬁar techﬁiques used are
hydfostatic weighing and anthropometric measures.
Hydrostatic weighing is based on the principa] of Archimedes,. and

the volume of the body is determined from its displacement of water. (87)
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In order to e]1m1nate the volume of the air in the 1ungs the gross vo]ume
of the body must be corrected for residual air volume in the lungs. "The.
dens1ty of the who]e body is. s1mp]y the total we1ght in air d1v1ded by
the tota] body vo]ume as estimated by hydrostat1c we1ghing "*(54-267)'
Since the dens1ty of fat is less than that of the other body components

such as bone and muscle, the lower the density the greater the proport10n

" of fat. Therefore:,hydrostat1c we1gh1ng is used to est1mate body dens1ty

which is substituted into a formula: for determining; per cent body fat.

. Hydrostatic weighing is cons1dered to be one of the more va11d
indirect techanues available for aSSessing body composition, with an
error of estimate of approximately three*to four per cent. (15,87) How-
-ever, validation of this technkque has been accomp11shed primarily through
research with an}mals (54,78) and through analysis of a very limited
number of human cadavers. (54) The question of validity of assessing
human body cemposition 1nd1rect1y has on]y been dealt w1th on occasion
(14, 54,87) and "there is probably 11tt1e one can do to improve the s1tu-
ation except to acknowledge there are some limitations and unavoidable
constraints and assumptions one must contend w1th " (51'250)

There are also a number of sources of measurement error assoc1ated
with hydrostat1c we1gh1ng (15,50,52,54) In order to limit measurement
error it becomes important to do repeated measurements on subjects due
to an apparent practice effect in achieving a true underwater weight
score. (50) However, repeated measurements of underwater weighing become
very time:consuming and inconvenient to subjects. Further, the necessary
equ1pment for hydrostatic we1gh1ng is not readily available. Therefore,

many researchers have chosen to use anthropometric measurements for
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assessing‘body compositﬁOD. ‘These‘measurements are-most.often-used in
I
a regression equat1on to determine body dens1ty, wh1ch is in turn sub-

‘”stltuted 1nto a formu]a to determine per cent body fat | However there

are a.great number of regress1on equat1ons wh1ch have been deve]oped to

. pred1ct body dens1ty from skinfold measurements,,from g1rth measurements Tl

s
..and from a comb1nat1on of both types of measurements (30 49 50,51, 89)

-The assumthon upon which such measurements are based 1s that 50 per cent
}‘of the body s fat 1s depos1ted subcutanedusly (54) Most of these reg—
re551on equatlons wh1ch have been deve]oped have been va]1dated by corr- -
elat1ng body density prediction efficiency with measurements using hydro-
. static we1gh1ng Corre]at1ons reported 1h the T“terafure vary from .85 - S
to 87 when ma]e subJects were used (12 49 51 71 97) wh11e somewhat 1ower “y
'correlat1ons rang1ng from 70 to 78 have been reported for fema]e subJects co
(49,51,89,98, 101) ) o

Some measurement sites are better pred1ctors than others and sk1nfo1d

measurements are genera]]y better pred1ctors than girth measurements. (49,
51) The sites which tend to predict more'efficiently are the’trjceps,
iliac crest and subscapular. (49,51,89) The Juxtanipple site is also an
effective predictor in ma7ES. (51,71) Katch (52) SUggestsAthat as a min-
imum number, the skinfoldtites wh1ch are most usefu] are the triceps,
subscapular and iliac crest. Thus, when se]ect1ng a prediction equation
to use, researchers must keep in mind the most eff1c1ent pred1ct1on s1tes
for measurement. It is also important. to consider sites which proyide
ease of measurement to reduce tester error. The tester must a]so allow

for considerable pract1ce 1n order:to estab11sh test- retest re]1ab111ty

and a minimum of two measurements shou]d always—be taken (52). ..;;.‘qf

L x~..-......, [P



CHAPTER III °
METHODS AND PROCEDURES

Sample Selection

The: sample cons1sted of 70 vo1unteer subJects, both ma]e and female,
who were medically screened using the Par- -Q quest1onna1re (18)

Subjects who vo]unteered to,parth1pate in the tra1n1ng_pro§ram were.
.- asked to findvan individual willing to participatexin.fhevcontrol group.
The individual they chéée was to be as similar to them as possible with
regards to age, stature, weight .and aCtivity'patterns The selection of

:: eontro) - 5UbJ8CtS in-this manner was an attempt to match the. two groups

o e o

~-m an effort to Timit some of the b1as 1ntrodUCed when vo]unteersiare
- used: n a:stuydy. |
~ The training group‘initieliyléensisted 6fg19 femalesiand 22'm31es
whiie‘the control group consisted of 13 fema]es'and 16 males. However,
during the course of the training program three fema]es and two ma]es
dropped out of the treining group 1eaving 16 females and 20 males in

this group.

Testing . _ .
Testing procedures consisted of a pre-test, administered within
two weeks prior to the start of training and a post-test, administered
. Within two weeks of completion of training. A1l subjects were required .
" to sign a'consent form prior to having each test adminstered.
In order tp ensure that everyone was awere‘of factors which might

~‘bias’test results, -a list of instructions was distributed to all sub-



Jects prior to any testing.
When subjects arrived to be tested they were weighed using a
: phySician’szsCale calibrated in kf]ograms A11 subjects were we1ghed :

without shoes and while wear1ng gymnas1um appare]

. Ba Fat' )
Sk1nfo1ds were measured and per cent body fat was determined based

on the mean of ca]cu]at1ons using twd different methods.

The f1rst method used” was that descr1bed by Durn1n and Rahaman (30): .f:c; o

The regress1on equat1ons for the estrmat1on ‘of - body dens1ty (Y) from

-~

.'the 1og of the sum of four sk1nfo]d th1cknesses in mm. (X) were: :

1. 1610 - 0632X
.1.1581 - .0720X

C

EEoe Men _’Y:

Women: Y

: The~toun'sk{ntoid'meaSUrements‘taken were the triceps,'bicebs,

subscapu1a\and suprai]iact )

The values determined for body density were then substituted into
the Siri equation (62) to estimatejper cent"body fat. This eouation:uas:

. % Fat [ (4. 95/Y) 4.5] X 100

The second method used for»men was descr1bed by Pa5ca1e (71) -
The regress1on equation used to determ1ne body dens1ty {D) from three ?E
skinfold thicknesses in mm. (XI’XZ’X ) was: .

D - 1. 088468 - [.0007123 (X ) + .004832 (X ) + 0005513 (X )]

The three sk1nfo]d measurements taken were the triceps, Juxtan1pp1e
and m1dax11]ary line.

The second method used for women was that described-by Sloan et al.

‘,(89)” The -regression equation used to determine body density (D) from two
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skinfold #gasuremgnts 4n- mm. (X 2) was

\\

= 1. 0764 - [ 00081 (X )+ 00088 (X N

The sk1nfo1d measurements taken were the tr1ceps and the supra—

P " . ..
L . - ~

;:_111ac \.h';<--v‘ﬂj}f“nfl<” ;j"a";{,. LT e S

| The va]ues determined for'body.density for both -men and women,

were then subst1tuted 1nto the Brozek and Keys equat16n (15) to est1mate
-per cent body fat Th1s equat1on was

% Fat = [4. 570/D - 4.142] x- 100
yE

T2

o

’

ATl sk1nfo]d measurements were taken on the r1ght s1de of the body -

" with the subjects - stand1ng re]axed and erect Two measurements were

.taken at each s1te and if they were Tess than or equa] to one mm. apart
::the average of the two was. recorded »If the two measurements were mofe
than a mm. apart a th1rd measurement was taken and the average of the two
c1osest measurements’ was recorded The ca11per dial was read when the
indicator came to a relative stop after the 1n1t1a1 qu1ck movement. |
Measurements were taken at each site according to the fo]10w1ng technique.

Tr1ceps - The caliper was applied over the midpoint of the musc]e
belly, midway between the tip of the acromion and the olecranon process :
‘w1th the arm hanglng re]axed and’ vert1ca1 The Jaws of the ca]1per'were
"‘:placed in the vertical p]ane S } N N

B1ceps - The ca11pers were app11ed in the vert1ca] plane over the
muscle be]]y, with the arm hanging re]axed and vertical. '

Subscapu]ar ~ The caliper was app]ied immediately below'the‘t1p of
the 1nfer1or angle of the scapula at approx1mate1y a 45 degree ang]e to

the vertical plane.

- Suprailiac'- The ca1iper was app]iedeapproximately three cm. above



- 'be]ow the f1ngers

the d]iac crest at an angle a]ong the. 1ine of the crest.
Juxtan1pp]e - The ca]1per was app11ed Just above the n1pp1e a]ong

e Ll

the T1ne ‘of - L1nn A L jﬂ . _
M1dax111ary - The ca11per was applied, in the vert1ca1 p]an. a]ong
, the m1dax1llary Tine of the body, at the 1eve1 of the x?pho1d process

In a11 cases the sk1n ‘and subcutaneous fat were f1rm1y grasped bet-
ueen the 1eft thumb and foref1nger and pulled up and away from any. under-

1y1ng t1ssues The ca11per Jaws' were p]aced approx1mate]y ane cm.

o

~ Eight Minute Bicycle .Ergometer Test

This test was performed in order to est1mate maximal oxygen con- .
sumption. (6) The test 1nvo1ved r1d]ng the bicycle ergometer contin-
uously for eight minutes at a constant rate of 60 revo]ut1ons per minute.
A metronome was used to he]p subJects keep the correct cadence

Dur1ng the f1rst four m1nutes the work]oad was set primarily to
' prov1de the subJect with a warm-up and to g1ve the tester an 1nd1cat1on

of what 1eve] to set the work]oad at for: the f1na1 four. mxnutes Fo11ow—
| 41ng the 1n1tJal»four minutes the work]oad was increased to-a: 1eve1 that

-the tester fe]t would evoke. a steady state heartrate of approx1mate]y 4
| 70% to 80% of each subJect s est1mated maximum heartrate (220 age) An .
exersentry was used to moniter heartrate throughout the eight minutes of
the test. = |

‘The seat of the bicyt]e ergometer was adjusted according to each

. subJect S he1ght such that the 1eg was almost fully extended when the

o i
. peda] was n the ‘lowest position.

¢ -
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The total amoynt of work accompl1shed was calcu]ated by mu1t1p1y1ng
fthe 10ad sett1ng limes the number of revolut1ons per minute. It ‘was .
~ assumed that aJ1 subjects kept cadence with the metronome. |
E Maximal dxygenaCon5umptionvwas théh estimated'using‘the Astrand-
_Rhym1ng Nomogram (1) Us1ng th1s ‘nomogram an absolute va]ue of oxygen

consumpt1on expressed in litres per minute was attained for each subJect

'.Th1s va]ue was then mu1t1p11ed by an age correct1on factor (2) and con—

ey . & .

) verted to a re]a ive value of oxygen consumpt1on using Astrand's (2)
“tables.. This value was exhressed in m111111tres per k11ogram of bady

weight per minute.

Training Program

The tra1n1ng program cons1sted of a circuit of ten exercises using
various Hydra ~Gym machines. The f°11°W1"9 stations were.inciuded im the,. ., % -

prodram and whenever poss1b]e\were perfﬁnmed in the-order listed:
(See Appendix A) 7

- Power’ Squat (]egs)
7Bmthmss """

Pro Power (1egs)
iPower Butterf]y

Power Ruhper (1eg§)
Shoulder Press -
Uni-LateYal Knee (legs)

Arm Curls

o oo.'w%‘m W =

Sit=Ups |
10. Abdhcior-Adduetor'(lebs)
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Exercises were arranged in this manner so. as’ to alternate leg and

ann exercises. This order was followed to prebent excessive Jocal

muscu]ar fatigue which might Pprevent subjects from continuing the work-

' out at a rate that would have a greater influence on their overall] card1o-

vascular response.

For each exercise, subjects performed as many repetitions as possible
in 20 seconds, fo]]owed by 'a 40 second relief 1nterva] during which each
1nd1v1dua] moved to the next stat1on | | |

A1l subjects started the Program by completing two circuits of the

exercises and progressed to three complete circuits within the first two

-

8

weeks of the _program.

During the first four weeks of the program the work re11ef rat1o ,

rema1ned at 20 40. . From the fifth week On, tHe rest 1nterva] was grad-

PRI SRS

ua]]y reduced and the work t1me grddually 1ncreased such that the work
re11ef ratio was 23: 32 at the end of ten weeks when the program was

comp]eted

Statistical Ana]ysis - ' -

A ‘three way ana]ys1s of variance was emp]oyed to analyze the data

'from th1s study. Q Four - 1nd1v1dua1 analyses were run through computer

fac111t1es at the Un1vers1ty of A]Egrta using the SPSS batch system. The

fo]]ow1nq classification variables were involved in the analyses:

1. Treatment - control or training

2. Sex - male or female |
3. Age Tevel -~ young or old

4. Tnitial VO?max - high or low

5. Tnitial per cent body 'fat - high or low
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The d1chotomy of the f1rst two var1abTes is obv1ous * The age'crit-‘

er1on for the age TeveT d1chotomy was 35, years. Anyone less than 35‘was

- classified at young and the rest as old. 1Initial VO oMmax was based on

Jv pred1cted vaTues atta1ned in the pre-test. and subJects were classified
‘as h1gh or Tow accord1ng to popu]at1on norms for the1r part1cu1ar sex- and‘
-age group (90) Initial per cent body fat was aTSo based on predicted
tvaTues attained- from the pre-test and subJects were classified as high

. or low accord1ng to the median of the group as ‘a whole.

The dependent var1ab1e in the f1rst two anaTyses was post-test

'V02max. The c]ass1f1cat1on var1abTes used in the first of these analyses' o
were treatment, sex, and initial V02max “In the second of these analyses
_age Tevel was subst1tuted for sex while the other two ;ar1ab1es remained
the same. 'v
The dependent var1ab1e in the second “two ana]yses was post- test per
‘»cent body fat The cTass1f1cat1pn var1ab1es for the first of these anaTy-
- ses were treatment, sex and 1n1t1a1 per cent body fat. In the‘second 3

'.analyses the age TeveT variab]e was again subst1tuted for sex while the

' other!two varlables rema1ned the same.

N N

-the means of the foT]owing groups for pre te

T Tests were aTso done to determine the Teve] of s1gn1f1cance between

'fﬁyozmax and per cent body "~
fat: = - e o |

1. training and control
male and female'

old and young

& WwN

high and Tow

ThetTeveT of significance for this”analysis was also set at .05,
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"~ As.a tes‘t of reT1ab1th, a Spearmau Rho ;orre]atwn coef‘Frmen’t .
was ca]cu]ated between pre and post measures for V02max and ‘per cent
body fat using.the data for the c0ntrbl group “ o _
&~ B
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CHAPTER IV
o T I REsiLTs. anp” DISCUSSIONS L
e -‘wi”j % '{- ; O —
; Resu]ts
A summary of the resu]ts of ‘the first three Way ana]y51s on
_ post test V02max are presented 1n TABLE I. The main effects were_
51gnf1cant at the 05 1eve] of 51gn1f1cance as were the effects
ggf treatMenta sex and initial VO,max. Theré\Was no significant

2
jnteraction‘between%thé§§;factﬁrs R T T T N

fi*'A summary ‘of. the second three way ana1y51s on post-test V0, max,

in which age level was substituted for sex, is presented in TABLE II.

Again the main effects were 51gn1f1cant at the 05 level of S1gn1f1-~
~.cance. The effects of treatment age level and initial V02max were

a]so significant and there was no 51gn1f1cant interaction between any

of these factors.

TABLE I
SUMMARY OF THREE WAY ANALYSIS OF VARIANCE ON POST-

TEST VOZMAX - FACTORS TREATMENT, SEX, INITIAL VOZMAX /
Source of _Degrees of . Mean F " Critical
Variation Freedom .~ Square  Ratio - F

Main Effects 3 734.012  14.908  2.75
Treatment 1 655.879 - 13.321 3.99
Sex 1 433.452 8.803 3.99
Initial V02maX‘ 1 1467.774 29.811 3.99
Error Term 57" '49.237




TABLE IF

T T SUMMARY OF THREE WAY ANALYSIS OF VARIANCE ON A :
POST TE$T VOZMAX - FACTORS TREATMENT AGE LEVEL INITIAL VO, MAX :
Suuhce of Degrees of Mean F CriticaT
Variation Freedom ~ Square Ratio F
Main Effects 3 758.642 16.009 2.75.
Treatment 1 891.214 18.806 3.99
Age Level : 1 507. 342 10.706 . 3.99
Initial VO, MAX 1- 805.254 16.993 3.99
Error Term St %7 v 877389 - )

The significant effects between age groups, sexes and initial
V0,max were'expected. The results of T-tests, as shown in TABLE ITI,
demonstrated a significant‘difference between these groups as a result

© of the pre-test. Since the'initial V02max groups were based on pre-test
measures the relationship between these groups-was expected to remain
unchanged . Further, the difference between V02max values for males and
females is weTI documented (2 ,6,31,39) as is the steady decline in V02max
" with increasing age (2,6,39,90) and since there was a s1gn1f1cant di ff-
erence between the groups as a resu]t of the pre test, this. re]at1onsh1p
was expected to remain unchanged
However, there was no s1gn1f1¢ant difference between thg training
and control groups 1nitia]]y' An examination of the group means, as
shown in TABLE IV and TABLE Vv, 1nd1cated that the tra1n1ng group exper-
ienced an 11.90 per cent increase in VO2 Xx. These findings are.

~’§raphica11y repreéented in~FIGURE I,-

vy
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TABLE III
' SUMMARY OF T-TESTS ON PRE-TEST VO, MAX
L Degrees of  Variance T Critical
Group Freedom Estimate Ratio T
Treatment 63 1.15 1.90 2.00
Sex: 63 2.17 7.00 2.00-
Age Level 63 1.27 . 29.01 2.00
Initial VO max 63 49.39 4.97 2.00
, ) . . . P “ _— o‘o'b . .
"TABLE IV | ‘
PRE-TEST -GROUP MEANS FOR PREDICTED VO, MAX (m1/kg/min)
Pre-Test Standard
Factor Group - N ' Deviation
Treatment " Training 36 - 35.73 10.34
: Control 29 36.24 8.53
. Sex Male 36 37.24 9.18
Female 29 34.73 7.66
Age Level Young 44 39.00 7.46
01d 21 30.28 8.82
Initial VO,max High 20 43.89 6.14
Low 45 32.28 7.53

%L
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S TABLE V

POST-TEST GROUP' MEANS FOR PREDICTED VO,MAX (m1/kg/min)

Post-Test =~ Standard

Factor Group N . X Deviation

Treatment ,; Training 36 ‘ 41;12 o 8;87
o Control 29. ... .. 3912 .0 .7.95

SeX. . . . . . ooMale. o .. 236 0t 3QUI6 ST T 94T
C e P TPt v FdaTe U 29" 7 36.65 8.18
. Age Level Young . 44 - 40.61 8.58
: - 01d ‘ 21 34.38 8.37
Initial VO,max  High -~ - -- 20 - - - 45.05 7.00
zmn 8.33

© Low 45 35.93"

A summary of the resylts of the first three way ana]ys1s of var-

‘1ance on. post-test per cent body fat are presented in TABLE-VI.

.~ main effects were s1gn1f1cant at .the .05 level of s1gn1f1cance as were

:the effects of treatment, sex and initial per cent body fat There was
no significant 1nteract1on between anxtof these factors.

A summary of the second three way ana1y51s on post-test per cent
body fat, in which age 1eve1 was substituted for sex,‘1s presented in
TABLE VII. Again the main effects were significant. Treatment, age leve]
and initial Vozmax effects were a]so s1gn1f1cant at the .05 ]evel

Again, the significant d1fferences between sex, age level and
‘ initial per cent body fat*were expected Resu]ts‘of'T-tests, as shown'
'1n.TABLE VIII, demonstrated a significant difference between these group
means ‘based on the pre-test. Since the 1n1t1a1 per cent body fat groups

were based on pre test measures, the re]at1onsh1p between these groups

t" ’ N
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o S LTABLENL 7T
- SUMMARY OF THREE “WAY' ANALYSIS ON"POST=TEST -PER -CENT - BODY - FAT - - - -
 FACTORS: TREATMENT, SEX AND INITIAL PER CENT BODY FAT -
Source of . Degrees of . Mean .. F ° Critical
Variation . - Freedom Square Ratio F
Main Effects. 37 . 470,435 - 34.914 2.75
Treatment . -~ - 1. . . 85.464 .. 6.343 3.99
- Sex 1 - 110.664 - - +8.213  -3.99 * .
Initial Per Cent 1 - 373.669. - - 27.737- - 3.99 - .
Lo “Body Fat. .. L ,_

Error Term B 57J R 'f3:474‘"

< TABLE VIT. - ¢ ,
SUMMARY OF THREE WAY ANALYSIS OF VARIANCE ON POST-TEST
PER CENT -BODY. FAT-FACTORS: TREATMENT, AGE LEVEL AND INITIAL PER CENT FAT

o,

Source of  Degrees of - Mean F © Lritica
Variation ~ Freedom ° Square ' Ratio F -
Main Effects 23 . 473,152 41. 340 2.75
Treatment 1 150.469 . 13,147 3.99
- Age.Level 1 118.814 10.381 3.99
Initial Per Cent 1 1277.051 111.577 =~ 3.99
Body Fat o A
2 way Interactions 3 . 23.143 2.022 2.75
Tr Aged - 1. 31.724 2.772 3.99
Tr BFPR 1 45.886 . = 4.009 3.99
-Aged " BFPR 1 1.129 .099 3.99
3 way Interactions 1 53.197 ' 4.648 - 3.99
Tr Aged BFPR 1 53.197 4.648 3.99
CError Term 57 11.445




R T

o —-— P

M:-zwas eXpécted to*rEmain‘unchanged‘ Aga1h ‘as wlth VO max va]ugs. the v,;.'.;.>.p'
. . 2 R

'ld1fference between ma]es and fema]es w1th respect to body fat 1s wel]

4 - - .

-documented (6,39,51, 90) The tendency for 1nd1v1duals to increase fat

h depos1t1on as age increases-is also we]! documented (6 13 39 90) There-

fore, since the pre-test demonstrated a s1gn1f1cant d1fference, it ngs '

expected that this re]atxonsh1p wou]d remain the same for the. post test.
However, there was no swgn1f1cant d1fference between the tra1n1ng and
.. control gr0ups as a.result of the pre test but the post ~-test d1fferences

.

‘were s1gn1f1cant

TABLE VIII

. . '; SUMMARY OF T-TESTS ON PRE-TEST PER CENT

o ‘_ BODY FAT

v ) Degrees of Variance T Critical
Group Freedom Estimate Ratio T
Treatment 63 36.23 .13 2.00
Sex ' : 63 16.55 7.81. . 2.00
Age Level 63 22.71 . 2.58 ' 2.00
Initial Per Cent . 63 14.40 9.84 2.00

Body Fat

" An examination of the pre-test and post-test means -for these groups,
as presented in TABLE IX and TABLE X, revealed that the training group
had an absolute decrease of 1.87 per cent body fat This abso%ute decr-
ease represents a relative decrease in body fat of 8. 1 per cent. _The

group means are graphically illustrated ‘in FIGURE II
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... -« PRE-TEST: GROUP. MEANS FOR PER CENT BODY FAT-—-- - . -
| Pre:Tést" ~ Standard
Factor ' Group N X Deviation
Treatment Training - 36 21.31 5.71
, " Control 29 21.37 6.36
Sex O Male 36 - 17.36 4.22
' . Female 29 25.35 4.74
Age Level Yaung 44 19.95 5.52 .
. S 01d 21 $22.70 6.26
, Initial Per Cent High - 32 25.61 . " g3y
Body Fat Low - -" 33 16.36 3.24
TABLE X
'POST-TEST GROUP MEANS FOR PER CENT BODY FAT
) Post-Test Standard
~Factor . Group N X Deviation.
Treatment Training 36 19.30 5.%6
Contro] 29 21.12 6.37
Sex , Male 36 16. 62 4.11
Female 29 24.45 4.70
Age Level - Young 44 19.46 5.80
01d 21 21.47 5.89
Initial Per Cent High 32 24.48 4.61
Body ‘Fat Low 33 15.88 3.25
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- The second analysis of variance on post-test_per cent body fat\alsq

~revea]ed a significapt “interaction between injtﬁa] per cent body fat and
treatment. (See TABLE VII) tThe'ngUp means for these interacting variables

‘are presented in TABLE XI and are graphically represented in FIGURE IiI.

’ TABLE XI . o

GROUP MEANS'FOR'THE TWO INTERACTING VARIABLES IN THE
SECOND THREE WAY ANALYSIS 'OF VARIANCE ON POST-TEST PER CENT BODY FAT

-

. X " Standard

Group N Post-Test Deviation
: v _ | &
Control/Initially High 13 26.57 4.62
. Control/Initially Low" . 16 . 16.70 - 4.08
‘Training/Initially High 19 . : 23.05 3.84

-Training/Initially Low 17 B - 15.12 3.38

" An examinatioh of group means indicates that those individuals who
werd invo]veﬁ with the training program and who were 1nft1a11y high in
per cent body fat demonstrated a.greater<reduction in body fat. This
finding is supported in the literature. (6,39). |

Thére was also significant interact{on between all three.faﬁtsrs.

The group means for tﬁe interécting factors are preseﬁted in TABLE XII.

An exémination of theselgroup means indicate that all the training
groups had considerab]x‘lower va]ue§ than the correspondfng contrb] groups
and that the old training groups demonstrated'greater:differencés between
corresponding contrb] groups than did corresponding young training groups
when compared to the appropriéte control gfoup. These(differenceq are

hest i]]ustrated in FIGURE IV. Fufther observations of the grohp means
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TABLE XII

1

GROUP MEANS FOR THE THREE INTERACTING‘VARIABLES IN THE SECOND
THREE WAY ANALYSIS OF VARIANCE ON POST-TEST PER CENT BODY FAT

-

Post-Test Standard

Group N TOX Deviation
Training/07d/Initially Low 8 . 17.85- ~ 1.98
Control/01d/Initially Low 4 20.04 1.07
Training/Young/Initially Low 10 13.04 2.44
Control/Young/Initially Low 10 14,91 2.72
Training/01d/Initially High 7 24.88 5.09
Control/01d/Initially High 2 28.26 13.00
Training/Young/Initially High 11 - 22.15 2.31°
CQ@trQ]/Young/Initially High 13 . - 2 25.13° -3.06

indicate that the‘means of the old training groups are considerably
higher than the corrésponding.young.training groups. This rélatfonship_
primarily explains the greater différences observéd!between the old
training groups’ and the corréSponding old control groups since individ-
uals wHo.were initial]y high-fn per cent body fat:tended to -experience
greater decreases in per zent body fat." This tendency is obvious from
observatibns of the group means presented {n TABLE XI as~.well as from
the sfgnificant fwo-way interaction between treathgnt and'Tnitia].per‘
;ént body fat as illustrated in FIGURE III. ‘This observation is also
supported in the literature. (6.39) However, it should be noted that
the significant three;way inteiaction observed in thisuqnalysis mgxube
somthat biased by the djscrepanpy'in cell numbers for the diffgrent groups
since there were cnnciéefab1y fewer old subjecfs. N :ﬂ; i: ~
Finally, reliability coefficients of .98 and .90 were calculated for
per cent body fat and"bredi;ted Vo, max, réspective]y. :

@
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-Discussion , B2
s a L
Aerobic Power — ; :

The resu]ts of the present study 1nd1cate that the tra1n1ng group
exper1enced an overa11 1ncrease in VOZmax of 12 per cent. These find-

ings are cons1stent with those of Gettman ,et al.-(41)

s

The evidence of these two studies strohglydfndicate that‘aerobic
’ ST et o
power can be significantly improyed.using variable resistance_e@eﬁcise

equipment, provided the appropriate work.protoco1'ﬁs utilized However,

" *

the results of the" present study were achieved over a shorth tlme
Q
period. The work interval used nn the present. study was: a]so shorter :

than that used in the study~by’Gettm9h et al. One of the maJor reasons
for this observat1on may be due to the nature of hydrau11c res1st1ve .
'?equ1pment S1nce most of this apparatus works both egonist1c and anta-.
'oon1st1c muscTes dur1ng the same exercise set, an 1nd1v1dua1 can accomp11sh :

. more work in a-shorter t1me frame Eurther, due to the rhythm1c pumping

p
4

of b]ood through the musc]es, there mdy be less 1oca1 fat1gue which would
allow the individual to work harder during each work 1nterva1

However, more research is requ1red to substantiate the f1nd1ngs of .
the present study. One of the major. problems associated w1th compar1ng
the relative effect1vene§s of d1fferent var1ab1e re51stance exerc1se
‘systems is the d1fficu]ty in equatlng the 1ntens1ty of tra1n1ng or the
tota] work accomp]1shed in each tra1n1ng session Equat1ng the 1ntens1ty -
‘;‘of tra1n1ng 1s a]so a prob1em when attempt1ng to compare the f1nd1ngs of

2

‘the present study to other stud1es report1ng greater 1ncreases in aerob1ca

)

power but ut111z1ng other mddes of exerc1se (22 23, 24 31, 32 34 ,48)

l .
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The»three-way'analyses of variance on post-test V02max-demonstrated
that 1ncreases in aerobic power were not 1nf1uenced significantly by age,
sex’ or 1n1t1a] fitness .Tevel. ' S : ' {

4 Sexua] d1fferences in VOzmax are well documented (2,6,39) However,
the results of this study suggest that sex doe?;not influence the magni-
tude of the tra1n1ng effect. Ih1suf3nd1ng is COnsistent<with.current
1iterature in this area..(24,31;41):¢ -~

It is also well documented that as age~increases; V02max tends to
decrease (6,39) however the results presented here indicate that age did
not S1gn1f1cant1y influence the magn1tude of the training effect ‘This -
finding is in agreement- with those of Kasch et al. (48) and Kilbom. (56) o

The initial fitness level, based on pre-test VOZmax, did not signi-
ficantly influence the magn1tude of the tra1n1ng effect ach1eved This -
f1nd1ng is contrary to the literature (6,39,56,57 95) This observation
may.be 1arge1y~exp]a1ned by the small numberiof'fjt subjects who were
involved in the training'group, since only ten of the 36 subjects who
trained Were_fnitial1y classed as‘highly fit. ‘Another”factor may'have
.. been the degree to;which natural endowment was‘responsibTe for the V02max
ofkthose who were classed as highly fit. When compared to population:
norms some 1nd1v1duals fall into a h1gh1y fit category due pr1mar11y to
genetic endowment even though they are not regu]ar]y involved in phys1ca1
' activity. If th]S is.the case, such 1nd1v1duals may stitl have the gene-
tic potent1a1 to 1mprove cons1derab1y when they engage 1n regu]ar phys1ca1
‘ act1v1ty (6) . y' _ a |
In the present study, two of the subJects, one male and one fema]e,

1
were 1n1t1a11y c]ass1f1ed as highly f1t but st111 ach1eved increases in



‘_'aerobic power of 19 per cent and 23 per cent, respectively.

Per Cent ngy Fat

The resu]ts of the present study a]so 1nd1cated that the tra1n1ng

grouP exper1enced an abso]ute decrease of 1. 87 per cent body fat wh1ch .

' represented a re]at1ve decrease of 8.1 per cent. .This decrease was - in
close agreement 1th the ‘findings of wnlmore'(96) but was somewhat 1ess

than the decrease. reported by, Gettman et al. (41) This d1fference may

have been partlally due to the shorter tra1n1ng per1od ut111zed in the
kpresent study In terms of an absolute decrease 1n body fat the resu]ts
'presented here are cons1stent with the f1nd1ngs of Pipes and Wilmofe (74)
but. when compared in terms of relative change, the decrease in body fat
in ithe present study is cons1derab]y 1ess However, when the resu]ts '
of the present study are compared to the: resu]ts reported by Co1eman (22)
the decrease 1n body fat was greater 1n absolute terms and Iess in re]a—
t1ve terms . ‘ ’ ‘ |

| Again, a \prob]em ar1ses when attempt1ng to compare stud1es reportlng 9
changes in, body fat since. few. stud1es ‘use the same techn1gue or the same
formula for determ1n1ng.per,cent body fat. However, it is apparent‘that
_the traininghprogram utfjized in thi's study does deCreasevbody fatzsigni-
ficantly. o | a | .

The three way anafyses of Variance on postéteSt‘per cent body fat

revealed that decreased body fat was not 51gn1f1cant1y 1nf1uenced by, sex

or age. However, the 1n1t1a1 1eve] of body fat did’ s1gn1f1cant1y 1nf1uence :

:body fat decreases. Those 1nd1v1dua1s ‘who were 1n1t1a11y c]ass1i\ed in

the high body fat group exper1enced greater decreases in body fat. These

47
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~ CHAPTER V
e ~ SUMMARY AND ‘CONCLUSIONS

Purpose
The burpose of theipresent'study was to examiné changes in VOZmax
- and.per cent body fat as a result of a resistance training program

Y.
oy

- utilizing Hydra-Gym equipment.

Sample Selection

Subjects for the tra1n1ng group and the COntro1 group were selected
on a vo]unteer basis. -+ An effort was made to match the two groups in

order to 11m1t the bias associated with using volunteer subJects

Al

e

:Procedures . Y K |
‘ SubJects from both groups were tested prior to the start of the pro-
gram and again 1mmed1ate1y fo]]ow1ng the comp]et1on of the tra1n1ng program

VOzmax was est1mated from two submaximal workloads based on the nomo-.
gram of Astrand and Rhyming. (1) Per cent body fat was est1mated using
the mean. va]ue determ1ned from two formulas derived for calcu]at1on per _:
cent body fat from var1ous sk1nfo]d measurements.

.The tra:nlng program involved omnikinetic training.equipment ahd‘wes o
based on the princip]es of intervalvthaining. Subjects trained‘three'times
per week forhtenvyeeks;" . |

A three way ana]ysis of variahce was~used to éna]&ze the date. Four
1nd1v1dual-aha1yses were obtained; two on post- test VOzmax and two on post-

test per cent body fat. Four c]iésification variables were 1nVo1ved in

' each pair of ana]ysesf The classification variables involved in the first

49 o \/:>
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post-test VOzmax analysis were treatment, sex and 1n1t1a1 Vozmax level.
In the second analysis on post-test VQZmax, ige 1eve1 was substituted
for sex S1m11ar]y, in the ana]yses on post-test per cent body fat the
c]ass1f1cat1on var1ab1es were treatment sex and initial per cent body
fat. Aga1n, age level was subst1tuted for sex in the second ana]ys1s on-
per: cent body fat. | |
T-tests were calculated on pre-test means‘of thosf groops inho]ved
in the three way analyses of variance to determine an}ysignificant diff: '
'erences between groups prior to the start ofethe-training program. '
Reliability coefficients of .98 and” 90'were calculated .for per cent.

body fat and predicted VOZmax measures, respect1ve1y, us1ng the data for the

vcontro] group.

Results

The training group experienced a significant increase of 11.9 per
cent in aerobic power Thns increase was not s1gn1f1cant1y influenced
by age, sex or 1n1t1a1 f1tness 1eve1

An absolute decrease of 1.9 per. cent body fat was also‘observed in .
thevtrainingvgroup. In reiatite terms this»represented a decrease-of 8.1
per cent. This decrease in hody fat was significant at the .05 1eve1

‘ Age and sex d1d not s1gn1f1cant]y affect the observed decrease 1n

body‘fat However, the h1gher body fat group exper1enced a s1gn1f1cant1y-

greater decrease than d1d the Tow body fat group.

Conclusions ‘
From the results of this study, the fo]}owing concTusiOns are

\. warranted:

50
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1. Aérobfc power can be significantly increasedjon a
training program utilizing hydraulic resistance
- training equipment. g

2. - Per cent body fat can be signifiéantly decreased on

a training program utilizing the hydraulic resistive
equipment. : S ' ) o
3. Initial body fat significantly influences the resulting

decrease in body fat.
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™ APPENDIX A

PHOTOGRAPHS OF HYDRAULIC RESISTIVE APPARATUS
"USED IN THE TRAINING PROGRAM
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O SEX: M F Heght: - ‘,weight,: ;

. PERSONAL INFORMATION . o

‘:H/Phone # | fe‘ Homé-'lv'-'_' __ .. MWork

1. Are you current]y 1nvo]ved 1n any regular act1v1ty7 If SO what and.

‘ how often

2. How 1ong,héyeiybd'beenﬁinvq]Ved'inhthe;above’actjvity?";H

PR

3. v’If current]y 1nact1ve, how ]ong has 1t been s1nce you weré 1nvolv§d '

CoAN any regu]ar act1v1ty7

.‘

4;J Do you smoke7 ’ ”'_ If so, how much and for how 1ong?

5; " Have you ever been through a f1tness test before7 : If yes, how . h

'long ago? -

R o T
M. g t

' y6§_vﬂAre you present]y on any méﬂ1cat10n7

?If yes, what and for what cond1t1on7

M . \'v
oa

7. '1Fdrther eEmments;l:'. o "“,"4 '

IR = L
LB e
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’

,fFrOm:',Diane:Satre’:

‘,follow1ng 1nstructions

To: - ALL PARTICIPANTS. |

Pr1or to your test1ng se551on would you p]ease note the

;:1':. Do‘not~SMOke-w1thin.0NE hour ot'the'test

2. ‘Do not dr1nk coffee or tea (or other beverages conta1n1ng

L caffe1ne) w1th1n one hour of your testing sess1on

D

':a3;f_ Do- not. eat w1th1n one hour of the test If;you cannot_avdiq'

:i7eat1ng, p]éase eat 11ght1y

;4:; ;Do not consume any alcoho]1c beverages w1th1n twenty-four .

' '-hours of your test

: ':t‘:e“.

' ‘5. Do not exerc1se strenuous]y w1thin twenty-four hours of your -

© 0 testn

78
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<

'CONSENT FORM FOR EXERCISE TESTING

I, B - - ' / o author1ze Diane Satre and

. .her ass1stants to adm1n1ster and- conduct a series of tests designed to assess

“cardlo-resplraﬁory capac1ty, strength and per cent body fat. : '
1 understand that the test for asseSSIng card1ovascu1ar capacity will 1nvo]ve '
perfbrm1ng on a bicycle ergometer at two submax1ma1 progress1ve work]oads each ?’
be1ng four m1nutes in durat1on Throughout th1s eight minutes my’ heartrate

_w111 be moni tored using an Exersentry and the res1stance setting on the b1cyc1e

dur1ng the final four mlnutes w111 be set so as to 1111c1t a heartrate response

'>between 70% and 85% of my max1mum heartrate, as estimated accord1ng to my age.

I also understadﬁ that for assess1ng strength I will perform-a ser1es of six
vexerc1ses, four: upper body exercises and two 1ower body exerc1ses I will q
perform one repet1t1on of maximal effort, for each exerc1se, us1ng two d1ffer:4t '

:ri'exerc1se systems: the Un1versa] Gym and Naut1]us equ1pment I will also perfo

~ three repet1t1ons of maximal" exercisé for each exerc1se us1ng the Hydra -Gym
' equ1pment ' : '

. Per cent body fat w1]] be determ1ned us1ng a ser1es of sk1nfo]d measurements

ncThese tests will be dlscont1nued if I become d1stressed in any way or develop
any abnorma] response . Every effort will be made to conduct these tests in such:
.a manner that any r1sk or discomfort is m1n1m1zed however, 1 understand that |
there are potential r1sks with these tests which 1nc1ude transient 11ghtheaded-
' ness, fa1ntness, leg cramps chest d1scomfort and, extreme]y rarely, heart attack.

In agree1ng Lo participate in these tests, I waive any legal recourse aga1nst
‘Diane Satre and her ass1stants, the Northern A]berta Institute of Techno]ogyt

Cor. the Edmonton Fltness Centre, for any . persona] 1nJur1es sustalned or from

'death resu1t1ng from ‘these- tests This wa1ver .shall be b1nd1ng upon my he1rs
~and my persona] representat1yes. , ’ { '

Date; o i ; o -‘"’d "1 - Signature: ‘ SRR '

" Witness:




<

Due to lack of ava1]ab1]1ty of . Copyr1ght perm1ss1on page 76 has :
been removed This page conta1ned the Par Q Quest1onna1re deve]oped
by ChISO]m et a] (18) wh1ch was used as a. means~of med1ca11y screen1ng

_subJects who part1c1pated 1n th1s sfhdy uf"., L __f‘
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RN EXERCISE TESTING DATA SHEET pa o .
NAME:_ e L DATE . _*a;f”’_ﬂfﬁ’.

I.AQEZ | .' < L -wefght: - i  kg;4\ SEX:;H': ' M ' ": ?L :

1. Cardiorespiratory Data . L e
~ Astrand (medified): Resting.H.R. .~ Resting B.P. , Bike #_

[ Min. |Load [H.R. |B.P.

Min. |Load. [H.R. |[B.P.

1

2
>
4

‘,\f\\‘SSJ\\‘\\:\f

o1~ oy

Reéove‘ry’é H‘R 3 mm BP - o 3m"\

, Predlcted Vozmax_________l /m1n X A C. . " .., v Q:£/Wi5¥‘;._;_;;__m1-/kg/hﬁn.
2 ~~B/y Compos1t1oh Data | | - | ' h . o

Test1 (Pascale) - - 0 Test2 (urnin)

, Xl"._,"f’ ,xz_ X3 . ~ . N : X:l x2 e

Coln SR S
: Lea L ’ 4

- o

4

XLW N e,
2 R A

XKW N =

‘3. Strength Data. -

- Hydra-Gym e NautHUS Um versa]/Free Nts o

Lo Exercise ¢ - - -Resistance . Re51stance -"-'-‘.75,».15‘?3_“,‘33.-’,
4T0ta] Power(Shoquers) . T z”.‘ - ' S
| Arm Curls rk,v A

- Total Power (Legs)

‘ Bench Press (Up) N R B
'~ |Total Power : (Lat puH) B R
7 Power Squat(Leg Press) o i :

PR B I
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I, | o - S '[ "." ' hereby g1ve my consent to

CONSENT FORM FOR PARTICIPATION IN TRAINING PROGRAM

y

‘part1c1pate in a tra1n1ng program des1gned by D1ane Satre for use on the Hydra- .
. Gym equ1pment a type of var1able resistance exerc1se equipment ’

I understand that I will tra1n 3 tlmes per week for a perlod of 10 weeks Each
tra1n1ng session I will perform up to 3 c1rcu1ts of 10 exerc1ses 1nvo]v1ng var--
ious p1eces of equ1pment For each exerc1se I will work as fast as I can for o
20 seconds, at a resistance between 40% and. 60% of my maximum strength. Fo]Towing
the 20 second work 1nterva1, T will have a 40 second rehef interval durmg wh1ch;

: tlme I w111 prepare for the next exerc1se Iwill contlnue in this manner through- "',

out the workout for a total workout t1me of 30 m1nutes

¢

I acknow]edge that I have been 1nformed of and fu]]y understand a]] the specific '
details" associated with the training procedures I ‘have a]so been'fam1]1arr2edev-'
w1th the equ1pment I w11] be tra1n1ng on. ' ' Lo

1. fu]]y understand as- 1t has been explalned to ‘me that by notice g1ven to tye"f
unders1gned 1nvest1gatd§$that I may w1thdraw from th1s rESearch proaect any tj mer
- that T-may elect to do . - . o s T t= .

T further acknow]edge that 1 have been 1nformed of the potent1a1 heaTth r1shs \
assoc1ated w1th a program of th1s nature :

In agreelng to part1c1pate in th1s tra1n1ng program, I waive any ]egaT recourse .
.aga1nst Diane Satre and her assistants, or aga]nst The. Edmonton F1tness Centre,

. for any personal 1nJur1es sustained or from death result1ng "$rom th1s program '
,'Th1s wa1ver'shaTT be bind1ng upon my he1rs and my personal representat1ves

Date: - T SRR Signature:'”
. N'itHESS' | . o o —'b-w"‘ .
I hereby cert1fy that I have g1ven to the’ above 1ndiV1duaI an exp]an$t1on of the
contemplate? study and any pos§1b1e.s1de effects R e
ﬁ Invest1gaton¢§ Slgnature SO SO
A [ S U W B AR . -(
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- APPENDIX C -

THREE NAY ANALYSES QN POST-TEST VO
' AND PER CENT‘BODY FAT
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: THREE WAY ANALYSIS OF VARIANCE —'POST TEST Vo

TABLE XIII

MAX BY

80 -

* TREATMENT, SEX AND INITIAL VO,MAX 2
Source of CSum of T ~ Mean Significance
‘Variation | - Squares DF Square F of F
" Main Effects - 2202.03 3 - 734.012 14.908 - 0.000
. Treatment | 655.879 1 -655.879 13.321 ©  0.001
Sex 433.452 1° 433,452 8.803 0.004
Fit 1467.774 1 .1467.7741.;29;811 -~ Db.000 . -
~2-way Ihte’r’actiOns o ' E o
Ir  Sex 35.233 3 - 1. 744 ©0.239 0.869 ’
-Tr Sex 23.573 1 .23.573  0.479 0.492 -
Sex Fit 4.454 1 4454 0.090 - 0.765 g
- “ 0.560 . 1 0.560  0.011 0.915 - - f
. 3-Way Interactions : _ S oL
Tr Sex Fit  73.813 1 73.88 1.49¢" 0.226 - .
o 73.813 1 73.813  1.499 0.226 - -
© Explained - 2311.081 7 330.154 ' 6.705 0.000 . :
Residual  + 2806.485 57  49.237 o/
Total 5117.566 . 64 &BE79.962 . EE
| »
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TABLE XIV
'.',‘
IHREE WAY ANALYSIS OF VARIANCE - POST- TEST VOZMAX -
- BY TREATMENT, AGE LEVEL AND: INITIAL VO MAXS
"Sour"ce of Sum of - Mean *. Signif -
- Variation Squares - DF - Square Fof F-
‘Main Effects 12275.926 3 758.642 16.009 0.000
Treatment - ~ 891.214 1 891.214 - 18.806 0.000
. Aged -  507.342° 1 507.342. 10,706 0.002.
Fit. 805. 254 1 805.254 A.16,993 - 0.000
2-Way Interactions -134.858 - 3 44953 0.949 0.423
Tr ‘Aged . 0.013 1. 0.013 ® 0.000-0.987
L - Fit  30.899 1 - 30.899  0.652 0.423
Aged - Fit  83.265- 1 83.265  1.757° 0.190
3-Way Interactions . L :
Tr ~ Aged  Fit 5.624 1 ' 5.624  0.119 0.732
. e 5.624 1. 5.624 . 0.119 0.732
Explained 2416.407 7 345.201 - 7.284 0.000
Residual . 2701159 57 47.389 ¢
Total 5117.566 - 64  79.962 ° |
. ] . . - : .
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 TABLE XV
THREE ‘WAY ANALYSéS OF VARIANCE - POST TESR PER CENT. BODY'FAT »
BY- TREATMENT, SEX AND- INITIAL PER CENT BODY FAT
A\ A "
- Source of . Sum of ... Mean - S'ig'nific,anceb
Variation - Squares  DF - " Square = F of F -
- Main Effects: 1411.305 . 3 470.435 ~34.914 0.
Treatment 85.464 ~ 1:- 85:464 °  6.343 0.
Sex - 110. 664 .1 110.664 - 8.213 0.
. Body ,Fat Per Cent’ 373,669 1 373.669  27.732 0.0
2-Way'Interactions  14.921 3 . 4.974  0.369 - 0.776
CTr . Sex 4.560 1 - 4.560 0.338. " 0.563:
In. . UBFPR. 1382 1 131822 1.0%6 0,315
: Sex ~~ BFPR 0.060 - 1 . 0.060 0.004___' 0.947
3-Way vI-.nter-'a'ctionfs ' - " -
Tr Sex BFPR - 0.214 1 0.016 - 0.016 ©  0.900
| - 0.214 1 0.016 - 0.016  0.900.
Explained Q}Eés 441 , 7 203.777 15.123  0.000
Residual. 768.030 . 57 - 13.474 -
Total 2194.471 64 . 3489 " -
’ L f‘ ; LY ] '
S ey e
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- s



Cav

FaP Bl

e et oL . A _;‘ ® o
N o3
'TABLE‘.XVI'
THREE NAY ANALYSIS OF VARIANCE - POST-TEST PER- CENT ‘BODY FAT -'
> BY TREA'MENT AGE |EVEL AND INITIAL PER CENT BODY FAT T o
Source of: sum of - Mean Significe‘m’c’e o
Variation - Squares DF Square F ‘of F 0 P
. - v " - 5 - P i ; ) ‘ " : .
Main Effécts "~ 1419.455 ~3 473.152 --41.340 0.000 .
Treatment 150.469 1 150.469  13.147 = 0.001 -
Aged. - o l8.814 1 . 118.814 10.381  0.002
Body Fat Per Cent "1277 051 - 1 1277.051 111 577'- - 0.0 _ !
2-Way Interactions  69.429 = 3 23.143 7 2, 022 - 0.121 - - .
Tr Aged -31.724 1 - 31.724 + 2.772 0.101
~Tr . BFPR ~45,886. 1 -~ 45,886 '4.009 ©  0.050 ..
Aged BFPR 1.129 1 '1.129 - 0.099° 0.755
3-Way Interactions  53.197 1 . 53.197  4.648  0.035 ’
Tr ~ Aged BFPR  53.197 1 53.197 " 4.648  0.035
Explained _ 1542.081 7 - - 220.297- 19.248 , 0.000 !
Residdal | 652.390 . 57  11.445 ‘ :
Wotal | 2194.471 64 /34.28’9' LR
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APPENDI X D

PR ) . ' ot o . .
POST-TEST MEANS FOR THREE WAY ANALYSES ON POST-

- AND PER CENT BODY FAT:TWO WAY COMBINATI

4
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ONS.
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. “GROUP MEANS FOR THREE WAY ANALYSES ON: P
~'VO,MAX: TWO WAY COMBINATIONS

- TABLE XVII

b

OST-TEST. - -

Group

o"."N

Post-Test

X

Control/Initiall High

Control/Initially Low

 Training/Initially High |
: Iraining/lhftia]]y Loy_

 Control/01d
- Control/Young

Training/01d
Training/Young

01d/Initially Low

Young/Initially High

’_-Ybung/lnitially Low

" Control/Female
- Control/Male

< Training/Female
~Training/Matle

‘Female/Initially High

"01d/Initially High

Male/Initially High .-

" Female/Initially Low
Male/ itially Low

»

12,
28 ..
17
-8

10
19
‘10
26'\
, .
23

21

4
17

6 -
28

13

16

16

20

42.78

. 31.85

. a0

" 39.08
o 28.67

© 39.96

. 36.67
" 8462

" 38.20

33.47

. 46.75
Xt
L3392
736031
" 39.38
42.00

;o sear TR
S 38000

e, . =
R L
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~ TABLEﬂvazz |

GROUP MEANS FOR THREE NAY ANALYSES DN POST TEST
g PER CENT BODY FAT TWGvNAY COMBINATIONS N

: ‘ N
- 'q R S l‘\:\» g L .
Ry -~ Post-Test.

(’Qroup S ?:; N ,;” “ jﬁjf" X

Contro]/In1t1alTy H1gh ‘ ‘[f;13 BT  26.57
Contro]/In1t1a]1y Low 3 16 | o 1 16.70

'u\_Tra1n1ng/1th1a11y H ’Xs 19 - . 23.05
‘f Tra1n1ng/In1t1qTvaL 217 o 015,12

' ,Contro]/O]d‘ S | 6 . 2.3
V'Control/Young" S S ‘ 20;81,

-Tra1n1ng/01d - 'fi‘ P , IS" I 5_21.13' .
--Tra1n1hg7Young . ;’,‘7"“21 oo 1199

* 0ld/Initially H1gh‘ 10 e 512
'01d/Initially Low ‘J. 11 o 18.16

?‘Youhg/In1t1a11y H1gh 22 ' 24,18
:Young/In1ta11y bow - ., 22 - 14.75
Control/Female = .. oz oo o1

Contro]/Ma]e . o168 .o % 17.39

Tra1n1ng/Fema1e o _lé_g . © o 723.43
Tra1n1ng/Ma1e . o - 20 o 16.29
Female/Initially High . 25 - 25.37
\Ma}e/1n1t1a11y High . .. 70 T 21,27

 Female/Inftially Lw -~ 4 . -~ - . .18.70
Male/Initially Low. - 29 - 15.50
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N TABLE XIx

~ /!

R 'RAW DATA FOR CONTROL SUBJECTS
S e

% Body Fat . . Max VO

Subjects ~ Age Pre-Test . Post-Test - Pre-Test Eos t-Test y

: 4 [y : .S . .
. 1]

*] 27 22.64 ‘23.06 .- 39 41—~
2 31 . 22.38 24.70 2 . 19 .
3 23 26.31 27.11 -30 .

4 24 30.28 . 3130 . .27 r
5 39 37.63 37.45 | 25 ... 25
6 - 30 19.68 - 18.77 . 43 42
7 - 29  22.00 -+ 23.31 .49 . 46
8 27 28.24 . 25.89 1 31 33
.9 - 34 19.75 * . 19.20 -39 4]

‘10 - .24 . 26.56 ‘- 26.52" - 34 . 30

.t 23 - 28,58 29.54 - 36 . 33

12 | 34 27.87 26.61 33 | 32

13 32 . 21.78 20.80 35 42

**1 - 44 18.80 . 18.87 40 . - 34

2 40 20.20 21.44. 21 : 25
3 35 . 20.67 ~ 19.06 - 26 28
4 33 .16.37 16.35 45 38 -

5 34 15.12 14.69 42 43
6 34 19.60 19.73 28 30
7 42 19.85 19.09 .33 ' 35
8 30 13.33 14.75 40 .39
9 19 14.56 .75 - - 39 - .33

10 20 10.98 12.01 54 50

11 29 . 13.83 13.72 51 . 51

12 : 34 13.18 13.29 31 - 29

13 20 . 11.25 . 10.92 40 - 44

14 19 28.35 30.00 41 " 37

15 28 17.24 18.58 42 40

16

40 19.76 - 20.74 ) 25 N 25

* 1 - 13-Females

*% 1 - 16 Males

¥
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/
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) .89
. !
. - TABLE XX - '
RAW DATA FOR TRAINING SUBJECTS
- . ° LN
Subjects  Age - % Body Fat . ~ “Max VO A
‘ S Pre-Test  Post-Test - Pre-Test -~ Post-Teghk ~
*1 30" 20.03 17.25 T 41 52 %
.2 25 26.70 125.03 31 35 . S
3 22 27.36 27.07 33 - 40 o
4 ‘34 21.07 20.90 47 48 §
5 5 39.56  35.93. 15 23 .
6 23 20.96 . . 20.63 51 52 g
7 ~.38 27.50 27.01 31 35 :
8 29 23.40 23.21 .35 30 E
9 39 27.15 24.28 35 .36 ¢
10 27 25.40 21.07 - 35 39 ;o
11 37 . 24.62 22.67 32 43 o
12 31 22.92 21.04 42 46 Y
13 37 23.95 23.01 39 38 N
14 34 22.85 22.82 36 36 .
15 24 20.50 19.58 32 42 ‘
16 27 24.41 23.39 »31 35
-
*%] 40 18.45 16.30 33. 41
2 34 16.50 14.10 35 38
3 33 15.33 - . 14.59 39 43
4 L 19.48 17.98 26 34 ’
5 35 21.36 18.58 43" 45
6 37 24.84 22.84 19 - 24 -
7 32 11.88 10.72 51 51
8 19 - 14.63 14.46 52 57
9 26 15.47 13.83 43 - 51
" 10 32 21.14 18.95 45 55 "
11 34 +11.28" 9.92 44 42
12 29 13.60 . 12.10 48 56
13 35 23.82 - 21.03 38 45
14 19 18.06 17.15 - 34 43
15 36 18.73 17:96 40 40
16 35 14.44 13.98: 22 32 o
17 ' 43 20.25 19.56 31 . 37 o
18 40 17.74 17.46 38 53 7
19 42 22.13 18.42 24 24
20 28 10.05 10.03 40 46
- * 1 - 16 Females
** 1 - 20 Males
o : &
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1]

- 1-20 Males

=, »  TABLE XXI
: BODY WEIGHTS 'FOR TRAIRING SUBJECTS =
- ¥ L ] . C . - ¥ o :
- ‘ ’ N '
| - > -, Pre-Test ‘' ° Post-Test ..
Subjects . - Age . TWeight (kg) - 7 Weight (kg)
7f‘i’. — € T
| 30 536 49.5 ~
25 i 64.5 - 64.5
22 : - 63.5 65.0
34 58 .. 58.0
45 -84+ 83.0.
23 61 . - 63.2
38 68.2 69.1
29 .54.75 56.0.
39 62.0 61.0
27 53,50 55.2 .
37 60.2 60.5
31 49.5 50.0
Vo3 61.25 61.5.
34 58.0 58.0
24 57.4 57.0
) 27’ 62.2 57.3
**] 40 73.3 ' 73.5
2. 34 77.0 . 76.2
e 3. 33 - 76.6 T & O
= 4 44 84.5 . 85.3
: 5 35 - 80.3 1 "78.0
» 6 37 105.0 '105.4
7 32 75.6. < 73.5
8. 19 - 81.7 1 80.7
9 26 74.0 © 72.0
10.. 32 . 84.8" 83.6
11 34 77.3 77.5
12 .29  85.0 82.0°
13 35 | 85.0 . 85.0
14 19 82.6 81.0
15 . 6 87.5 86.0 .
16, 35 61.7 62.8
17 43 - 96.3 94.5
18 40 - 78.0 79.1 .
19 42 89.3 82.1
’ 20 . 28 67.2 68.2
\
* 1- 16 Females
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