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. ;. / O Ansmc'r SRR R
'°*flf‘ The purpose of the study was to 1nvest1gate the efTects'%7 '
‘-j;of 1soton1c concentr1c and eccentr1c» 1sok1net1c concentrlc

':fand eccen;rle;and a comblnaﬁﬁon of these lower lambs ~.fi~ﬂ.“7:3”d
_ X i
3vtra1n1ng methods on--rest1ng blood pressure restlng heart .

“ffrate, back and abdomlnal strength heart rate at/peak f°¥de‘ 'd"li

"hzdurlng var1ous Strength test vert1ca1 jump,.body we1ght

'1ean body mass, and percentage of body fat.‘
5_53 Forty healthy volunteer male subjects rang1ng 1n age

;f:from 18 28 yea;s part1c1pated in thls study. The subjects

Y Isotonzc Isok1net1¢ on
1

vIsotonlc (n =. 11) Isok1net1c (n;#TQ
All tra1n1hg groups" '

‘s&(h' 9) ~ang’ the Control group (n
T performed four sets of egerc15e per se551on, f0r 15 m1nutes,_;@-<

three t1mes a- week for 10 weeks. Four tests were conductedyif;
”V,Test ' (Pre-test) Test 2,.Test43 and Test 4 (Post te t)

-each be1ng at thri§ and a hglf weeks ;ntenval

A,,ffs For all max1mum baCk anﬂ abdom1nal stzength varlables |
el ( . 0 B o
~the strength scores were 51gnlflcaﬂt1Y higher at Test. 3 a“d

p

4. 1n relat1on to Test 1 and 2. The max1mum 1sometr1c back

b

pstrength heart rate was 51gﬁ1fcaptly hlgher at Test 1°in ;\1"'
"-’comparlson to the subsequent teSts. The maxlmum 1sotonlc'n-' .

%'concentglc 1eg-l1ft heart rate was h1gher at Test 1 1n ' ,
L e
V_relatlon to Test 4 The Test1ng systolic blood pressure at "

7Test 2 was hlgher than at Test 1 and 4, ?The festlng
¢ . L
d1astollc and the mean blood pressure were hlgher at Test 2

T in. comparlson to the other test sets. The vert1ca1 Jump was ‘,'

T T e oAy S



The group mam effect was s:.gnxf" jcagt for the maxnnum

‘,

1so tr1c back strength‘ The Isot c Isokmetnc group had
?e

_' - sxgn1f1cantly gr'e" sbrength in. compar;.sonf to the Control

group, S TN
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R L i.: chapter T See T
EO srwrgm:m- or 'THE pnonmm R S

Intr‘odu’ction‘

~
.\ ;!

Strength power and endurance are 1mportant and 3;% _ ‘fSS;'
necessary components of phy51cal f1tness for successful

. ‘ 3 -
A;part1c1pat10n nn any sportlng act1v1ty.,Phy51cal fltness 1§ i e
ltof 1nterest to the athlet1c populatgpn as well’ as the ’

& LL:‘.- . \

”general publ1c for betterment of_phyélcal performance,_'

W

A »cosmetlc, and health related reasons.
» LN order’ co acqua@e theée 1mportant components, some
"v~type of .muscle res1stance tra1n1ng is necessary Muscular

Aresastance tra1n1ng 1s a well known and popular tra1n1ng _
. Lo I
method for 1ncrea51ng muscular strength and endurance, as

[

' well as power.,A general rev1ew of ‘the 11terature in the
?area of res1stance tra1n1ng reveals that dlfferent types of

gl 5

:‘1res1stance tra1n1ng programs can cause improvement in these -
‘fphys1cal fltness parameters (Hettihger ‘t961- Hakklnen et 7;" R

- 2 : J" R o i B
L- Bes1des the 1ncrease in musculaf strength endurance

e . . anc

,and power, the research ev1dence 1nd1cates that re51stance \

tra1n1ng can also cause 1mprovement 1n other phy51cal
fltness related parameters. There 1s ev1dence to suggest

n\\that re51stance tra1n1ng can cause a decrease in the Hﬁ§t1ng'
~blood pressure (Stone et al. .1983' Slconolf1 et al 1985; ‘ _;'?
.Fry, 7986). Thus far, thls 1ssue is controvers1al and has -

yet to be throughly 1nvestlgated jfv S .ﬁﬁ_,_'_,;¢~3jt pﬁfﬂ .
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'support or reiute thlS hypothe51s..

. ‘F.‘; \ - -

The 1mpravement in physlcal pe{formance and related

vparameters causbd by re51stance tralnfng séems to be v\

vdependent on type\of exerc1se program, and type of muscular

.

.contractlon 1 e.\1sbton1c—concentr1c, 1so§on1c eccentrlc,’

-

1sok1net1c concentrlcr 1sok1net1c eccentrzc,vlsometr1c or'

- some comb1natlon of thd!% and the speed of contractlon.j

o 51t ups and back llft types of exerc1ses are commonly d
performed to 1mprove abdom1nal and back muscular strength
3,

(Ashton, 1973; Caqlllet 1981) Generally, many experts ’

accept that in, res1stance tralnlng oﬁ lower l1mbs, the force

gactlng through the sp1ne,_would 1mprove back and abdomlnal

| muscular strength Both of these muscle gnoups\act to .

'stab1llze the . upper body The funct1on of the abdbm1nal

'muscles dur1ng squat type of exerc1se appearg to be\to ‘ \\'

1ncrease the intra- abdomlnal pressure whlch 1n turn relleves

i~

\n

al.,]1961 Ca1111etf 1981) The welght held over the o 3\

\

fshouldefs in 1soton1c type of eﬂerc1se (free welghts) has to

‘act through the sp1ne. Because of thls 1t was hypothe51zed

.\,, - >

;,that lower llmb trannlng, espec1ally the 1soton1c type,

% >

'would 1mprove the strength of ‘both: of these muscle groups’.

However, to date no research ev1dence could be found to

Re51stance tra1n1ng has also been known to brlng about

e »

;_changes in bagdy fat and lean body mass. There is some

\ *
research ev1dence to . suggest that 1t may 1ncrease lean body
' o

ggmass and decrease percentage %% body fat (P1pes and W1lmore,f

s ;‘r
|
N

._\ |

*\the load off the vertebral column (Bartllnk 1957-'Morr1ant.*_*

\

\

b



4

w

max1mum voluntary contractlon (MVC) duratlon, andfspeed of“

contractloncfA comb1natlon of 1ncrea d percentage of MVC

[y

long duratlon, and hlgh contra3t11e speed appears to\Be the"

-
best components of re51stance tra1n1ng programs that

contrlbute to £he greatest drOp in bodﬁ&;at (Plpes and .
wllmore, 1975 Stonefét al., 1983) The percenfdbe body fat-
does not seem to decrease 51gn1f1cantly follow;ng exerc1seﬁil
programs w1th low:percentage of MVC force, lew contractlle y.‘f Y
speed and duratlon (Plpes and W1lmore, 1975; Hurley et
al.,1984) oy

’\The effect of hlgh re51gtance tra1n1ng on heart rate l.;

!

eur1ng rest and at,Siak max1mum voluntary force has also not "~

.been: throughly 1nVe 1gated There is some ev1dence that the

:restlng heart rate does” decrease somewhat The stlmulus.to,' o

|

' ‘.,1978 Kanak1s and chkson, 1980' 'S one.- et al.,’]983).

& .
3 strghgth restlng blood pressure, and vertical ]ump. ._“' - ,--}

decrease the restlng heart rate (RHR) appears to be a ) I .
tra1n1ng program of moderate to h1gh 1ntensxty (DeMarla,'

L ~

Purpose of the Proposed Study

'Q:..Varlous studles have reported the effects of resistance
o w .
training on body compos1tlon, RHR exerc1se heart rate, back

However all of these varlables have not been throughly

/"
studled for d1fferent loads, type of contractlons, and

<9

veloc1t1es to determlne the changes exclu51vely due to

-

| - ~»‘5j,y“



{}re51stance tra1n1ng. The ma1n pufpoSe of the study was to

”:11nv!%tlgate wh1ch exerc1se program was mcst effectlve in.
¥~\_,

‘“:cau51ng the des1rable changes 1n the dependent uéglables of'

g

ay

" the study.: nf‘:xf£”_~f ”ff f 1g_fﬁz“~f'f;if", “hj,;ffhf"'fl*

' The spec1f1c purposes of the study were-fv

v"1.'fTo assess the effectsfof 1soton1c concentric and

*;eccentrlc, 1sok1net1c concentrlc and ecdentrlc and a

_'comblnatlon of these tra1n1ng methods on rest1ng blood

i . . - . PR

pressure. }{ ‘ ," S m,_. . _,m “._"».m. ‘f 3},

2. To 1nvest1gate the effect of hlgh re51stance trarn1ng on
L\ P

' the restlng heart rate. E-‘ o er,
) .7». > \ .

3. To determlne 1f hkgh re51stance tra1n1ng oq the lower

o [ B
-e&tremltles 1mproves the 1sometr1c strength of abdom1na1

v L e

A and back musculature.~i

o, To 1nvest1gate how the heartfrate changes at the peak

force dur;ng varlous strength tests andcto determ1ne any%

-

' chahges caused by the‘hlgh re51stance tra1n1ng programs.,
r

’ 5.: To determine whlch tra1n1ng method is superlor for

'~1mprov1ng vert1ca1 Jump.
6. To determlne whlch tra1n1ng method 1s most effectlve in -
’A1ncEea51ng lean body mdss and decrea51ng percentage of

x body fat R

B

Hypotheses-‘ - .;7' :

"es were tested at o = 0 05 level’r f.

N

The follOulng hyp

IR B After and durlng 30 tra1n1ng sess1ons spread oveP 10

weeks, ther@ w111 be no 51gn1f1cant dlfference among the.

—

LN . SN . Ll Jo . I . . S .. 3




_varlables under study. gi' iV f'.-gh S "fat@:

restlng SYStOIIQ blood'pressure, d1astolic blood |

> »

pressure,“mean blood pressure,.

¢

rest1ng heart rate, T e o BT

‘ ';c;@*heart rate at peak force dur1ng var10us¢strength
Chy N & o

p

d - .vertlcal Jump, ‘ \ - » o

Rfe,_ body welght percentage body fat anh lean body mas§

.2“:‘At termlnatlon of the tralnlng program the Isoton1c, "and
. »

'Isotonlc—Isoklnet1c groups - w111 show s1gn1f1cant

.1ncreases in abdom1nal and back muscular strength in

_comparlson to Isok1net1c and Control groups.

3. At the end’ of the stddy the control group will not Show

any 51gn1f1cant change 1h any of the dependent varlables L

" -

under study - va*A.Q»_jf'h- j' '.'_A. :v. S

Limitations of the Study.

‘The l1m1tat10ns Qf the study were'_ﬁ. f;’ﬁ S

J;v Extraneous varlables Such as helght welght somatotypes

.-~¢~~r \_,r

~¥and external act1v1t1es of ‘the. subjects (1 e. all the

K v

Cphy31cal act1v1t1es or work performed by the subjects

"apart from those of the study)' could not be contr’lled

N =

2. Volunteer subjects vere requested to part1c1pa e in thls

e research study.' e N IR

C e ' ' ho o
3. Durlng hydqostatlc welghlng, the re51dual lung olume

L was est1mated as 30% of . the v1tal capac1ty

. r'..'

Q

-

Y
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'v°Del;h1tatzons of the Study . '{. j : :;fbf R

The de11m1tat1ons of th1s study were: . e f R

..a. '

.'fsubjects 1n each group that f1na11y completed the
-;.traznlng study.

gAccuracy of the measurlng 1nstruments.,

fyears who were 1nexper1enced ‘in res;s%ance tra1n1ng of
’the lower ln& |

‘Duratlon of the study was A1 weeks- 10 weeks for

ngtTr1t1on- due to personal reasons,,some subjects

s A

ffHuman source of error.

Y .
| -~

ﬁonrty healthy male subjects between age range of 18 28

tra1n1ng and one for testhng.'
rTra1n1ng was done three tlmes a week- each tra1n1ng
_se551on be1ng~about 48 hours apart

Independent and dependent varlables' SRS

Independent Varlables ) j‘ jf' o

:~1)

[

Tra1n1ng workloads 1n k1lograms and cable speed -

gRest1ng systoL1c blood pressure, d1ast011c blood

!
"pressure, and mean blood pressure._

'2f

',;A)(

rept
3)) M4

1ng heart rate. R ‘

7

oA

VoMaximum;Isoﬁetf{¢yabdomiga1ﬂ$£rength'at>hip_;.-

e

) . . A . . ‘. ',’ .
of 13 cm per second . s - ‘-_

;'Dependent Varlables o R J_b" ";}éj,;f,”

‘4)

.

imum Isometrlc back strength at h1p angle of

. -

fdropped out: of | the study Thls atfected the’ numbeﬁoéf t ;f{.

72 ?\



. Operational Definition of Terms

-

by S

}gHeart rate at peak force durung%var1ous strength'1~-h

SO

testing. n . j’h:'jj Lo e B

T

Standlng vertxcal Jump. ’ ”l _pg Q-_“gl(:'h

Body welght, percentage of body fat and ;éan"'\

*body mass.

-

B
L

-1;,v150metricfStrethh- 1s deflned as the max1mum effectlve

force or ten51on a group of muscles can exert in a

51ngle max1mal voluntary contractlon at a glven angle.‘"

2. ISOtOﬂlC eccentr1c Exerc1se. An act1v1ty in which the

-

muscle contracts and lengthens result1ng 1n the

development of ten51on and v151h/9 movement (Knuttgen SR

and Kraemer, 1987)

3L‘fIsoton1c-concentr1c Exerc1se- An act1v1ty in wh1ch the

- muscle contracts and shortens,,result1ng in the

"development of ten51on and v1s1ble movament (Knuttgen

”and Kraemer, 1987) “~;Q' ;‘””' L RO ;\_‘,‘»;ﬁ5w* o

S {Isoklnetlc eccentr1c Exerc1se- An act1v1ty wh1ch allows

'a contractlng muscle to develop tension or force while

. belng compelled to lengthen by an external agency that o

V4 .
,1s mov1ng at a flxed mechanlcally controlled speed L

(Knuttgen and Kraemer, 1987) »J':glfv

5. Isok1net1c concentr1c Exercmse°‘An<act1v1ty whlch allows

a. contractlng muscle 7@ develop ten51on or force at a-

QIJX',

'¥ DI
.

FRE



-mechanlcally controlled speed (Knuttgen and Kraemer,.?3”'"

el1987) . AR

”6r;:Isometr1c (Statlc) Exerc1se- An act1v1ty in wh1ch the
”"C’muscles contract w1thout v151ble shorten1ng in’ length

B

'but tg%51on is contlnuously generated (Knuttgen and f{_fw’

Sl
-

'lKraemer, 1987) A;?.T'r"“f . 51. : 3%'
‘ _ e

‘ ;,tjl.*Repetltlon Max1mum (RM) ThlS is the 10ad or maxlmum

we1ght that can be llfted rhythmlcally a spec1f1ed

-‘i-number of tlmes but not more (e.g., 6 ‘RM me@ns the

'j’ 1»'_' .

e serles oflrepetltlon W1thout an 1nterven1ng

r\h -
. "~._.

,rest perlod ¢ . "Qb o R f'. '_ ‘“525‘ v_,f;g}

J?QQ"Repet1t1on(s) The number of tlmes a. dynamlc or statlc :

'fcontractlon 1s repeated in a glven exercise set,

e

AfuTQ,‘Percent Body Fat- Percent body fat is- that percentagehgf

"”j'body welght that is actually adlpose tlssue, estlmated‘h

. E

o £rom Brozek s°formula (Brozek et al 1963)

1. Lean Body Mass. The body we1ght m1nus the welght of the ;;Q,J

‘body fat (Fox and Mathews, 1981) - 'fd -‘},f‘ iff i



Chaiter II

'o “REVIEW OF THE LITERATURE_fj¢.g;*?;;;?,r,,fa;

G e ”‘,?.-

A. DETERMINANTS OF THE HEART PERFORMANCE

4o

R
neart'Rate"

, Both the sympathetlc and parasympathetlc nervous system 3'“'

hfact to control the hesrt rate (HR) Blood carr1ed

- 'catecholamlnes w1ll also 1nf1uence the HR. The sympathetlcl,

Y
g

77card1ac accelerator nerves . secrete noreplnephrlnev
'(noradrenal1ne) and some’ ep1nephr1ne (adrenallne3 at their
(,endlngs oh the heart to make it beat faster. The

R S
parasympathetlc vagus nerve end1ngs secrete acetylchollne,’igv :

hwhlch slows the rhythm of the heart beat (Lamb 1984; Fry,
T‘;_.1986) | | Y . |

| Endurance and high 1nten51ve‘strength tra1n1ng type ofb.
,fexerc1se appears to reduce the rest1ng heart rate. Kanakls
~and’ H1cksén°(1980) conducted a- study to 1nvestlgate the
v"‘i“effect of strength tralnlnaaof the lower 11mbs on the

rest1ng heart rate. They had n1ne healthy male subjects,
18-27 years of age, who exerc1sed f1ve days per week Three
:days per week the subjects performed flve sets of f1ve RM of;
squats, and three sets of f1ve RM of leg flexlons and leg

,_exten51ons.00n the two alternat1ve days they performed threehfi'

<'sets of f1ve RM of leg presses, and three_sets of 20 RM of

. calf ralsss. There were three mlnutes rest between each set,n

rThe durathn'of the study was 10 weeks. At the termlnatlon



B

»subjects w1th mean age of 21*years part1c1pated in thlS

' 11nfluqeces -on’ the heart and partly by adrenerg1c influences

of the exenc1se program the restlng heart rateﬁdecreased

| mgnzficantly fromﬁs t 2 and 58 + 1 7 bd"a;;"" min. (p < ;.--.»-

£'s
0 001) The decrease 1p the resﬁing hear, razg_may have been

due to 1ncrease 1n the ventr1cu1ar end d1asto;1c d;men51on

.

or poss1b1y by 1ncrease in the act1V1ty ratlo of . h 7\*§§f\;

parasympathet1c over the sympathetlc nervous system on the

heart
) -

Shvartz (1966) conducted a study to 1nvestlgate the

effect of 1soton1c and 1sometr1c exercises on the heart rate

| P

. uszng a. m111tary press 1n a 51tt1ng p051t10n. Twelve

study The 1sometr1c exerc1ses were performed for 45 s Wlth
one half two thlrds, and maxlmum res:stance‘ The re5ulls

LY o
1nd1cated that 1ncrea51ng the load resulted 1n a .

proport1onal 1ncrease in HR. Increas1ng the load to maxlmum -

=3

: resulted 1n a near twofold 1ncrease 1n the HR, The mean

~

restlng HR was 71 8 beats per mlnute (bpm) The mean HR

'r

'g‘after perform1ng w1th maxlmum load was 136 6 bpm (Shvartz

1966) - Kino et. al. (1975) conducted a study in which they

1nvestlgated the HR response of 10 young 1nd1v1duals to an

fr.1sometr1c exerc1se. The age range of subjects was 23 to 31

years._The subjects were asked to do a max1mum voluntary

1sometr1c contract1on on a handgr;p dynamometer and sustaln

_ 1t for at least 30 s. The mean 1ncrease in HR was 51 6 : 5. 7

gfm. The 1ncrease 1n HR durlng 1some/r1c hand grlp exerc1se

.

- N - ‘ FTLT

»

”“thought to be ma1nly caused by rap1d w1thdrawa1 of vagal



WV,

of central or1g1n and reflexes in the musise splndle

;they Suggested that heart rate reduct1on as. a result of o _«'

’ \\:t»‘..,‘.: . ... ‘ o
"fmechanoreceptors. Goldstraw and Warren (1985) 1nd1cated that

the 1ncrease 1n HR durlng 1sometr1c exerc1se occurs in two.}'

_ d1st1nct phasesqo"There 1s an. 1n1t1al rap1d 1ncrease due to
‘w1thdrawal\8f cardlac parasympathet1c act1v1ty, followed by
‘a furtheﬁ 1ncrease probably due to cardiac, §ympathet1c

'stlmulatlon" (Goldstraw\and Warren, 1985 p. 56).

In their study, Stone et al (19835 1nvestlgated the 5-

- effect of hlgh re51stance weight tra1n1ng on the restlng

. heart rate (RHR) of healthy college age males. The

[N

a“;ekper1mental group (n 9) was tra1ned 51m1larly to Olymplc

we1ght llfters for elght wee&s. Heart rate was measured at

the rad1al artery. At the term1nat1on of the tra1n1ng

,;.program there was a small but nonsrgnlflcant tegﬁency for

reduction in RHR As Stone et al suggested ‘the: reductlon

e Q-\.-'
"in RHR- produced by welght tra1n1ng msy reflect an lncrease

1n the’ parasympathet1c/sympathet1c 1nput ratlo. As well

-

welght tra1n1ng is llkely to be accompanled by an 1ncreased

',stroke volume due to a longer d1astolé'gr 1ncreased left

v ntrlcle end dlastollc 1nternal d1mens1on.

: ) ‘ . " . ‘ N V 1"’\ _
Blood Pressure . - © _ : - B C R -

Another 1mportant measurement con ernlng the ent1re

. c1rculatory system is that of ‘blood pr sshre (BP) ThlS 1s////(’.

determlned by mult1ply1ng card1ac output by perlpheral BRI

< \

vascular re51stance. For all pract1ca1 purposes, however, BP.

B R o - T e
\ A i



o i_(Petrofsky et al 1981)

ffity The typ of musqlegflberlor muscle 1nvolved zn v»
{‘contract1on~1eems to be related to system1c systO“

;;g;greater extent‘vla a fast tw;tch type of muscle_ln

19833 Cooper et al.,.1985 S1conolf1 et al : 1985)

E “Prospect1ve studies. of the effects of 1ncreased regular

1980 *Fry,.1986)

I’lastol1c BP responses. The BP appears to 1ncrease to a

‘.
U‘

‘~5compar1son to a slow twltch’ The r1se 1n BP: has been

e suggested to %e due to-balld upfof metabolltes w1th1n the

prame metabolzte respon51b1e for an 1ncrease in BP

v . S
P T

Most ep1ﬁemlolog1c studles have shown an- 1nverse

J..relatlonshlp between restlng blood pressure (RBP) and usual

. levels of phy51ca1 f1tness or act1v1ty (Glbbons et al

exerc1Se on restlng BP have generally shown that elevated BP
*

B .returns toward more normal values after phy51cal tralnlng"

(Srtonolfl et al. 1985 p 452) Cooper et al (1976)
\q'
reported data from 3, 000 self selected male patlents who

'v.muscle. The pot3551um 1on has been proposed as possxbly the"

.

v151ted the Cooper c11n1c in Dallas, Texas. The authors of o

the study showed that men w1th lower fztness levels (fa1r,
¢ poor, and very poor) had s1gn1f1cantly hlgher average blood

pressure (137/87 ‘mm Hg) than those in the excellent f1tness

o category (122/80) G1bbons et al. (1983) exam1n§P Cooper =

clﬁnc data for 3, 900 women and found systollc and d1ast011c

blood pressure to be 51gn1f1cantly correlated to f1tness'

~



: 0 27 and r = 0 20 respectlvely. v-gﬁ

restang blood pressure has not beeq‘throughly 1nvest1gated
All of the related research llterature rev1ewed 1nd1cates**

that RBP does not 1n%fease wlth h1gh reslstance we1ght

, tra1n1ng (Stone et . al.,.1983- Colllander and Tesch 1985

N

Fry, 1986) Colllander and Tesch‘(1985).found ‘that"

re51stance tra1n1ng does not elevate RBP In the1r study"

-

they made comparlsons between age matched body bu1lders (n':h

, 24) and the medlcal students (n = 35) Mean SBP of-both

groups was not. 51gn1f1cantly dlfferent (123 + .10 mm. Hg for

body bu1lders and 126 "12 mm Hg for the medlcal students).
There is some research ev1dence to 1nd1cates thaE hlgh
re51stance welght tra1n1ng may reduce the RBP (Stone et al
1983"Slconolf1 et al., 1985 Fry, 1986)‘ Brousseau et al
(1981) stud1ed the RBP changes in rats performlng d1fferent"

. o
types of exercise’ programs. There were 24 normoten51ve rats'
<

e’a551gned to e1ther 1sometr1c tra1n1ng (hanglng over water)
\

L] -

sham (held over water) ‘or a control group. The duratlon oft

~>

the studijas of elght weeks. Mean RBP measured prlor to

sacrifice showed the 1sometr1c tra1n1ng group (126 + 3 mm .

e

- Hg) to be 51gn1f1cant1y dlfferent from the other groups

NP

“(sham 137 + 5, and control 140 +76 mm Hg) The- pre-tra1nﬁng

'BP‘values‘were not reported 1n the study

Stonevet-al (1983). 1nvest1gated the effect Qf h1gh f.

resistance tra1n1ng on the RBP In th1s study an
2}

exper;mental group of,nrne‘healthy college age males was

e

The’effect of h1gh 1nten31ty re51stance tra1n1ng ‘on . {y*li;ﬂ



ff,All hadﬂbeen sedentary at le two months przor to the

e.-‘m

....

'51n1t1at10n of ﬂ%e exper1ment Prev1ous exper1ence w1th any B

_ ! :
'“form of WEIth tra1n1ng was m1n1mal There were two major

f'-@reasons glven for us;ng th1s tra1n1ng protocol° 1) the |

method of preparathp has been exper1mentally and
-emp1r1cally shown to be superlor to other methods of

,mpreparatory strength power tra1n1ng and 2) 1t 1s w1dely :

o used At term1nat1on of ‘the. tra;nlng program SBP ‘had

fdecreased 51gn1f1cdnt1y from 119 3¢ 13.4 to 114 8 - 9. 0 mm't”
'Hg Dlastolzc BP d1d not change sagn1f1cantly It 1s
:meortant to note that the exerc'se\program utlllzed 1n thls('
;study ‘was of very h1gh 1nten51ty The duratlon of the |

; exerc_15e sessmns was greau than 45 m1nutes per day, 51x

1hdays per week

hBloodﬁPressure”and Heart néte'_ a "? .
. . o

Greer et al (1984) studled HR and BP-~ response to

'several methods of strength tralnlng.,Heart rate, and BP.

o

v‘were determlned on: ﬁlve subjects performlng flve dlfferent
"strength tralnlng exerc1ses at 75 and 100% of MVC (max1mum o

: voluntary contractlon) The exerc1ses 1ncluded 1sometr1c,‘

1sok1net1c, and 1soton1c w1€h free- welghts. The 5ubjects‘

.

:'i',were f1ve female volunteers between 33 and 48 years of ageﬂx_'

'3(§1% 39. 4 years) w1th no. known' cardlovascular dlsease or -
"muscuioskeletal dlsorders.-The Cybex II 1sok1net1c exerc1se L

" equ1pment was- utlllzed in conductlng the 15‘hetr1c and

”ZQ;iWJXralned 51m11arly to Olymplc we1ght leters for e1ght“weeks.,. T




N '_‘

.
N

AN

1sok1net1c qantractlons. Systol1c blood pressure and\DBP

1ncreaséq§51gn1f1cantly wlth all exerc1ses, and HR 1d§reased \;55

‘ w1th most exerc1ses. In’ some, but not all of\the exerc1s;l e E
sess1ons 1n wh1ch two measurement were made at dlfferen@a Hiufi;.f
times, HR and BP were reported to be hlgher for the second "
medsurement. If the contractlon is: greater than 15% of MVC
BP and HR have been shown to r1se steadlly throughout the fh;\.d’

t1me Ehe mUScle contractloh is ma1nta1ned Furthermoge,'the‘.

contractlon of a number of muscles at the same t1me has been N ;

1nd1cated not to be add1t1ve, rather the HR and BP o .
elevatlons are proport1onar to Ehe percentage of MVC ‘used by ‘ ‘15
- the most- v1gorously contractlng muscle (Greer et al 198'“Ww o

w3 . .».\

It seems that the'"central command" is not neccesssary'

1n order . to obtaln an. 1ncreas§)1n HR and BP in response to
’ .
t, ’

1sometr1c exerc1se 1h man. Hultman and. Sjoholm (1982)

s

reported that the receptors w1th1n the muscle have the full

capah\ty to adjust central c1rculat10n to the muscle work
)

performed The predom1nat1ng mechanlsm that governs the

f;c1rculatory adjustments 1n the muscle has remalned

17

unsettled Whether-1t is a central command“ org1nat1ng from ,,g:f

bra1n or ‘a feed back loop controlled by receptors w1th1n the
work1ng muscles 1s not certa1n. The role of central command
has been stressed by Goodwin et al (1972) whereas,

Petrofsky et al (1982) suggested predomlnance of a muscle

| : : RN :
factcr. ~ . . ( h?:g > . sl
acter.. . NP kS A o



hlgh 1nten$1ty strength tra1n1ng onrpercentage of body fat

B BODY,COMPOSITION AND PHYSICAL PERFORMANCE o
'r”‘“ '.#...v"‘s S

PR
B

Body Fat‘and Lean Body Mass~_. o | . :
The effect of . strength tra1n1ng on body)fat,and lean f

body mass seems to be varzable accord1ng to the 1ntens1ty of'

-

the tra1n1ng program. Strengt& tralnlng programs of moderate SRR

.

to hlgh re51stance, long duratlon, and hlgh speed of _

contractlon appears to n lt 1n greater decreases 1n the‘;r,c

&'

percentage of body fat (Plpes and Wlﬁmore, 1975' Stone et

’al., 1983) The percentage of body fat does not appear to '

”

decrease 51gn1f1cantly follow1ng exerc1se programs of low "

.

re51stance, low Qontract1le speed and of short duratlon

(Plpes and wllmore, 1975 Hurley et al ' 1984) A”y'~.' _ ;;“4\'

) Hurley et al (1@84) 1nvestlgated the effect of

‘and lean body mass. There were 13 subjects 1n the tra1n1ng

.ff group and 10 in the contrél Thélr age ranged from 40- 60 :i

Y Y

‘, and back leg exten51on leg preqs le9"curl,‘arm‘cross,m

ﬁw'elght and 12 RM. fo

years. They tralned on vargable reslstance Nautllus
\ "r‘ ’
apparatus.vDurlng each workout the tra1n1ng groqp performed

. one set of each of 14 exerc1ses in the follow1ng g&der- h1p

/_\

decllne press; pullover torso arm‘pulldown_“lateral ralse

over head press, behlnd neck beh1nd neck p],

ll exerc1ses dur1ng eadh tra1n1ng

' se551on. Body den51ty was . determlned by the nydrostatlc

““ ﬂ%}ung volume was . determlned by oxygen f' ’

-




e

| d11ut1on technhgue 1mmed1ately after underwater welghxng

lewhlle the subject was st1ll in - the water. Percent body fat ;.inﬁ
";was est1mated from body densxty values us1ng Brozek em al
-f(1963) formula. The durat1on of the - study was' 16 weeks. At
'the termlnat1on of the exerc1se program the percentage of
:4,body fat d1d not change s1gn1f1cantly Lean body mass d1d
"fancrease s1gn1f1cantly from 66.9". 2 6 to 68 2. 7 kg (pyﬁ%;.
jVO 05) It appears  that. the durat1on of the’ tra1n1ng 55551onsi7'

was not long enough to cause a 31gn1f1cant decrease 1n the

percentage of body fat ’_f’.‘ ..**j o 'h,'4‘“yf;; L
SR _ S

Harrls and Holly (1980) in: thelr study ;nvest1gated the"

*effect of ci{cu1t welght tralnlng, in- qprder 11ne

thperten51ve subJects, on lean body mass and other measures

of body compos1t10n (whlch other measures ‘of body

‘jcompos1t10n were not . reported 1n the stddy) There were 10

- borderllne hyperten51ve (140/90 to 160/95 mm Hg) subjects 1n.

the expeapmental group and 16 in the control The tra1n1ng

' _program com51sted oﬁ 10 stations. (2 arm, 4 trunk and 4 Ieg)

_.1n three sets of 20 25 repet1t1ons w1th an exerc1se/rest

'3 . \;
ratio of 3:1 (45 s exenc1se to 15 s rest) The experlmental

-_-group tralned three t1mes a week for n1ne weeks..Body

“v

" Vcomp051t1on measures wvere determlned by underwater we1gh1ng

‘and sklnfold measurements. At the term1nat10n of the

tra1n1ng program lean body mass 1ncreased 51gn1vaanly from

'64 1 to 65.4 kg (p < 0 0001) Other measures of body

.Rcompos1t10n d1d not show any 51gn1f1cant chang? A p0551b1e

explanatlon for not obta1n1ng any srgnlflcant changes in




other measures, 1n th1s sﬂhdy, may be due to the shqrt

duratlon of the tra1n1ng program and small sample S1ze.,iffvi:'
- Stone et al. (1983) 1nvestlgated the effects of elght“.*.
weeks of h1gh 1nten51ty Olymplc style we1ght tra1n1ng on_ﬁ/
body fat and lean body mass. Body den51ty was determlned by
hydrostatlc methods. Percentage of body fat was est1mated

/' from the equat1on developed by quzek et al (1963) ‘h

Resldual volume wa' estlmated for each subject by._v1tal

capac1ty ‘X O 24 (Widm re, 1969) At the term1nat1on of the_b

o exerc1se program thellean body mass had 1ncreased ﬂ c'
\"&V(; 51gn1f1cantly from 64 9+ 7, 4 to 67 3 7.7 kq. The greatest o
_ galns occurred durlng the flrst f1ve weeks of tra1n1ng.»Body
L “fat’ had decreased s1gn1f1cantly from 18.9 t 6 3 to 15, 9 o

?hs 1, percent As suggested by the authors of the study the\t'"

5‘tp051t1ve changes 1n body comp051t1on espec1ally 1ncreases
‘1n lean body mass, are strongly related to skeletal muscle

' fstrength and power galns.g o ) ‘
'-5}\-- Plpes and ermore (1975) conducted a. compaf1son study

wlbody fat»and lean body mass. There were. 36 male yolunteer
subjects in age range of 90 38 years who wene randomly
a551gned to one. of the four groups- 1soton1c,v1sok1ne ic low

:speed contract1on, 1sok1net1c hlgh speed contractlpn,

amlnutes per exerc1se se551on for e1ght weeks._ﬁody den51ty,. ;g7 '

lean body mass ar fat were assessed at the beg1nn1ng and _h// L |
'; end of the tra1n1ng erlod by hydrostatlc welghlng. The

>



'f”foxygen d11ut1on techn1que was ut1112ed to assess re51dua1

‘f-flung vofumes. The percentage of body fat was estlmated from

v - .

“mthe equat1on developed by Slrl (1956)

At the term1nat1on of the exerc1se programs body ' NS

-_"fr?:‘r gl .
:" .

ﬁicomp651tron changes occurred w1th1n all tra1n1ng grg“ps.
;Total body welght 1ncreased for all tra1n1ng groups, wh1le o
lean. body mass - 1ncreased 51gn1f1cantly only in 1soton1c -
(fmom 66. 3 i 7 S‘to 67.8 x 7. 0 kg) -and 1sok1net1c hxgh speed
(rrom”7 1 t 7 2. to 73 9.& 7. 8 kg) groups. All tra1n1ng
"groups exh1b1ted 51gn1f1cant decreases in absolute
‘~percentage of body fat, 'w1th the 1sok1net1c hlgh speed group
‘l_(from 11.6 0 5 to. 9 4 + 0.6%) decrea51ng the relative body

fat 51gn1f1cantly more than 1sok1net1c low speed (from 15 6’

5 _ . '\\?, -
0. 7%) groups. There were no s1gn1f1qaq¢ changes in any of

a'v

.+ 0.7 to 15 1+ 0-7%) or 1soton1c (from 11, 9 + 0. 7 to 10.2 %
the measured parameters for ‘the con%rol group-

',Véﬁtical-Jump L B o -.w ."{,.H ' _ _'}k»
' ‘ The 1mprovement of motor performance tasks such as
4vert1cal Jump, 40 yard dash, broad jump, and softball throw
appears to be. most related to the speed*of contractlon.”
Tra1n1ng done at max1mum or near maxlmum speed may - or may
‘not be suff1c1ent to ‘cause - 1mprovement in vertical jump.cr
‘other 51m11ar power demand1ng events. Some muscular tra1n1ng
iappears to be necessary ‘for: 1mprovement to take place.
Pxpes and W1lmore (1975) 1nvestlgated the effect of _a"\'v?j

1soton1Coand varyung speeds on\1sok1net1c exerc15es on ":, -'




v
k

u\row1ng. The tra1n1ng was: conducted three t1mes:pes week"

“\.

~: —more than 10 repetltlons on the1r last Set Isoklnetlc_

~ s

standzng.;ong 1ump, 40 yard dash softba1l~throw

dlstance,

!-.,- : .
were randomly a551gn!ﬁ to one of four grougp%arsotonlc,b

L

1sok1net1c low speed dontractlonv 1sok1net1c h1gh speeq,
contractlon and control QEach of the exerc!ﬁe groupsq,_ : £ 39
performed the bench pressq*blceps curl leﬁ“p?ess, and ben;> B

-

approx1mately elght repetltlons, for each of three sets. The‘
. 1

subjects were encouraged to do the greatest number of

.repetltlons p0551ble 1n each of the three sets. Re51stance'

‘was. 1ncreased for each 11ft when 1nd1v1duals were able to do
: - Q.

groups tralned at max1mum re51stance at vatylng speeds of

—

11mb movement The 1sok1net1c low speed group tralned at 24 i

of Izmb movement per second for elght repetltlo\s per set

j-Isokmeelc hlgh speed group tralned at 136 of llmb movement

per second’ for 15 repetltlons per set At termlnatlon of
the tra1n1ng programs nelther the 1soton1c nor control "

groups had 51gn1f1cant changes for any of: the measures of

motor performance tasks. The 1sok1net1c low speed group

'demonstrated 51gn1f1cant 1mprovement in 40 yard dash

soithall throw and vertlcal jump (from 20 1 * 3 7 to 21 2 +

2 8 1nches) The 1sok1net1c hlgh speed group exhlbltéd




s1gn1f1cant.1mprov:ment.1n 40 yard dash softball throw,‘?ﬂ
two-handed shotputi and vert1ca& Jump'(from 21 6 + 1. 8 to
32 5 i 1. 9 1nches) Based on the results of the study,téhe
\thors concluded that 1sok1net1c tra1n1n9 procedures are

/ .
,super1or to 1soth1c tra1n1ng when p051t1ve changes 1n motOr

. performance are des1red The authors suggested that

2 forc¥ wh11e an 1nd1v1dual is perform1ng the speC1f1c motor

LV

. D
1sok1net1c tra1n1ng procedures may, by deslgn, allow the

contractlng muscle or muscle group to generate more muscular_

K

S , ) s . X

task o :"i” ' T _' e L

.l_.\ - '_ o .' - " - . . . » . S L .
Smlth and Melton (1981), in their study, 1nvestlgated

o
Y

-~the effect of 1sok1net1c and 1soton1c var1ab1e res1stance

\

P
"on motor performance There were 12 subjects who
' part1c1pated in the study .The subjects were volunteer ,;;1

adolescenf males between the ages of - 16 and 18 years w1th .

’ : B u A

f”none of shem part1c1pat1ng in tra1n1ng for any. specific 'E#r
3 _ .

) athletlc team or performance. They were randomly asflgned to "

one of the four groups.agpntrol 1soten1c

gar1able resistance tra1n1ng (Nautllus) low-speed

‘

isokinetic (5 10, and' 15<rpm)' "and hlgh—speed'isokinetic e
ytralnlng (30 40 and 50 rpm). The tra1n1ng program for the

.,varlable re51stance group cons1sted of a Nautllus program

o

.where the 1nd1V1duals 1n1t1ally exerc1sed at 80% of the1r

:)‘

'maxlmum effort for 10 repetltlons for three sets. All groupﬁp

=
tralned three t1mes per: week When the subjects were . tested

Vfo; motor performance the h1gh-speed 1sok1ne¢1c group

domlnated over the others. For hlgh speed there was-a. ga1n




w'ﬂiof 5 38% 1d‘vert1ca1 Jump versus 3 B7%.for the slow

"u:fasokznetzc, L 57% for the 1soton1c var1ab1e reS1stance, and'r-

, '”‘ij—B 92% for EPe codtrol 9 14% galn in stand1ng broadjump

'Jtﬁversus o. 42 0 28 and 0 19%"and 10 11% ga1n in the 40

- yard dash vs; 1.12 1 35 and ale 9%5 In conclu51on the

‘an 1nd1v1dual tra1ns in a modallty 51m11ar to the one 1n

"‘fwhlch he'w111 heztested the results wouldige better than

someone tra1n1ng in modes dlfferent from the testlng Th1s

- *study shows that 1sok1net1c exerc1ses at hlgh §peeds produce

ilmuch better results when the results tested are in the

hlghrspeed contractlon veloc1t1es (e. g.'vertlcaﬁﬁjumpq and
40 yara dash) B '
: Wathen and Shutes (1982) conducted a compar1son study

to 1nvest1gate the. effects o% e1ght week long, selected

lsotonlc and 150k1net1c exerc1se modallty programs on 40

“yard dash and standlng broad jump.vThree groups of elght

athletes were randomly selected from a group of 100 var151ty

,football‘players Each 1nd1v1dual\§as pre tested for a one

_repetltlon/max1mum effort in the barbell parallel squats._

.

on apparatus recommended by Naut1lus. The 1nd1v1duals

1n1t1a11y exerc1sed at 80% of the1r max1mum effort for 10 -

orepetltlons in three sets. ‘The - low speed 1sok1net1c group

exerc1sed on a Cybex II 1sok1net1c dynamometer at jL 10 and

| 15 repetltlons per mlnute (rpm) unt1l 50% fat1gue was on the

graph

T

‘The 1soton1c group did var1able re51stance type of tra1n1ng o

hlmportance of concept of spec1f1c%tra1n1ng was stressed If

e



zﬂj;Cybex II‘lThese subjects tralned at 11mb moVement rates of

The~h1gh~speed 1§ok1net1c group also tra1ned on’ the

-»,30 .40 and 50 rp” The subjects were also tralned unt11 50%p.

'v'of fatlgue ﬂgf recorded\on the graph " The results _1 d - 155”"

'_demonstrated ‘no - 51gn1f1cant 1ncrease for 40 yard dash'and

u'f,stand1ng broad ]ump In th;s 4§udy, no s1gn1f1cant

v

:;1mprovement in the performance varlables may p0551bly be due

\ \ . \
toe that the ath&etes part1c1pat1ng were probably already LN
»\\ '\,..'

'tra1ned Therefore they could not' 1mprdVe very much
”thereafter. As 1ndlcated by the authors of the study,
1sok1net1c exerc1ses at hlgh speeds produce much better o L

'results ‘when the tests are in hlgh speed contractlon

flveloc1tres (e. g., 40,yard dash and stand‘ng broad: JUmP) In

i.thls study fast 1sok1net1c exercise. was shown to 1mprove

”ﬂperformance levels fh tests.of qu1ck acceleratlon more v
‘teff1c1ently than low speed 1sok1net1c tra1n1ng or. tra1n1ng )
w1£h 1soton1c varlable re51stance modes.f"

qpere 1s no dlst1nct ev1dence to support wh1ch type of
5exerc1se method is superlor for 1mprov1ng€Qhe motor"
yperformance tasks Most studaes ~support the 1sok1net1c h1gh
:speed tra1n1ng method as probably the best method for
) 1Tprov1ng the vertlcal jump or other motor performance tasks
d1n compar1son to 1soton1c or low speed 1sok1net1c tra1n1ng
;(Plpes and Wilmore, 1975 Sm1th and Melton, 1981- Wathen and
Shutes,;1982) Some augkprs have shown that’ 1soton1c type of

tralnlng Can .cause 1mprovement in motor performance tasks

._(Chu1 1950 “Schultz, 1967). Thus, it appears that,

P s . -



“:C; VERTEBRAL COLUMN

';act1v1ty of trunk extensor mussles. As. flex1on approaches 45°

SN
L L

‘dep‘endlng on res1stance, speed duratlon, and type of

contract1on, either tra1n1ngtmethod may 1mprove the helght

kaoﬁbvertlcal Jump. There Stlll %eems to. be a great need to ,“'"‘

?1nvestlgate the effect of varlable tra1n1ng programs Ln

'.terms° of exerc1se re51stance, speed of contractlon, duratlon

'of the: tralnlng sessnon, and length of the tra1n1ng program
L]
'_for dlffrent tra1n1ng modes on motor performance tasks._

) Y

..Bendlng and*Lifting‘

Dur1ng trunk flex1on up to about 45’ as measured from

"_;'the vertlcal the upper body load is ma1nly supported by

the tens1on 1n vertebral and paravertebral llgaments

»1ncreases and in extensor muscles - decreases (Callllet

1981) Further flex1on occurs as a rotatlon of the pelvis. by,?"‘"w

*v~re1axat10n of the posterlor leg and h1p muscles (thlS occursﬁ‘

7when the legs are kepuﬁg?ra1ght as shown in Flgure 1).‘

of the splne beap1ng the b¥unt’ of the stress untll 45 of
lex1on is reached at whlch p01nt the extensor muscles of
,the back become active (Flgure 1). ThlS 1s one of the

reasons fof“féeplng the back . stra1ght and - Pneeaibent when .

,11ft1ng If the back 1s not kept straight, the load would be”

-_mostly supported -by the paravertebral llgaments, poss1bly

causing llgamentous spraln in the lower back. In thlS

, | e

Dur1ng l1ft1ng the QSIVIS first. rotates with l1gaments
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Informatlon' Muscle-ligamentous control in 11fting._
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p051t10n, the‘%plnexflexlon of 45 or greater, there would be"
.

_(‘..

' decreasgd leverage of the l1gaments in. comparlson to the

muscles and,p0551b1y 1ncreased dlstance of welght be1ng

sugported from the center of grav1ty of the body.
The relat1onsh1p between the dlstance of a we1ght from '
o

the center of g;av1ty of the body and the force exerted by

éxtensors of the splne 1s shown 1n Flgure 2 ‘The resultant

?

force act1ng 1n the vertlcal d1rect10n is. thelsum of the'l_’

-we1ght and the force.exerted by the extensor muscles of the

splne.ﬂ&.'_;'_. f# ’ "g'j S .
| As 1nd1gated by Ca1111et (1981) to‘lift_and bend y
. prqperly and safely one must have.,g”i‘_ ; : k[lt'.‘ .

1. good flex1b111ty of the fower back and the lower

'extermltles

< v

N

é.f good adem1nal muscle tone,
: ¥

- 3;£_good strength of back- extensor muscles and leg muscles

”(Forssell 1980 Callllet 1981) and

54.;'proper knowledge of the body mechanlcs whichyrequires:

ok

- a. tra1n1ng and practlce
.b,:'the actlon'automatic,\'ﬁ: 4 ,} g“'
cr.fno dlstractlon to 1mpede the proper executron;_wh1ch
.can result from fat1gue, anx1ety, haste, depre551on

and anger.,

a h1gher magnitude of st;ess on the llgaments, also due to. ,'f':”



, o . . L
‘ Figure 2 has been removed because of the unavailability of copyright

' permission. cz‘.;* - I . ;,%' ' L T
- g : . e . , _

informatlon" The relatfanshlp of the dlstance of a carried weight from

'_the center of gravity and the resultant ten51on.

. ,Source.' Callllet, 1981 ~i£'



. In 11ft1ng heavy objects'from the floor, the abdomznal

o muscles exert the1r effect by“1ncrea51ng the 1ntramabdom1nal

L

pressure, thus re11ev1ng part.of the 19ad off the splne, and ,jf

poss1bly by decrea51ng the lumbar lordosxs and the angle

between the vertebral segments (Barg}l1nk 1957 Morrls et

: :al., 19613 Ca1lllet 1981) 'The 1ntrathorac1c pressure o
created by the muscles of resplratzon, such as the 1nternal
5 1ntercostals, external 1ntercostals, dmaphragm and the,“e‘f

abdom1nal muscles, also acts 1n conjuﬁctlon w1th

-_1ntra abdomlnal pressure to rel1eve the load off the splhe._*e'

_'d‘Morrls et al. (1961 P 346) 1nd1cated that"
- ',The spinal’ column ls attached to the s1des of and
';wlthln two chambers, the. abdom1na1 and thorac1c f!
cav1t1es~ the actlon of the trunk muscles converts |
'ﬁ'these chambers 1nto nearly rlgld walled cyl1dders l,7
conta1n1ng (]) air and (2) llqu1d and semi- SOlld
materlal Both of these cyl1nder are capable of a
;transmlttlng part of the forces generated in loadlng
'ww.-fthe trunk andtthereby of rellev1ng the load off the
. 5.sp1ne 1tself | ' ‘_ | f
| As demonstrated }n the study by Morrls et al. (19673
.when l1ft1ng we1ght the 1ncrease in pressure occurs in the
follow1ng Sequence (as shown in Flgure 3) | o

e '.‘.

there 1s llttle 1ncrease of pressure‘or-muscle activity

as the subject bends forward

2, the pressures rlse rapfﬁly ‘as the sub]ect beg1ns'to

° :v G] ’

[y

R S




- ‘evrdence falls to demonstragp,that abdominal strength 1s

'{strain“toflift };!Fwexght and
33-*rthe maxlmum peak of pressure occurs at the moment the ‘f'fh

S'j1nert1a of‘{he welghfals overcome and the welght 1s
fﬁllfted from the floor.‘jul;h,f'l‘: sjv > f::

v

Flgure 4 shows 51m111ar f1nd1ngs for statlc

contractlons at var;ous h1p angles as" measured from the fkh>{p

vert1cal Wlth the sub]ect 1n the upright p031t1on and the y
we1ght held at arm s length the pressures agaln drop toward;u
"restlng levels..The trunk muscles also become actlve’:* |
K 51multaneously w1th the elevatlon‘of pressure durlng the o
11ft _ e
The 1ntrathorac1c pressure, al“_ough much 1ess than the t
N i

1ntra~abdom1nal 1s more sustalned an

1f1uctuates less f'u

NG

durlng the laft (F1gure 3 and 4)

The ratlonale for hav1ng strong abdjabnal musculature.

'1s“to prov1d6yprotect1on for lumbar d1sc from exerc1se loads;
ﬁthrough the deyelopment of 1ntra abdom1nal pressure. ThlS%r
.concept is based on the work related to the ab111ty of .
.1ntpa abdomlnal and 1ntrathorac1c pressure to relleVe the>1

load off the sp1ne. Jackson and Brown (1983) 1nd1cate that K

d1rectly correlated w1th the‘ablllty to 1ncrease

1ntra~abdom1nalnpré%sure. Morrls et al. (196ﬂ) stated téau
the act1v1ty requ1red of the abdom1na1'hbl1que musé!és 1n
developlng 1ntra abdom1nal pressure d:rlng loadlng//f fhe ‘ub
sp1ne is. only one- s1xth of ‘that obtalned w1th maleum o |

voluntary contractlon. Further research is needed in th1s

¢
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Dynamic loading of thgféﬁiﬁél”fg_ e }*szl.'f'>

'_Source._ Mﬁrrls et al., 1961 .
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:hhfpressure w1th traanxng.bﬂﬁ

Abdom1na1 pressure can be 1ncreased art1f1ca11y to |
Vf unload the lumbar sp1ne. Th1s has been shown by measur1ng
elntrad1scal pressure w1th -and- wlthout an 1nf1ated corset
iw1th an. abdom1na1 pad (Ca1111et, 1981) From emp1r1cal

-fcobserVat1ons 1t seems that abdom1na1 pressure may be 1nduced

' utby u51ng a we1ght belt whlle llftlng. There 1s one p0551b1e

_dlsadvantage of art1f1c1ally 1nduced pressure° that 1s thevi
ﬁabdomlnal musculature s may become“too dependent Qn the,

Z>
external suppont (Callllet 81) It may weaken them

:v_further rather than cau51ng a 0551ble tra1n1ng effect to

= lmprove the strength of th1s musculature. The consequence

-

'.fmlght ‘be an 1ncreased probablllty of susta1n1ng a back‘

v

‘injury. ‘_ o 1'a‘f-ﬁea
It has been suggeéted that force prov1ded by the
abdomlnal muscles may prov1de up to 30 40% of the force

rinecessary for support.\Th'

rce may 1ncrease to even -

.v\

thtgreater levels durlng the llft'ng of. heavy Welghts or -

h';objects, espec1ally when an 1nd1'1dual executes a Valsalva h”

’manoéﬁver (AleXander 1985)

’

5Trunk-musc1e-5trength

ﬁ]dﬁ;iA study concernlng trunk muscle strength durlng

' constant veloc1ty movements was conducted by Thorstensson
and N1lsson (1982) The effects of grav1ty were removed by

'“performlng the movements in. the horlzontal (ly1ng on a 51de)
L . ¢ il L s

T e e




et al., 1983)

fand éarled w1th veloc1ty and p051t1on The typ1cal

*record1ngs obta1ned 1n the study are shown 1n F1gures 5

As shown 1n Flgure 5 the strength of abdomlnal

:‘musculature was demonstrateduto be 1ess than half that of

j:the back extensors through most of the range of mdtlon. The

. 1‘ : ' -

v_abdom1nal muscles have been shown to be. more: suscfpt1ble to

.-fat1gue than the back extensors (Hasue et al.,_1780, Smldt_

r‘n K

- The development of abdomlnal strength seems 'to be

-’essent1al 1n order to prov1de a balance in strength between

/

v‘the abdomlnal and back musculature and p0551b1y to relieve

ithe load off the splne durlng 11ft1ng for safetyvpurposes.v.j
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Figure S/has been removed because of th
WA

permission.. o

Ma

flexion and extension of the trunk

.

Source' ‘ThorsteSSOn and;Ndlson,.1983;

Informatlon.. szical recordlngs of maximal torque produced during

e unavailability of }c&zyr‘ight-




: Chapter III i"%fy'fﬂ7ﬁ

nnrnons AND pnocgnunz |
‘A, SUBJECTS S e

-t -

To recrult subjects, an advertlsement ‘was placed in the.

Un1vers1ty of Alberta s newsppper, The Gateway, as well ‘as.

: the Edmonton Journal and Edmonton Sun. All respondents were )

"'requ1red to flll out ? "Phys1cal Act1v1ty Readlness y
Questlonna1re" (PAR-Q; Append1x 1). The Par Q was. used as .a

' ba51s for subject selectlon in addltlow to the age range

cr1tef1a of 18 to 28 years Sixty healthy volunteer male

“'subjects ‘out of 61 respondents were selected to part1c1pate

-~ «

1n the study. Due to a large dropout rate fgf varlous |
*personal reasons, only 40 subjects completed ‘the study The
mean he1ght welght and age for the subjects who . completed
“i‘~~ the'study, for each group, are listed 1n Table T. The_

-subjécts,Were 1nexper1enced 1n re51stance tra1n1ng and did

not have contralndlcations to partlclpate in a. strength . 5;:

.

' ,cond1t10n1ng program. o

%

Each subject was requ1red to 51gn the 1nformed consent
‘ e

form (Append1x 2) after having been 1nformed of- the benef1ts

LI

and poss1ble risks associated w1th part1c1pat1ng in . a'n

tralnrpg study of this nature. The\%ubjects were asked not - N
B SR '
to engage 1n any strength cond1t10n1ng aCt1v1t1es out51de '

.,"t

 the tra1n1ng r' imes of. the study

In orde¥ to 'motivate the subjects in the.control.group*7\

to abstain from any resistance training and dropping out of .-

oo



‘.v'fabié. . :Physical’Chéracteristics of:thé‘Subje;ﬁs

Ht ' . we o . Age
Sems 4o kgs: <. Year

S Growp 1 - biize

+
(@]
o

-

77.6 £713.7 22,55 3.4 %

/

~d,
I+

.

Q

(o))

~d

e )]

.

w

I+

Group 2 1. 5 21.3%3.1
Group 3 1.75 % .09  95.4 % 13.3 23.8 2 4.0

Growp 4 1:75% .06 75+ 8.6 22,4 % 3.2

Mean * SD’



B

~the tra1n1ng groupg\at the end of the study.ﬂ,
K e E

B. ASSIGNMENT OF SUBJECTS TO GROUPS ~ =

_the study, an 1ncent1ve was prom1sed The 1ncent1ve was to .

'offer a slm11ar tra1n1ng program of the subjects cho1ce as”

N

"‘\m

: /
i,

A table of random numbers was utlllzed to ass1gn the

'5subjects to the exerc1se and control groups. Flgteen-

- C. FAMILIARIZATION EXERCISE SESSIONS ' o o

subjects were ass1gned per group The purpose of random

.a551gnment to ;he groups was to ensure that there was no
-systematlc b1as 1n .the comp051tlon of the groups and also to
: okl _

.control the effects of. extraneoussvarlables on the 1nternal

‘ valldlty of the results of the study L o

: f

ﬁvolve elements of skill which o

J g
.

v Phy51cal fltness tests‘%

..must be mastered by the subjacts before the tests - are

.
o practzced three jumps s1m11ar to as was: done during the

@ntractlons‘:

N}

admlnlstered (Vertex, 1985) Two famlllarlzatlon exercise

_ seéslons were conducted by all sub]ects before theoTest T

'For each sess1op«the subjects performed two sub-maximal

t about 60~ 70% of max1mum voluntary effort

.For vertlcal jump, ‘per famlllarizatlon se551on, e; subject

test1ng The purpose of the fam111arlzatlon se551ons was to
acqualnt the subjects w1th the skllls associated with the

% =
tests.ég_ o

n 7) .



'\ D. DESCRIPTION:GF TESTING PROTOCOL{ aND _I-N'sranuxon .

e
L Verticaléaump ' B C

-l &

o i

. Vert1cal ]ump herght was measured \n cent1meters u51ng
ra- "Jump Board" The‘board has marked hgﬁbht 1ntervals 1n -
- both 1nches and. centlmeters. | |
Farstly, the sub]ect s standlng reach was recorded - The
subject stoog parallel to the wall w1th domlnant arm closest
§ t%)lt He then reached as h1gh as he could w1th the domlnant
oarm, keeplng hlS toes-and heels on . the floor . Durlng the
: reach both feet were'kept close to the wall to max1mlze the
| é helght reached The subject touched the board at max1mum
- exten51on of the arm, with. the mlddle finger of the domlnant

hand. Beforz:é:ch reach and jump the subject applled whlte

chalk on his flnger t1ps.~The chalk marks on the board were

e
P

- : used to determlne the max1mum helght of the reach and the <
F‘. jump The reach was recorded from the floor. The reachlng
proc@dures were nepeated once after the 1n1tlal attempt The
. B h1ghest lue of the two attempts was recorded
| After the reach was recorded the sub]ect stood with
the-heels of both feet chest w1dth apart in order to jump
; " "Width of - chest for each subject was measured: w1th an
. "Anthropometrlc Measuring Stick" before jump1ng. The subjectb
was ‘asked to take a ready posltlon knees and elbows'*
slightly bent. He stood with the cehter of his feet 44 cm’

from the wall. From the ready p051t1on he ‘then swung hlS o

-arms two tlmes as if gettlng ready to jump On the: th1rd arm

,qv

s . ) ‘..'. . L ~



o sw1ng the subject Jumped as hlgh as he could At the peak of:nﬁ

"the Jump the SUbJect touched the board w1th hlS flnger t1ps
L

ARG I

at max1mum helght p0531ble. The jump was repeated two more I

' times after the 1n1t1a1 attempt There was at least a 30 to
45 s rest between each jump The hlghest value of three_
;jumps was recorded The jump helght was obtained- by

,nsubtractlng the reach helght from the total ]ump helght as

measured from the fLoor s

L

Restrné plodd'Pressurev“

The resting thOd pressure for.each subject was
measured on the left arm after he sat in a chair for at
31east 10 mlnutes.ISiconolfl et al (1985) 1n/the1r study,

" took two consectlve r1ght arm RBP readlngs on the subjects,
in a seated p051t10n w1th at least f1ve minutes between

measurements and flve mlnutes rest in 51tt1ng. In Bonnanno
and Lles study (1974) at least three. readlngs, separated by
more than flve mlnutes ‘were taken, while the subjects were .

d “- v

seated The RBP was J;ken as the aYErage of the three lowest

r"f"KLie‘s, 1974),

At least te ﬁ_'i%es of rest, in this study, was given
before measurement ofiﬁhe blood préssure.-The blood pressure
was, not recorded 1f the subject had been doing some form of -
strenous phy51cal act1v1ty prlor to this test. Three

readlngs of systolic and dlaStOlls iiessures were taken, :

'eaah being five minutes. apart Thg average of the last two

auscultatlng BP readlngs was used The flrst readlng was not -

A
B



-_*hsed because for most subjects 1t had a tendency to be Qﬂa

"a spﬁygmomanometer._"Thls 1nstrument con51sts of an"

‘sl1ghtly hlgher than the subsequent read1ngs.

:

—-\____5 . V ) . )
The blood pressure was - est1mated 1nd1rectly by means ofe_*

1nextens1ble cuff conta1n1ng an‘1nflatable bag (Berne and

: "WLevy, 1981 p 106) The cuff was wrapped around the left

upper arm so that 1nflatable bag would 11e between the cuff

'l‘and the sk1n dlrectly over ‘the brachlal artery The lower

:marg1n of the cuff was placed about two and. a half -

S

'centlmeters above the antecubltal space (Klrkendall et al

1980) The artery was, occluded by 1nflat1ng the bag, by

" means of a rubber squeeze bulb to a pressure in excess of

.arterlal syst011CTpressure. The pressure in the bag was

measured by means of a mercury manometer. Pressure was

’released from the bag at a rate of two or three mm Hg per

,"heartbeat by means of a needle valfe 1n the 1nflat1ng bulb

-

,fLA stethoscope was applled to the sk1n on : the antecub1tal

;“yspace over the brach1al artery to measure the systol1c and

L dlastollc pressures. Whlle the pressure 1n the bag exceeds

the Systol1c pressdre, the. brachlal artery was occluded and

~no sound wasg. heard When the 1nflatlon pressure fell jUSt

r

'below the systollc level the small spurt of blood escaped

through the cuff and a llght tapp;ng sound (called

Korotkoff- sound) wasaheard 1nd1cat1ng ‘the systollc blood
"fpressure read1ng. As 1nflat10n pressure contlnue to fall-

Fmore blood escaped under the cuff per beat and Koro¥koff

.

'sounds were heard as louder "thuds"‘ As’ the 1nflatlon

L]

4



o

:"fl pressure approached the d1astol1c level the §orotkoff

"”_* and Levy, 1981)

sounds tended to muffle. ‘As- the pressure 1n the cuff fell
l below the d1astol1c level the sound;_;gnded to drsappear'
(f1fth phase) ThlS 1nd1cated the dlastolxc pressure (Berne
4 The same cuff was used to measure the BP of all

”subjects. The w1dth of the cuff was 14 cm wh1ch 1s the

b Lproper s1ze for someone w1th arm glrth of 35 cm Thus,‘ he:”; h'

"1gptrue BP readlng may have been sllghtly underestlmated for

the_sub]ects with smaller arm glrths and overest1mated for
" the ones ‘w1th larder arm g1rths (Klrkendall et al., 1980)
Theiforearm pos1t1on on average ‘was about 10 cm lower than
‘.therfourth 1ntercostal space at, the sternum. In u51ng th1s
arm7p051t1on the mean BP would be about elght mm Hg lower
‘athen that recorded u51ng the technlque recommended by the

_'Amer1can Heart Assoc1at10n (Klrkendall et al 1980) wthh

Voo

posrtlons the forearm at the level of the fourth 1nterco'tal,@f'

espace at the sternum
Isometr1c Back L1ft Strength Test
, Each subject e&ecuted a max1mal 1sometr1c back- llft at
: a h1p angle of 160 (As“\on, 1973). The h1p angle was
.measured w1th a gonlometer before testlng durlng the
Smeax1mal warm—up-contractlon ﬁFlgure 6) Wh11e performlng ]
'the test the subject was requ1red to keep hlS béck stralght._i‘
\

fFor safety reasons, thxs was standard for all s%b]ects to.

:fel;mlnate any:exce551vevcurvrng of thé,upper"back whlle@

@




"

B:acllf.v. ?tréhgth Test atiHi@ Angle of 160°.
. . . : > .

N

. : ?




‘iii the brunt of the Ioad on the parave-

”fstralght back tends to 1ncrease the prec151on of testxng by

- belng performed The pos;t1on of the feet was also

‘<Measu

‘ ebral 11gaments.- ,
S d R

h'fe11m1nat1ng any var1atzon in the h1p angle wh11e the test is f .fe

PO |
f' o .-‘v..fr oL v"

&

"‘1dth apart._Shoulder wldth for each subject was

[

:fore the testing w1th am "Anthropometrrc

1
4,

St1¢k";»A whlte ﬁaper tape was put on the standlng

surface w1th mark1ngs .on it to fac111tate placement of- the
e S 5

feet in the appropr1ate po51tlon. 'kr~*jﬂ , A,=£

R

nh Before testlng each subject was asked to do a warm up

'contractlon at about 60 to 70% of the1r max1mum voluntary

vkl

effort. After the warm up contractlon the subject drd two :‘b

' maxlmal contractlons. Each contradt1on was f1ve seconds 1n»' g.,

_fduratlon There was four mlnutes rest between each l1ft (or

:.-

’ B

a contractlon) The forge of the 11ft was transmltted v1a a.

load cell to the Honeywell B1omed1cal System Model 19123 The

load cell was connected between the cable and the barv

,')f"
I

(Flgure 6). The 11ft w1th a maxlmum force generated was used
e‘ : .

for the purposes of this- study. ‘.1 e

Isometrrc Abdomrnal Strength Test F I L\ »

I8

Each subject executed a maxlmal abdom1nal strength test
¥

at a. hlfrangle of 160 whlle standlng' The h1p angle wag

measured w1th a gon1ometer before the testlng durlng a warm . -

+

up contract1on. The ﬂarm up. contractlon was performed at 60

N
5
Wy



| - JO%rof . t's maximu ita ”effortl TQ measure the_itfu
‘ft abdominal strength the cable was connected toha shoulder o
hﬁyness V1a two pulleys located‘on poster1or aspect of the
back board (F1gure %) The shoulder harness was ‘pec1ally
deglgned to fac11itate the measurement of abdomlnal ; SR o
" strength Because 1t Was fltted w1th adjustable straps’it j. ﬁxlj;'
,could be %djusted to f1t subjects of varlous 51zes (Flgurei“: ﬂ;fk)
7 9) For testlng the placement of: the harness hook on the

subjegts“ upper back was standardlzed to be 1n a p051t10n

parallef w1th thexlnferlor border of the upper arms at ". f‘"

Sagm s

argfp1t level (Flguﬂe BB): The upper pulley was adjusted so
r'hiﬂlt would be at a- helght parallel to the hook w1th the o

. é . :
subject in the standlng p051t10n The load cell was -

}'

'*ﬂconnected betdeen‘the back two. pulleys (F1gure 9B) A p1ece o
(5%

. oQ chain was used in- the back to adjust the cable length

| ;accordlng to the var1able hook he1ght for d;fferent »’._*'
’ subjects.‘ | -Of.a» L | S ; ;.} |

ﬁ*h‘ The back and‘feet p051t10nsﬁwere standard;zed the same

‘.av for: the Isometrlc Back 11ft Strength Test Procedures for

"::Warm up, two max1mal contract10ns, and rest between them,

*were 51m11ar for this test as for the back 11ft test The
contractlon w1th max1mum fofce generated was used for the

. purposes of the study f'_ RV e o .

“v~Hydrostatic Weighing.
A rectangular tank six. feet in helght four feet in
et

'"'width and 10 feet 1n length was used for hydrostatlc
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Figure 8. - (A) Anterior View o
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—/;} . Figure 9. Vaxlmum Isometrlc Abdominal Strength Test #y,
: ' A Antenor \’1ew . Te qung Position and ’4oasurompnt ot’ !

‘Angle, L :
. N ('B) Poiter}or View: The }ramework of Testxng Equlpment and
: Testing Position of the SubJect S - _/
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weléhxng. W1th1n the tank an alum1num cha1r was sﬁspehded

from a load cell wh

Qmodel ﬁR).Jgflornto each test,»the recorder was callbrated

| and water temperature \as measured and recorded Before T
enterqng the tank t \ 5

-was welgheddon ajbalance scale to
. L S
Upon enterlng tgg tank” the« gbjec sat 1n th.}
o

9 45 kg d;ver s welght beft was pla;ed across tﬁ"

. | J':«'s
; close to the: walst Vbtal capacity was measured us1ng a si
; _
l1tre v1talometeT w1th the subject seated 1n the wa
neck level The largest \Y lume of three trgals was assumed

Y
to be the best estlmate of the v1tal capac1ty (Moyer- 1971)

} The technlque for Ffdros\&%;elghmg was as *ollow' A
v l.: Alr bubbles were dﬁslodgéd‘from the ha1r &na: the bsd
- 2. The subject max1mally fhhaled and closed ‘the. ﬁamflj .
| ‘9T%e subject leaned forward from the waist untll the body

was. completely submerged in. the water.' ,‘

ThlS procedure was repeated until two 51m11ar chart
:;?~read1ngs were obta1ned The recordlng that 1nd1cated the‘
| greategt 1nhalatlon was: USed as the: hydrostat1c welght ;
(Moyer' 197%) S :hf‘f o l_fﬁ.{, ' o

Res1dual volume was est1mated as 30% of the v1tal

o capac1ty (Macnab.and Qu1nney, 1984) Percent body fat was

calculated accordlng to the formula of Brozek et al. (1963).

N



o .Heart Rate »Zdlnurwn L _hxf“f :**ﬁfi J:ff;

_ Heart rate was recorded on. a Honeywell B1omed1cal
iu-System Model 1912 The chest electrodes were applled to '
"lmo?‘éor t?e HR The electrodes were 51tuated b1lateralry

o just be10w the n1pp1es in the f1fth 1nter costal space, and

o a referenjewelectrode on the left shoulder (Flgure 6, and

-10) Heart srate was calculated%from the length 1n mm
~ .
@cupled by a three beat complex on the‘ ‘E.C. G. recordlng ,
. ’ z»‘ o .
.paper (Sedgw1ck 1!55) o L R fﬁJ

The restlng heart rate ‘was” recorded 1mmed1ately after
~the blood pressure measurements whlle the subject was st1ll

PrA

seated }n the chalr.'

v S : :

,_'Heart Rate Mon1tor¢ng Dur1ng the Max1mum Isoton1c Concentr1c

| Leg. L1ft Strength Test o %’ o | | |

| | To perform th1s test ‘the subject stood underneath the

:bar w1th his’ fegt 12 to. 15 1nches apart ‘He’ then flexed h1s
J'mnees to an angle of 90 ’half squat p051t10n) and llfted the_"

'“‘Ewelght loaded bar by extendlng hlS knees fully

B After the f1rst lift, if the subject was able to do‘

-y

'another repet1tlon w1th the same load, he was asked to stop

T;:The load was then 1ncreased by 5 or 10 kg depend1ng on the

- capaglllty of the subject belng tested The ent1re procedure

ﬁ?fwas repeated untll a subject 5 one repet1tlon max1mum (1 RM)

'wasaestabl1shed Rest perlods between tr1als were fou{
,:mlnutes in duratlon. The energy pathway (ATP PC) . 1nvolved in

ffthls txpe of act1v1t§ can be . 100% restored w1th1n three to

"x\



o

Figure 1Q, HearL Rate l"‘omtorlng Durmguiaumum Isotonic-Concentric Lc'
' fot Strenguh Test. ‘ :




ive mlnutes (Fox and Mathew, 1981) Emp1r1ca1 obServatlon

of most 1ndiv1duals 1nd1cate that they are usually ready to,

iﬁ;if'f perfbrm the next subsequent 11ft between two to.three

;n:mlnutes after the prlor attempt Therefore a'rest 1nterva1

-

ofFﬁour m1nutes between trlals was con51der more than :
XN adequate. IR . Co . o ‘
I “ - ‘

i

%?ﬁﬁﬁ":»

v*qﬁ* Determlnatlon of a sub]ect s 1 RM durlng the pretest
- N%ﬁsome time and effort on the part of the subject and .
testlng team, as many trlals were requ1red before the true 1

S ‘vRM was’ determlned; For subsequent test hi% previoUs
. Y ' '
- performance was used as a gu1del1ne\before attemptlng 1 RM‘

and thus, did not requ1re same amount of t1me and effort

Before commencement of the test the sub]ects were requested
. s

to warm -up by performlng one or two sets of 8 10 repet1t1ons
. »
w1th a submax1mum load D1fferent subjects had variable ways

Aof approachlng thelr max1mum 11fts. Some subjects did one to
o ;fthree sets of warm up before attemptlng the max1mum 11ft
Others preferred and d1d no warm- up sets before attemptfng

the llft & » . - n ] | . V\ . ’ ’ ;‘d )

. ‘:,v ,5" X . e ,« R

Heart rate was pr1q§§,vout on the recordlng paper by

'the Honeywell ﬁlomedlcal System Model 1912 throughout the

e o’ 'g, c ’ ) . gm . )
L testlng peraods.y . ' 3 '
¥ @ ] eoq
& . o .
b . . ;& B
'Heart R Mon1tor1ng Durlng the Max1mum Isok1net1c.

Pe
Concentr1c and Eccentr1c Leg Lift Strength Test

_The electrlc trunk and leg dynamometer was utlllzed forJ@

§s test (Singh, 1972) The dynamometer was calibrated



-
\

=

'};before the start of every testlng se551on. At the start of

pthe test the subject stood on the dynamometer, feet

'._shoulder width apart (Flgure 11) The cable length was..

'gcv

. 7

Y :.tf

-

'adjusted accordlng to subject s h{lght and knee angle. The
‘cable was adjusted so that it was tlght at full exten51on.:

tFor safety purposes,.each subjecqbwas asked to keip hlS

knees sllghtly bent even. at full exten51on..The cable vas

k_then attached to the webbed belt whlch Was fastened securely

to hlS walst - The: subject held on to the bar for greater
sense of Stgblllty S o ' v)"”'f ’
The speed of the cable was pre set to.13 cm per ‘second.
For the eccentrlc phase of the test the subject was requ1red
to re51st the pull from a standlng pos1t10n while the cable :
was be1ng pulled down. For the concentrlc phase of the test
the subject pull d up forcefully from Lhe half squat :

ex i».onv).: :

p051t10n (90 kne t1l full extens;on was atta1ned

‘tension developed in the lower extremlty muscles were

recorded by the Honeywell Bromedlcal System Model 1912,

Ky A ]

- 3 g-_‘m) .
Isotonzc Conceutr1c and gccentf1c Strength Apparatus

Wy
Thls appataﬁ&s was spec1ald§ de51gned and buzlt to

:»-l

ellmlnate the eatentr1c contract1on phase whlch is a feature

in fSoton1c sﬁrength tra1n1ng or meaSurement Th1s equ1pment

Kl

- was de51gned 50 that it could automatlcally return the-

Hi}we1ght ta the startlng p051t10n wlth@n awgpec1f1ed t1me-v

”1ndependent of any effort from the subjéet If the subject

2. &
S oad g
e L2 . : ,6,.

£ L -
A Rt
FX S
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Figure 11. Heart Rate Monitoring During the Max imum I;sok}-il,net.ic Concentric
and Eccentric Leg Lift Strength Tests; (A) Standing Position,
(B) 90° Position During the Testing. : )

c - [
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. LFigure 12. Isotonic Training and -Testing ‘Apparatus.

- "~ A. On & Off Switch *I. Weight Bar
_ B. 1/3 HP Electric Motor J. Flat uWgight

‘ - C. Range Setting Switch . K. ~Suppor&ng Wall ‘
: D. 90° Angle Drive: =~ ’ ' L. 2" 5q. 16 gauge Stecl Tubing

E. Pulley . , P. Stabilizing Support

. F. 1'" diameter Steel Shaft " N. Sprocket

, LCY G. Aircraft cable . 0. 3/8 pitch . chain
U ) H. . Counter- Weight . : . P.'. One-way GClutch

R

L




‘had to do more than one repet1t10n, as
“udloaded par came back to the start1ng p051t10n, he 11fted.1t‘

'agaln u51ng h1s legs wh1le keeplng hlS shoulders underneat

: Electr1d Trunk and Leg Dynamometer

\soon as the we1ght

ThlS cycLe cont1nued unt11 the requ1red number of
repet1t1ons were achleved . “'f' -‘"f*.v; j5 o ﬂé

. The’ apparatus cons1sted of an electrlc motor and a gear‘-

vbox Whlch was fzxed onto the uprlght support§ On". top of the ~

8.

‘jprlght supports, there was a 2 5 cm d1ameter steel bar to

h1ch chains, 5 mm thlck and 2.5 ‘m long, were attached The,f'

‘Dl

welght accord1ng to subjects need was loaded onto the
bar. Two suspendygg counter welghts were attached to the bar

located in the back of thlS apparatus (Flgure 12)' ]ﬁ,

. On 11ft1ng the loaded bar, after a certaln helght o quv:n

_(approx1mateby two to three cm) the rls1ng bar ttlggered theﬁ;“

mlcro sw1tch flxed on the uprlght supports. The actlvatlon‘ .
of the m1cro switch enabled the loaded bar to be: lowered

automat1cally to the predetermlned startlmg p051tlon as soon.
I

f as the subject completed the 11ft If the subject could not

_;complete the llft the welght,would not drop Instead e

.'returned to the start1ng p051t1on as soon as. he stepped out:
dfrom underneath the loaded bar. This bu1lt in safety

. mechanlsm ensured that no one was 1njured wh11e tra1n1ng or

'durlng testlng w1th thlS apparatus.

,',,,;,, .

> 1

'_The electr1c grunk angd leg dynamometer (Slngh 1972)

;;-can measure 1sok1net1c concentrlc and eccentr1c leg strength"




’ . "‘wl

’ff”ipulleys and emerged at a po1nt‘between the subjeot's feet
v 5Qvand in front of h1m (for strength test1ng and '
fywthe lower l H) The dynamometer as it 1s can bek“”ed'to

measure back 11ft1ng strength whlle standlng

i:as well as 1sometr1c back and abdom1na1 sttength whlle R

j-stand1ng The dynamométer cons1sted of an electr1c motor ;r'“”

connected to ‘a. double-actlng hydraullc cyllnder from whlch a

1'3000 lb capacity cable passed over the two ball bearlng -v'

For leg tra1n1ng the cable was. connected to spec1al

belt (Flgure 13) Thzs belt was further connected to a steel

‘fbar flrmly attached to a four 1ngh webbed belt Sewn: to the

webbed belt was an automoblle seat belt wlth a buckle. By

aadjustlng the buckle the belt can be secué/ly fastened

.around the subject s walst

For strength testlng of. the abdom1na1 musculature the

“cable was’ connected to “two pulleys located on posterlor

'aspect of" the back bOard The cable then connected to the

N

-,shoulder haraess through the back board (Flgure 9)

- A'ﬁbad cell wh1ch acted a stra1n gauge was connected to
the Honéyw1ll Blomedlcal System Model 1912 wh1ch pr1nts out
the torque be1ng exerted by the contractlng muscles.

. . e . o | ‘,::.-._') ,
E.:TESTS

Four test sets, Test 1, Test 2 Test 3, and Test 4 were

N 23

"'conducted throughout the course of ‘the " study\For each test

set, all the dependent varlables took two days of testlng

nt1me. On the last test1ng day, for each_test set, upon - -



F1qure 13.

Spec1a1 belt; (a) Steel bar (b) ReFease m°chan1sm (c) wébbed beTtJ; . ,Lh5«ii”
(d) Automob1le seat be]t (Slngh 19720 G T

. . . I
v . . . ,



- fully- before the testlngqf

X

2
o3, vVertlcal Jump,g

'_f,thestlng Heart Rate,

c0mplet10n of the tests the subjects were allowed to resume

the1r tra1n1ng usually on. the same day. For each group,

2.

tra1n1ng and testlng protocol 1s summarlzed 1n Table 2

L)

Test 1 - o T |
' Two days after the end of the fam111ar1zat1on tralnlng
sesslons, a Test 1 was conducted over a perlod of two days.

A delay in testlng follow1ng the fam111arlzat10n se551ons

'was necessary in order to allow the subjects to recover’

f-:'

"ft‘sts uere conducted in the

folIOW1ng order (randomf,ﬁdprdpg‘for test 3-6, day one- and-:

LTI SRR
.

test day two) - B . -;_ L e e
Day one" | !
1t Measurement of resting Blood Pressure, , o - ﬁﬁﬂ

'4gh4Max1mum Isometrlc Back- 11ft Strength

JtiMaxlmum Isometrlc Abdom1nal Strength

.~.Mon1tor1ng of Heart Rate dur“ngmMax1mum Isok1net1c

concentrlcﬂ'eccentr1c leg ; :ax¥mum Isopetr1c*Back»

}and Abdomlnal strength tbﬁp; g |
"Daiy: twos |
‘1; ‘Heart Rate monltorlng durlng Max1mum Isotonlt concentric

. strength test1ng, and

' *2 .H_ydrostatlc We1gh1ng ' ' | B .' N N

,(’

For each test set (Test 1ato Test 4) for all the -

groups, the order of strength and performance testlng, test

S N - : .
. *‘ . .:,‘: o . ) S " ) >



' Table 2. Training and Testing Protocol ‘of the Study’

Test'] 10'TS. Test 2 10 TS  Test 3. 10 TS Test 4

Isokinetic =~ «x x L% :?-‘sf X o xf '\\35 o  * ,

Isotonie- . x- Cox o X L ox - x LX)
. -Isckinetic - '

Isotonic: o=~ 'x .. X X e X B T S S

o o . o B . . o ) f »
Control . " x| , X T X , T X
i s .

Y . 2

-



- »3+6f(day:one5 and test 1 (day two) was randomized ;f?
wfadd1t1on, 51nce test 6 (day one) and test 1 (daY t"°) bOth

requ1red maxlmum voluntary contract1ons of the lower llmbs

”’._they were always performed on the alternat1Ve days,deH

f-.fRandomlzatlon was done ‘to hold constant any learnlng or ;if"“

ond1t10n1ng effect that may occur or. other factors that'ff;fih

. ,,5' ;'_-.-,.
_ ould have cumulatlve effect on the outcome (Chaffln et al.{

ad ptations. EUVIRIEES /~ o | f

Tesit 3
| 2t the end of Vi

Hcon ucted. It followed a s1m1lar pattern as the prev1ous C

-

Test @4 . o S A

LAt the end of 30 tra1n1ng se551ons wh1ch were spread

over 1 weeks, a Test 4 was nducted 1n order to determlne

for proper recovery of the subjects, thls test ‘was conducted

:two day follow1ng the cessatlon of the tra1n1ng program.
. , . o

03

K

¢ L ‘ . . .. - . -..{'v/ ‘_‘.
ztralnlng sessxons Test 3 was ]‘{1'31"..

0":

.:(&s-;'_
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F. REL!ABILITY e e R """

[

In ordeﬁ to determlne the 1nterna1 cons1stencx or f'z_hi'

stabxllty of the test measures, a rellabllltyzcoeff1c1ent

A

(test retest) was computed for all tests before

commencement of the tra1n1ng programs (Lyman, 1977- Borg and‘

Gall 1983) Two days after the Test _ flfteen subjects were.’

randomly seleéted from those taklng part 1n the study to;"

part1c1pate 1n a. retest measure. For each test a correlatlonm

'J{‘COefflcaent was then computed between the subjects two sets

“
o

14

e

=Y
S

“

BEAE S St TR

~ﬂof scores. Inter rater rellabllty was also computed for'

._r}

‘maxlmum 1sometr1c back and abdom1nal strength and all the

heart rate varlables. For 1nter rater rellab111ty two;gl.

llndependent observers estimated the scores from the data

prlpt outs obtalned durlng the testlng

[

|. \ ’ : " . ’.h . ‘.'.-‘-' O - ? s . - ..
G TRA:[NING REGIME OF THE EXERCISE GROUPS

§ The subjects tralned three tlmes a- week for a total of

10 weeks._The grbups of muscles tra1ned were those of the
loWer extremlty of the body. Each repetltlon of exerc1se was
thneeéseconds for all the tralnlng groups except for the»-
isotoglc eccentrlc contractlgh whlch was 4 5 s. per o

repetltlon. The tra1n1ng contractlon tlme for all the

exerc1se groups was. 72 s per tra1n1ng se551on.

ay e o v
s K -.ﬁl . ‘e . o ‘, LSO <. .y .' P . -
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Isoton1c Concentvrc and Eccentrxc Tra1n1ng

.»\g

3

The sub1ects in thls group‘tragmed w1tﬁ‘a spec1ally
constructed free we;ght apparatus/QFlgure 12 14 15) It

1 e - . ~




/.

'was electf1ca11y controlled and had been de51gned,fq

y e11m1nate ‘he eccentrlc phase of the tra1n1ng prg@ram.,i

For conc ntr1c contractlon the subject tra1ned w1th a B

'.wvbworkload o£.80 > 90% of 1 RM two sets pf s1x repptltlons'

B R 7 woa e
(Johnson et al.,‘ : 'The rest 1nterval between sets was e

f'three mlnutes 'Toniiax‘ the tralning contractlon the subject

assumed a.hal squat p051tlon (90 knee flexlon) and then
llfted the welght loaded bar w1th«the‘§boblders u51ng h1si;v
. legs by extend1ng the\knees fully (Flgure 14) After fullﬂ:%?
exten51on he again assumed half squat p051glon whlle the |

‘loaded bar returned to the startlng p051t10n w1thout any

.effort from the subject The subject then repeated thek11ftc
4

- \\ -"\}
This process cont1nued untll the requrred nqmbeﬁ of v

repet1t1ons was complete Each re et1t10n was three seconds
P

-yt

in durat1on. . }; ,WV‘

For eccentr1c tqalnlng contractlon, wlthwthe loaded bary
Mof-120 130% of 1 RM bn the shoulders the subject loﬁered “'g'ff
sthe welght by sldwly flex1ng the knees to halfvsquat |
'p051t1on from vhe full extens1on thereby ge@eratlng ten51on
in the lower extremlty muscles (Johnson et al 1976). Ktvfmi:JJ{'d
ithe end of the contractlon the tra1nerg/on hand lifted the
.loaded bar back to the startlng p051t10n (Flgure 15). Tgis N
.enabled the subject to start aga1n.3The subject d1d two sets
of four repetltlons. Each repetitlon was 4 5 s and the rest o
1nterval between sets was three/mlnutes. _ Lo ‘ ﬂ; . E }
| VqMax1ma1 strength (1£FM) of the subjects was determlhed ‘ g Eﬂ

at the'beglnnlng of each week in order to adjust the

[
ey
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?asdin'the.test except tha“.

centric Training

" dure for tra1n1ng was the same‘

'load cell was dlsconnected
from the‘cable; The speed ? B mov1ng cable vas set to 13

cm per second Whlch means th‘ e repetlton on the average
took about 3 s to extend from 90 knee flex1on to 180°
extens1on. Slnce the speed of the cable was mechanlcally

flxed “the’ subject could not accelerate‘the cable more than

| the setvspeed ‘no matter the force applied. The subject did

two sets of 51x‘repet1t1ons. For warm up, each subject did
51x submax1mal repetltlons before the commencement of the
tra1n1ng reglme. ’

 For Isoklneticreccentric training contraction the
subject resisted max1mally ;rom full exten51on toward 90

r
knee flex1on whlle the cable was belng pulled downward at a
fixed veloc1ty of 13 cm per . second The regime. for thls
,a': )

tra1n1ng mode was two sets-of_51x repetltlons per training

session. The rest interval betweéen sets was three minutes.’

Lsotonic.Cowcentric and Eccentric with Isokinetic:!!ncentric
and Eccentric Training

.The,subjects in'this'gronp did a combination of all'the
tra1n1ng contractions of the other groups. The training ‘
regime for this exercise program con51sted of the follow1ng'

1. 'Isotonic-concentric: one;set of six‘repetitions,




Figure 14.

Isotonic Concentric Training.



(5]

' Figure 15 1Isotonic Eccentric "I‘r_ain'iﬁg: The Trainee Lifting tﬁ,e Weight
' Loaded Bar to the §tarting. Position. ‘



i‘.workload at 80 90% of 1 RM) o |
5h‘2..;Isoton1c eccentrlc' one set of four repet1t1ons,'
© workload. at 120-130% of 1 RM,
“3r];Isok1net1c concentr1C°‘one Set - of Six repetltlons,
'workload at 13 .cm per second o

»4., Isok1net1c-eccentr1c- one set of six repetltlons,
gorkload at 13 cm per second | |

The tra1n1ng contractlon occurred over the range of 90

3

knee flexion to 180 full exten51on or vice versa. . Rest

~

1ntervals between sets was three mlnutes.
'H EXPERIMENTAL DESIGN AND ANALYSIS
The de51gn of the study was 4\(groups) X 4 (tests; ’}
experlmental control group de51gn with repeated measures on
the last factor (tests). Factor ‘one was the Groups with four
"
leuels; Isotonlc,.Isoklnetlc, Isotonlc Isoklnetlc and - -
.Control group. Factor two was the tests w1th four levels
~namely;vTest 1, Test 2,_Test 3, Test 4. | ',_ »h,g
1. For reliabilityf the PearsonlProduct'Moment'correration
was computed from the Test 1 and retest scores of’ the 15
randomly selected subjects. The 1nter rater rellablllty,
on two set of scores obtalned form the same read outs (n
= 15) by two 1ndependent observers, was also commputed
for the abdominal and back strength and heart rate \
varlables.

2. Qata'was analyzed using % two-way ANOVA with repeated

.measures on the last factor. Where there was significant



"F" ratlo or statlst{cal 1nteract10n (Groups x- Tests

/

jlnteractlon) Scheffe post hoc test was ut111zed to
-determlne where the dlfference was. The Pearson Product

Moment correlatlon was’ appl1ed to- determlne the'

<

'_relatlonshlp between all the varlables under study.\

-.Values were con51dered §1gn1f1cant at the o = 0 05 level

for all the test procednres. I o~

The-Unique Analysis of Variance was'utilized to carry

- out the statistical analyses (Milken and Johnson, 1984).

&
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‘Chapter IV
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RESUL'I‘S ’AND Dtsscussmn S
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7;tReliabilitvt ' .
- ‘The- rellablllty coeff1c1ent was computed on all the‘

.dependent var1ables of the study (Table 3) The 1nter rater

.s‘ . .'.

‘relaablllty was computed on all the strength and the heart
’ .
rate var1ables QTable 3)

ﬁLx1mum Isometr1c Back Strength

-

The re5ults werE quate 51m11ar when 3bsolute back
‘fjhfv strength back strehgth per fg‘of body we1ght and lean body-
'ji‘ﬂ_mass were determlned For abl three varlables the-test main ;
effect was 51gn1£1cant the SCOYES.OU Test 3 -and 4 were
.,»rhzgher in. comparfgon to Test 1 and 2 (Table 4, 5, é,zg,r11;
.fﬂ" land 12) For absolute strength and strength-per kg of body . .

we1ght the scores for Test -4 were ‘also’ 51gn1flcant1y hfgher”

9

Jthan at Test 3 (Table 5 and 9)

For max&mum absolute back 'ength the group maln‘,'

BRI 8 '
- 4

I:;.efiect was also 51gn1f1cant thewlsoton1c Isoklnetlc group N

| belng 51gn1f1cantly hlgher than ‘the Controk\group (Table a
Q %nd 6). The dlfferencés between the ‘two groups’ seems to be
i dueato the subjects in: Isotonlc Isok1net1c g}oup, on - ¢ 2

1haverage, Belng about 10 kg heﬁhler and stronger than those
Ce E - -A:‘ * i .
| =.13:1n the Control*group Some strength drfferences:may have
» ‘ i
v%ﬂh ﬂ’Tesulted due to tra1n1ng for the rsotonzc Isoklnetlc group >
~; kS T

and no tralnlng fol the Control group.;;‘““‘lh o

X e .\A.:' e o ) T ; . i . ‘ - o .- o . o
B 1 S
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RECELN

Dépendentfvaraabie

: : R ;v" .
*‘Table 3i Test- Retest Reliab1lity Data for the Dependent Varliﬁles of
' . ghe Study, and Inter—ra;er Rellabillty Data for Selected

Dependent Varlables : h :

Tes’-Retest
Reliability
" Coefficdent

o

-

Interpbseryable /‘
Reliability :
Coefficient

'Resting Systolic Blood Pressure
esting. Diastolic Blood Pressure
Resting ‘Mean Blood- Pressure"

vRestlng Heaft Rate :

Back Strength . -

Back Strength per

Kg of Pody Welght :

;. Back Strength per

Kg. éf;Lean Body Mass-

Isom ‘Abdominal Strength

. Max. Isom.«Abdomlnal Strength pe*

... Kg. of Body Weight -

Abdominal Strength per

Kg of Lean Body Mass

Heart ‘Rate -

Heart Rate -

-Max aIsom

te Isom Abdom1na1 St.

'ﬁ:,Mex.hlgoton‘c Cena. Leg Llft-,
Streng H eart Rate

.Isoxxn”tic Con

Isokfnetic Ect.
. Strength Heart: Rhte‘.
Vertical Jump '

"Body- Welgh’ - - ‘

Percentage of Body Fat =

Lean Body “ass> S

‘5;81-
~0.59
L 0,71
. 0.5¢

- .0.85

' 0.88

. 0.9997 .

0.996:

B g

‘0.9799

0.59¢¢
0.99¢9a"

0.9976

(g
(Ns) ’
O’
0
L

fo
o
Y gV
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™~
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Table 4.' Suﬁmary TabLe of F-ratios for Maximum Absoluce

~Source

Isometr1c Back Sttength

N

o -

" Error.

-
4

ests

C P

'GroﬂbJ/x“TesﬁS

~ L

‘Error

'~ Groups .

¢ Errore -
s 42 ol

26476.38 8&58.7éfAﬂ f 3.0 3.

. 88115.30 - 24&7!65,'“'_;6;0f

\_n
L
}»_l
N
(]
(94}
W
X

e 78547.50 : 261¢
| 234&8.86”“"_,21:;

3717589 - 3t
23448.86 21

-
[h%}
.'!_v‘
e
o

e
, J 'Jl .

[y
"
[T
[0 «BEVo BN
B
oo

o <)

]

‘ *V,D:e‘no.tes 'S.ign'if-ic-aﬁc‘é\ at P<0.05

Table

g

Test

+

Set',

5.

;Iesg Maln Effect Summar~ Taole for Haxlmum Absolute
'Isometric Back Strength, :

3 . . T s

Mean (kg).

O (!
R

(S
+.3. v

> : . n .. : ! Pl d . . . s
: Tesp i 50,3 . 3.4 ’
- Lo B - - s . :
: Test 2. hG .7 3, :
- \ - . - . e Mm e oa RN
, ‘Test 3 : 88,3 Ty .
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. Table

'uh,fﬁéén %ksii;'

f6L' Group Maidﬁtffect Summaty Ta
Absolute Iaonetric Back Strength. B e

N——

ble fbt Haximum =

Significantly Differen;
from Test, (

(' =0. 05)

Group I

-Gtoup JI
. Group.. 111
;Gr0up Iv'

R

179. 78”' :
172.58
184,69

E

" Table -

Group -

]

Sy C ' '
7. Descriptive Snatlstxcs,s mmary Tablg for Mnxlmum
Absolute Isometrlc Back Strength (kg)

7

"'-IeSt.ﬁ

i;“f:SD.; Hin{

'_'Max;

ign*flcarzly vafe"ent
from Test ( e

' DR

CT1 (ne9)s

T Test

3

T (nell)

. Test:
"Test g

I ()

. Test:

oy

“Tes

;;Test
7 Test

TEsTA
- Test.

Test,.
.fibptéa

Test
Test

Test .

Test

k1ngv~‘

W

[V NS

S w N

' 154.46 18.55 128.65
158.15 19.19 124.50
fkanae 20,64 16634

188578 2127 158.52
£ 199.3¢ 25154 169.08 .

156,87 23 53 120 .35

'157.39 .28.93 120:87.
207,87 azJ%g 141.10
'_216 64 38 00 156 87;,

1140.35 1999 “107. 90“2
_{133 25 26,67 84, 66
16645 ,33.67 122.84 °
" 171.66 36.12 105.41 -

. 199;20f

192.56-

258.13
268,51 4,

j169.32 N
S 172.64
. 226,59
239,04

1196.71..
201.69.:
262.28° R
‘268,92 ¢ o

168,49
173047

~225.76 2
229.91
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Table

Summary Table of F-ratxos for Maximpm
- Isometrlc Back Strength per. kg of-Body Ueight.

ss

f’Error (b)

Grcups X Tests’

-7 0.64
©13.82

13064
L.

& O
~
- o

‘f'DQndies Sighnififance
o

,Tab1e ' .

~e.
v

| restiser .

at P<0.05

Test Main Effect Summar, Table. for Max1mum Isomet %
Back Strength per kg of Bodv height ' ' :

“ Mean (kg)

" Test
. Test.

.. Test
. Teﬂls’\

r:"_uu VI P
. b

2.08
2.0 .

T 287
.27C

“~o

‘ fe-?;tio ‘ﬁ\'

OO
0
~

@0

;-sn;.-car

“u.

Ny e
RO



“ ' Source

\‘0

;
TR
. r

MsT o af

»

F-ratio.

Graups -
Error--

“fTes:s*

Error

g

Groups x Tests
. Error

0561 3.0 1.
Q.53 36.0

611 3,0
' C.061 " 108.0

0.066 950 . 1.08

0.061 ~ %08.0

1.15 .

100.01 »*

.- ¥ Denotes Signific;nce\ét\P< 0;05_

'Téb1¢f12£

- . :

/

‘Test Mélh'gffect Su

Tesivsetf

e o

Back Strength ‘per kg of Lean Body Weight

T Meanf(ké) v Slgnlflcantly Different
: o Oy from Test ( oK = o 05)

. Test 1
" Test 2

. Test 3
. Test 4

239 L C3y
2.33 fV\" - . 3
1
1

5
Yy

S A
'3.08 0 L,

I_\)f\)-l:‘&

7
’
)

.
LI

ary Table for Max1mum Isometric: Q



f._;v‘Tgb'le 13,

Descr1p¢iVe StatisticsﬁSummary Table fof* '5"5"”“

Manimum Isqmetri¢ Beck Strangtﬁ-per kg of . Leéan. Bbdy Weight (kgﬂ

- ,.”,
.
A R

s_b"i‘;*

Min i..’-' i}

. )_'.

. o"'A

',’.4111 e
-4")

4,...

Max ;Significantly Differént
;r'vx {ro% Tes$ (7

2,—»0 051

' 1 (m 11) resé 172, 38‘5 p 342 1 az& p. 839 .2, u.'.: '_;“’;
© T Test 2. 2,407 0.285 i 925" 2. L740°¢ 3, U a
i w-, Test. 3. 21979 0.22742.576 3. 336 1,2 -
4-‘;. i “Test a:~@ Tes. 9. 349:2 785, 3.966 1, 2 5
Iy (= 9) rest,la 2.295°.0.276 1.832 2,747 4
. oo Test,z.{.z 203 O’232~‘1;842;_' 2.670- 4,
'”f;v¢_, ‘Test 3.°2.794°0.351° 2.478  3.627 - -
W o Test_szz 927 0‘438 2,543 3.837. 1, 2
i Cnis 9) Test'ﬂfj”Z 433" g 388 1.848 - 2.961 3, 4.
w T 2. Test 2772v42240,462 1.890  + 3.375 3, 4
S f _-Test 3.- 31247507615 2.579  4.289 .1, 2
. . Test'é“t‘i 305, o 655 2.564 - 4:402 1, 2
rv (n 11f Tescylgsz 428 o»asa '1.839  3.302 - -
:(. - Test 2.72:2660.311 2.031  3.072 3, %
Test:3in2 883:0.642 2.131  4.282 2
- Test 4; 2. 948 o 463 2.326 - 3.877 2



1031U0D

oavc_xOm_ o_co~0m_

o;uc.xom_

i ,‘..aeom_

szo wq

Ear
Byt e
0,\\\7\» 2
% -
2. T

2isa. v isay -
S

N

J(J

,oom“,

(B¥) Wbusag woeg

A “,.u..,__,.,.masohw >v3m m..: 10} 19A0T amm._. e
:omo qm(.ﬁm:m.;m yoeg o_:mEom_ E:E.xms_ m_. o..:m_n_

.



d'f-hTest 3~ 1n relat1on to Test 2 (Table 10) The maxlmum )

The greatest increase 1n strength for all groups

.-

'foccurred between Test 2 and 3 (Table~7 FHEE:e 16) The mean‘

'scores of Test 2, for a&l groups, were sl1g tly but non :;j__

t'.iSlgnlflcantly lower than the Test 1 scores (Table 7). The

- ﬁirst two‘to'three weeks of the study.»-

o

'greatest decrease at Test 2, about f1ve pencent, occurred

_for the Control group {Flgure 16) The decrease yp strength ‘“Jf

1 5‘ ¥ .
at Test 2, for;all groups, ‘ay have been due to random o »

-

fluctuation and/or muscle soreness-wplch was experlenced 1n i
S ’ ' X ‘-v
e

As determ1ned by mult1compar1son between cell means, by

yscheffe tests, the absolute back strength for all the--ff‘

exercise groups 1ncreased 51gn1f1cantly at Test 3 and 4 in.

.compar1son to the1r Test 1 and 2 scores (Table 7) JThe
‘Control group d1d not amprove absolute back strength at Test E
ey 3 and 4 i relatlon to Test 1 (Table 7) The back strength

'hper kg of body welght and lean body mass 1ncréased 1 ""'v(ii

‘-1151gn1f1cantly for the- ISOtOﬂlC and the Isoton1c Isok1net1C1‘

;;.groups at Test 3 and 4, 1n relatlon to Test 1 and 2.

"sagn1f1cantly at Test 4 in: compar1son to Test 1 and”?g and j

.fﬂat Test 3 and 4 1n relatlon to Test 2 (Table 13)

have been due to a- learn1ng efiect and a tralnang effect

A
LTyt

’Isok1net1c group 1ncreased 51gn1f1cantly at Test 4 1n

'compar1son to Test 1 and 2 (Table 10) For the Control group

fthe maxlmum back strength per kg of body we1ght 1ncreased

ack:

+

-k5stnength per kg oﬁ hgan*body mass was 51gn1f1cantiy hlgher _

.ﬂ
Sk e )

The 1mprovemenﬁ 1n the bé&k strength for all groups-may

lr
)



1 Maxlmum Isometr1c Abdomxnal Strength - : .,u_sz
j o For max1mum absolute abdomlnal strength abdomlnal
f strength per kg of body welght and lean body mass the test

]
]

o main effect was s1gn1f1cant (Table 14,17, and 20) For all-
.} three cases the Test 3 and 4 were s1gn1f1cantly hlgher than
’/ the Test 1 and 2 (Table 15, 18, and 21) For max1mum:

|

*/_absolute strength and strength per kg of body weight the

! )
| .scores at Test 4 were also 51gn1f1cantly hlgher than the

| Test 1 scores (Table 18)

o tf-v For all groups the mean abdomlnal strength showed a
Atendency ‘to 1ncrease from Test 1 to 4 (Flgure 17) The
greatest 1ncrease in strength occurred between Test 2 and 3
(Table 16 and F1gure 17) For absolute strength,

demonstrated by Scheffe post hoc procedures the Isoton1c
group showed a 51gn1f1cant 1ncrease at- Test 4 in relatlon to-
‘ Test 1 and 2 (Table 16) The abdom1nal strength per kg of
ﬁif ’_ body we1ght 1ncreased sagn1f1cantly only for*the 1soton1c

group at Test 4 in comparlson to Test 2 {Table 19)

The 1ncrease 1n the abdomlnal strength for Isotonlc

group may have been dué to learnlng and traln1ng effect
caused by the abdomlnal contract1ons dur1ng four sets of

P blsotonic leg 11ft exerc;ses. The ma;n reason for not &&L %

be that two sets of exerc1ses performed .on. the 1soton1c freeh

obserV1ng a 1ncrease for Isotonlc Isoklnetlc group apears tO‘Z'
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",I’able 14. ‘ Summary Table of F ratios for Maximum Absolute
7/

R R : Isometrlc Abdominal Strength.
PR ot . ; .
' ss o MS \ df ©  F-ratio
‘Groups '~ 353.72 1181.24 3.0 . 2.12
Error % 20036.74 - 556.58 36.0

Tests . '5350.08 % 1783.36 3.0 49.62%
Error . - . 3881.86 35.94  108.0 R
vGréups x Tests . __~(~l;23.'79 57.09 90 . »1'.31 '
Error - - : . %g881.86 35.%4 -108.0 -

* Denotes” 'Signi.fi_ca‘hc.ea_"@t P(OOS

R
@e:‘ R

y .
~ o |
Tatle 15 Test Main Effect Summary Ta‘Qle for. Maxin&@h Absolute
‘ Isometrlc Abdomlnai Strer»gth - i o
. ' 0 ‘. ./I‘"\ i 1] 1] L]
Tesr_.‘sét A b%‘éaﬁ {kg) . . Zignific anth,Ql fferent
. BA "'ror Test ' { & = 0.05):
Test. 1 . 53,5 3,
" Test 2 o 52.4 3, 4
Test '3 - 62.2 : 1,2, 04
Test 4 -~ 66.1% 1¢2, 3




Table -

16. Descr;pt;ve Stat1stics Summary Table for Maxlmum
Ahsolute Isomy 1$é Abdominal Strength (kg) g

;"Cfﬁﬁp"t  " Test :f: oo Max Signlflcantly pifferen .
L ‘ L - from Test (kK .05) "
T (nell)  Test 1 58.10 8.80 39.86 74,70 - A | -
o+ Test 2 52.37 6.48 42.33  63.91 oy
Test 3 65.19 87.15 -
Test 4 72.33 - 85.49 i,
I1 (ne9) s Test'l 57,36 1 34.70
| Test 2 55,30 11. 18 57 35 72,73
Test '3 65, 560 1 75 B85.45
" Test 4. 69 47 I §S,A9 .
“IIT (n=9) ' Test 17 53.03 92.%6
' '7 . Test 2 56,45 72.21
- - Test 3 64,00 20. 109,56 -
Test 4 17. 101.26 - )
S | ef : 6??g$ -10r.2 |
IV (n=11) = Test 1 '45,10‘ ) 58.10 o
©T L Test.2 46.63 70.55 :
© Test 3 .54.86 - .80.51
Test & 56 37 R (I

O R A

R

ke



. Table. 17..

-ﬂ%

‘Summary Table of F- ratios for‘Maximum

isometr1c Ademlnal Strength per kg of Body Neight (kg)‘

Source,‘v I 88

Ms -

,fﬁgdf'

F-ratio

lgroupé\ ‘ A .1 0.06
Error. o AR
Tests. . .~ 0.89

Error - m . . 0.83
.c)_ ]

K2 -

'.Croups.x Tests . 0.10
Error . 0.83

14

. 0.021
0.050 .

S~
,0.30

o 008

0.011‘

0.008

3.0
108.0

3.0
[ ¢
36.0

9.0

,li§39‘

0.41

38.66+

1.50

' %'D¢ndtesv§ignificanc¢ é;-&;.O;OS‘

~ Mean .(kg)

‘Significantly Different
trom Test ( oC

s

20,74
0.71 -
0,84 .
'0..90

L aTwtw

-

-

NN

&= .

0.05):

Tw

L

.

s
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Table 19

o Descriptlve Statistics
‘? Maximum Isometric Abdomxnal S@rength per kg o

Summary Tdble f%r j-;f ‘:’.”
f Body Weighn (kg)

..h', A
¢

o ).""f

e ;“'.{‘ ;; _ ..;; | - » o ’
Group S LTest '\g)'E i 8D Min. Max, Significantly*blfferent :
f; B R _from Test‘ (e =100 05)
T (nell) 6 Test 1 V0,798 0.125 'o.fsm 0.988 . = |
L Test 2 0.690 0.148 0.492 0.932 - A .7
~Test 3! .0.842 0.103 0.709 -0. 981 e o
‘Test 4 = 0.947 0.134 0.757 1. 157 2
T (a29) . Test 1 0.770 0.161 0.508 1.0es -
. . Test 2°°70.710°0.134 0.530 1.02} « =7 )
3 Test 3 0.845 0.159 0.666 1,192 -
= Test & -0.900 0.127- 8.722 1.172 -
111 (f=9). - Test 1. 0.696 0.156 0.4¥5 0.927 - -
o Test 2 0.750 0.130 0.644 1.061 « - . .
. Tesy. 3 0.830 0.161 0.584 1.085 - - T
. | Test 4 -0.860 0.130. 0.623 1.093 = -~ B
IV (n=ll) . Test'l  0.684 0.172 0.295 0.958 - & B
Test 2 0.704.0.099 0.913 0.870 ~ - - =
‘Test 3 .0.829 0.126 0.612 0.999 . *-" =
v Test & . 0,856 \O.IOZP,Q.MI- 1.100 - .
. L A S -
< ) -'
- ' : _\,
e SR
| A
| ]



o

"s“rc g ,-’ e .-s.'*'s'-? DI ‘,;,»‘_-s. R :df" F-ratio it

- -Error-_, ~,:¥'??  Iui3é;33:af;f””orbss 3 36 0

Groups X Tests R 0@14. ”ffu 0;01§x 9.0 o1
. Bpror . ¢ 11200 0.010 - 108.0 .0

“ Goups .- Cov.as _ *-",¢.062'  3.0 0 95

O Tests af.f=f £fiL1f7ff 0. ”0‘”;33-.f,36495;g?ﬂ*“

v

: | Error . S a2 Cos010 198.’0_-‘ N

.

Uerést-Set[ -  Mean\(kg)" Ly :Slgnlficantly Different  -

4( \ T§8t23 SRR 0, 8% RS R
o Test 4. - .. 0.90" S

* Denotes Signiffcance at'P€0,05 . .. ol L

noL

',-Table'ZI | Test Main Effect Summary)Table for Maximum Isometrlc
: ) -Abdominal Strength per kg of Lean Body Waight.

~
%

from Test (ol = 0.05):

x

';Test 1 082 - SRR TR 3
. ‘Test: 2"' f‘,.-,_r.f_l'.v;f_-Ao.n S TR |
T

*

~.‘_-mr\)r.-::

. - e
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fTstrend%h observed over tlme (teSts) appears to be due to mﬁi”“

¥ 1d
W

®
L T

P s A Do & :
.w FQ€ vertlcal Jump helght the test maln effect wasu-“"s

B

s1gn1f1cant (Table 22) The vertlcal jump helght scores nere'

L ; . :
51gn1f1cantl§5hlgher for Test 3 1n relatlon to Test 1 and 2 L

" and Test 4 1n comgar1son to Test 1 STale 23) S ‘:T’lhdiik;f*
. The mnlticomparlson between ceil means, between groupsﬁ B

[ I R

or tests, d1d not show any s1gn1f1cant dlfferences (Table"“;

Appendlx III) o _-:f’j“ti_ o "::-{'- .fd ff“'le'

The overall 1ncrease in the vert1cal ]ump helght S
\'v'\4

R
e obser d over t1me ap%ears to be largely from the learnlng

effect and p0551b1y some tralntng effects. The ma1n reason
" \

™ o
for not observ1ng SLgn1f1mant 1ncrease, ﬁor partlcular-."
’ ™,

) e )
groups (cell means) OVer t1me seems be that the contractlle

.'ﬂspeeds for dlfferent exerc1ses were not high enough The

bcable velgclty of 13 cm per second translates to llmb .*'f;
veloc1ty of about 30 Ffr second. Thls speed would be -
"idcon51dered a slowﬁspeed (Plpes ‘and. Wllmore, 1975) Varlons b' :;"

' bgstud1es report that the verék\al Jump does not 1mprove very

v'much by the tra1n1ng done at low speeds in comparlson to the_ﬁ
hlgh speeds (Plpes and wllmore, 1575 Sm1th and Mel'on,‘

1981; Wathen and Shutes 1982) o



Fable

Source

22‘

';. .

Summary Table of Fkratiqs for
Vertical Jump. o ”nt-‘gf'

PO

e T e
GOT Groups-:l i

-

Error-“_ E
Tests
"Error
R

-:ié,jalrror‘.

s - Groups X Tests _:

" 888.98
564560
220,21
.f610;402f

61000 s

".,,"3_.6.}'0'_ :

156 82

73 an;-'
-.5 65

«390.
"108.0°

7y

78.77 7

% Denotes.

:: % Y.
o L -~ .
e . .
' Yo .
: ) . R

A ferse

ignificancé at P 0.05 -

Toar Lo
K A

e o

 Méanl(¢m¥fA»”

- ¥
)

~fram Test (

[

;"

Slgnlfican91y leferent

0 05)

TeSt'fi’
‘. Test .2

..+ Pest 3.  >    

B . ",  Test 4"

ASO 9 .l -.0‘.

53-3‘ €7‘. '

L ‘;”.‘; 3» 1-3
52 1 | ‘ CLoet .':_‘\ Lo 3 .
3 ¥




X , 3
g’fﬂnn blodd pgessures were also lower at E
" nﬂﬂ: Test 3 }Table 27) ;he multlcomparlson between cell means <2
t;%h dld not show any 51gn1f1cant differences (Table 42*44 E
: A Appendlx III) ’”h,v\f \;fif'h | “if'_ o : ,T?,,H V\
; The overall decrease observed at Test ‘2" seems: to be due
{:kto a random fluctat1on. The ma1h reasonvfor not obta1n1ng g
= ‘s1gn1f1cant decrease Jn; any of)the BP varlables -at ’;1 ;(v_ dh,f
,“hf'sobs€QUent tests appears to be due to, the short duratlon of | -
'exerc1se se551ons. Stone et al (1984)‘found 51gn1f1cant . h'kthﬁf
S decrease 1n SBP Each tra1n1ng se551on, “in their study, was\>
; “of more than 45 mlnqtes n ducat1o€151x days a week for‘
" .919ht weeks. :'. ‘ ;a_'r B | .E‘#;if B . | *
o Maxlmum St.rength Heartp Rate Va-rrébles ' ],, ‘-‘ L . ‘
" ?or max1mum 1sometric backﬂstrength heatt rate the test }
; vmaln effect was 51gn1f1cant the Test 1‘be1ng s1gn1f1cantly Lilflﬁ
- L hzgher than the subsequent'tests (Table 30 and 31) F°r»~q.h*7*.”;
E;f max;msmvlsoton1c concentric leg—lnft strength heart rate‘the ;,}
”':1 test and the groqp by test\1nteract1dn was- slgn1f1tant f;
'f (Table 32).aThe heart rate°fof the 1soton1c concentrlcﬂf -{f : i
.‘- leg llft strendth was 51gn1f1cantly h1gher at Test 1 in ‘ U
Ty - - s e o e
' I :

T:lﬁ(Table 25 and 29) In add1t10n, ‘the" d1astollg and ﬁean

ﬁiﬂFofidiL.three vag:ables ﬁhe blood pnessure was

'f,antﬁy Iower at Test 2 1n comparlson to Test 1 and-4,fﬁ’f*f




Jo-

. Source

?ﬁ;}’ r,bxe.fzé ;Summaty Table of F-ratios for

Resting Systolic BloodAPressure.i- ‘ ;”@7‘Q

'ﬁswﬁk:,i_45dfx..:\E-raiibx:.

Groups - -

El.'l'd!:i - P :

AEAY
:
-

colesle

-Efror

Error

o

Gfoups X Tests S ; 250 39 -'27,82;

'é;ﬂg 588 18 19606 3.0 0.79

8962 47 '112_' 9

~fh;yzza;56“* 241.- ~ .
'v,3dnsfa9j4~ 28. 20 103,0 AT

R A A PR ; e . . . ’

L% Dénéteﬁtéighificéhgé'étI?(O.Qslb_vf:

LR
. ;‘.f 16
,T%blﬁjZSs

 Testser [

. X

Test Maln Effect Summary Table for Resting Systollc L

Blood ?ressure L N
X . Lo v .

.

. Mean (mm 'Hg) . Slgnlflcantly leferent —v'.

Test 1
" Test 2.
- Test 3

Test 4- .

from Test ( X. O 05)

ey : 2 ."W
08y , ‘ T T
SRR A : ' S : L
1270 » R T T




Tabié.VZG._ Summary Table of F-ratioe for ,i f;rh '
"Resting’ Diaatolic Blood. Pressure_..;:-j- ‘

"o‘..44‘.>'. - S . .\‘._

s

. . Source - . "ﬂ:i{e-SS;{ :',v.iﬁs.,n ”(: jdff fe}F;r§tfof

.o orewss . T 60618 202:06 ¢ 3,0 © 115
St CEerer . - . 6335.70 13;.991.»’?' 36.0. .

Tesgs S '-;{.,,453,6_.49‘ 162,16 . 3.0 6.11s
NError’ 00 72‘867%85 G gblsst 108.0 ‘

Groups X Tests; ?7f.223.77 - 24.86 9JL- A Q.94J~e' - t'L}
Etfror [ ' . 2867.85 . 26.55 108.0 - R

", % Denotes Significance at Pg0.05

.l" U

Table 27 Test Maln Effect Summary Table for Resting Dlastolic
' Blood Pressure. : . : _ ]

E . .i.IeStlset o ';Meen'(bp@); L Slgnlflcantly 1Pferent Sy
S = L - from Test ( & .= 0.05): '

. Test'1 . . 76.8 2

Test-2 = 72.2 - : _ 9,
Test 3~ - -75.8 o : o
- Test 4 S 75.8° IR -2




Source

" Table 28
a 1est1ng Mean Blood Preso&re. REREI
e

ss

' Summary Table of Fpratios

-

‘Ms. . af

F-ratio

Groupék

Error -

" Tests

~.'Error

Groups x Tests .
“Error =

441.43
6056.89

W 560.15

220655

170.19

©18.91

2206.55 - 20.43  108.

147.2 . 3.0
168.25 . 36.0
186.72. 3.0
©20.43°  108.0°

. 000

oo

":'S;IAfi-

ob

0 87

C0w93

; Table 292 Test Main Effect Summary Table for Restlng Mean  _"

Blood Pressute

.,Méan>(bpm)

R B

»ngﬂlflcantly Dl feEenﬁ
f“or Test ( o

Cox be“°-te."5-.f"5,‘?~'8“i.f5.¢c"aric‘eiat ,P'<'0"._°,5.“: iyl

[

0. 05)

Test™

. ‘Test
< Test

Test

W N

"89.'11
84.3

87.9

7.5

R 2




Tablg 30. Sumdhry Tab1e~of Ff'a‘ios for Maximum , 
e s "\ Isomeuric Back Strength Heart Rate. ST
. DR source X ‘ . . ' .‘ B .‘ SS :‘-‘ . b_ . Hs . . .- df l".

o aGrops T 371,18 123, 73 RN
Y Errer’ <. 20441.45 "‘f 567. 82 36,0
?\.' Tests AR 39j8&’.83

| o AJl3317.23

~ * Depotes’Sighificance at P <005 < v

Ca s S
B R S R ey

_-1;Tab1e131 Tesr Main Effect. Summary Table for Max1mum I'omettici_. tS7 o
. ‘ Back Strength\ﬁeart Rate. '_':. . P L R
e REEREII ; N A
Lo o e CRe o :
o Test Set S Méan (¥pm) ”f'v ngnlf*cantly leferent o
. : T _ from Test (. & 0 US)'”‘«“‘

. - E L [ ; TN . T L
*st o 0000 L B S-S A \: o
__Test - 98.0 N T U
Test 298.9 . oL L T

o
—

W N -




CaTe

:'-.:~§Oﬁrcé5mﬂﬁ5:; S sss

) :‘-, : Table 32 Summary Table of F- ratios'for Maximum o
' ‘, Isotonic Concentr1c Leg Lift Snrength anrt kate.‘.

o Cdf F-fatip  o

CError - .

. .Growps. .. 2726.66

" 2684301

'f['Eés;s .*'.*fé“‘:xf.*1449.17
‘Error® - o 13554.61 -

_‘Groups X Tests.:-*’ 5177¢&8= 
 Error‘" . e

13554.61

0889 . 3o 132
L 690,08 . 36.C -

H

¢ . o

”ias3 06  3.0:7 .3.85+

125 51-

575.28"> 9.
125,51 108

4.58R

vy

Table 33. Test Maln Effect Summary Table for Maximum Isotonio
- ' ConcenErlc Leg-Llft Strength Heart Rate

e e
. - RSV

Test Seét

bl e

*:bénoges.Sighifiééncé,at-?<(0;05i

_Me;ﬁf(ﬁ@mﬁ{ﬂ

o

v . - b‘,

A

\\ Slgniflcantly Different,

from Test ( o('- 0. 0“):

Teo418.6 0
T e
L1309

- .110.9 "

oW




‘and: 52, Appeqdix III)

sslncpease 1n strength may have been due to greater'

~5

:j,‘I‘*;THEre were no\s;gn1f3cant dlfferences found for max1mum

\

- lsomebrlc abdom1nal strength heart rate, and 1sbk1netlcﬂ*vf

. '*\\

&
concentrlc and eccentr1c~ lég 11ft strength heart rate Ly

'ivarlables (Table 46 52 Appendlx IIIT' The multlcomparlson

between_tell means for all strength heart rate varlables,

D
» .
—

The overall decrease 1n heart f%te for max1mum back

fstrength and. 1soton1c concentrlc leg 11ft streﬁgth appe:;si
to ‘be due to random fluctuatlon 51nce no clear trénd was .

demonstrated over. tlme. Dur1ng all strength tests the heart

\ -

tests (Table 34) was s1gn1 cant although the

14
>fmult1comparlson between c ll means d1d not show any v\*

“ . e | emsina

s;gnlflcant d1ffesences (Table 53).

Percentage of body fat and lean body mass d1d not

.

'change s1gn1f1cantly (Table 54= 57 Appendlx III) Plpes and

\\ s N

relat on,fo Test 4 © le 335””' o i;,g:.h";-tl"5hftt5;x:hﬁ'
K T%g;\ LR T

.

\‘:‘, ‘.
1nd1cated no 51gn1f1cant dlfferences (Table 45 ; 49,'50,’5

-
e
A

: rate showed a tendency to decrease somewhat w1th an. 1ncreas
: . N N . S
fln streﬁgth The sllght decreas ' assoc1ated with an P ;\\-*f

resxstance agalnst blood flow caused by the muscularb' A ﬁ;f
contractlonp ThlS wBuld have had resulted in: a greater ffﬁur
yres1stancé agalnst the heart to-pump the blood cau51ng aqlw P
.sllght decrease in the heart rate..'i i'.?l | S ”5¢: '

' 3f ' :'?f‘k - ,;; o o |
'Body Composxtlon ;}f 3 b ;vh_i';"'”' _:f5§1 ./ﬁ C%%;

'Q}
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.. X
* Error

1

S $. : o :
‘,<§::ups‘x Tests
L ror - ..

e

. SS

' §3 

o ‘Bedy Weight.-. ',
: A A

-ratios for i

' DF

/

Tests

e

&

+'3962.28- );1§§9g2§; 

§'119781.o3'-_
h ."
o

C 347,17

©74.56

347.17

5,96

B

.¥ 3

\

0

86947 36,0,
49,47 1L 36,0, T
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W1lmore (1975) and Stone et -al. (1983) not1ced af f};

R s1gn1f1cant 1ncrease 1n 1 an. body mass and a decrease 1n

S

V*t1mes a. week Harrls %gd Holly (1985) 'and Hurley et al.

\chksonis (198Q

.the tra;nlng reglme was qu1te 1ntens1ve. The duratlon of

‘ per session, six days a week for eight weeks

L)
percentage of body fat Each tralnxhg sesszon in these

‘ stud1es was more than 40 mlnutes in duratlon, least three

.(1984) found s1gn1f1cant increases in- lean body mass but not

‘the percentagevof body fat. In these two SLUdles the‘

»

1nten51ty of exerc1se appears to: bo Lower than ‘the. studles

of Pipes and Wllmore (1975), and Stone et é«i (1984) .
.-, : -:1:5\'
z The ma1n reason for not observ1ng a 51gn1f1cant

l o . SN

x’Lr
decrease 1%<perce3tage of" bbdy fat in. thls study, seems to

'be due to the short duration of the tralnlng se551ons ‘Lean

‘ h—'..
body mass d1d not appear to change 51gn1flcantly malnly”due

to limited amount of muscle mass utliazed in the exerc1ses

A

'Resting'Heart Rate - U o s

¥, i X ’ . ©
RA L v

The RHR- d1d not chénge 51gn1f1cantly between groups at

A
,

study The SUbjeCtS in thEIr study

exerc1sed f1ve days per week for 10 week Stone et al

(1984) dig- ‘not obtaln a 51gn1f1cant decrease in RHR although

-

.exerc1se in Stone et als. (1983) study ;'was more than 45 m

. e

" The main reason the subjects of thls study d1d not

;decrease the1r RHR s1gn1f1cant1y appears to be due to the G

A



»short duratlon of tge exerc1se sessxons and not enough

. _ ,
'L}'ltra1n1ng se551ons per week L é)-“ vfw' -
'Relatxonsh1p Between Dependeni Var1ab1esvu~k
\.‘ . ’ N \ . //- ta ’

The Pearson s moment correlaﬁrontcoeff1c1ent matrlx of

gaII the dependent varlab es is. shown 1n Table 35 The
L

srest1ng BP varlabl/g/correlated to a hlgher degree among

”each.other, absolut bdominal and back strength body
o e _ ﬁ P

yeight.and leanNbody mass than other dependent var1ab1es

(Table 36) The 1ncrease in BP as the ‘body weight or lean

» -

~ . ‘body mass 1ncreases may not be a . true 1nd1catlon of the j”'
Lrelatlonshlp among these partlcular varlables. The’ BP may

have‘been s}lghtly over est;mated’1n the;larger,lndlvlduals
::and under_estimated'in the smailer‘individuals‘since the;a
same cuff was used to“measure.their‘BP'. Y |
L §§;%~ Restlng‘heart rate had a.- tendency to correlate to a
- higher degree with HR at peak force durlng various strength
tests than other varlables (Table 37). Perh;ps-51m11ar:-ynf“:
s

faetors 1nflu ced the HR durlng rest and exercise; &uch as
. ] g ) -

hormones, motiv tlon-vanx1ety, eif

| }bsolute isogetric back and abdomlnal strength

corrrelated to a hlgher degree among. each other, as well as
" body welght and lean. body mass . (Table 38) The heav1er

1ndlv1duals showed a tendency to have greater lean body

imass. More muscle mass on the body can be expected to be one

of ¢ 2 causatlve factor result1ng 1n greater’abdomlnal anda

&

s
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'fPearSOn Correlation Coefficients

.among : Resting Systolic, Diastolic,
A and Mean Blood Pressure Maximum
- f'_Isometric Back .and Abdominal-
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’ Body Mass
Q
©
[S] el .
N ) -0 o . .
. ~85 %5 =5
' G Gt @ Qo
>0 ~ 0. Q0
. SRR oo = o
o s & P g 18
. v, 0 O 8 e, b0
- EER R T — O
o R S O 2 0 o0
R n O n O 0 O -
Q ~ U e~ O~
(== x=m ‘. m
Resting Diastolic -.68 = “L96 -
' Blood Pressure ' - o
Resting Medn i}87' - -
Blood Pressure ' :
‘Isom. Max. Back St. A .35 e
! i Y . .
. :Isom. Max. Abdom. L5 .31 .37
St - '
Body Welght €z kg g7
:. Lean Body Welght .85 48 Y
% .




N

'Vi'1'Tdbie‘§:37;‘.fearso§_Cérhelatioﬁ\qgéfgiciéntugﬁéﬁg3fL,-j _‘j' :f“jfre.

. the Heart Rate Variables. - . . -

\ . T e .

Ly

: I 0 0 . P
- 8 Qo - oo & o - -
B~ ) o ) R ey D B,
Rt g -0 -3 m .
B . . e o, -
- 0O . © Lo o .
T OIS L O [S3rey
DL 0L 0% " Ot W
. <. ® O O 1 © . e
| e (] o
. S [~ e o8 O,
X N e . Xt »® L T
' E5 25 £5 £5
. ] . T 8 .C
-‘ﬁ;' L -] oo LI w3 e
h B e 0 X0 X o PN T ,
,, O. «,0.% SO L O - 0 o . s
(2 RS N e 0 0 D U - ‘ . '
1 =0 H W HN  H® e .
MR Y] . g
A L ¥

‘ Isom. Max. Back ¢
" St. Heart Rate .
. Isom: ng.vadén. . o A K .
‘St. Heart Rate - : -+ .55 .63, - .58 .33 ,

isot..Max.’Conc.ﬂLeg' ' 3¢_ o
- Strength Heart Rate., - . - .~ - . 60 47" 29
: Iéok;fMax..Conc, Leg = ' S e 'R\ ,
‘Heart Rate === 65t L28Y
‘isék.:Ecc; Leg; St. o S ‘-_' s T
'Heart Rate -. =~ - 7 " _ - = .50 : 1»@

-
o

.
N
=
i
]
=
*

-3
o}

.

(V)]
P-4

T S

s n_ ; . . L . @ ~ . . . \



' ;,foilsom Max. Back 7 ; ':7g“j}é Iscm Max. Abdoq}nal

fhéanfBody R ; o
e T m

~, Mass !

' Body

g ! . .
‘ e . 39;:.Pearson CoRrrelation: Coef€1c1ent of Vertical
: Jump with-P rcentage of Body Fat. o

__. Percentage of - ...

SRR
‘ 4 ' ro= ":149\
., Body Fat’

¢
L )
'
.
i
~.




cm back muscular strength

._;qr,ibf; The Pearson s Moment correlat1on coeff1c1ent among allfj :

‘the maxfﬁﬁﬁ“strength HR varlableé was hu1te h1gh 1n

| compar1son to other varlables (Taple 37). Th1s trend seems.ffg

“to- 1nd1cate that s1m1lar phy51olog1ca1 factors caused an'

'1ncreése 1n HR dur1ng peak for&e durlng all strength tests.

'3 The 1ncrease 1n HR durlng maxlmum strength testlng may ‘be o,"’d

due to several factors act1ng in conjunctlon- such as an
r_zncrease 1n cardzaé output whlch is- usually requxred to meet@,\¢‘
’ A" . ’Q‘ .
the metabollc needs of the worklng muscles, hormonal o f &
S -

‘ env1ronmental‘ -and motlvatlonal factors. - L
R b . TR

. The . vertlcal jump correlated hlghly negatlvelv_flth
Tzﬁf:dpercentage of body fat than it d1d with other varlables
"(Table 39) The helghb of vert1cal Jump decreased as’ one
{htended to have greater percentage of body fat o

> o - . BRI o , ' ' EHRET T



‘I

‘tralnlng methods on°

PR

. ,'.

“f-fstrength tests, vert1ca1
\lﬁand percentage of b"y'
were randomly.ass1gned to one of
. (n
ltotal contractlon t1me,

4 Four test sets were. cquucted Test 1

fTest 4

'hfmultlcomparlson of cell means, done by scheffe test,

jshow any 51gn1f1canﬁ dlfferences.

L3N S

Chapter v

: ;‘, }'.; - smmmy coNcr.usron anp nr:comnnamons T e

‘of 1soton1c concentnlc and eccentr1c,

.H‘

The purpose of the study was td*lnvestlgate the effects
/

1sok1net1c concentrlc

and eccentr1c and .a comb1nat1on of these lower llmbs'"

rest1ng BP

if \abdomlnal strength heart ratelat peak force dur1ng var1ous‘5

K]

at-'\

Forty healthy volunteer male subjects rang1ng in- age

':~.from 18 28 years partlalpgted 1n

= 11),

Isotorhg (n

9)

fump, body welght

Isokinetic {n-

’or”thé'control groupi(n_

'restlng HR back and

lean body mass,.

thlS study The subjects o

»

fthe follow1ng group5°

LU

-9y, Isotonlc Isok1net1c

»

'11)

All tra1n1ng groups

performed four sets of' exerc;se per sess1on, each of 12 s in

Q' The results sh wed 51gn1f1cant group by test -

R

three tlmes a week

each belng at about three and a half weeks 1nterval

fop 10“weeks.'~

Test 2' Test 3 and

AR

'1nteract10n for the body welght and the maximum lsotonlc’

concentrla legll1ft strength heart rate. However, the_y‘

5
RUE

The test ma1n effect was 51gn1flcant for the°

1. .'

»

2;f maxﬁmvm 1sometr1c back and abdomlnal\strgngth

L3

body we1ght and 1ean body massv

¢

".:p\'

max1mum absolute 1sometr1c back and abdom1na-

K h;~j102 '

did_noth

- |

strength

'er kg of

r;'



73,;gmax1mum 1sometr1c back strength ahd ﬁaxzmum 1soton1c %l‘

'“xconcent%gc leg l1ft strength heart rates,

]l S S U (“.;“
A

4, rest1ng systol1c, d1astolzc, and mean blood pressuré f
e " and ] .'; . » - . E . ‘ A ’ . ;o ,: : .I ) . . - . C ) L
,f&.]vvertlcal jump o R '.f L
AR - S . ‘ .

For all max1mum back and abdomlnal strength varlables the K
strength scores were. s1gn1f1cant1y h1gher at Test 3 and 4 1n

.'relat1on to Test 1 and 2. The max1mum 1sometr1c back

Y A I Y S

.‘\\ !trength heart rate was 51gn1fcantly hlgher at Tést “.in
comparlson to. the subsequent tests. The maximum 1soton1c'-”‘u.
concentrlc leg l1ft ‘heart" ‘rate was h1gher at Test 1‘in

’ relatlon to Test 4. The restmng systollc blood pressure at
Test 2 was hl*t than at Test ‘1 and 4 The restlng |
d1astol1c and the mean blood pressuée.were h1gher at Test 2.

.1n comparlson to the other test sets. The vert1ca1 ]ump was Qé‘jﬂ
51gn151cantly hlgher at Test 4 1n relatlon to Tést - 1 o
L The group maln effect was 51gn1f1cant for the max1mum

1sometr1c back strength The Isotonlc Isok1net1c group had

' 51gn1f1cant1y greater strength‘1n comparlson to the Control

: i% group."'f’”

‘CpncluSiOn , R L e _.ﬁxd?

o

e Based on’ the results and w1th1n limltatlons of the
. .4 -

study,_the fOIIOW1ng conclu51ons were drawn-"

‘1;“

+

_\ . . ) Sy



”7rtra1n1ng method was dem\nstrated to be superlor over the

dthe objectlves of the tra1n1ng program..

*.others when the 1mprovement 1n back strength is one of »dq,/

L}

-iTha 1soton1c 1ower 11mb tra1n1ng method does 1mprove the~”
: <

.,‘

-iabdomlnal strength 51gn1f1cantly Its superloré"over'

”»‘the the other tra1n1ng methods was not demonstrated R

.
few;

3.

'. “i.4'.

5

,65

-’Therefore, all tra1n1ng methods appear to be equally ;7' .

‘concentrlc heart ratef

>4
L

effectlve for 1mprov1ng the abdomlnal musculature‘f"

A strength

'The lower llmb re51stanqe tra1n1ng and/or testlng may

decrease the max1mum 1sometr1c back and maxlmum 1soton1c

LN

”The lower 11mb re51stance tra1n1ng does not -
s1gn1f1cantly decrease the rest1ng systollc, diastolic,
and mean blood pressure. N . . ',f 7'; SR .

'All three tra1n1ng methods ot/}ower llmb tra1n1ng are'

fequally effectlve for 1mprov1ng the - hEIth of " vertlcal u

i_JUmp N .'\;;)' : '“f_'bhbh‘»""'

| v R TR
The. 1soton1c, 1sok1net1c or 1soton1c 1sok1net1c tralnrgg

‘.for lower l1mb does not 51gnlflcantly

a. decreaSe rest1ng HR R s .'v_-‘;‘,._ﬂ

"b. decrease»max1mum 1sometr1c abdomlnal strength heart‘

rate, |
c.v“decrease max1mum 1sok1net1c concentrlc leg llft h

"hstrength heart rate,_» . |
d..'decrease ‘maximum- 1sok1net1c eccentrlc leg l1ft

e e R
-Strengtheheart rate, i " R

@



'Qeljldecrease percentage of body fat,; 71'~f"»cf‘3pwilffgff5b

”f;_slncrease body we1ght and

o _g.-plncrease lean body mass.
W ijvﬂkecbﬁendatipnsv‘ 'j" ‘ o vhf ““, ﬁf ', o ,3F53 g
Fuﬁther research is needed to 1nVestlgate the dlrect

Wy
effects of the trunk flex1on and exten51on res1stance
tra1n1ng on the strength of the abdomlnal and back -

musculatrue. It 1s hypothe51zed that the lumbar back

Ma\k\ curvature is’ dependent on the the degree of strength balance

o

vﬂey se two muscle groups. The relat10nsh1p between the
. strengt balance of abdomlnal and back musculature and the
lumbar "’

ack curvature 1s,also.needed to'be.exploredi'
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; PAR Q as des:gned ‘tp help you he‘ﬁ) yoursell Many health benehts are assocuated wuth regu1ar S

exercise, and the completion ‘of PAR Q Is a sensrble first slep to take rt you are plannmg to . ot

qwcrease the amount of physrcal actrvuty m your Irle _ )
For most peopie phys:ca%:wty should not pose any problem or hazard PAR Q has been '

designed to identily the srmall ber of adults for ghom physical activity might be inappropriate

~or those who should have medtcal advice concerm the type of-activity most Suitable for them,

' Common sense is your best guide in answermg these tew quesnons Please read them -
carefully and check (\/) the 0 'YES ot O NO opposite the 6uest|on if it applnes to you

;\Ess_f)wo o Sl e

= O o 1. Has your doctdbever said you have heart trouble”
o oO°: 2. Do you lrequently have pams in your heart and chest” ,’ .
. L R,
) O 0 3. Do you ‘often teel 1a|nt or have spells of severe dnzzmess” ; . N
. -0 : 0 4 Hasa &ctor ever said your’blood pressure was too hrgh" o _ - B
,Dv' O 5, Has your doctbr ever told you lhal you have a bone or joint proplem such - ~

..+ asarthntis that has been aggravated l;y exercnse or might be made

- worse wrth exercnse" -

: i : .

T O O 6.1 thereagood ysical reason not mentioned here why' you should no!

- : tollow an activit%orogram even ;l yc)u wanted to” .

o : \ : .

a a A Are you over age 65 and not accustomed to vrgoro:us exercnse?
.

" a‘ 8. Are you suffering from .a’ back rf:"lem’? .

You' YES to one or more ques'uons "NO:to all questsns

“-Answered’

‘ I you answered PAR Q acctgately. Yyou. have_
,reasonable a:‘:surance of- your present sui p?ﬂty
tor L :
\ * A GRRDUATED EXERCISE PROGRA A
gradual increase .in proper - exercise' - pro—.'
‘motes . good fitness development while. -,
"+ -minimizing or eliminating drscomlort !
. o . o . . AN EXEHCISE T - Simple tests of fitness .
e . I T : . (such as the dian Home Fitness Testy -
Orog rams c Ny - .or more compl ,pes may e’ undertaken
-if.you so desi o

-

-11 you have not recently done S0, consult wrth»
your personal physucran by tetephone orinperson

" BEFORE increasing your physical activity. and/or
'.takmg a fitness test. Tell him what questions you : |
answered YES on PAR- O or show him your copy K

B Aﬂer medlcal evaluatnon ‘seek’ advoce lrom your :
3ph $i N as 1o your suitability for: |~ :
. ,estncted physical actmty probabty

gradually mcreasmg Dbasis:

e restm:ted or supervised ac\’vny to meet

. SpEcific needs, at "ieast  on "an initial..b

Check in your communuly for spec-al prograrr

M you have a temporary minar |llness such as a
common cold :

PN

aith Conceplulhxed ang cutaquoo ‘by mo Mutud-scmnnnry Advusory Boaid on E-elclu (MABE)
s encouuqed Mod-héauons by w-llen numusnon only Not. lo be used. lo: commucut

. and . us s e
: nmonmnq m ovder to sohcit ‘business | he p - . . :
Ret ;- PAR-O: Valid "Report. BrttBiC olumoia M-nu"y of Health,. ‘975 ' e . [
,_Proouced by me Bm-sn commb-a Mumstvy Hewn and the Department of Nal-o"al Health & Weltare )

" Daveiooed: by ine Brmish’ ColunMigiminiiry, 'ﬁ".




S APPENDIX II CONSENT FORM

o

:l‘_I.,.'.v.';.v.». o‘o‘n-"o-o.o-.-o-nuou herEbY volunteer tO S E?f‘;

.part1C1patg 1n'a ten week strength tra1n1ng study Durlng

“~ B4

‘_‘the course of: the study, 1 w1ll not part1c1pate in any

- re51stance tra1n1ng exercises. However, I cah’ contlnue w1th

'my normal dally act1v1t1es."
: R : \
, I have completed the PAR Q and have no contra1nd@gat1on5

. v
agalnst my part1c1pat1ng 1q a- strength tra1n1ng program of
§ h! , , : . .

f?thls nature.

During'thé ten weeks of'the‘study, I'wiliibe requiredf'

to parf1c1pate in four tests; one at the beglnnlng of thei

tra1n1ng Nhlle the otners at approx&mately three weeks»
;1ntervals. The tests shall be restlng blood pressure,

restlng heart rate, maylmum 1sometr1c abdomlnal and back
‘strength _max1mum‘1sok1net1f~concentr1c abdomlngl and back

K

-~strength and the . hydrostatlc welghlng. o ]‘ N
$EVery effort will be made to m1n1mlze‘any uonecessary
'dtscomfort -and rlsk that may be assoc1ated w1th these N .Yht,
tralnlng and tests durlng my part1c1patlon I understand

however, that just like any other phy51cal condltlonlng and

~

~ fitness” tésts there .are eplsodes characterlzed by muscle

4 7§.

soreness and perhaps tran51ent light headedness.

In: agreelng to part1c1pate 1n thlS study and tests,IIf?j
walve any 1egal recourse agalnst the 1nvest1§ator or the
Faﬂulty of Phy51ca1 Educatlon Unlver51ty of Alberta from o

any and all clalms result1n1ng from personal 1n]ur1es or

114



mzshaps resu1*1ng from these tests and traxv ﬁg.

" 3 ..
-

I acknowledge that the test1ng and tra1n1ng procedufes
have been fully expla1ned to ‘me and that I can w1thdraw my
partxczpatlon from thzs study at any tlme. 1 hereby concent~
to part1c1pate on my own volltlon."  7'f'@w

L0

N\ r Date:....>™----d.. Signature:.., i, o oo, o
WitnesSSii..eiideeedees

. . s
44. . v



Appendix

I11. TQe'Descriptive-Summary Tablgs for Stafisticaily~;
Non-significant Parameters.’ :
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:I;ble 40

- Descriptdve Statistics Su
Maximum Isometric Ab'bm.inal Stren‘gth per kg of Lean" Bﬁdy We Eot. - e

ry I'able fo'

- ‘cr-oup' ‘Test X ) §Q ;
T e DEEPENESE R '-
- I'(n=11) . Test 1. e v‘0,940 0 13& Q 775.
07 Test. 2. ~o 0. 80z ".6.138" 0. 646 0,991
= Test 3 °o 983" 0:107% 0.830%%¢ 1,153
Test 4 1. oga_~, 0.106  Q.920+ '; 247
II (n=9).  -Test 1-- ' 0.867" '.-0.-174, 0.577
oo oo Test 2 0.805 . “0.164° 0.616 I
BT ‘Test 3 00970 . 0.183. ..0.783 '+ 1%
., Test 4, 1,016 0.149 0.835
CIM (n=9)-  Test 1 - 0.809 o~193po 544
Test '2- 0.867 . 0.189 0O s,
BN Test 3 10.982 - 0.231 .-0,689"
SN Test 4 . 1.014 -0.167 0L7H""
IV (n=11) Test 1 0.772  0.192"- 0.3G7 \.1-.106
: - Tédst 2 0.796°  0.096 .0.630.  0.941
- Test 3 - 0.926  0.133 0. 711 1.105
" Test 4 © 0:959 o 087 0.821 . 1.148

1. 1‘59 :,"_7;«9




i”: I;blgg

L Gréup .

Descriptive Statxstits Summaty Table for ‘
' Vertical Jump fem) . e

1 (nell)

11.(n=9)

. Test-

"3Test'

'\Testf
- Test:

- Test
Test

-Test

11T (n=9) -

et
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A . .

' viV'§né115

e

© Test .
Test.,

Test -

‘Test

-Test”

Test

Test -

. Test

" Test

41 ’
2
.3’
4

i b{unnshJ

& u:hypf

49,

~ 51.

49

52.
55.
53,

56.94 .
Bl -
.50
.48

56
57
57

49.
.39
.57
84

50
52

52.

86.
50. llgq;:..
Her
.02

42 6.
06
19~

56

94

69
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Ve
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Ptive Statisti
Ing Systolic Blood P

- -
-

~ SD. - Min,

N e
) Al
.
;

cs;Sumﬁhrjjthie‘for )
ressure (mm Hg).:

Max,'

T (nel])

II (n=9)

LTI (ne9)

v (n=1l)

.

. Test

. Test.

» Test
Test

Test 1
. Test 2 -
- Test 3
o Test &

\

5w N

‘Test

Test
Test

"Test
Test

Test
"Test

- Test 4

PR

S WwN

W NS b

e 110,561
- 10859
110.43
117.11
111.83
115.26
114.58

115.72
107.56

f112.56

115.00
106.23

110.86

110.50".

114.00 .

108.05

9.40 = 91.0

6.51 102.0
7.96  100.0
8.7 97.0

6.819 109 o

8.00 995
6.00 109.0
5.76 * 105.0

93.5
94.0

113,21
11.67
10.79 .
110.58  94.G°
6.85 100.0
12,12 86.0
9.73  85.0
4§8.19  92,0°

7. %8

9\._
195.5
126.0

- 122.5.

120.0

130.0
- 123.0
oo 126.6\: \
1259

136.0
123.5
12640
12375

125.0

. .132.0.
122.0
121.5
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ERal

-

RO .
R 'rrf’,f': -
SIS

. Test
. :

N
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X

R v‘ B Qf(/; ““"

43, ubeécripfive StatiéticsfSuﬁﬁﬁry»Tabie“fqr-
iastolic Blood Pressure—mm Hg).tv. "'

: W ...'.'

SD ‘fmih;ﬁt‘wﬁéxé

]

i

\..», '...
T 11T (n=9)

IV (nell)"

I (n=9)

Test 4

Test .
Test
Test -
Test

B WN -

Test
Test
Test
Test
Y .

W N

"Test 1
Test 2
,Test 3.
Test &

| <T§;251\;1"

" Test 2 -
.. Test 3

N

77.00 |

74.23

76.77
- 75.964

7&2
. 74,8700
- 74.69;

=

76.82 -

79.50

©73.83.
79.36
76.72 .

74,96

. 66.91
72.68",

74,09 i




44, Deséripti?é-Stg;i§;£c$3§gmmary'Tabie for:

. Resting Mean BLodd’Prgésuref(mm‘Hg),‘
Test. ?YJ . SD -.‘Miﬁ: Max.
M (n=11) | Test 1 . 88.21 ' 5,72 -77.7.  -97.0
‘o ‘Test 2 85,67 . - 5:39°  77.3 96.7
- ' Test .3 . 8801 4.96 78.0 . 95.2
Test 4. 87.337  6.46 ~ 74.3 . 94.2
S . i ) BRI : . o °
Lo II(n=9) " Test 1l 4 %Y 89.92 . 3.45, B83.7 - 95.7 -
o Test'2 Y 87.06 .81 75.2 99.3
Test 3. 88.56  5.42 81.2 - 95.1
Test 4 89.42  4.60 83.3 96.7
T WL IIT (re9)  Test 1 91.57 - 8.91 76.5 . <.101.7-
Test 2 . -~ 8506  7.21 76.7 99.8
Test , 908y 897 77.2 .106.0
Test 4 88.67 . 9.82 6817  798.5
IV (n=ll) | Test'l 88.29  6.57 79.3  100.3
| Test 2. 80.02 12,68 64.0 . 110.0°
 Test 3 84.86  8.87 - 73.8 . 105.3.
Test 4 % UN\86.35  8.39 71.0  99.2°
N




o T R
Table -"45. Descriptive Statistics Summary Table for. .~ = -

* Maximum IsometriciBack Strength Heart Rate {(bpm). -

15.85 -

Group - 3q_T¢s£ i\ SD ¢ Min. _Max.'
I (n=11) . Test 1 108.63 . 14342 . 84.43  130.81
o Test 2 - 196.09 © 16.00° 71.43 118.42
o Test 3 = 95:13  16.77 65.22 © 115.38
- Test -4 95.85 19.85 66.18 \128557
IT (n=9) - Test 1 108.80  21.92 -83.03  152.03
B Test 2 199.76 . 10.55 -83.33 118.42
B Test 3 ©101.01 . 13,80 86.53 121.62
- Test 4 99.73 © 10.89 86.54 118.42
IIT (n=9)  Test:1 113.79° 15.93 92.21 138,46
. Test 2 96.90 15.32  75.0 - 121.57
Test 3 ° 97.47  11.33 80.36 118.42
Test 4 99.63 18.14 64.29  118.42
IV (n=11)  Test-1 109.25  12.01 - 86.04 #°125.35
| Test 2 101.68 ° 13.98  86.54.49125.00
Test 3 98.86 12,98 76.27 °"}15.38
Test 4 100.48 63.38 alfd 62

o g
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Lt TabIe 46 : Summary Table of F—ratlos for Maxlmum -

we R Isometrlc Abdornmal Strength Heart Rate.

' ! ! ‘:ﬁ . :“' T .

Groups e 1013.35  337.78 . 3.0 % 0.52
‘Error . .7 .r -23507:13.->-.652.98 °  36.0 '

R . ‘]» ) . , ] . . : - . - .
Ve Tests . 1018.86 - 339.62 3.0 231
' Error .t °15848.01 . 146.746 108,6° -

R Lt e
v G’r'oupsvx; Tests 136803 ’ _331.52'.00 5.0 ‘_81\.04
..., Error S .15848.01 w 146,74 0 108.% :
' . Table 47 - Descrlpt*ve Statlstlys Summary ablfe‘ for -
- Max:.mum Isometrlc Abdommah Strength Hearr. Aate (bpm) .t -
. 9 , Rkt
Group B Test © X 7 sp  Min. | Max.
M (- 11) 5 Test 1° 105,931, 18226~ 79.79  136.36
L C - Test 2 101.66 - 15.28 = 72.58 - 121.31
S . Test:3 97.56° 13.25. 78.95 118.42."
. Test. 4

- 96.83 © 13.23 . 83,33. °.121.62

T I (n=9) "  Test.l 102'01, 123.00:. 77.45 149.01
1 - Test 2 105,29 . ¢26,99. - 66.18 " 149.01
Test 3 ©91.07 * 720021 62.50 - 132.35 . .. -
. Test & . ‘ ‘

©100.347 "17.60 | 66.38  121.62

III-(n=9) ' Test 1 101.00 19.85 -+ 69.77  133.14 b
' Tést- 2 102.67 - 6.15  73.77-0 125.00"
Test 3 99.75 " 10.37  86.54 115.38 )
Test 4 '99.87 . 13.44  84.91  118.42 o
e TV (n=11)" Test 1 - 106.24. 14.78 91.84 132.35: .
v - Test 2 .. 103.82 15.04.  78.95 132. 3, i
- . Test 3 101.20 . 9.95 . 83.33 115.3§ .
Test 4 112:37  12.61  95.74 ,136 36 "

’ ‘ : A ,’Ja.a-f
) B ;’% 7



Table 48 .

Summar? Table of" F ratios for Maxxmum
Isokxnetic Concentric Leg-lift Strength Heart Rate.

Maximum Isoklnetlc Concentrlc Leg Lift Streng'h Heart Rate (bpm/.

-Groupﬂ R

[

JF v ' CLF ,foi- . -
Source: SS. MS o df o F-ratio:
_ Groups 1270.51 042350 0 3.0 0 071

A . A . . . ' 1 : Lt
Error 21370.55 '593.63 . 36.0 .-
Tests 358079 119.60  “3.0 . 0.63

Error 20595.30 ' 190. 108.0 o

Sroups. x Tests. 1437.31 152.03 9.0 0.83
Error - 20595.30 - 190.70 108.0. :

e ! v
Table 49. Desctlmlve Statxstlcs Summary Table for.

o

o Tes@\ ~X - 8D Min. Max.‘
: 4- / * 4 : B ’ AN ' . . ' 1r, Lt -
'}1 (n=11) Test 1 115.371 14,782  82.95  136.33.
e TesTN 2 .107.55° 17.96  86.54 132.75
* Test 3 . 110.58 = 2€.10° . 86.54 . 150.00
Test & 107.85 21,33 -,isa 91 . 145.16
11 (n=9) = Test 1 104.61  17.73° 69.98  135.14
o ', Test 2 115.33° 15.42. - 95.74  145.86°
i " Pest 3 . 111.11 17:13  88.24  14l.64
¢ Test & 2110.15 " 27.26: 77.39  160.71
IIT (n=9) . Test 1 . 111.48 . 16.54 . 83.96  136.42-"
- © . Teést 2 11769, 19.60  88.24 ~ 140.63
: Test, 3 113,69~ 17.85 93.75 150.00-
Test 4 - 110.94  11.54 91:84 121.62
" Test 1 109.78 - 15.97  84.43 . 142.86
o ,Test 2 103.37  14.30  84.91  136.36
. ‘Test 3 108.42 9.14 ..'93.75  125.00
Test & ©.100.8¢  9.87° 90.00- 115.38



50.

Descriptive Stntistics Summary Table for p

ol

" - Table
. :__Haximum Isotonic-Concentric Leg fot Strength Heart Rate (bpm)
ST . - S -.ﬂ,? '
" Group: Test X ..8D S Min g Max.
I (nell) 7 cTest 1 12175 .'18:20 90.00  157.89
S A Test 2 106.22 ~ 12.70° '90.00 _ 133.00
Test 3 111.267 13.06  91.84 136.36
o Test 4 99.97 23;05v_'ao 63 125.00
LI (n=9) . Test.l ©  129.74 18.63 .100.00 157.89 .. .
Test. 2 111,38, 11.70: 88.24  126.79
Test 3 120.75 ~1%.607 97.61  145.16
- ‘Test & 118.29 . 17.38 94.29  150.00
II1 (n=9) ~ Test 1 106.83 '>17{19,‘ 77.58 . 132.00
' Test 2 ©114.956  16.39. %93.75 140,63
. Test 3 122.37  16.50 102.27  155.29
Test 4 119.79. - 17.92 - 93.75  140.63
IV (n=ll) Test 1 . 115.83  13.09  90.91 - 134.33
© T Test 2 114.32 16.05 81.08 136.36
Teést 3 103.84 16.01 '84.91 126.36
Test. 4 108.38° 15.32  76.27 131.11
» i‘ Yol <



L 4

Source -

Sy R

'1“1Thble,‘51;f.5uhﬁé

%8S

o

'35 :

e

'3“;:df

| mary Table of F-ratios for Maximum °
¥ _ﬂ.bkine;ic E$centr1c Leg-lift ‘Strength Heart Rate.
A

. F-ratio ,

Groups

" Error -

" Tests

Error

Groups % Telts

sError

S 187.16 6239
3199.88 7 77

S
1134.5]
18112:19

'

| 2650.62
18112.19 © ° -

‘877.77

378.17

1€7.71

LN
3.0

L 36.0

3f0ﬂ. 
. 108.0

)

294.51 + 5.0

167.71

- 108.0

0.07"

1.76"

~ Table 52. Descriptive Stgl
Maximum'IsokineticéEccentric:ng”

.‘ f erp K

IR

Test

3

Fidvice Summary Table for _
ft Strength Heart Rate (bpm).

N,

4

o

I (né?i)ju

~

11 (n=9)
}f);

11 (n=9)

Iv(nﬂf)

(J‘
L

~Test 1

“Test 2. ©  106.57.

.Test. 3"
- Test 4

Tesr 1

Test

. Test

 Test
Test -

2

. Test. 1 .

" Test 2. -
Test -3 ..

" Test 4

SR W

112.54
107.99

110.74".

103.48

109.67

111.43
116.76

. 112.67-
Test<2" - . %.. 96.89 .
Test‘ 3 o
Test. .4

DA

11501

©116.20
109.82
103.84
105.14

18.82
16.77
16.99

16.62 -

20.10"

- 28.88 .
21.69

28.80

17.29
11.82
13.08
19.98

20,12

17.55

»13.00

7.2 .

% SD% ‘Min.  Max. -

79.65
84.91 -
93.75-
83.33

86..04
70.31
77.59
68.18 -

79.65 -
'? 78.95.
10227
176,27
£

87.38

78.95

109..76
140.63

149,50
5. #3%,33
. 80736
91.84 .

142.86
138,31
140.63 .

;95;16 S

. 145.63%

155.17. .

140.63 1
155.]»7» .- :.,;'2‘,\:.:

136.36. - |

136.36

121.62

5.3 7




'Talb'i_e 5'3},. Dea;riptive Statistics Summary Table for

Body Weight (kg)

”_.'“ZSD. M, ‘Max.

Q
"
o . - L
c - -
-3
1]
7]
[ad
=]

CIm=ll)  Test 1. 77.67 1402 63.6 115.5

27 . ¥7.87 . 13.90 63.4 - 1l4.7
: 7.87  14.13 64.0 115.3
77.69° 13.81 . 63.1 -~ 112.9

; I 76,29 - 6.82. 65.0- QE@ 88.6
 '§Est'2 7709 0 .7.11 -70.8  90.6
‘Test 3 77.84 - 7.00 - 70.9 :789.8
4 77.19. 2 708 '

1T (ns9)

LN
75.62%

. 75.92.

76.13

76.71

IIT (n=9) ~Test

-3
)
n
"
Fw N m e
1Y
S

IV (n=11) - Ies‘_r.

J 66,11 1 10.42 43,4 . 80.6
= 65.57 . 10.55°" 43.7 82.7

-3

o

7]

Kad
R N =

S 66.42  10.25  46.0 . 80:9
U 85.47. .10.43  42:8  81.0

N
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‘Source .

 Table.

54.

_Ms

. BN - . @ -
Summary Table of F-tat1os for
Lean Body We1ght. S

DF -

F-ratio ' |

"Error

. a
>
P

ke
3 Error

v N

o Gr0ubs x

Er:OT

Groups

- Tests._ '

'\., 2181 .7‘7

.
% :'-"23,4‘
’ '1'397.64

Tests

N % 12966.56
L _ \\” T

S

.fA ae.éé%{'
ﬁ%é_?97

727.06

‘3 _7'80711 |

1085

g g’

3.0
36.0

3.0

108.0

£2.02

-

Table 55.

CIr (559).

.Group

"

Tesigvi ' X

Uilgp

Min.

!
.
1

Descriptive Statistics SQmmary‘Table'for
Lean Body . Wel%ht (kg) g

Max .

I (nsll1)
112

LML (nS9)

IV (n=11)

. Test

~Jest
Test

5w R e
[oa)
Oy

Test

- Test
Test”
- Test
Test

FwnNe
[e,]
~J

Test
Test
Test
Test

s~ u:m)»aut
o
un

Test
Y Test
. Test
T 'Test -

B R e
W
m

12.34-

1'14.5a

 56.59

55.96

"60.84

wr U U §
'
B S & AN \ N N ]

9'v
5
7 .
6.

61.22.
45,37,
46,56
43,74

12.90
12.40

. 10.43
10.00
©9.937
-30.33

37.33

'55;96%; :

57.15,.0"

61.63

60.28

4,%7'..58 L

38.83
38,32

37.46 -




Source

'Table 56.

Summary Table of F-:atios for o
Percentage of Body Fat R

g

~F-ratio

Groups
Error -
“ Tests

Error

":'Croupq X

"lErro*

Hﬁ a2Z8l81‘-'
"*f’3520566 g

Tests

15.82 s,
'4464 54 EEERA

f27.60“f
4454

92.94
97.80

S0
-36.0 -

0.95

—

"

Group

PR

Table 57 .

Test

Descriptive Statis
-Percentage ‘af

Min. Max.

1 (n=l1)

7 Test

I (n=9)

I11

IV (n<11)

(n=9) -
Y. Test
b Test
” - Test

- Test

CTest.l
" Test 2

" Test
Test
"~ Test

Test
Test

Test .

Test
.Test’
- Test

F WIS

LN

£ W -

J SN NN

14,99
- 14.30
T 14.24 0 0.6,

14:55 "

B - S N
[t . :
c

16493~
16T
12.72
11.27

[NTVCRRY -
RS R

.59
.85
.66
.86 °

Uy e
e e s

w

o

46 .53
69
(70
99

P S NS

.30_’
.02
.ao;f\

27.67.
. 28.69 .
2518
25.48 -

16.19
15.56°
C17.56
15.10 -
19.92
19736
'28.18
#9.49:

"-'18.36
18.52
16.64
17.15




;,ifabiéfssv

T

Summary Table of F- ratlos for j'
‘ Restxng Heart Rate. _

Ty

Source . ~«§S§{_, o MS af F-ratio
Groups . 2238,86 746.29- . 3.0 7
_ Error . 9934.19 - © 275.95 36.0 '
Tests 175.22 ~ 58.41 43.0 / - 0.55
‘Error 11488.71  106.38  108.0(
Grouﬁg‘ﬁvTésfs" - 785.20 87.24 9?032 Vbq c.82
_Error 11488.71 ©  106.38 108.0;;jg/“v,
. Tﬁblev. 59 Descrlptlve Statlstlcs Summary Table for
S Resting Heart Rate (bpm). d
Group 7 Test , X . SD Min. 'ﬂa$? , S
I (n=ll)  Test 1 71.64  8.10  59.80  86.96
Test 2 75.51  14.24  55.56 - 104.65
 Test 3 67.73  9.50 . 50,56  80.36
| Test 4 69.15 12.75 4945 84.91
11 (hc9) | Test 1 82.45 12.9 58.41  97.40
o UR L Test 20 76.72 10.75  53.68 . 86.5%
. Test 3 81.35 , 13.72  61.64 . 102.27
Test 4 79.78°.14.26 ©53.70 ':107.00°
ITT.(n=9) * Test 1 72.16° 9.96  '58.98'  86.96
Test 2 67.85  7.37  56.25  76.27
Test 3 74.17  19.76 54.87 107.06
| Test 4 66.79 12.62  48.91  86.54
IV (nxll) Test 1 74.30  12.16  60.40 .104.00
' Test* 2 70.65 - 11.22 55.56  91.84
Test 3 C72.44 . 11.35  50.6 90.50
| Test 4 '73.23 ¢ 10,78 59.21  93.75




- ) o
. -
. _ o

Study. .

-

kS v o
a Appendix‘I'V. Raw Data on Dependent Variables of: the

1
.
N "
. . a
°
131 . o v R ,,.'_
Lo T PR . 'i\ \



nﬁ:{%‘iw ‘p-aglgpﬁ«

_-\fif Heart Rate

Tab]e 1. Pre—test Raw Data on &esting

r

Subject Number
’ Age.(Years) .“iA

Resting Systolic 1

Resting Dfastolic
4 Blood Pressure

@
L.
=
74
wn
[ 3
“
o
o .
=
=]
—
m

Resting Mean .-

-B]ood PressUre

Résting-Heart'if:

Rate

2
3
s |
5 24!
e
7
8

Bl

- 112.0

3:11&0“
1015 - .
10ﬁ5'

115,

91.
120.
105.
114.
125.
109.

115.

120.
119.
111.
109.
115.
136.
123.

7 114.0

118.0

O o o o o o

DO 0O 0 0 o OO

- 69.
77.
. 76.
74,
80.
71,
81.
73.
82.
83.
78.

81.

OO0 0o Mo oL g o o

L oo v o nn oo

. O

78.0

80.

.89
83.
93.

90.
86.
91.

i v8'20” .
o987

94.7

90.0 |
9276 .

~
WO N N W ~NOoO U A W

o
O ~N W O N~~~

73,
7.
e

76
73

59
.86

7 60.
66,

41

85
29

27
.69
74.
.80
96
89

26

18

14
.18 .
19
40

.36
.64
.51
e
.24

9.23
29"
.96



S

¥ group I T Do
SRR 101.0- - 74,
2. 1080 - 72,
20 1270 89.(
21 . 136.0 8.0
18 . 9.5 g
28 122.0-

© ® Y v e
O O o ;Mmoo
L=
Q!

(A
i
~
o
.
n
QO

© - Group IV T
L , . - 80.
80.

" 58.
66.
75.

- 79.

25 117,
25 118.
20 124,
25 - 115,
8 109,
18 ns.
22 oo :_‘100.
g 115,

23 125,
2111,

21 1ls.

L

L@ oo o wvo o
. ' oL 2 it
(00)
(e
(8]
~J
—
~
~

79.
. 88

., 68.00 " 82.5 104.0

. 81.5 93.0  84.43

W 0V~ A » 2w o,

o
LR
=
o
S
o
()
O
>
(= 3

=
- O




© Tablez.

M‘d‘teSt 1 Ra" Data OH RBSting Blood Pressure and Resting et
‘f:'.Heart Rate o

Subject Yumber o Co

-
-

e

-

Age‘(Yeaks)-

'Resting‘Systolicvi ;i

Resting/Diastolic

,’ .

.

FResting Mean
B]oOd_Presgure_:;* W

Resting:Heart“_'

Rate

Group I .

28
19
23

. 105.
107.
107.
111.
102
104,
107.
113
105,
126.
106.

112.
114.
1@?2
- 102.
99.
~ 108.
108.
123.
116.

.|Blood Pressure.

O OO O OO O O O

112.0
115.0

" 98,

- 81.
70.
73.

6.
74,

61.
66.
. 8l.
. 74.
79.
80.

'|Blood Pressure- |- °

O U O O U Uo O o

K=}

87.0 © .

'82.3
85.8
83.0
82.3

’au82:5
90.3

191.0
83.5
96.7.

'77.3

82.5

87.3

.99.3

77.5
90.2

94,0 .
92,0

91.3 %
85.0

v 8L3

75.2

104.65

 90.
64.
76.27
81
24 -
.59
31
31
56
.58

60
88

00

29
27

.54
.18
.91
).36
.63
.91
.68
77
51

.43.. BRI
.25
.58
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Gwpur T
o 28% . gg
5 26 94,
6 20 115,
7 2 119.
e
9

R A
s, Twabdel .
B
N m‘ N

"

7250 7 U80.3 . 57.69

O Ul OO
o0
o

. o
~
o
~
(o))
(%,
N
n

18 ..95.
‘28 123

o O

o 25 0 81.7 63.38
s o2 25 o, 0
20 o, 0 . 68.0  67.37
59.0 75,0 '55.56
:
5
0

._._.
o
<

Vo 25
S18 115.

3
4

5 91.8 - '69.16.
6 18 - 109. '
7 -

8

9

- 74.7 91.84
22 86. E ‘
28 114,
. .23 132,

100 2L 106.
u 2 - o

73.5 87.0 71.43 .
©99.0 110.0 .- 90.91
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