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R methods on the development of quadr;ceps strength varrables Also myestrgated were the

'effects of these strength trammg modes on changes in 1mpulsrve force and body composmon

\;v.

(Forty two healthy male subjects between the age range of 18 28 years (mean 22 5
.u"‘fyears) (who were mexpenenced m muscle resrstance trarmng program) were randomly:
assrgned to one of the four groups Group 1 (n 11) Isotomc exerc1se Group 2 (n 10)', L

'_',.._,'Isoklnetlc exercrse and Group 3 (n—-lO) combmed Isotomc and Isokmgtlc exercrses Group 4 o

Y °

Thxs study was desrgned to examme the effectweness of three resrstance trammg /

: (n 11) control d1d all the tests but not the trammg programs 'I’he exercrse groups trained .

:the lower extremrty muscles three trmes a week for,a total of 10 weeks Isotomc group tramed .

-

by domg 2 sets | of 6 repetmons 80 90% lRM of concentnc contracttons and 2 sets of 4‘ M

repetmons of 120 130% 1RM for eccentnc contractrons The rsokmeuc group drd 4 sets of 6

o repetmons for maxlmal concentnc and eccentrrc contracttons whtle the combmed exercrse. e

o

:,-' _.group dxd half of 1sotomc and halﬁ‘f tsokmetrc exerelse routmes

JRSCE 4,--.‘__.._,_,__&

Durmg thrs study, fotfr tests were conducted at, the anterval of three and half weeks |

Bt

-Before the pretest all the subJects were exposed to three mmthanzatlon sessrons to acquamt'
them wrth the testmg protocol and equlpment At the begmmng of the study, there were no A

- mgmfrcant dlfferences among the groups m all the Var‘lables tested The crlterxon varrables,i.. B

'

o used were maxtmum 1sokmetxe concentnc‘and 1solunet1c eccentric strength dynamrc strengthv

' ";'(lRM) maxrmun? 1mpulsrve force of the legs thtgh and ealf gtrths body fat and lean bodyv_-

"'.mass R

3‘ ol . : :. : ) ’ LI

Umque two Way analysrs of vartance and Greenhouse Gclser conservatrve test were :

t

'apphed for the analysxs of the data 'I'he results mdrcated that all the exerc1se groups lmpfoved' S
c : s1gmf1cantly (P< 05) in all strength varrables and thrgh gxrth except the lSOlOIllC 81'0UP Wthh =
©did not 1mprove m maxxmum 1mpuls1ve force ‘None of the traxmng Pfogfams was °f fect“’e in.

B sxgmfrcantly altermg body fat and lean body maSS The trends however show that the

.'k-»_.'.
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' r otherwxse the mdrvrdual wrll contmue to hover on the edge of mednocnty i

THEPROBLEM

el

A Background to the Problem

Physrcal frtness 1s requlred for successful partrcxpatlon m any sportmg actrvrty

’ Sports that mvolve physrcal prowess optrmal strength and power are requrred In order to"’

. acqur € these rmportant components some type of muscle hesrstance trammg must be done

—

' _Strength power and endurance are some of the corhponents of physrcal fltness To’ excel rn}_

A revrew of the”. hterature in resrstance trammg reveal\th‘at drfferent types of

'resxstance trammg programs can cause 1mprovement in strength poiver and endurance,'

capacrty of the muscIe or. muscle groups tramed The maJor strmulus fo;, an mcreasi in the_

‘;_f orce of the voluntary muscle is the productlon of tensron above that prevrously demandéd of

,the muscle,(Hettmger 1961; Hakkrnen 1985)

s

._efl‘ectrveness of drfferent trarmng methods for: the develo\pment of muscular strength have

o \ _
: conclusrons m assessmg fgelatrve ments and demerrts of drfferent trammg methods The use of

trammg programs ‘th effectrveness of the equrpment is also beinig evaluated (Hmson and

. Rosentwreg, 1973 Prpes 1978; Sapega et al 1982 Jette et al., 1987)

There is ‘no consensus amon.g coaches athletes and others mterested in resrstance

.& pl

Y

‘ strength ‘than. necessary for - therr events (Ika1 1973 Danoff, 1978) or the resrstance was not-

04
Toa
AR \.

The comparatrve studres whxch have so f ar been carrred out- to determrne the relatrve

' yrelded confhctmg results To complrcate the problem researchers have used a varrety of .

L ',,tramrng devrces and programs whrch make it vxrtually 1mpossrble to come to any precrse

’ .drfferent types of equxpment for: trammg and testmg m research studres have made 1t even

’ more diff. 1cult to appralse ‘the effectweness of the trammg programs because along with the '

: _trammg as to the best \method of trammg for a. specnfrc purpose Both coaches and athletes. -
have thus to rely on mconclusrve research fmdmgs%hen developmg thexr programs wrth the ﬁ

" result ‘that athletes may perform below thexr optrmal 1evels ezther because they acqulre more; v |
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stressful enough to ehcit the desu'ed effects (Berger 1962c O'Shea 1966 thhers. 1967'

' “ f_Anderson and Kearny. 1982) In addrtton some mvestrgatprs (Pletnev 1975 1976 Kakkmen»

. "; and Kom1 1981) reported that a combmatron of c’ane&ntnc and eccentnc trammg contractrons o

’was more effectrve for strength develdpment than enther concentrrc or ecoentnc trammg done "

ey

The argument m favour of rsotomc concentnc and eccentrrc tram'lng is: that greater '

- strength seems to be gamed at the weakest pomt in the range of movement (Spackman 1971

' Rosentwreg, 1973; Knutten and Kraemer 1987) The mam dlsadvantage of usmg thls trammg’
' method is that 1sotomc exercrse is done through a range of joint motlon wrth a set resrstance
. 'and because of the blomechamcal f actors the strongest pomts in the range will be workmg at

- a lower capacrty smce a tramee can never hft the werght that would place maximum stress on '

the strongest pomts m the range of movement (Sheeran 1977, Jensen and Jensen 1978 Smrth

and Melton, 1981 Hobsbn 1983; Bosco,, 1985) S ) .

Perrme (1968) contended that because the speed of hftmg free wetghts is. subject to” ‘

-

L consrderable acceleratron 1t thus renders the resrstance unstable and unpredrctable thereby_

o makmg rt dnfflcult for a muscle to develop 1ts maxrmum strength

Isometrrc (statrc) resrstance on the other hand s paruculary useful where movement
) .
1s contraindrc ted The weakness wrth thrs type ‘of method is that gams in strength are qurte .
specrf' ic to th v angle at whxch the trammg is done (Doss & Karpovrch 1965 Pxpes 1977) ;

‘lsometrrc ex' cise occurs agamst a load "which Pprevents - visible shortenmg of the muscle.

-Althou 1s metric exercise ‘does not result in- mechamcal work Duchateau and Hamaut ’

throug a- full range of mouon The proponents of 1sokmetrc exercnse (Thrstle et al., 1967

196% Moffrord et al., 1969) argue that 1t deve?ps strength over a full range of -

LN

“. .

- f’, Smlth and Melton 1981) Mnscle tensron also changes due to- lever arm- (Hmson and



' ‘: ’movemmt because the apparatusused for thrs type of

-~

prevents the mcreased velocity ‘_.‘ X
- ,of muscle shortenmg more than the set spwd gf the apparatu rega{dless pf the force exerted

'I’he drsadvantage of isokmetrc method hke any other- machme type of trarmng 1s the

. "_hmrted degree of- specrfrcnty to most athletrc movements as precrse fast explosrve full range B

" multrple body Jomt actron rs not meehamcally possrble (Garhammer 1978 O'Shea 1979)" o

~

R

ef fect on motor nerves

' _"was superwr to the conventlonal modes of werght trammg (Thrstle et al., 1967 Hrnson and :

: Ferns (1)977) indicated that eccentrrc method ‘was not superror to other

>'.

E total muscle strength and power development toa greater degree Darden (1977) contended.

, muscles whrch are not only prereqursrtles f or- forceful contractrons but have an 1mportant

' Smce the 1ntroductron of the 1sokmet1c trarnmg method many studles h‘ave been dene

'»to determme 1ts effrcacy m the development of both strength and )ower and to compare it~

'wrth other muscle resrstance trammg regtmes Some studres mdxcated that 1sokmet1c exercrse‘ -

g ‘Thxs method of trammg also precludes dynamrc ba,lance (Everson 1983) an 1mportant factor o E

_'whlch requrres muscles to operate m more complex synerglstrc patterns therefore stlmhlatmg“ L

: that rsokmenc exercrse does not provrde the stretchmg of the joints and pre stretchmg of the', e

'Rosentwreg, 1972 Prpes 1977) Others (Delateur et al 1972 Okoro 1979) however found' s

'- that 1sok1netrc trammg was as ef fectrve as isotonic trammg method in strength development

s contractron as the muscle is forced to lengthen;durmg contractron (Doss and Karpovrch 1965

In eccentrlc exercise, . more tensron 1s developed than in concentrrc or 1sometnc R

Rogers and Berger 1974 Smgh and Damelson 1975). The frndmgs of Johnson (1972) and BRI

trammg Although hrghest tensxon is developed m eccentnc contractlon condmomng the ‘

. muscle wrth repetmton of thrs type of Eo:\tﬂon has not been thoroug_hly mvestxgated

One of the problems of usmg ethod solely for strength development may be

due 10 the muscle soreness assocrated wrth it (Frrden et al., 1983 Newhan et al 1983,:C1eslrk '
1986) Also it is extremely drffrcult to compare eccentrrc and concentnc trammg workloads;
because to: have the desrrab]e effects wrth eccentnc trammg, a workload correspondmg to

'100- 130% lRM should be employed (Johnson 1976 Hakkmen et al 1981) Whereas m

—
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Heavy resrstance trammg has been shown to result not only rn mcrease m lean body‘- :

~

werght w}uch translates into- increased foroe neratron by the muscle, but also decrease in

'ome studrec (Prpes and ermore 19'75 kshop, 1983 Brazell 1986) have been able“. g

to demonstrate these posrtwe changes whrle others tHurley et al 1984 Katch and Drumm '

v 1986 Jette et al 1987) could not. The nature of varrous tralmng programs employed and thef R

- . «

. 0 '
subJect pools used rendered c0mparatrve analyses of . studres and generalrzatron of fmdrngs B

e

S moredrffrcult e RTINS = ‘ - L T

&

£

No reported study has used opumal combmed trammg contractrons to rh\'estrgate

changes in body composrtron The combmatron of eccentric’ and concentnc trarmng methods
' has been reported to be more effectrve for strength and power development than erther‘ L

E cancentnc and eccentnc trarmng done alone (Pletnev 1975 1976 Hakkmen and Komr 1981 '

. Hakkmen et al

: trarmng regrmen ‘on: body composmon Srmrlarly, not many comparatrve studres of resrstance

e '_ trarnmg modes on. changes in body composmon and anthropometrnc vanables have been

reported

,.‘. B R - SRR

1981) These mvestrgator‘s dld not however examme the effects of such R



‘_,'f.'»paucrty of. knowledge in thts area '

The mvesttgator therefore embarked on thrs study to determme the most effecttve

_14 muscle resrstance trauung method for \,the development of strength vanables Also

o mvestrgated were the effects of these trammg modes on changes in body composmon

.' The Ob]ectlves of the Study : R o ,' : 5 s :
. The obJecttves of thrs study were as follows T ‘

,1‘__: To assess the effects of 1sotomc concentrtc and ecce,ntnc 1sckmetxc concentnc‘ andv
s i'eccentrtc and a combmatron of these two trarmng methods on 14 uscular strength
: 2 ' ’To determme the change u'xtmum 1mpuls1ve force of the legs. with trammg B

..3.‘ '_ : To 1nvest1gate Wthh method mduces the greatest hypertrophy of the muscles tramed
4 ;To determme the rate of mcrease in- strength over a10- week penod of heavy resxstance

: ,,,Ualmﬂg s S E R | 'v o f o .

o 5. To determme whtch of the trammg methods is the most effectlve in reducmg body fat

B and mcreasmg lean body mass

Hypotheses ) | | i | |

The followmg hy}otheses were tested B ' - . e .

T After 30 training sessions’ spread over. 10 weeks there would be o Slgmf‘cam‘

. .dtfferen(:es among the exercrse groups for each of the vanables under study' - , |
| _1) Maxrmum 1sotomc concentric. strength R A

"‘u) Maxunum 1sokmettc concentnc strength Lo

_'iv):'Maltimum"leg img Vls’i,v'e forcej,_, \“ ‘
-_,'v) Percent body fatan lean body mass . e : . .

S 'Vl) Grrth of leg extensors and plantar flexors o

L the dependent vanables under study ' " 7";:_'_ 3 .."f L

h—



3 At posttest\ ge mcreqses aclneved by the exercrse groups in all 'thé\vanables under

B study would not be srgmftcantly drf fer;ent f rom the garns made by the control group

Operatlonal Defrmtron of Terms o
,, As used m thrs study. these tenns have been defmed as’ follows

trength is. defmed as the maxrmum effectrve force or tensron a group of mhscles can .

-~ .

exert m a smgle maxxmal voluntary contracuon at a grven angle or through a range of B
. o o Sl . % o : S '
-movement. - oLt FE R TILS R e ﬁx

2 Impulsrve f orce Force deve10ped at the trme of take of f from the force platf orm

3 lsotomc concentrrc Exercrse An actrvrty in whrch the muscle contracts and shortens o

" resultmg in the development of tensron and movement . 'f' RN S

4. Isotonrc eccentrlc Exerc:1se An actlvrty in whrch a contractmg muscle -is forced to : :
lengthen by an external load thereby resultmg in- the development of tensron m the"_'
'"‘vmuscle S o /

‘;5 Isokmetrc eccentrrc Exercxse An actlv y whrch allows a contractmg muscle to develop .

tensron or force \lvhxle berng compelled to lengthen by an e).ternal load that is movmg at S

aconstant velocrty o Y »‘ .' ‘, - o o v‘jf\'/:

6. . Isokmetrc concentrrc Exercrse An acuvrty that allows a dynamncally contractmg muscle' o

to shorten at a constant velocrty whrle bemg loaded maxrmally through a full range of

]
movement ,
o

Isometrrc (Statlc) Exercrse An actrvrty m whrch the muscles contract wrthout v1s1ble'> .

shortenmg in length but tensmn is contmuously generated

L \j‘ 8. Repetrtlon Maxrmum (RM): Maxrmum werght that can be hfted a specﬁ”rc number of

trmes wrthout a rest perrod (e g 6-RM means the maxrmum w/etght that can be hfted,

S - only srx trmes and not more wrthout a rest pemod) '_ '_ e L
' ' vg Repgtltron The number of tlmes a dynamrc or statrc contractron 1s repeated m a glven'_'_ »
SR exemse program T _"." c _.'. i ‘E
w100 Set One senes of repetrhons wrthout an’ mtervemng rest penod rn a grven number of e
PE . S . Loel s



Caomo bTest?.--

: 1 Rws meLng Traxmng that is reflectrve of all typ&s of exercises Wthh are

Possxble usmg"@vxoes that pfovxde resnstance to the muscle. o D
Abbrevnatrons . _ . R
The followmg abbrevratron's are Ltsed in thts study . -

_ l o .'rl'. Test 1t Pretest

. Test 3

R

T4 - Test4- Posttest

. ‘BM s -_';- Lean Body Mass

\7,

6. Isotomc Con , lsotomc concentnc =
7. Isotomc Ecct R O o '-Isothlcj-eccentI,ic e
S8 :Isokmetxc Con ,‘ © . 'lsokinetic-concentric - .

9, . Isokmetrc Ecct B PR Isokinetic-eccentric-

/11, Max. Isok. Ecct. = b Maxrmum Isokmetxc -eccentric . - 4

'- leltattons of the Study o ‘a e
| The hmntatrons of thns study were as follows | & \’4 ' .
1 'Extraneous vanables hke the hexght werght somatotypes and outsxde acuvmes of ﬁthef
B o subjects (1 e all the physrcal actxvmes or work performed by the subJects apart from._

| -.'_-those of thlS study) were beyond the 1nvest1gator s control These extraneous vanables e )
B -._.mrght_have some effect on tth:sults el | S
| 2 Due to the dlffrculty in obta d
. volunteers ‘were asked to partxcxpate thereby precludmg random selectxon of subJects" :j"

T "’-'from the target populatlon

3 "vThe wrde mdtvxdual dlfferené&m .' i

‘_"101.," Max. Isolg.. Con,. - : ‘ Mammum Isokmeuc concentnc B ,

g subJects to partlelpate m thlS type of trammg study,v TP



resxétanee traimng ma.y be responsxble for the observed qualrtatrve and quantttatrve_-.

L statrstrcal power- :

'of measurements conducted

strength garns of the subjects ‘_ i ' .' o .‘ - _' SRS _. \

_ 'Attrmon Due to personal reasons some subJects dropped out dunng the course of tlus' ‘

",study The- remammg number of subjects that completed the study may have effect on

i

S -_Accuracy of the measurmg lhstruments and or 1ntra tester vanabrhty durmg fhe series:

" Due to neural factors m motor learnmg ,‘,repeated strength tests may increase the test

scores wrthout evxdence of measurable m'uscular hypertrophy This may have an -effect

'on the control group 's scores (Montam and DeVrtes 1979).

I s
The trammg equlpment may ‘have a bearmg on the test results o S

D : Residual volume whrch 1s ‘an mtegral part ‘of the determmanon of body densnty was not B

drrectly measured

Dellm|tatlons of the Study

The delu’mtatrons ol‘ thrs study were

;Thrs study was dt'.'hmlted 0. 60 healhty males between the age range of 18 28 years who el

L 'were 1nexper1enced n resrstance trammg

Due to the transrent nature of students that forn’ied the bulk of the subjects thlS

research study w& restrxcted to 11 weeks (ten weeks for trammg and one week for

_Measurementmcrlterla were restncted to the muscles of lower extremrty whrch were

trarned in this study

f-Trammg was done three trmes a week each session bemg at least 48_hours apart

: .Measurement of skmfold thlcknesses was done o’ the dommant srdg of t,he body except

- & c/
the abddmen and was restrlcted to: seven sttes namely. trrceps subscapular suprarha

';'ahlomen/ fron ‘.nd back thtgh and calf ) U

_ : % -
. Ingependent and dependent variables selected f or research :




(l) Independent v ':"’ bles

: ' (a)Trammg wo:k10ads m krlograms and centxmeters per second _ _
" (u) Dependent Vanables S s | | ,_-‘.: o . S
\(a)\ L Maxunum leg unpulsxve forbe . - ' SR
L (b) o Grrth of the flexors and extensors of the knee o |
, ‘ _ and plantarflexor muscles in centrmeters N | R
o (‘C)‘__ o Lean body massand bodyfat _' f ‘  .' R | =T
. (d)?’ '\‘\-\ | | Mammum dynamlc strength (lRM) L ‘_ | D T
o -_(e) ! ‘ Maxrmum 1sokmet1c concentnc strength ; o |
y - J Maxunum 1sokmet1c eccen'nc strength“ y
‘5_ i : .7.: ";Equrpment utlltzed for trammg and t@tmg were
“ o | - ‘;(a) . to ‘Electnc leg dynamometer'
| 'ib-)_ » " _ » Automated free welghts apparatus
(c) >Force platform o |

(d)v o ‘_ Harp_enden fca_h_per

(&) - o A 3-meter steel tape.




e R "»’: CHAPTERII
s REVIEW OF LITERATURE

. ,A mmonucrmN

In lrne wrth the: general prmcrple of adaptatron for ltvmg orgamSms a human skeletal :

muscle 1mproves its strength by workmg agamst a’ greater than normal resrstance whtch’

. provxdes the. trammg strmulus Although there is llmnted knowledge about the changes; .

B underlymg the 1mprovement of the functronal capactty of the muscle it has been known for

over a century that a muscle w111 develop strength 1f the trammg strmulus 1s lggher than the _

- famrlrar levels of strmulus the muscle has been prevrously exposed to (Hmson and‘ , _' "

._Rosentwreg, 1972 Johnson and Adamczyk 1976 Frtden et al 1983 Hakkmen 1985)

Muscle 1bers mcrease in. size as a result of the persrstent tensron developed m them

V_Thrs mcrease in sxze 1s due to the hypertrophy and or hyperplasra of the_ A scle which

'4 _b A accounts for the correspondmg mcrease in strength and powgf(CIarke 1973 Edgerton 1976

:'Darden 1977; Gonyea 1980 MacDougall 1986)

Stemhaus (1950) in hrs revrew of t‘he research on strength development over hall a':_«'r'. L

century stated that o -
_ "Only when a muscle performs w1th the greatest power ier through the- _
*_overcoming of greater resistance:in-a unit of . time than before:would its
functional cross section need to increase. If however, the .muscle perforrnance is’
.increased merely by ‘working against the same resistance ‘a§- before for a longer
“time; no increase in its contragtile substance. is necessary. Hypertrophy is’ segv
- only in muscles that must perf'orm a:great amount of work m a unit of time. T
. greater the tntensrty, the greater the hypertrophy.” :

]

In hrs contnbutron Muller (1962) stated ‘ C S
: "The strmulus necessary for an. mcrease in: muscle strength is an increase in. the -
tension over previously -exerted, The threshold of training rises steeper tian.the -
© maximum strength during trammg A more -intensive . iraining causes a- more o
~ intensive increase .in strength. “The--gain ‘in muscle strength gets smaller and
smaller m the course of trammg until it f inally ceases Do

' There is general consensus in the lrterature that strength induced by 1sometr1c trammg
method is restrrcted to the angle at whrch the trammg contractton occurs (Bender and Kaplan

1963; Gardner 1963; DCVI‘ICS 1974) and that there is less transferabthty of the strength

~ i 4 . “

10




-
".\

to reduce the lrmb s abrlity to contract 'at /htgh speed whxch are common to athletlc‘ o .

perforrnance (Plpes and Wilmore 1975)

[N
e .

There is no. controversy regardmg the fact that trammg over certam mtensrty level'

rs ‘

causes an mcrease in muscular strength c.nd power ‘What' 1s subJect to debate 1s the trammg

method that wxll produce the greatest mcrease in the strength and power of the skeletal muscle

.

e * over a gwen penod of trme Thts problem has stlmulated many mterested researchers to_ B

i

"+ B. ISOLONIC-CONCENTRIC AND ECCENTRIC TRAINING

..

compare concentrlc eccentrlc and 1sometr1c exerc1ses m the development of strength and..; -

power Although thelr fmdmgs have provxded guldelmes for strength ~trammg programs they

.were mconsistent confhctmg and mconclusxve ThlS Was parually due to the lack of_
umforrmty in experlmental desxgns and also 10 the fact that muscular strength is- generalff'. ;
becauSe many factors are mvolved in its: trammg and development Factors hke dlfferent..”
@&mng programs equlpment used f orhmmg and testmg, dxfferent subJects and ‘the groups

of muscles tramed measurement crltena and protecol and the expenence of the 1nvest1gator

a .

could smgly or in combmatton have 31gmf 1cant effects on the ftndmgs
The llterature relatmg to strength trammg wxll be rev1ewed under the followmg

sub headmgs - Isotomc concentrtc and eccentnc trammg Isokmettc concentrlc trammg.

: comparlson between isotenic- concentrlc and eccentnc w1th sokmetlc concentrtc trammg

modes; eccentric trammg, compartston between concentnc and eccentnc trammg modes and -

strengthtests ,' EE T e .

Isotomc COI]CCIltl'lC & eccentric (heremafter referred to as 1sotomc) “training whxch

- o

mvolves the hftmg of free welghts has ‘been’ the most conventlonal method of tra1n1ng that

many people mterested in developmg strength and power have been usmg Isotonic lS a word

that had been wrongty 1mp11ed to mean a contractlon that prov1des constant tensmn whenj ,

B e
. e Y
-

thrs phenomenon is that 1some_tnc contractlon is statxc in’ nature whereas m"“aorma e R

e dynamnc. By specmcally strengthenmg a limb whxle no movement occurs,. one tends"f".



" ‘v‘hftmg free wetghts Although free wetghts provrde constantrresrstance they do not produce::_‘;“.,.f

e constant tensron Instead'the tensron vanes as the resrstance 1s moved through a range of o

",‘_".’movement (Berger 1972 Arrel 1975@1’38 1977 Garhammer 1986) Smgh (1984) descnbed '

N

T the contractron as "Hetro Tomc Metric". because it does not provrde constant tensron through
a full range of movement due to. the modrfymg effects of; the lever systen,t. ot the body The. ‘
‘vrelatronshtp between the Jomts and: the pomts to whreh the mtl’scles are attached across the

: --.JOIn[ largely determmes the load that can be hfted durmg trammg.(Berger 1972) The'

o amount of load that can be handled effectrvely is hmrted to the weakest pomt in’ the range o

- (Sheeran 1977 Bosco 1985) Wthh results m the muscle workrng less than maxrmum at a

pomt in a range of movement Therefore the total work doneé is’ less than maxrmum (Arrel

{'1976 Hobson 1983) ST o c .

DY
N

There 1s no consensus of optnron among vartous mvesttgators wrth regards to the sets : :

E and repettttons to ’oe done w1th thrs method for. strength deveopment Whrle Delorme (1945)' o

who populartzed thrs 1sotomc trammg method postulated 7 10 sets of 10 RM others (Berger ‘

_1962 O Shea 1966 thhers 1967) countered wrth the results of thetr research that 3sets of -

4 8 RM werc optrmal fi or maxrmum strength development _
Delorme (1945) as' a result of . hlS experrence wrth ‘hrs pattents stated that low
resrstance “with htgh repetrtron exercrse butlt endurance whrle hrgh resrstance w1th low
: repetttton exercise condrttoned the muscle to become powerfuk HlS ratronale for makmg thrs |

»assertron was that when usrng heavy resrstance f or. trammg, it calls forth the maxrmal’ mherent :

'strength of the muscle and since the rate and extent of muscle hypertrophy B usually .

4

: 'proportronal to thc resrstance the muscle must overcome, tmprovement in strength occurs’

faster /than in- the low resrstance exercrse Thts concept has formed the basis for strength'ffl'i S

trarmng till today

.

- But later Belorme and Watkms (1948) modjf 1ed Delorme s (1945) earher techmque of

‘ usrng heavv resrstance throughout the- trammg program to a more acceptable and easrly -

. apphed program whrch they called "Progressrve- Resrstance Exercrse" Thrs method makes tt.:‘ ; B

;pOSSlble to do progressrve exeruse through af ull range of motion by extreme]y weak - muscles



,. s was a substantml |!@provkm‘ent ove;‘ the methody prevrously desc}‘rbed that of _
g :":‘ overloadmg w&k muscles through a. Ilmrted range of motron Thrs trammg mode became L
known as Delorme Watkms method whrch advocated 3 trammg sets of 10 repentrons at 50%

| of 10 RM 10 repetmons at 75% 10 RM and 10 repetmons at 100% 10- RM S
In ex&ammg therr ratronale’f{'or desrgmng thls type of trarmng program they stated
- "By the use of small muscle loads 1n1t1ally, and then rncreasmg them after. each
set of 10 repetitions, . the muscle 1s warmed up preparatory to exertmg lts
' maxrmum power for 10 repetrtrons o ; L

On the basrs of therr postulate several mvestrgatrons were carrled out to determme the

¥

el‘l‘rcacy of thrs trammg program as such warmmg up phase mrght have trophrc cl‘fect on,
motor units recruitment. ':,--’:’*‘"’"“- e .-': : S * L . . '. S 1,' =
Aﬂer trymg Delorme and Watkms program in. his chmc Zmovreff (1951) belleved it

\
5

o .was 100 fatrgumg and too great a stram w*ed on the muscles He stated - 'WI RS R

. At e?h exercrse session, whll.st burl up to the 10RM the quadrrceps became'
.so fa igued that the lgst quartef of the session became very exhuastmg to-the .-
: Ppatient..In addition, t%e ‘quality of the petformance fell off to such an extent
-+« " that full active extension of the knee was by then rarely possxble thus detractrng '
-from the value of the scssion and: preventmg ‘the performance of ‘the exact .
: techmque oo A _ : L

3 . ER S e [

As a result of the fault whrch he found with the Delorme-*Watkms techmque he

o developed what he called the "Oxf ord techmque The Oxford technrque‘retamed the’ prmcrple
: of heavy resrstance low repetrtron but reversed the former procedure by startmg wrth the
. 'heavrgt welght frrst and progressrvely decreasmg the load » ‘ ., : _‘
l N The only reported study» using both Delorme Watkms and Cx*ord tethuques was -
done by McMorrrs and Elkms (1954). They found that the Oxford techmque produced a5.5%
greater mcrease in strength They asserted however that a serres of experrments was necessary : 3
o before 1t could be concluded that. these techmques produce consrstently drfferent results So. _
| . f ar, no study has yet been reported rhat substantrates therr fmdrngs . .. -
, In one of hrs many studres on strength and power development Berger (1962c) drd a
v-',.study to determme the optlmum number of repetmons wrth whrch to train for raprd Strength L
| bdevelopment Usmg the bench press ltft as the trammg exercrse nme groups consisting of a

e - P4
. total of 199 male college students were tested before and after 12 weeks of progressive




. I R L s : Lo , . .
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R _repetmons 2 sets of 2 repetmons 2 sets of 6 repetttrons,, 2 sets of 10 repetmons 3 sets o]

. resxstance exercise Each group tratned wq_h drfferent repetrtrons per set three trmes q week

The resrstances they tramed w1th were 2RM, 4RM 6RM 8RM IORM »and 12RM% ﬁhrs

-’ »'./ J

results. he/found that the optr71al number of repetttlons per set to 1mprove strength were

' f Tom. four to erght

e

In another study, Berger (1962b) mvestrgat the effects of vaned werght tratmng

f’prograrﬂs onm striepéth He compared nme dlfferent wetght tramtng programs to ~determme

Wthh were more effectrge m 1mprovmg strength 20 umverslty male students tramed thnce
-

' weekly f 0r 12 weeks in e.ach Werght trammg program usmg the bench press lrft as the tramrng‘

. exercrse The trammg programs \vere 1 set of 2 repetmons 1 set of 6 repetmons 1 set of 10

repetmons 3 sets of 6 repeptrttons and 3 sets of 10 repetmops The strength evaluatron ‘was

&

| the maxrmum werght the Subject could press ont;e ] y

. Hrs findings mdrcatcd that 3 sets of 6 ré‘petmons were most ef fectrve in 1mprovmg

’ strength Thrs result was in agreement w1th hrs }ast reported studyﬁwhlch he fi ound that 3
sets of 4-8 repetttrons were opttmal for developmg strefgth '_ o L ’ . '

The t’mdmgs of O Shea (1966) were dt varrance wrth those earller reported by Berger

- ‘( 1962b 1962c) In a study to deérmme the effects of six- week progressxve welght trammg

program on the- development of - strength and hypertrophy usmg the deep knee bend exeicise

routme he dmded 30 students mto ‘three expenmental groups. Group A did 3 sets . of

- 9- IORM Group B exercrsed wrth 3 sets. of 5 6RM whlle Group C .trained wrth 3 sets of ,

2- SRM The effecttveness of the tramlng program was determmed By three measurements.

“'-‘-"thtgh glrth dynamrc strength (as measured by - lRM on the deep knee bend) and Static .

'strength (as measured on the dynamometer) !:lrs results showed that no sngmfrcant

. 2, RS

differences were. found between the three systems of trarmpg AL _ ‘
Ina study srmrlar to that of O'Shea (1966), Wrthers (1967) 1nvest1gated the effects of

‘varied ]oads on the strength of umversrty f reshmen 55 randomly selected subJects were

) randonvly assigned~to one of the three trarnmg regimes in Wthh they performed two workouts

per week over a nme week penod usmg exercrse routmes of the. curl bench press and squat




v sxgnrflcant mcreases 1n strength and that begmne mcreased 1n strength 'more rapndly when

'._setsofskaontsuatmng\ - B S e

: appeared to agree w:th that of Berger ( 1962

" the raprd development of dynamrc strength

' , 1980 MacDonagh and Davres 1984; Howard 1985)
. submaxxmal loads of 90% was’ just '

'group tramed wrth 90% of ; IOR"

'other experrmental gr :

'lsroup A trained wi‘dsa sets of 7RM wh‘:E‘Group B did 4 sets of SRM. Gronp c employed 5 o

ﬁk

The flndmgs showed that the wetght trarnmg schedule resulted m statrstxcally

"_trammg wnh 4 sets of SRM than wrth elther 3 sets of 7RM or 5 sets of 3RM Thrs result ST

f%

In a more recent mvestlgatton Anderson and Kearney €1982) compared the effects of o

three resxstance trarmng programs on muscular strength and on absolute and relatrve muscular o

° v

. endurance They random]y assrgned 43 male college students to three trammg protocbls of
: _ bench press thrice. weekly for a total of mne weeks Group 1 performed 3 sets of 6- 8RM

v‘whlle Group 2 tramed w1th 2 sets of .'ti 40RM Group 3 utllrzed 1 set of 100 lSORM for its_ |

‘ ‘tratmng program . ‘ [ ~

. %-:: .
l

In conformlty wrth what has been estabhshed they found that Group 1 rmproved .
. rnost by 20% whtle groups 2 and 3 1mproved by 8 and 5% respectrvely in strength The o
‘ ‘srgmﬁcant mcrease of 28% by Group 3 m relatlve endurance was’ more than 22% of- Group 2
: -and also of Group 1 which decreased by 7% Therr results supported the ongmal observatxons
of Delorme (1945) as they have shown that low mtensxty long du\ratlon trammg%ttgeases the
":‘V'actrvrtres of aCIOblC enzymes whereas high 1ntens1ty short duratloh trammg mcreases the "

: _'actrvrues of the anaerobrc enzymes whxch are needed in a!twmes that requrre power (Gonyea

<

Berger (1962b) demonstrate wrth the fmdmgs of hrs study \that trammg with

maxxmum loads It was however not explaided - ‘how he equated the training stimulus as one

week and w1th the IORM once a week whlle the

tram%wrth 10RM thnce a week
In order to. determ Y
the .,desired"results. Corbett (71969) examinedfthe_ effects of three different~frequencies"";o_

L3

-

962c) that 3 sets of 5 6RM were opttmal for _‘ o

effectrve for 1mprov1ng strength as trammg wrth .

how frequent a strength training prégram should be done’ to get

-



',‘_ Thrstle et al (1967) stated : R ‘ }: : — PR

werght trarmng on muscular strength development usmg 1sotomc tratmng techmques dO hrgh
’ _school boys were assigned to one of the three exerclse groups Group 1 tramed twree dahy. o .
_-fxve days a week Group 2 tramed once daxly, fxve days a week whrle Group 3 tramed thnce_:- o

.‘f,weekly The trammg program consrsted of 3 sets of 4 8 repetmons per set. A.l] three'._. _'

expertmental groups expertenced srgm. ..au' mcrease m elbow flexor and extensor strength over(

) the srx week trammg penod but 1o. srgmf 1cant drfference was ev:dent between groups

. 7 . : . RN
4

From the foregomg rev1ew 1t is apparent' that to tram for raptd mcrease m‘sdynamlc

strength near maxnmum or maxrmum loads should be employed in every repetmon It has

Vg .
: been demonstrated that 3 sets of 4 8 repetmons are optlmal -for the rapld development of e

muscular strength

C. ISOKINETIC CONCENTRIC TRAINING _

Isokmetxc system of trammg is the ‘newest form of resxstance trammg 10 be

_ mtroduced Smce 1t

BN

.mceptton uLShe late sixties, it has been the subJect of many general and

R

N

_specrf ic research prolects It has the advantages of 1sotomc and 1sometr1c methods in addmon N

' ’ to overcommg the mherent weaknesses of these two. methods (Hnslop & Perrme 1967)

Isokmetxc exercise occurs agamst a load whrch allows movement at a mechamcally

 fixed speed and offers resrstance mherently proportlonal to the muscle s maxlmal force
] \
' developmg capacity at every pomt (Thistle et aI 1967 Perrine, 1968 Moffrord et al. ?71969)

throughout the range of moVement

: B
"In 1sokmet1c exercrse system the spe_ed of motion, no longer an uncontrollable '

- variable may be pre-set accordmg to the specrflc activity for Wthh tlﬁmuscle is
being tramed " .

Pernne (1968) explamed the mechamsm involved in the 1sokmet1c exercrse system

. When an mdxvrdua] apphes maximum affort to an 1sokmet1c exercnser whxch
consists of - a " unique - speed-; controlhng mechanism that operates as . an
speed-governor on a dynamic exercise motion;:it will instantly, acceletate to its set
“speed. By preventing any. further acceleratron above that speed, ;it will load the

e

\.



dynamic hamessed muscle. exactly propo
tensron eapacrty through a full range at that speed

Chu and Smrth (1971) have thxs to say
\ . :
L ,"In 1sokrnet1c exercrse. more energy may be absorbed by muscular exemon‘
. "because acceleration is controlled mechanically by the device. Therefore; energy is . ..
- not.wasted in speed control and may be concentrated on developmg force With .-
. the use of an isokinetic device, the ‘muscle is able 'to- maintain a_ staf®*of - -
~ maximum: contraction through its full Tange of ‘motion and thereby a maxmﬁr "
L demand 1s reqmred on the work capacrty of the muscles

Jensen and Jensen ( 1978) in therr contrtbutron stated

) lsokrnetrc exercrse devices have varrable adJustments s0 that exercrse can be done
o at slow mtermedrate or fast speeds : |

-

Isokmetlc concentnc exercrse does not- cause muscle soreness .as other methods of '

trarnmg do (Pemne 1968 Pxpes 1977 Counsnlman 1971; Mll’ll Gym 1979) The ratxonale
3

'monal to rts maxrmum d)’namlc""', e

for therr assertron was that muscles relax momentarrly between repetmons m 1sokmetrc:

exercrse Thrs glves the blood t1me to remove the lactrc acrd f rom the exercrsmg muscles thus

enablmg the muscles to- work maxrmally apparently wrthout suffermg the results of waste_ -

A\

product accumulauon In constrast durmg 1sotomc exercise, the muscles do not relax_ T

suff 1crently between repetltrons because the wexght must return (eccentnc contractron) and”v '

thlS muscle contractton contmues to restrrct the flow of blood and the natural cleanmg'

o~ B . _.J o

Process A N

Antagomsts (O Shea 1966 \Jo\nes 1974 Arrel 1976 Garhammer 1986) of 1sokmetrc "

exercrs‘e bemg the best contended that 1Qk1netrc and other types of machme trammg may be-f, -

theoretrcally sound for the development of 1solated muscle groups but fast explosxve and. _.

-~

f ull range multrple body Jomt acuon is’ not mechamcally or physrca]ly possrble

;l Other disadvantages mherent in thxs form of trammg 'as hrghlrghted by Darden

)are'-

! 9‘77) Hobson (1983) Stone (1982) and Sale and Macdougall (1981

There is: less resrstance at elther end of the movement whrch means t jat the muscle does '

not contract maxxmally through a full range of movement

v

2. . It 1s unproductlve to use 1sok1net1c exercrses which- control th “speed -of movement to-.

"duplrcate neuromuscular system as most sports mvolve balllstlc m vements

-

e 3. 'Smce force has been consrdered an 1mportant component of athletlc performance—



K -mokmeuc devrees mhlblt natural pattcl'ns of acceleraﬁon and deceletauon

: 4 ‘ .:‘lsokmetxc exercrse does not provrde the stretchmg of Joints and pre stretchmg of the

S o muscltes\whxch are not only preresrqultes for forcef ul contractron but have an rmportant :

- effect on motor perves.. . - -_ffi B

L 5,."; 'Athlettc performance requrres dynamlc balance and concentratlon whrch are rntergral

S -requtrements for success These qualmes cannot be developed when tramtng wrth a}» L

¢

-',machme like the 1sokmet1c devrce to whlch the tramee ‘is strapped

6. . If 1mprovement and better performante in the fleld of sports is the sole Ob]CC[lVC of '

,strength trammg. thedexercrse should srmulate as. much as posssrble the movement_

'pattems of the mtended sports because neural adaptattons play an 1mportant role in the

. response to strength trammg Srmulauon of sports patterns ‘that requ,xre the: tise of the '

©
‘a_ _;6‘,.

It is not strll clear whether 1t 1s more benef 1c1alam tra;n at velocmes where maxrmunt
torque occurs or at hlgher velocmes which glves rise to /maxrmum power output In: vrew of

thlS uncertamty many research studtes have been done to determme the Optlmal sets

. repetrttons and trammg speed 1n developmg maxtmum dynamrc strength and power. The -

generally accepted prmcrple of specrf 1c1ty \m strength and power trammg, suggests that there

' may be little transfer from slow speed resrstance trammg to the rapld balhstlc movements 4
performed in many sports settmgs Sale and Macdougall (1981) have reviewed . the factors -
whnch mfluence trammg effects such as movement pattern contractron type force and '

velocrty in’ an attempt to clanfy some of the prmcrples of specxfrcrty of strength and power t 3

trarmng

The frndmgs of AdeyanJu et al (1983) Plpes and ermore (1975) Moffrord and

Whrpple (1970) and Smilﬂth—and Melton (1981) mdrcated that trammg at hrgh speed tensxon’
would lead to more raprd mcreases m strength and general work capaclty than trarnmg wrth

low speed 1ensron HoweVer the studres of Kehl (1977) and Lesmes et al (1978) showed no

’ srgnrfrcant drfference between'tralmng speeds in strength developrnent Van Oteghen (1975)

tal body cannot be achxeved wrth 1sok1netlc tralmng -as wrde movement vanatlons are. .

'notpos51ble . L e o : %/'

.



VS

‘_ settmg ehcrted a much greater output than‘ the two faster speeds : ot -.5.‘ AR

: . 2 . - ‘ J*' LSNP 1y &
vertml jump performance but Sl& spwd tensron Was ‘more effecus'e‘

L
bench press performed at three speeds ﬁgund that muscle actton patenttal for th slo
"
N B

.
1-..’.,

Yo, . 9’ '
\ . The postulate of Rosentewreg et al (1975) does..not totally agree th& fmdrngs of

e'!

:‘:fn

“tmn

Moffrqrd and Whrpple (1970) who exammed the effecls of two dtfferdn

2 .
RUSPREN - . )

" force only at. slow spced

2. Hrgh power (hrgh speed low resrstance) exercrse produces mcreases rn muscular force

T at all speeds of contractton at and below the trammg speed . o

} ‘3 Hrgh power exercise mcreases muscular endurance at htgh speeds more than dxd low

- power exercnse increase’ muscular endurance at slow speeds T
.. N

..

. "-‘.i .

: 1sok1nettc trammg on muscular strength power- and endurance HlS experrmental subjects

tramed thnce weekly for a total of seven weeks Therr f mdmgs were consrstent wrth those of

\

Mof frord and Whrpple ( 1970) that 1sok1nettc fast speed trammg is superror to 1sokmetrc slow
speed trammg in the development of muscular force, power and endurance at hrgh

performancespeed . . ' ‘_ _ . .

e

The results of the studtes conducted by Catozzo at al (1980) Coyle et al. ( 1981) and

Plpes and ermore (1975) are at vanance wrth the findings of superrorrty of - fast trarnmg

veloc1t~y earher presented in this revrew They found that the* gam’s m muswlar strength at

slow trammg speeds were greater than garns achleved at fast tratntng speeds Thrs position was '

substantrated by the fmdmgs of Kanehrsa and Mtyashrta (1983) They demonstrated that slow N

speed and lntermedtate groups showed statlstrcally srgmf rcant mcreases in average power at all

~

ms
R

0 N
while the other exerctsed at-a fast-s_peed of 18 revoluttons per mmute Bot
b Te% '\»“.'T--'?‘ ! R TR
three times a week\f or a tota] of srx Weeks They summartzed thetr fmdmgs as BB ’
1 : Low power (low speed hrgh re51stance) exercrse produces greater mcreases in muscular

Ina sxmrlar study AdeyanJu et al ( 1983) mvesttgated the effects o&two speeds of S

L 3




. groups 1mproved srgruf 1cantly o‘ver the control group. He stated ' ‘ -

.-"-,tramtngprograms employed m vartous studies -'f'f"ﬂ. _ S o -'

B

;test speeds of 24o° and 300°/sec These conflicttng ftndmgs could’be pa.rtly due © the S

Roner and Schafer (1981) studted the opumal frequency of tramtng for maxrmum o '

' ,that there Was no drff erence’ wrth regard to strength gams measured by peak force when»

¢

gams After tratmng wrth 3 sets of 8 repetrtrons ‘per’ set at’ 10 rpm for srx weeks they fourﬂ o

exercrsmg tsokmetrcally three ttmes ‘per week or exercrstng datly, for a total of fn&: umes a’ "

week However wheﬂ sﬁength was measured tsometrtcally, the subJects who exercrsed ftve

.‘-u'

respond drfferently to the trammg regrme

N

Kehl (1977) desrgned a,Study to determme the effects of three drfferent repetttton o

-

of mdmg is’ that darly strmulus of the muscle of f ered by tsokmettc exerctﬁe IS

| 1mphcatton tg‘ %s

g~not as ef fecttv as that provrded thrlce weekly Thetr subJects were f emale male subJects may '

'frequenCtes of/parallel squat exercrse performed 1sok1nettcally on the performance of ther';'

' ‘did 2 sets of 10 repetmons another dld 2 sets of 20 repetmons whtle the thtrd group trarned

' wrth*’? sets of 30 repetmons The control dld not tram All the expertmental subJects had :

two mtnute rest. between sets and they tratned at htgh speed of two feet by second three
9

‘ "Verttcal jun:fp performance can: be rmproved through isokinetic trammg at htgh

+ speed when, trammg three times a week f or six weeks usmg erther two sets of 10, -

20 or 30 repetmons NNy

;yerttcal jump, 34 male college students were dmded rnto four groups One expenmental group y

: urrles ‘a week compared less favourably to the subJects who tramed three ttmes weekly The_ N ‘

‘ ttmes a week usmg the tsokmettc mmt gym leaper His results showed that all the exercrse_ .

 The" results of.- the exb rrment conducted by Lesmes et al. (1978) agreed wrth the -

a. tratmng program o’ compare strength and power gams achreved as a result of 1sok1net1c

‘ v

’ strength tratmng lastmg srx seconds and thirty seconds respecttvrely The subjects tramed f our ‘

A \

: T. fi mdmgs of Kehl (1977) They desrgned a study in whrch ftve healthy subgects pattrcrpated in

‘ s L
‘ ttmes_av-week for»a t0tal of seven weeks. Each _tratmn_g bout,consrsted_'_o( maxrmum flexto_n;and'._‘ '

' operatronal defrmtton of trammg speeds categonzeg, as slow or fast and the duratton of the Sl




: 'slow (60°/sec ). or fast (180 /sec) velocrtles . :

5 :\'_'extenston'of the knee at cons%rt veIocrty of 180 /sec One leg was tramed wrth a sut second L

work bout whrle the other leg was tramed wrth a thtrty second work bout

Thetr results showed tlhat tota] work output mcreased by an average of 30% w1th'-.:' -

"‘etther trammg mode but no sngmftcant d1f£erence emerged when tested etther at. relatrvely " s

’1;4'- 'A,"’f

Counsrlman (1976) advanced an explanatron for the phywlogtcal 1mphcatrons m‘ x

trarnmg w1th low and htgh resxstance and at fast speeds S e . EL

Btopsxes of athletes ona spnnt program and: of athletes who do hlgh resistance,
low repetttton exercise at fast speed-on isokinetic equtpment show that the white
. fibers “increase in’size and the rted fibers remain almost unchanged. The
advantages are opvious. The white fibers are made stronger and the- proporttonal
. mass of the white fibers is STincreased.- Each -white fiber is able: to . slop more
_tension and adapt to the stress of fast, htgh resrstance exercise by’ ming -rot
‘ or‘ily stronger but faster.” :

lt is. evrdent from the fact‘s that have . emerged fra'u thts revrew that there is. ‘no-

\ deftmte trammg velocrty agreed upon ‘in the ltterature when the ob_]ectrve 1s to develop.

'muscular strength and power One 1mportant concept that emerged though 1s that trammg at

lhtgh Speed or low speed tensnon will cause an mcrease m dynamrc strength whtle trammg at

L
fast speed whtc} provrdes low resistance, results in. the development of power Thts provrdes a

_ better carry over to motor perf ormances of - f ast velocnty Drff erent adaptatrons occur tn the

muscle

: 3nervous system as well as in the musculature as a result of the dtfferent trammg velocmes and g

thus mtensmes These adaptattons also affect the in v1vo force veloclty relatronshtp of the o

/

._“

'D COMPARISON BETWEEN ISOTONIC & ISOKINETIC TRAINING MOD‘E’S

' Most athlettc movements are ballrsttc m nature whtch are preprogrammed 1n the

central mechamsms of the brain and once mtttated cannot be mfluenced by - sensory or-

. envnronmental mformatlon (A-nel 1976) In order to develop thrs - precise complex‘

\..

’ ,neuromuscular actton 1sotomc exercxse routine’ must ‘be employed 1o enhance the nrecisenese




m the ummg and coordmatr\h%;th the system of muscle contractlon and the segmental

sequence of muscular actmty involved in these complex tasks (Anel 1976 Garhammer 1978

OShea 1979) Q o ,’t v\.:.s__\r

~,

Arrel (1976) argued that it was 1mpossib to use 1sokmetxc exercrses whrch control

the speed of movement to dupltcate the neuromuscular system because adaptatlons m the
centractlle and nervous tissues are specrf ic'to the type of trammg done (Sale and MacDougall
1981) . Isoltmettc trammg method has been presentcd by Prpes and ermore (1975) as havmg a

,logxcal advantage over 1sotomc training method because in 1sokmetrc exercise, the resrstance 1s

vanable and accommodatrng, thereby allowmg the development of maximum’ tensron and thus o

strength throughout the full range -of. motlon To butress their case for 1sokmet1c they

'A .contended that: . - IR

_ “Matchmg the speed of trammg to th\e speed- of performarl%e may be 1mportant
.. in light of recent work concerning thé specificity of training as 1sookmetlc gewce ma
‘Has been constructed 0 allow trammg speeds to vary from 0~ to. 200 per
second " . T

However speed of performances in some spornrfg actrvmes is as. hrgh as 600 700 /sec

There are not many comparauve studres of 1sotomc and 1sok1net1c trammg modes -

reported m the lrterature But early mvestrgatrons conducted produced conflrctmg results. The
- experrmental Studres of Moffrord et al (1969), Girardi (1971) Stal@ (1974) Trtlow (1977)

~and Okoro (1979) showed that there was no- significant drfference between 1sotomc and

a -1soktnet1c in developmg strength and improving work capacity. Delateur et al. (1972) found -

.'that both tramrng methods produced about” the same results.

However the study of Thrstle et al. (1967) m which they compared 1sokrnet1c trammg

with 1sotomc éxercise routines produced dlfferent results After eight weeks of trammg, the e

, '.lxsokmeue group had gamed approxtmately 35% m quadrrceps strength as comapared to 27%
| 'v for. the 1sotomc group ’

| In therr much crted study, Pipes and ermore (1975)” exammed the drfferences
'- between xsotomc and rsokrneuc strength trammg and 'what effects they have on changes of
muscle strength body cOmposmon and athletrc performace 36 subJects were assrgned to -one

¢

of four groups Trammg was conducted three trmes a week for a total of elght weeks

A

3



»

a

% 'Th sotomc group tramed 1mt1ally at 75% of lRM 3 sets of 8 repetmons. _ The‘v

“"‘rsokmetxc low spwd group tratned at 24° of hmb movement per second 3 sets of 8 repetmons S

. suchcts who exercrsed with the training. modes under study

*," 4‘1(,

s

e (1975) on the ground that . SN

L -‘ and later 3 sets of 15 repetmons The 1sok1net1c hlgh speed group tramed at 136° of hmb o
.v'vmovement peg second 3 sets of 15 rc{;eﬂ'tlons The control group drd not train. The Iesults -~

demonstrated a clear supenorrty of the rsokmetrc trammg procedures aver the tsotomc p

_ procedures relatrve to strength anthropometnc measurement and motor performance ﬁsks‘

representatWe of power The rsokmettc hlgh,Speed group demonstrated the greatest gam of all -

Srmth and Melton (1981) IEphcated the study. of Prpes and- Wilmore (1975) and came‘
up wrth srmllar results except that therr experrmenl\\ was of srx weeks duratton and their high
,speed group gamed srgmf 1cantly on]y when tested in actrvxtles requmng fast muswlar

-contractrons Garhammer ( 1978) questroned the validity. of the findings of Plpes and ermore

s-.'

~N

"Barbell trammg was done for 3 sets of 8\tb~.10 repetmons at 75% of maximum
three times-a week for eight weeks - not an optimal free weight training regimen -
.. to -achieve -the desrred results. No mention was made of how the subjects
performed the barbell exercises (cxplosively -vs slowly), a factor which would
- influence results in the motor perf ormance.tasks which were very dependent on
‘.explosrve strength L , a B

-

Hrnson and Rosentswreg (1973) stated that comparrson a'inong &erent methods of

\contractron ‘was tenuous because of trg 1f’ fi 1cu1ty m equating the work and also because any '

procedure used to eval "'ate the outcome mvolved one of the types. of contractron and was L

necessarrly brased in, that dlICCUOI’l To o &et thls dtscrepancy they employed quantrtatrve' _

' electromyographrc (EMG) techmques in an effort to. _examine the drffercnces among‘

' 1sok1netrc 1soton1c and isometric contractron types in terms of electrrcal actlvrty ehcrted by
each Thelr f: 1ndmgs monstrated that isokinetic contractlons ehcrted greater muscle actton‘
_potentral than erther isotonic or isometric contractto.ns | Y Q

However in therr second study, thson and Rosentswreg (1973) changed thetr optnron

and stated that no smgle contractton type produced the greatest actton potentxal for a11 the

LS Y



L Summary

’ optmons regardmg the superrorrty of 1sok1net1c exercrses over 1soton1c exercxses m the raptd

;?.";_contractlon) Asmussen (1952) - has demonstrated that for farrly rapld movement the .‘

e

E ECCENTRIC TRAINING

' and the frequency of the neural stlmualtlon of these fibers, several groups have mvesttgated

In the hght of the facts that have emerged from thrs revrew there 1s confhct of

development of dynamrc strength and 1mprovement of motor perf ormance

-

An eccentrlc contractlon occurs when the muscle is bemg lengthened passrvely by an :

external force resultmg in the development of tensron (Kroemer 1970 Rasch 1974 Sale and

Norman 1982; Knuttgen and Kroemer 1987) McMahon (1984) llefmed 1t a,s the work done

4 by the muscle when 1t is developtng an actlve force at the same time a$ 1t .bemg compelled

(18 I3

JJJI

'*lto lengthen by an outSIde agency’. Rasch (1974) observed that it is much less fatlgumg to

perf orm negatlve ‘work (eccentnc contractton) than it is to perform posmve (concentnc

N b) ', !

» »maxrmum concentnc force was only 75 to 80% that Qf 1sometr1c strength whereas in resrstmg

a movement at the same velocrty, 125% to 130% of 1sorhetnc strength can be produced

A S

An examination of the force -velocity curve reveals that as velocny of concentric

‘.":_:»the velocnty of lengthenmg increases (Rasch 1974 Sale and MacDougall 1982 McMahon
IETER '-1984)

» s

Smce the tension exerted by a muscle is the product of the number of flbers actxvated o

the degree of motor-unit mvolvement in muscle contractlon They measured the levels of

AI

mtegrated electromyography (IEMG) in muscle contractxon under eccentrxq and concentrtc

condmons because electrtcal act1v1ty in the muscle is satd to have a lmear relattonshlp wrth the

'amount of -tension developed: (Blgland and L1ppold,,,1952 Rogers and Berger 1074)

Asmussen (1952) reported that IEMG was greater durmg concentnc work than eccentrnc work

S,

'.because in eccentnc contractron as the muscle fxbers ‘are forcefully lengthened relattvely

‘ fewer ftbers are requrred (as low as’ 1/3) to hold the load. compared to concentnc work ThlS

,

contractlon 1ncreases force decreases Conversely, ecéentnc f orce mcreases (up to 4 pomt) as
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vrew Was supported by Brgland‘ and Lrppold (1955) and Basmajran (1967) that for a grven‘. |

. o
: submaxrmal force of cohtractron an eccentnc contractmg muscle uses less oxygen a smaller .

.t

amoztmt of QTP and less motor -unit- mvolvement than when the muscle is contractmg'

: _ sconcentrrca'lly Ashton and Srngh (1973) after 1nvest1gat1ng the relattonshrp between erectores

]
sprnae voltage and backlrft strength for drfferent contractrons found that the maxrmal

concentnc strength voltage per pound force ratlo .was srgmfrcantly hrgher than the ratlos for

RN

%

- compared to concentrrc contractron mlght be partly due to the- facrlrtatlon of motor uatt

o > : o
s mvolvement durmg 1mposed stretch and mhlbmon durmg shortemng oy

:f__ the degree of facrhtatlon would perhaps dlff‘} durmg complete flexroh or: exteusrpn of elbow

‘the 1sometrt1c and eccentrrc strength v SEI : o ';.; -
1 su w TR Y

However the fmdmgs of Koml (1973) after mvestrgatmg the relatlonshrp begveen .

: maxxmal IEMG and tensron.development of the elbow f lexors at dlf f erent speeds of concentrrc

and eccentrlc contractlons were drffercnt His results were substantrated by Rodgers and
Bergers (1974) who~ falled to fmd any dtfference in. the degree of motor umt mvolvement'
between mammal COI]CCl’ltI'lC and eccentrxc contract'ons although the tension developed durmg_ _'
eccentrlc contractron was nearly twrce that developed concentrrcally Thrs phenomenon could
be explamed by» the' postulate of Bosco (1985) that over stretchmg of the musele elastrc_”:

o

3
components (1 e. tendons connectrve trssue among frbers and frbr-‘s and elastrc elements m

the sarcolemma) along with the accompanymg delay in the recoil would serve as-a trophlc'-

strmulus to increase the force of mUScle contractron Cavagna &t al (1965) supported thls '

perspectrve and theortzed that such stretchmg of the mtfscle at the onset of eccentrlc_ .

contractlon results in the storage of greater amount of énergy .in the elastrc components of~ .

the muscle thereby culmmatmg in the generatron of much greater force as compared to the.'_'

f orce productron in a]correspondmg motor+ umt recruttment durmg concentnc contractrons A

drfferent vrew was expressed by Astrand (1977) that greater tensron of eccentrrc contractron '

i
LY

The mterpretatron of the fmdmgs of Komi (1973) and Rodgers and Ber"’?§(,1’974) :

; should be done with: cautlon because smce therr studres were only concerned wrt 4 _rt'ge of
\0 -

.

: motron that drd not mclude the extreme angles at. elther end of the range of elbow movement

-



Although 1t has been estabhshed that the force generated dunng eccentrrc contracuon

is. greater than that of concentnc contractron, (Asmussen 1952 ’Brgland and Lrppold 1952

~ .r.‘ . R
"‘Basmajran 1967) there are problems assocrated wrth trammg wrth this” method 0 1mprove

. work capacrty Apart from the fact that most ‘of the trammg devrces contructed are brased"
K tO'Ward concentnc method in vanous f orms heterogenerty ol‘ subJects ‘muscle groups studles )

' -:coupled wrth drfferent trammg mtensmes and velocmes mmgated concrete generahzauon of
. L]

- e

’ the f mdmgs

ln eccentrrc tramrng. a relatrvely greater load is placed upon the elastrc components of

e

. the muscle resultmg in muscle soreness prrmarrly in the tendmosus attachments of the muscle '
“(Johnson 1972 Frrden et als, 1983 Creshk 1986) found that followrng eccentrlc trammg '
: 'myofrrbrllar damage was pronounced in. tbg Type II f rbers and that the Z band of all the fiber

: --[ypes was. damaged as the drwjzhxzaugof Z- band materral -occurred

Downhrll runmng drffercnt form of eccentrtc trarnrng, had been shown by

N

Schwane et al (1983) to cause delayed oriset muscular soreness and a srgmflcant mcrease in

»

' '-plasma CPK actrvrty (351% at 24 h) due to structural changes in the muscle tlssue resultmg '

' vfrom eccentrrc contracuons Thrs delayed onset of muscle soreness (DOMS) assocrated with -

ey s -

f"‘ecéentrrc trammg has been corlf trmed by Armstrong (1984) ':- o : (3

x

These parns have been known to. subsrde af ter a. perrod of txme (probably 2 weeks)?f

~

' '-"durmg whrch trme development of maxrmum strength by—the subJects af f ected decreased as -
h

'g.:.*'they tramed wrth drscomfort Johnson 1972 Rasch 1974) Hence Racsh (1974) and Koml

and Buskrrk (1972) op ned that because of the drop in tensxon and soreness durmg early‘
: condmonmg, eccentrrc contractrons may not prowde op}rmal muscle condmomng in the

' '_shortest possrble trme Thrs observatton was supported by Smgh and Damelson (1975) when

':they drd not fmd any srgmfrcant change in. the eccentrrcally tramed group in the frrst srx:‘

_ weeks of therr erght week trammg program

L3

There 1s no.: reported study whrch examrned the optrmal eccentric- tranmng loads .

T repetrtrons and sets for the’ raprd development of muscular strength and power although most .

unvesugators have utrhzed varrous >tta1mng loads rangtng from 120 to 130% 1 RM However

BN
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o

L ._ Jones (1973) has suggested that for maxrmum response?to eccentnc trammg, t‘he movement

.:should be slow enough to perrmt the sub;ect to attempt to stop the external force Johnson et

(1976) have advrsed agamst usrng trammg loads greater than 130% 1 RM as 1t rmght
,_‘mcrease the potentlal for damage to the muscles or to ot} body support structures Apart
.}from the potentral of mJury, subJects may not beable to slow down the downward movement

.‘.of the lenthemng force in eccentrrc exercrse whrch mrght ,thercfore result in httle or no

.

‘t*rammg eff ect.

Summary . . , L .
' Eccentrrc contractton produces “much . greater tensron than' concentrtc contractton

»Eccentrrc muscle contractlon (neganve work) results in lower metabohc ‘cost probably due toa

Vo reductron in actnve muscle mass The mcreased tensron developed durmg eccentnc work is the

T ‘result of energy stored m the elastrc elements of the msucle as it 1s forcef ully stretched at the

onset of contractxonr It is not clear whether there 1s mcreased IEMG wrth a correspondmg’
: ST M

- -mcrease m motor umt mvolvement in eccentrrc contractton.-.__ Eccentnc trammg causes delayed

' onset muscle soreness (DOMS) and also myofrtbtllar dama e coupled wrth the dtsorgamzatron

. 8 . . S

of the Z band matenal :

P a . . . - S

~ . L -
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F. COMPARISON BETWEEN CONCENTRIC AND ECCENTRIC METHODS o
" Research- studtes that have compared eccentnc and toncentnc modes of streggth

trammg usmg drfferent types of equtpment have reported conflrctmg results. The first

. comparatrve study reported was done by Logan (1952) m whtch he tramed 16. subjects

: matched on the ba91s of equal leg length and maxrmal strength of the quadnceps muscles as’

, "measured by at'tensrometer durmg seated knee extensxons ‘The trarmng program consisted of

.'Islow leg press on a leg press machme by one subject whlle his partner took thn 'werght on his

i‘f eet and lowered 1t Gradual mcreases were. made m the werghts as the trammg progressed
' The subjects drd 30 repetlttons thrrce weekly for a total of 7 weeks In hlS fi mdmgs he noted

that there was apparently little drf ference between the ef fects of exercrse under concentrxc and

: v
RN
R



) eccentnc condrtrons and‘that the httle drfference that bccurred was probably due to the fact
* that the ‘work done could not be equated exatly. _' : i 2 _-‘ » AT
L Thts observatxon was conflrmed $0° many years later by Sehger et al. (1968) who
: trarned 15 members of an adult rugby team (8 eccentrtcally and 7 l:oncentrrcally) by hftmg ‘
' and lowermg dumbells over a:.two- hour penod repeated twrce a week for 13 consecutxve
.weeks They reported that strength gains were 1den£1cal for both groups but noted eccentmc
_exercrse was more effi 1c1ent as it requxred less energy expendrture durmg the exererse

The results of the mvesttgattons (Mannhelmer 1969 Johnson 1972 Smgh and
'Damelson 1975 Johnson ¢t al 1976 Pavone and Moffat 1985) carrred out in later years to

determme which trammg mode was more effrcrent (ec

'.rjc vs concentrlc) supported the ’

earher results

In 1950 Petersen reported a study m Wthh he found drfferent results He observed

af ter trammg hts s'ubjects wrth dnfferent contractrons m 20 36 da%hat 1nsp1te of the hxgher

-'tensron develo ed du eccentrtc trammg ‘no srgmf icant mcrease in 1sometnc stren th was °

*

a ».-j'-fOund as a result of 10- maxrmal darly eccentnc contractlons On the other hand heavy
J A . ) .
dynamxc work mcreased the 1sometr1c strength of the muscles by 12% f or the females and 23%

4 -
. 3

_'for themales | o R I PR i
A clear dtssentmg view has been expressed by Koml and Busklrk (1972) who employed r
a specral electric dynamometer to condmon the forearm flexors of " his SU‘b_]CC[S through a

' .-range of 65° - 170° six trmes in a: trarmng z'sslon Followmg a pretest of maxlmal 1sometrtc

strength, 31 subJects were matc:%jand randomly assrgned to. one of 3 groups ecce?trro, '

concentric and control. ‘?‘he exerclse groups trained for 7 weeks 4 ttmes a xeek or; the

¢

dynamometer, ., ’. L S T .

~ His results 1nd1cated that - ecbentrlc condmon caused on the average a’ greater

¥

1mprovement m muscle tensron than did. the concentrrc condmonmg The drfference m the‘

results could be attnbuted to the\ dlfferent specral electnc dynamometer employed ln thetr -

{' )

: rnanually operated equxpment for trammg and testmg A S : o I

. ‘



ln a departure from the convenuonal practrce of usmg one type of contractron for

.:muscle condrtxomng, Hakkmen and Komt (1981) exammed the effects ,of a: 12-week -
S N S

'progressxve stren_ th trammg program utrlmng dlfferent combtned concentrrc and eccentrlc

_.musc]e work regt 'l- on maxrmum leg extensmn forces and dynamlc performance test

k -_results The subJects wh, tramed 4 tunes a week were 13 competmve %or welght lrfters'

i,

- V"and 27 non competmve ha tually acttve welght tramers plus 10 controls They were dxvrded L

mto WO main groups (concentnc and eccentrrc) whtch were. further sub dmded Concentnc-,,'

"trammg was done wrth 80 100% 9/ 1IRM, 1- 6 ré'petmons per set ‘while that of eccentrrc

o

'trammg was 100 130% of lRM 1- 3 repetmons pel‘ set.
The study demonstrated that the combmauons of concentrrc and eccentnc trammg'f'
resulted generally in better mcreases in muscle force than that of concentnc work alone The o

authors dld not. explam however, how eccentrxc work was done wrth clean and Jerk and snatch :
4 exercxses R L K I 7

As a result of the effectrvbness of the combmed concentric and eccentrrc trammg

u methods on strength develop‘nent Hakkmen -el al (1981) dld a follow- -up study to 1nvesugate

. tlie ef fects of a 16 week combined concentric and eccentnc strength trammg program fo ed:

by an 8- week detrammg program on maxunal force and vanous l'orce -time, anthropometrlc

muscle flber and enzyme acuvrty characterlsucs _' o T - S

The subJects were 14 malg (20 30 years old) accoustorned to werght trammg m a.

" non- compeutxve manner and' 10 physxcally 7a’"rve"'.male controls (20 30 years old) wrth no-;j‘_’-‘..;. _

. tspemal expenence in werght trammg ~The condxtromng exercise was performed three times.
| ‘weekly wrth a program consrstmg mamly of dynamrc squat exercrse of whrch 75% (80 100% of
IIRM) was concerntric while 25% { 100 120% of lRM) was eccentnc "-. ) 9', v

Their results mdrcated that_ the magmtude of strength gams 1mproved dynamtc motor
: performance and alteranons agreed wrth the findmgs of Pletnev (1975 1976) and Hakkrnen

and Kom1 ( 1981) th&t the combmatlon of concentnc and eccentrrc training was more effectrve

' for strength and power development than erthcr concentnc or. eccentnc trammg done alone




were qurte evrdent Thrs decrease they attrrbhted among other adaptatrons to. the very slow o

-

contractron speed employed\durmg ecééqt:rc trammg Thrs reason is. at vanance wrth the '

;,‘. 3

- stated prmcrple of eccentrrc trarn}n.g which  called for slow- speed contractron in order that the '
o
' condmomng "may be effecuve (Rasch 1974 Johnson et al., 1976) At mcreased speeds of -

) contractron sustarned lengthenmg may,not occur resultmg in- no desrred trammg ef f ect

-
o .

Su_mmary L : .

B

'

The reaserch flndmgs -are not conclusrve ‘but’ there is cons:derable evndence m the

e

,hterature that eccentnc work may be _more | vanta eousosmce com arable strength gams
v §

-could be achreved at a less expendrture of energy It is'hot clear however Wthh_ method is
7 .

supenor msprte of the greater tension developed durmg eccentrrc ”'dmtractron But there is

':3‘

vconsensus among researchers that a combmatron of eccentrrc and' oncentnc trammg in any

form is more ef fectrve than etther concentrxc or ‘eccentric trammg 6ne alone

et . . NE
£ - . g
i . . .

G. STRENGTH I‘ ESTS

Strength 1s proportronal to the physxologlcal cross sectlonal area Qf the muscle

(Hettinger 1961'; .

contracttons or the amopnt of . tensron a group .of muscles exerts agamst an mmovable obJectf;
"m a statrc contraction. The magnrtude of mternally developed force of-a muscle cannot be -

measured drrectly mstead the external effects of the mternal muscular effort 1s measurable as “ o
the force exerted at a certam drstance from the Jomt t6 an outsxde ObJGCt (Kroemer 1970)
: .'Berger (1972) asserted that SOme md:vrduals score hrgher on strength tests than others because

of more: favourable leaverage although actual muscle contractton i orces are the same

.-AMuscle strength is measured by the wetght lrfted through concentrrc,

Hunsrckler and Donnelly (1955) referred to De La Hrre - a French screntrst as the :

’frrst to puohsh the results of hrs mVestrgattons m 1699 De La Hrre drd not use hrghly

"screntrfrc devrces but merely vcompared the strength of man in llftmg werghts and carrymgT



"v'burdens wrth that of horses Smce hrs pubhcation many drfferent preces of apparatus have_ o

been destgned to measure the muscular strength of humans Whrle some have been drscarded

o -others were modrfred to surt prgent use Hunsrcker and Donnely (1955) gave a hrstoncal

o prcture of the development of these vanous mstruments and the prmcrple of operatron upgn‘ ’

o whrch the desrgns were based

| Comparatrve studres and analyses have been made by various mvestrgators (Clarke
‘ 1954 Hunsrckler & Donnelly, 1955; Konu 1973 Chaffrn et al 1980) and a consensus was not- .

: reached as regards the best testmg ;nethod It is. however pertment to mentron the observatron
of Kennedy (1965) that muscle stfength tests could be affected by the competence of the
'tester force of gravrty, Jomt stabrlrty, fulcrum and length of the lever the apparatus used for .
‘the test and accordmg to: Darden (1977) rieural factor. in performance Measurement of

 maximum strength by voluntary maxrmal contractron of the muscles is not only a techmcal' ‘
3 ~Ibut a psychologrcal problem (Muller 1962 Ika1 and Stemhaus (1961) drscovered from therr

_. 'study that gunshot or screammg durmg contractron mcreased the strength of therr subJects by» |
7- 12% and that strength can be altered by hynouc Suggestroklt i$ hkely that screamlng or A
- .v'gunshot sound at the ttme of muscular contractron may recluce the neural mhrbmon on the“’_

o

generatron Qf maxrmal tensron by the muscles

There 1s no test in. whrch all or some of the factors mentloned}.above do not contnbute
to weakg{r the vahdlty of strength measurement results In vrew of the attenuitmg factors in
'strength tests one may want to questron the vahdrty of the results of tests already conducted'
| _ 'whrch have formed the baSIS of screntrftc research today e
L In recent years the development of a practncal method of obJectrve strength and |
| -.'v_"power testmg has been the subJect of a great deal of work in the freld of Physrcal Educatron |
| 'Physrcal Therapy and Physrca] Rehabthtatron An obJectrve measurement wh1ch is- mdependent

of the. effects of the. trammg program would seem to be requrred if the contnbutron of the

r .respectrve contractron types of strength gam 1s to be accurately evaluated Along thrs hne of . -

: -.thought Ikar and Fukunaga (1966) came up wrth the 1dea of measurrng the strength of ar,v _

.uscle through the means of ultrasonic photography:"l‘hey stated
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' H ISOTONIC CONCENT C STRFNGTH TEST USING lRM

T

.. . device to lower the werght mdependent of the subject’ s eff ort

' muscle strength capabrhty of a person.

,determme the isotonic strength of the muscle groups bemg tested

_ whereby thc mltral force developed by the contractmg muscie is assessed obJecttvely

o - ,"By means of ultrasomc photography o'A:the cross- secuon of the actmg musclel ¥

‘bundle, together .with' the. measurement of" .the strength developed by’ the subjectv. :

~ with. maxrmal effort the strength per'.-‘, I t area of the muscle (kg/cm ) could be. . -
L calculated R S :

/.,

' A drfferent approach was espoused by Smgh (1972) who desrgned an electnc
/

" n measure

dynamometer to test concentrrc eccentnc and 1sometnc strength Tlns devrce

ncentrrc and eccentrrc strength at a. pre frxed constant velocrty Chaffm (1980)

.descrrbed the concept of electromyographrc (EMG) amphtrtude as bemg a: consrstent and

_sensrtrve measure of motor umt recrurtment and that it is efl' CCllVC in determml’ng the actual

The one repetmon maxrmum (lRM) whrch is. the heavrest werght that can be lrfted

~ once, -is the most common measure of concentnc strength (1982) Although the protocol

mvolves altcrnatmg concentnc and CCCCntI’lC contractron phases it is always a test of
concentrrc contractron strength Delorme and Watkms (1948) used lRM as-a maxrmum

d)narmc strength of (a ?--muscle Or muscle groups Followmg thns protocol Berger (1962a

' ,1963) O Shea (1966) thhers (1967) and some other mvestrg‘ators used 51m11ar method o

‘The values obtamed from 1sotomc werght llftmg tests are not only for concentrlc but

, also eccentric contractlons because the SUb_]CC[ has. to lower the werght (eccentnc) from its

3

supports and returns 1t (concentrrc) thereby depletmg hlS energy soufces. mtended for the

“'concentnc test per se. To _overcome. thlS weakness mherent in thrs test, Safe and Norman

‘ (1982) suggested that the. test should consist of concentnc contractlon only. by designing a:

~ Since the force apphed at the onset of the lift. 0 overcome the lnertra of the werght is

more than that of the werght S"tle and Norman (1982) suggested that a system be devxsed




e In vrvo a muscle wrll regrster rts peak torque when 1ts Jomt angle has opt1mal:"._:. "
vmechanrcal advantage (Berger 1962a Lesmes et al 1978) therefore rt is. rmportant that the -
S ‘{"test protocol is standardrzed because the posmon assumed at the trme of the test may rncrease_‘

~or decrease the werght that can be hfted (Jones 1974) De Vrres ( 1974) pomted out that one =

'_ .of the weaknesses rnherent in thrs QeSt is the repetrtton of the test with dtfferent loads in order .

_'to determrne the subject s true lRM If all testmg rs done in one- sessron the valrdrty of the e

test may be affected by fat1gue

I. ECCENTRIC- STRENGTH TEST y

Eccentrrc strength test 1s not p0pular because of ,rts non- apphcabrltty to darly'
actrvmes Its relevance to some sports lrke Judo and Wresthng therefore calls for a more

: obJectrve method of assessmg rt Eccentrrc strength test could be 1sotomc or 1sok1net1c }

' dependmg on the type of equrpment used

Velocrty crrterron should be set in order to get the correct value in eccentrrc strength

,‘,

‘ measurement “The study of Asmussen (1952) showed tlﬁf man muscles can do negatrve _

work at 1/3 - 1/9 cost of posmve work whrle workmg at low and moderate speeds At hrgh

£
g_-velocrty, he observed that: thg.gpst of negatrve work almost. equalled zero

it

) ) . R

J. ISOKINETIC STREVGTH TEST

One of the newest devices avatlable to physrcal theraprsts and researchers for. the

‘ evaluatron of 'strength is the 1sokmetrc dYnamometer (Falkel 1978; Barbee and Landrs 1984)

'Thrs rsokmetrc devrce can be set at a varrety of speeds through a complete range of motron

S and prmts a read -out of the torque exerted by a speafrc group of muscles It measures force

- out- put’ at pre selected controlled ‘velocities from 1sometrrc contractron (0 per second) to fast

' .functronal speed (over 200 per second)

Moffrord et al. (1969) found that test retest sessrons usmg an réokmetrc d(evrce for -

v

R ._v'evaluatmg strength produced a: coefflment of rehabrhty of 0.995. Isokmeno devices hmm"
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_ _K RESISTANCE TRAINING BODY FAT & ANTHROWMETRIC CHANGES

_vgamed mcreasmg acceptance in fhe- area of strength evaluanon smce its mceptton because

Y

calculatrons in terms of footpounds can be made whrch reflects such functronal abrhty as '

Jomt or muscle group bemg evaluated Thrstle et al (1967) contended that

"Since  exercise whlch mvolves ltftmg of werghts is drffrcult 0 mterpret and

- standardize, it would appear that measurement ‘of torque is the best’ rndex of
muscular contractton i oo ,

._J-

Some mvestlgatars notably Wmter (1981) and Sapega et al (1982) have cntrcrsrzed .

Cybex 1sokmetrc devrce as not recordmg the - actual torque produced durrng maxrmal ) B

appear in Cybex torque records do not represent mtermrttent surges of muscle contractrle

e

force but rather the forces assocrated wrth the mmal deceleratron and subsequent velocrty'

(1975) that smcc the lnnb has to pass through several degrees of motxon before equallmg the» |

~

set speed of the dynamometer the force developed in the mmal part of the movemeit 1s not

recorded Wrth all these pomts marshalled agarnst the commercrally ,asvarlable isokineti testmg

devrces therr effectweness as strength measurmg dynamometer 1s thus questloned

%
o
R

I
Gne.ofwthe adapatrve changes that occur in the muscle as a result of hrgh mtenslty

.

, resrstance trarmng is an increase in lean body mass whrch 1s responsrble for mcreased force
.development "I‘here is research ‘evidence that the concomxttant effects of strength training

_mcludes 1mprovementhin ther physrcal and physrologrcal parameters (Katch and Drumm

1986)

The effect of hrgh resrstance trammg on the reducnbn of body fat has recently

/

»and exergse mstructors Klthough research work 1s lnrnted 1n this area the fi mdrngs that have

ST
—_—
A

’ strength power comparanve Jomt mtergrrty and actual dynamrc performance of the body o

»'_contractlons because it does not account for the force of gravrty actmg on the lrmbs Sapegaf'
, ) o

'Et al (1982) were of the oprmon that the promment 1n1t1al splkes and second oscrllatlons that"

' fluctanons of an- mmally overspeedmg limb- lever system. It is the contentlon of Ostermg'

: become an 1ssue of great mterest to exercrse physrologrsts physrotheraprsts medrcal doctors'-.

been reported are as controversral as the trammg programs employed L \ :



In a recent revrew on the effects of resrstance trarmng ‘on body composrtton Katch_ 3

L and Drumm (1986) presented data for boys and men whrch showed ulcreases m body wetght .

"of 3 to 2 3 kgs in ten studres whereas fwe studres noted reductxons m body wetght that

ranged from 4 to 1 lkg Decreases m per cent body fat of 5 to 2 8 were also noted whrle.

i

,' _b .moderate mcreases m lean body welght ranged from 9 to 3 kgs Studres mvestrgatmg the
| effect of rbsrstance trammg on body composmon have been hmrted in scope Some
' mvestxgators hke Plpes and ermore (1975) Stone et al (1983) Goldberg et al., (1984) and '

) Hunter (1985) reported reductlon m percent body fat and an increase m lean body wexght '

o whﬂe others (Ward and Frsk 1964 Hurley et al "1-984 Katch and Drumm 1986 Jette et al ;

'.-_ ' 1987) found no srgmfxcant changes in body composmg\n followmg heavy strength trammg :

o Some ol‘ those early mvestrgators who studxed- the effects of drfferent resxstance‘ .

. trammg programs on body composmon were Ptpes and ermore (’1975) After exght weeks of

' "v.\'\tratmng wrth xsokmetrc and 1sotomc modalmes three trmes a week they found no meanmgf ul' .: : _'
changes 1n body welght but drd fmd srgmftcant changes in lean bojly wexght of ¢2i 3 and 3. 9%_v .
'mcludmg fat: wexght whtch decreased by 6. 9 and 19 4% for ‘the isotonic ‘and: 1sokmettc modes‘,_'

'respectwely It 1s however worthy of note that thexr 1sok1netrc hlgh speed group exhtbrted the"

. 'greatest ]oss m percent quy l”at over the lsotomc and tsokmetlc low Speed'gl‘bups The'?

1mpltcauon of thelr result 1s 'that speed of muscle contractton durmg training 1s an 1mportar:t
factor as regards the reductxon of body fat thh strength trammg ' ‘ |

The results of Ptpes & ermore ( 1975) corroborated the earller fmdmgs reported by .

>W1lmore (1974) after trammg 46 women and 26, men wrth dtfferent resrstance exercises for.

.

' ~ both the upper and lower body The subjects tramed thnce weekly for a total of ten wceks '

o cahper

_ with each trammg sessron lastmg 40 mmutes Body composmon of the subjects were assessed

by hydrostatlc wexghmg techmque .and skmfold thlcknesses were measured by Harpenden‘_

He reported srgmfrcant mcrease in. strength as well as- 1dent1cal changes in body RS

X "_-omposrtxon as reﬂected by mcrease in lean body wetght (2 4 & l 9%) and decrease m

o absolu te body fat ( 7.5 & 9 3%) f or men and women respectwely Body wetght remarned. stable
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e throughout the study | .' ’__:'_ ' S
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SN

Stone et al (1983) conducted investtgatron 1nto cardr'bvascular responses 1o short term S

'\

Olymptc style werght trarnmg m young men Much as posmve cardrovascular changes were

observed posmve changes in body composrtron of thetr nine sub]ects were a’tso noted
T hetr subjects were college age male students Who tramed three ttmes a we@t for etght

weeks wrth squats leg - extensron snatch grtp pulls push press exercrses and vert

They determmed body composmon by hydrostatrc methods but resndual volume was es mated
by’ multrplymg vxtal capacrty by .24 (ermore 1969) Body fat was esttmated byAhe equatton -
of Brozek et al. (1963) The practtce of usmg constant value f 6r all the’ subJects t determme

resrdual volume is questtonable But ermore (1969) reported that there were n stattsttcally-

. 3

srgmfrcant dtfferences between the ‘means for densrty per;cent body fat or lean body werght .

alculated usmg the actual resrdual volumc and the means ’t:alculated usmg etther the estrmated

.
or constant resrdual volume ‘. "" o

Therr results supported those of Pipes. and “&more (1975) and ermore (1974) Whlch . o

. were. earher reported Therr subjects exhtbtted srgmflcant mcrease m lean body werght, L

S accompamed by a decrease in perce‘nt body f a,t resultmg in a stable body werght

The study of Golberg et al (1984) and Hurley et al (1984) have’ much sxgmf icance .v

regardmg Tesistance trammg anfj‘\‘ehptd hpoprotem levels of ' both acttve and macttve subJects
St
Hurley et ﬁ61984). aeported’ t‘hat trammg regtmen of bodyburlders 1s assocrated w1th a more

favourable *laptd proftle than the trammg of - powerhfters The nmphcatlon of this is that
&y

] moderate resrstance w1th hlgh repetmon (20 30) usually done by bodybutlders is more optrmal S

.
for fat‘ mobrhzatron compared to powerhfters trammg of htgh resrstance low repetmonp

Ny

(1 6) Af ter tratmng for 45- 60 mmutes per sessron three trmes a week f or 16 weeks usmg_'

R _ umversal gym machme for the reS1stance exercises (3 sets of 3 8 reps) Goldberg et -al. (1984) _

found that Pot only did’ thetr subJects (8 women average age 27 years and 6 men; average age” 3

37 years) mcreased srgmfrcantly therr mtd -arm - crrcumference by is" mm and 17 mm

especttvely, Athey also demonstrated a srgnrl'rcant @rease m the1r trrcep skt.nfold 'fheg |
R 8

posmve morphometnc changes were acc0mpamed by srgmf 1cant decrease i cholesterol levels

i .. ‘ L N
‘. : : ' 4

[



R
They then postulated that welght trarmng exercxses could mcrease hrgh def‘s:ty hpoprotem s
cholesterol concentratrons whrch mrght relate to reductton m body fat and mcreased lean body
mass , s . v , :
| . The study of Hunter, (1985) supports the 1dea that trarnmg for strength whrch':v',,’;,
mvolves the upper and lower extremmes of the body could mduce posmve changes in body
composmpn l-Irs subjects (22 females and 24 males) tramed three or four times a ‘week for '
seven weeks by domg 3 sets of 3- 10 repetmons of bench press two arm hand curl behmd the .
e  neck puﬁdown and knee curls His results mdxcated not only an 1ncrease in standmg long "
Jump' strength and muscular endurance lean body welght -also mcreased whrle percent.::
bodyfat of the subjects decreased _ ‘ ’ ‘
Brazell (1986) demonstrated that 3 times a week heavy resxstance .trammg was’ more
’-}”-_‘ effectwe than 2 txmes a week at srmllar workloads in srgmflcantly 1mprovmg body'
l, ' : composmon The subJects who tramed 3 umes a week decreased therr skmfold thncknesses by‘
K' ‘ 14% compared to th‘e 2 nmes a week trammg Wthh mduced a 5% change whrch was,
LT 1nsrgn1f1cant | _ | o : R o AR
- v »l Although the trammg program employed by Pahev and Browm ( 1973) mvolved both" o
lo\wer ‘and upper y, mcrease m lean body welght and” decrease in percent body fat was
msngmflcant »Theu§§ subjects tramed three tlmes a week for mne weeks domg 5 sets’ of 5 “
repetmon§ of bxcep curls bench press leg press and latlssrmus dor51 pull down mcludmg dead

lift exercxses

. Some of the earl' i ,estxgators to dispute the posrtlve effect of. strength trammg on

body fat reductlon were W and Fxsk (1964) They tramed ’15 male umvers:ty students who

@

were dmded mto two groups usmg 1sotomc and 1sometr1c exercises thnce a week for lO weeks oL

‘
4

N <
Although mcrease in strength £or the groups was reported there was no srgmf icant 1ncrease in i

the muscle c1rcumference ol‘ either the blCCpS or the quadnceps 1nd1cat1ng that 1ncrease in
PO g irength was mdependent of g 'he mcrease m the gxrth of the muscle

These fmdlngs were surported by the outcome of the study conducted by thcx et al __

?

( 1982) ThlS study, a by product oF the effect o&strength: tralnmg on lef t. ventncular srze was:

R
s ‘_.‘-...

\“‘ T



-Thrs was also confrrmed by Hurley et al. (1984) after trarnmg 13 sedentary males (average

o L AN
. R e

- of 20 weeks The 12 college age male subJects tramed thnce week'ly wrth 7 sets ofi 5 RM dmng

‘ serres of upper body 1sotomc exerctses Body f at was deterrmned from 10 skmfold thtcknesses

accordmg to the f ormula of Allen et al (1956)

The results mdrcated rncrease m strength by 39% but no change in percent body fat.

age 44 years) on the Nautrlus gym machmes 3 4 times a week for 16 weeks dorng 8 12 RM
of each of 14 exercrses per tramrng session. Fat free werght was reported to have signif 1cantly
mcreased (P< OS) but no srgnrfrcant change in body weight or percent body fat. The possrble .-

'reason for the observed msrgmfrcant change m body fat could be due to the low relatrve

' mtensrty (45% VO2 max.) ehcrted by this form of exercise as tt had some elements of mterval

- training assocrated wrth it. .. _' , DR _ : A

A more recent study by Jette et al (1987) dld not also frnd srgnrfrcant changes in

body composmon and anthropometrrc measurements except an mcrease in forearm girth of

the 'experimental -.subjec-‘ts following heavy resistance‘ training-protocols 'After 7 ‘wee'ks'of'

v trammg their 122 college female subjects assrgned randomly to three e).ercrse groups they

’

‘ ‘\ exhlbrted srgntf 1cant 1mprovement m upper body strength but no change in percent body fat.

o .

‘Summary

Response to}, re ghining program relative to body compOsit-ion and

"‘-anthropometrv 1s due to th,; .rather than the specrfrc method utrlrzed to effect the .

R ., EA

: trammg sttmulus Research work mr' “'this -area is hm’lt&d in scope but the fmdmgs ‘SO far

-

'--reported are controversral and 1nconclusrve The motivation of the subjects during trammg,

the volume and mtensrty of the exercise performed and’ the mcorporatron of aerobrc

_,components mto the trammg programs should be cons 7%ﬁ;_ed All these factors either’ smgly or .

together will determme whether the " subjects wrll redn@ y fat or _notAas a result of heavy

resrstance trammg programs

There is however a commonalrty in the studres that reported reduction in body fat as.
3
a result of heavy strength tramlng Thrs is the rnvolvement ‘of the upper and lower Dextremrtres
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= ', m the trammg coupled w:th long duratnon of trammg (longer than 10 wecké) as Well as 40 60

-

- mmutes §pent per ‘tralmng sessmn ;1 ':’.j ; . e B

Y
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| METHODS AND PROCEDURES ' e

.v",,' ‘.“I . -

A, SUBJ ECI‘S

To recrutt subjects “an adverttsment was placed in the Unrversrty of Alberta
S 'newspapers - The Gateway and t‘he Foho The physrcal aetrvrty re@‘dmess questtonnatre o :

(PAR Q) (appendrx A) was grven to the respondents to complete erty healthy males

rangmg in age between 18- 28 years who were mexpertenced in. resrstance tramtng and who dxd

not have contratndtcatxons to partncrpate in a strength condmomng program were randomly‘ '

. selected from those who completed the. PAR Q

The subJects srgned the mformed consent forms (appenth B) after havmg been -
mformed of the benef its and possnble nsks assoc1ated with partrcrpatmg in a tratmng study of’ .

" this nature. They were asked not to engage in any strength condmomng actrvrty outslde the Co
trammg regtmes of thrs study e |

. .. . . . .
A . i R . . .

- In order to’ motxvate the subJects m the control group to abstam from. any strengthr: i

-condmonmg trammg throughout the duratron of thrs study kthey were: promtsed that \t .y.
would be glven s1mrlar trammg as the tralnmg groups (dependmg gn thetr chorce of trammg S

P A

regrme) at the end of the study

B The ratronale for restrrcimg the study to male subJects of 18 28 years ‘was that _’
- ma)t;rnurh strength is reached between the ages of 20 t\o 30 years. After 30 years of age ‘
| strength tends to gradually decrease (Asti’and and Rodahl, 1977) People of thrs age group (20 3
4 to 30 vears) therefore have hrgh degree of trarnabtltty Changes in- strength varrables as a’

result of trammg can easxly be observed and measured‘)

B TAMILIARIZAT'ION SESSIONS s o ‘ v
‘ Physrcal fi 1tness tests mvolve elehents of skrll whrch must be mastered by the sub‘jects
before tests are admmrstered (Vertex 1985) In order to-ensure maxr‘mum perf@rmance at thei._ ‘_. ’_

pretest smce the subJects were mexpertenced and had not used any strength condmomng- o



8 "equrpme* befor:e three sessrons of famrlranzatton exer;crse were orgamzed for th:m ;\ =
These famrltanzatron sessrons were atmed at acquatnung the subjects with the- requtred

Q

g s sltillsﬂ, assoctated ,

wrth the tests dnfferent testmg and trammg equrpment Therefore the
drffdrences that W ? Qbserve@ between the pre and post values were more of the true gams m

:'strength ancl less hkely to be mfluenced mamly by pracuce or learmng eff ects K

0

~» CrINSTRUMENTATION

Force Platform to Measure Maxr,mum Leg Impulsrve force E o o i

Vertrcal Jump ls-' n actmty in, whnch maxlmal explos:ve force can be determmed'_ '

- L

utxhzrng a

: components of ' the force rmparte'd on the plate are recorded as a f unctron of ume

' Force platform 1s one of the tools used in the study of - Jumpmg actwmes because 1t ,'
provrdes a dxrect measure of one of tlte prmcxpal components responsrble for a Jump to occur :

- the force (Ramey, 1973) Essentxally the devxce is an electromc SCale whrch measures the. -

tnagmtude of the vertrcal and two horrzontal forces | | |

The force platform (model OR6 3 Advanced Mechamcal Te;hnology Incorporated)

N that was’ utxhzed rn, thrs study had p. surface whrch measured approxrmately 465 mm x 500.

[mm and was capable of measurmg forces up to 5337.6'N.

-

{gd‘ - .
Srgnal condmons were achreVed usmg hrgh perforr’f?ance stram guage/RTD >
- ,condmoners (model 2B30] Analog Devrces Incorporated) T}fe cgndrtroned sxgnal was sampled

:'usrng a T ecmar dlgita} converter mterfaced wrth an LﬁbM mlcro computer The samplmg'-

° ,;’I

| p f requency was 1 mrllrsecond per sample or 1000 hertz """ ' . )
4 The f0rée exerted on thé force platform,Sy each subject durmg takeoff was sampled. '
’through the A/D board and stcred as force d@éa once c’onverted wrthm a specrfrcally wntten 5

- Jump seftware package “The force data w;‘s plotted ona Hewlett Packard 747OA plOtter

:'_ ce’ platform (Dav;es,, 1971 Kom1 1979 Carozzo et al l9§0) The vertrcalf
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Isokmetic-Concentric anﬂ Eccentnc Leg Dynamometer : ‘

further ',c'o‘ d to stecl bar frrmly attachEd to a four mch webbed belt (fr’g‘ 2). Sewn to the' e

:nd m front of lnm The le was connected toa spectal belt ThLS belt was :

» webbed belt was an automobrle seat belt mth a buck‘le By ad]ustmg the buckle the belt was- B

L Hd . .
securely fastened around the subject s watst SR ;; - 2 ‘ ' 55" ‘

‘A load cell (BLH Electromcs ty pe U3Gﬂ’sthat had a capacrty of 1 400 krlograms was-.

- .connected to the Honevwell Bromedlcal System Model’ 1912 whrch prmted out the f orce bemg

’

: exerted contmuously by the contractmg,,rnuscles When the cable was bemg pulleq down at a‘ W

(7t

"-frxed velocrty. the- subJect was requtre‘d to resrst the. pull from a standmg posmon (wrth a

, slrghtly bent knee) 6 90° knee flexron The strength ‘developed by the lower extremrty muscles_v

5 e
as they were forced to lengthen (eccentrrc contractron) at a consta t velocrty was. recorded

'.Srmllarly, for ma\umum 1sokmetrc concentrrc strength test as

-subJect ‘pulled up forcef ully from the half squat posmorn (90 knee flexron) wrth the cable_} s

.;_'

e cable was released the‘ A

: movmg af af 1xed velocrty untrl L)Lextensron was attamed Smce the cable was mechamcafly ‘

-controlled at. futed speed the speed of muscle contractron Was held cq‘nstant throughout the:

. range of motton This d)namometer has prevrously been used: for other studses (Ashton and' '

.Slngh 1973: Smgh and Daniclson, 1975). | R

L

. . . o,
o, ? . . A

o lsotomc-Concentnc and Eccentnc Strength Apparatus ST e .

" This apparatus (frg 3) was constructed to ehmrnate the eccentrrc contractron phase

_whtch 1s a feature in rsotomc strength trammg or measurement The apparatus was desrgned

Y;-,_so that 1t could automatrcally return the werght to the startmg posrtron wrthm a specrf 1ed time _'

‘ ,mdepenc.ent of the éf fort of the subJect I the subject pad to do.more than one repeutron asl -

m

soon as the loaded bar was lowered to the predetermmed herght he would hf t 1t agam wrth hxs - '-

“ . - . ’ -,.._,.
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j Figﬁiell—Eléctfié QynémOmetei for.isbkinepiéjteStingvand;tféiniﬁg.v
's{(a)‘Flow contrqldvalye.-(b)'Directionvcontrol'lever;;(c)»Limit»over.
';ride-switCh; (d)'Main-f}pw yaIYe,‘(e).Stéfﬁ-stop_switéh,'(f)“Cable.

f_ (gJ'LQadﬂce1Ig (h) Back support board. (i)_Limit_switch;ac;iVator5‘”*'

'](j),Limit;§Jitch_(k)vHydtqq}ic_Cylihder;;(m).$1iding back board. -



‘ }Flgure 2- Spec1a1 belt f] a‘l&tﬁp electric dynamometer. ‘
' (a), Steel-bar. (b) Releaw‘g;@nechanwm (c) Webbed bevl‘t.--.
(ﬁ Automoblle seat belt B i .

iy
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Thrs devrce consrsted of an electnc motor wl'th a 1/3 hp connect..d toa gear box frxecl

L shoulders 'l'hxs cycle contrnued untll the requrred number of repetrtxons was completed

o on the wall adJotmng the left back upnght support (fxg 3) 011 thgetop °f the upnght,';_ -

e

) Hydrostatlc Werg,hmg Equtpment

supports were two 2 5 centuneter dtameter steel bars to whrch 10 xng &tch chams of 2.5 - E

o werghts were loaded Two suspendmg counterwerghts of 10 krlograms each were attached to..' g
' the rear bar at both ends The electrrc motor whrch had vanable speeds could be adjusted |

‘ - -accordmg to the requrred speed of the tratnmg contractron and rest mterval ‘A ' ' _'

o Dependmg upon the settmg accordmg to. the trammg angle of’the subJect on lrf tmg'_; '

'_ the loaded bar wrth hlS shoulders the mrcro swrtch whrch was frxed on the upper part of the'

el meters long were attached at the ends These chams wer@ fu?ther connected to two 3 mm steel o

:brarded cables whrch were attached to the werght bar at both ends It was thrs bar that the-.-

lef t cham would be drsengaged thus actrvatmg the electnc motor and the gear system As sooni S

‘.

to the pre set startmg posrtron If he was unable to complete the hft the werght would nog,
'.-drop on hrm Instead 1t would retum to. the startrng posmon as soon as the subJect relaxed -

:underneath the loaded bar Thts butlt -in safety mechamsm ensured that nobody could be. ..'_

: as\the SUbJCCI completed the hf t he relaxed ) that the loaded bar could automatrcally return ‘

mJured whrle trammg or bemg tested thh thrs apparatus "l’hrs specral apparatus was mamly o

desngned and built for thlS study

./"},v

‘.

A SR) For calrbratron and measurement there was.a dxver s wenght belt welghmg 9 5kgs

‘ Before any measurement was done the remrder was calrhrated and the water

.

‘ .

: feet m length was ‘utilized” for hydrostatlc werghmg of the subJects An alummum charr was

A rectangular tank of water measurmg six feet m hetght four feet in wrdth and ten"_ o
o ‘suspended m the tank from§ load cell that had been connected to 4 Sargent recorder (modelj"-». o
Ca temperature was recorded A srx hter sptrometer was: used in determrmng the vrtal capacrty of ..

v v.the subjects 'I’he hydrostattc wenghmg equrpment utxhzed m thrs mvestlgatton was the One 'ﬁ _

s ) ._’avatlable in: the densnometry laboratory m the Physrcal Educatron and Sport Studres .
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D. DESCRIPTIONS OF TESTING PROTOCOLS g

» .

o ‘,:’;t' )

| ) Maxrmum Isotomc-Concentrre étrength Tes N ‘
}' z . The subJect stood underneath th,e%ar w'fth hrs qseet placed to cor;espond wtl'h .h’
:'shoulder wrdth He flexed hrs knees t an’ angle of 90 (frg 4) (half squat posmon wrth ‘Eh
"from thrgh parallel to fhe gro{und) and lrfted the loaded bar_ by extendmg hrs knees fully whrle e
the back was kept strarght Thrs angle of 90 ‘was determmed wrth Wmmeter whrch was
o "placed on the subJect s left knee Jornt (Ashton and Smgh 1973 Frsher and’ Ramey 1977)
If the subjec't couI(f lrf t the same Ioad twrce he was asked to stop. The loaﬁ was then ‘
' 5’1ncreased by. 2. 5 or 5 krlograms dependmg on the capabrlrty of thewsubJect bemg tested The
:'whole procedure Was repeated unttl hrs one repetrtron maxrmum (1 R'M)‘ was establrshed Rest. ’.
' pertod between tnals was 4 mrnutes because the substrates (ATP PC) utrlrzed in thrs acttvrtyr_
"can be 100% restored wrthm 3-5 mmutes (Fox and Mathew 1981) . ' |
e obetermmatwn of the subjects 1 RM especrally durmg the pretest took some trme and_
.effort on the part of the subjects and the mvestrgator -as 3- 4 trrals were made before threr "
) true 1 RM could be determrned As for subsequent tests therr prevrous performance served as\‘ _
; a gurde Before the commencement of the testmg sessron they were asked to warm up by
| Performmg 8- 10 repcutrons wrth 50- 60% of 1:RM. | . 301 R '

e v

‘ _'Maxrmum Isokmetrc-Concentnc and Eccentnc Strength Test

l . EI

The electrrc leg dynamometer (Singh, 1972) was cahbrated before the start of every
e v’testrng sessron ' To cahbrate the dynamometer a 650 krlogram free werght was loaded ona 20
‘ krlograrn bar measurmg 2, 74 meters. 'I’he loaded bar- was suspended from a load cell (BLH:

o Electromcs type U3G) Thrs loadcell whrch had been connected to the recordmg devrce had.

“ A

| W,rron hooks at both ends ‘This. enabled it to be hung from the cerlmg whrle from the other end,

Wy

E ‘the loaded bar was suspended When the Honeywell bromedrcal system model 1912 - the _
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‘ .

recordmg apparatus was‘gurned on, it pnnted out t§ amphtude in mrlhvolts correspondmg to’,- L

5 ‘,t:he wenght of the suspended‘ loaded bar _The amphtude whrch Was prmted on a Kodak;,-, o

| '._linagragh dtrect prmt paper was" then subdrvrded so that -one mrlhmeter represented 8 3

e krlograms or 81 34 newtons

- be adJusted to surt hrs helght and hrp angle (frg 5) The cable ‘was then attached to the load- b

~,

At the Start of the test the subJect stood o(n the dynamometer so tl’fa‘t'the cable could ‘

- cell Thrs umt was connected to the webbed belt whrch had been f astened securely aronnd the- o

| ;"_hrs hands for greater stablhty

subJect s walst Hea was advrsed to hold’ the bar. Wthh was attached ’e webbed »bﬁlt wrth B

\

S o
=, |

The speed of the cable was set at 13 centlmetrs per second.: When the cable was bemg"‘ o

g 'pulled down the subJect was requrred to rcsrst the pull from a’ standmg posmon wrth a
:shghtl)y bent knee for safety reason The torque developed in the lower extremrty muscles as"
they were forced to lengthen (eccentrrc contractron) was recorded by the recordmg devrce
‘ Slmxlarlv for maxrmum 1sokmeuc concentrm.strength test as the: cable was released the

L subJect pulled up forcefully from the half squat posmon (90 knee flexron) untrl full

-extensron was attamed (frg 6) ,‘ , BRI o - o -
Maximum 'I_'mpuls'i_‘ve_For'ce Test ~ - ' S B B

Verti‘caL'jump‘ is a test df""the‘body's abiliy to develop 1mpulsrye force in relatron to

wmght Fo;w platform has been used bv sever'l mvestxgators notably Davies (1971) and

"~ Ramey (1973) to aSSess the force development o the legs.

The sub_tect stood on the force platform wrth his two feet placed 20 centrmeters apart

In order to elrmln‘ the added force contrlbuted by the upward sw ng of the arms and to '

¥
: )mmrmrze honzontﬂ an‘lateral drsplacement durmg the test he ‘was requrred to place hrs

~+~hands on hrs hip# (Bosco et al., 1986) In this posmon the subJecf flexed hrs knees close o '

" 90% 10 assume R statrc position (frg 7) and Jumped as. high as possrble (frg 8) The for'ce

exerted bg e legs at the trme of take off was detected by the force platf orm. whrch was then

mmded in newtons by the recordmg devrce Hrs best score out of‘ three trrals was usqd for

.
i
.

e
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Fig. 7 Stattiné;poeitionﬁfbremax,'impdisiveffbfce test.

off the force platform.

fMax. impulsive force test with the subjectijumping
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':analyStst Appendrx C 1 presents a sample of the calcula?on of the maxrmum grnpulsive force

..‘_scoresof the subJects o T T e e N
Measurement of the Gtrth of. Thtgh and Calf Muscles S

“In order to determme the extent of the hypertrophy of the muscles a measurement of

R tHe gtrth of the thrgh and calf muscles of both legs was carrted out thh a steel tape (Ross _—

o 1982 Katch and McArdle 1983) By taking measurements at. both legs it. mlght be possrble to:
'.determme whether dtfferenttal hypertrophy had occurred in these muscles Measun&ent of
: ‘the thtgh was done JUS[ below the gluteal fold while the subJect was standmg (ftg 9) (Behnke
and Wllmore 1974 Katch and Drumm 1986) and that of the calf was taken at the Wtdest

- crrcumference (th ‘0) (Katch and Drumm 12.86) Appendtx C 2 presents, the data sheet

.'for thns vanable S 1;

Sklufold Thicknesses ."Measurement ; ‘ K |

| Resrstance trammg has been reported to. reduce body fat and increase muscle mass
‘(Ptpes and thmore 1975 Pipes, 1978 Brshop, 1983 Brazell, 1986) By makmg an Ob]eCUVC
evaluatron through the measurement of skinf old thlcknesses one would be able to assess w1th

<

relatrve accuracy the effect 'of high resrstance trammg on body fat reductton Smce the gtrth

b

- of 1 limb segment may be unduly affected by the thrckness of skin and subcutaneous fat |

- (Morrtam and DeVues 1979) these changes may not be nottced unless measurement of the
skmfold thrcknesses 1is done (Ptpes 1977) It has been reported that half of the body s fat

'content is located in the trssues beneath the skin (Katch and McArdle 1983)

Y

In thts respect skmfold thtcknesses were assessed m this. study wrth a Harpenden "

LY

g cahper Thts instrument was desrgned to provide -a constant tensron of 10 OOg mm -2 of the a

1

v)

cahper face at all thtcknesses ‘The dral was cahbrated in 0.2 mm mcrements Measurements -

' 'vwere read to the nearest 0.1 mm (Ross 1982) Appendtx C-3 presents the data collectton ‘.

o sheet for thts vartable

-
samE T
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_ f-:"
- thrgh and calf If the two' measures dtfferedaby 1 mm a thrrd measure was taken (Pxpes and '@l

b

< abdomen) at the followmg sxtes tnceps, subscapular supratlrac abdome; front and back.“ A

'ermore 1975) The purpose of takmg measurements at’ seven srtes mstéad of two (tlugh & ;.J:l’i

(alf) whrch“ were reqmred for ‘the determmatnon of changes in the gtrth of the af,Qrmentroned 2.

Q

i ,'vmuscles was to. dtspute or. confrrm the claxm of some mvestrgators (Ptpes and erm&re, 1975. o .'

) V-_-‘Stone et al., 1983 Hunter 1985) that strength tramr%g has a. concomttant effect of reducmg o

_,body fat o o o .. o

" among the subJects Any change in these unwetghted scorec reflected a change in. body fat ~t

g Hydrostatlc Welghmg Protocol

‘\/ . ©

_ The values of the l?irrous measurements were added as unwerghted ra;»v scores

(Jackson et-al. 1978) whrch were taken as an mdrcatron of the relattve degrree ol? fatness

j \_ O,
e oS
i

A " i r

"1‘ o conduct hydrostgttc welghmg of the subJects the f ollowmg protocol in a sequ ttal .

order was uttltzed accordmg to the method descrlbed by Behnke and Wllmore (1974)

1 The temperature of the water was recorded after whrch the water densrty was

. v'w
: determmed from the densrtv chart'

P

2. The dry werght of: the subJect was’ determmed thh the subJect wearmg swrm trunks
’ 3. ~'After takmg a shower bath he descended mto the tank and seated on the alummum‘ s

,charr with his head above the water

4, The dxver S. werght belt was placed on hrs thtghs _ {w— L ‘ L !

5. - After maxxmally 1nf1at1ng his lungs, v1tal~ca9‘ac1t“"'was measured with the splrometer as E

the subject was seated wrth the water a‘t«l}ﬂrs n.eek level The largest volume of three __
o T o S
trtals was taken to be the best estlmate of vital capacrty : PR "\ .

#

" 6. The subJect then submerged hrs head’ to brtefly wet his ha1r ‘Air bubbles were rubbedt v

off the sub]ect sharr and body after whtch he resumed his seatmg posrtron agarn

7. Wrth lungs maxtmally mflated’and the nasal passage closed wrth h1s thumb and mdek N

\.J

~fi mger he lean&l 3 or'ward gently in the Chall' untrl completely submerged

3 7
\

_-ﬂ_\ o,



1o t.

: f- and the mean . of the

E TESTS

0

the side of the tank was lut three umes by the mvestzgator to signal the subJect to rise.

J,

. .' '
instructed to remarn !otlonless as much as possible. ThlS procedure was repad ‘times

»f..whrch was used in estrmatrng lns percent body fat accordmg to. the equatlon of Br02ek et al

(1963) e o -

. . o E S . ’
‘e

Resrdual volume was determmed by calculattng 25% of the subjects vrtal capacny

“-: (Appendtx C 4) The rauonale for thxs was based on,the fmdmgs of- Comroe (1974) that

i res:dual volume 1safunct10n of age j" B ‘ EEEEEE T / T

<

Four tests were conducted durmg\the courx of thrs study They are Pretest (Test l)

,xmrdtest 1 (Test 2) mrdtest 2 (Test 3) and postest* (Test 4) The tests were done at the '

F-d
27

The subjects were advrsed agams‘. specxal drets or drugs bef ore the tests and durmg the

‘.was no trammg for all the exercrse groups R '_ . f oo ¢-' : .' L

i penod of the B,s,tudy In order ,to mrmmrze mtra mdtvrdual vanabxhty Wthh 1s mherent in

performance of strength ef f orts were made A0 ensure that the subjects°were tested about the

| same time of the day as the prevrous tests - o .

DUe to the neuromuscular adaptlve response reflectmg the spec1f1c1ty effects vf the

: ' strength trarnmg .done, changes in m‘uscular strength and force were determmed by four

S

,‘v-tests maxrmul\gltmetrc concentrtc maxrmum 1sok1net1c -eccentric; 1 RM of half squat and
‘,_maxrmum impulsiv force of the legs The last )est was mdependent of any of the trammg

. 'o";’_:'. . ,,. g o - .,,. " k' '. Lo ' -

After about 5 seconds followmg the relatrvely statxonary positton of the recordrng pen
Throughout the werghmg procedure the subject was entrrely supported by th ai a-nd,'bwas'-'v..

t recordmg was used for calculatton to determme hlS. : ydensity-

©

o mterval of 10 traqnmg sessxons Durmg the penod of testmg Wthh lasted for two days there B



AR s
Pretest Testl o S e ‘ , ,.
Three days after the end Gf the famrhanzauon trarmng, a pretest was conqucted over
a perrod of two days A delay m testmg followrng the fa@lg*rzanon exercrse was necessary in
.order to allow the subjects to recover fully 50, tnt they could perform maxtmally at the B
* pretest.- The tests were conducted in thrs order R " R : ”) =
'.DayOne FRCES - '. : ‘> S “'\. o .
| 1.0 Measurement of the grrth of the thrgh and "calf muscles. HE » = : \ ) .. :
P _Skmfold thrcknesses meaSurement |
' 3 _ Maxrmum leg 1mpulsrve force : K o o o ff
4. Maximum Isokmetrc concentrrc strength s
5. : ‘Maxrmunérlsokmetrc eccentrrc strength o ‘ D | ‘ d
6. Maxlmum Dynamrc Strength (lRM) ; | B g ‘ "a‘~ :
7. »Hydrostauc werghmg to determme body densrty"'- .v g:; : ” ) ; . o .;‘.’
| . _ : SR . h

Test 2

{ e
vmagmtude of the. mcrease in tramrng adaptatrons The .erder of testmg was rand?mrzed ror all
the groups 50 as to hold constant any learmng,pr condrtromng Effect that may mcur br other
4‘_ i

B .,factors that could have a cumulatrve effect on the outcome (Ghaff in, h980)

R

o Test 3 i .. . \,: FE f . . f L v»l _"'., L , ,' . --‘ P

. ] o i .
0 : P x e

At the end of 20 trammg sessrons another t’est was° conducted It f‘ollowed the same

B i N

pattern as the prewous tests e

Posttest Test4 o : N . ‘

At the end of 30 trarmng sessxons whrch was spread over 10 weeks ‘a posttest ‘was

conducted in order to determme the overall ef fects of the expenmental treatments

P



F RELI.ABHm \ : ' v .. ‘. ) R ‘ o

- measurements

,.
Cge

- ."(’

In order to determrne the ‘l'nternal consxstency or. stabrhty of the test measures over S

--trme. a coeffxctent of relnabrlrty (test retest) was done (Borg and Gall 1983) for all the test-"

. '.i‘; ." 'I’.hree days after the pretest 12 randomly selected subjects (3 from each group)-""-

~rd

order to- enSure a h:gh rehablhty coeff

N .‘.rehabhty. 1t should be noted tha,t mgﬁ

,I,G TRAINING AND COI\TROL GROUPS

E parttcxpated m a retest exercxse A correlatron coeff‘ 1C1ent was then computed between thexr-

- two sets of scores Ef f orts were made as much as possrble to standardrze the test protocols in

1

! ts’-bet&:een the tests In conductmg a test of
S v e

o sxtuattons (Ott 1977;. Borg and Gall 1983‘)". Appendrx D contams a table of the rehabrhty'“ '

.~coeff1c1ents /' . D T TR T T
) f . Lo i PN ~ N . . . . .

CE o TN
s

Wrth the axd of q?table of random numbers the subJects were randomly assxgned to:

TE 'the exercrse and control groups of 15 each Out of the 60 subjects that ongmally embarked on

o 'ithrs study, 14 farled to attend a,ll the trammg sessrons whtle four from the control group o

Wxthdrew at vanous trmes durmg the study due to thet commrtments or mJunes unconnected‘,_ "

_thh thrs expenment Henceforth reference WIT onl; be'made to the 42 subJects (Group 1 o

. ',11 Grc@ 2, 10 Group 3 10&Group4 1&)

sf‘u‘ﬁy fulf 1lled a'll the requxrements _

; s of the study The physrcal charactenstlcs of the s}xbjeets are" f/sted in- Table 1.




Groupl: - " 176406 64137 254340 5148
 Growpd: T 175409 - 7544133 . 23.8+40 50+11
o Growpd - CLIsk06 750486 24432 ’5/., 5249
J;‘_.f‘/ . p

- #Note: Valies are means plus or minus standard deviations. *

yr
o

. H. TRAINING PROGRAMS - -

.
. R §

Isotomc-Concentnc and Eccentrlc Traxmng 9.

The subjects in thts group tramed w1th the specrally constructed free werght apparatus

(Frg 3) Thrs electncall) controlled apparatus was desrgned to ehmmate the eccentrrc"?:‘-'

L contractxon phase whrch is mherent m thrs trammg method

For concentrrc‘ contracuon the subjects tramed wrth a workload of 80 90% 1 RM 2 _

£ K

sets of 6 repetrttons wrth rest mterval between sets bemg 2- 3 mmutes To start the trammg e
contractlon the subJect assumed a half squat’ posmon (90 knee flexron whlch was verrf 1ed by Yy
‘a gomometer (Ashton and, Smgh 1973) ‘and - lifted the loaded bar w:th hts shoulders by*"g.- |

extendmg hrs knees,f ully At full extensron of the knees, he relaxed by . bendm'g lus knees to'

allow the loaded bar to: automaucally return to the startmg posruon for h1m to repeat the,:‘_ft.‘ P
Tlus process was repeated untrl the desrre@ number -of regtmons was completed Each"‘,"." E
repetrtlon was three seconds Rest perlod between repetltrons was also three seconds i
‘ As f or the eccentnc trammg contracttop wrth the loaded bar- of 120 130% lRM on hrs_’ .
shoulders (f ig. 11) the subject lowered the werght by. flexmg hrs knees to half squat posrtron_ '_f
(flg 12) from f ull extens:on thereby generatrng tensron in the lower extremrty muscles At the |

a



o

Fig 12. ~Final position for ecct. tra:ning Weight about to be
| returned to the starting position by the trainers.

-



end of the contractron the mvestrgator and a helpmg hand hfted thé\ werght back to the
startmg posmon to enable the subJect to start agam He drd two sets of four repetmons and -
each repetmon was 4, 5 seconds m duratron The rest mterval between repetrtons was 3 se%onds

whrle rest penod between sets was 2-3 mmutes o B e o \',j K SR

Maxtmal strength (1 RM) of the subJects was determmed at the begmnmg of each o ’
o
Isokmetlc-Concentnc and Eccentnc Trammg o o . " I

. .
The procedure was the same as m the test except that the load cell” was drsconnected o

' f rom the cable and the cable attached drrectly to the webbed belt on: the sub;ect s warst The,

S speed of the movmg cable was set at 13 centtmeters per second Komr and Busktrk (1972)__ -

. v

o who sed sumlar elcctnc dynamometer for thetr study set therr trammg speed at relatlvely
. e} ‘3

b‘»

.s

e slow 2‘55 centtmeters per second whlle Kehl (1977) tramed hrs subjects on the 1sokmetrc mmr" '

a.. i‘

b ‘ ,
gym lﬁper for para]lel squat at a speed of 6 centtmeters per second ln another study (Okoro

and Singh,,1987 submrtted for publxcatron) a slower speed of 4 3 cm/sec, was used The

‘e‘rs;gt

. ;;' ratronale for choosmg a traimng speed of 13 cm/sec m [hlS study was to equate rt wrth the.- o
‘ j L y SR
£ ontractron speed employed 1n 1sotonic trammg method It- took approxxmately three secondsﬂg

T

.'(e-

to extend f rom 90 knee f lexron to ,180 Puﬂﬂextensron in. thts study whrle Smgh and Damelson»

R

S (1975) eméloyed a speed of 6 seconds *pe repetmon Because the speed of the cable had been

mechamca,lly frxed the subJects could not acceierate the cable more than the set speed
o o }/ T T
1rrespect1ve of the force apphed They dld 2 sets of 6 repetmons Rest penod betweenf :

he 23

- repetrtrbns \Vas 3 seconds and for scts 2 3 mmutes For ‘warm- up, they drd 4 submaxrmal‘.»

repetrtrons before the commencement Qf' the trar*tg regrme Imtral,ly, a gomometer was f 1xed" -

o4 \s~,'"

KN B r’ N

to the knee Jomt to determrhe the ftnal sqtratmg pOsrtron R
4 '“. (' R - . et e .
The procedure for Isokmetrc eecentnc tramm%ontraqtron %as the same as m the .

Isokmettc concentnc trammg exeept that when the eéble was bemg pulled down att a. frxed:“ ;

Y -~'>

\g : . ! .

velocrty of 13 centrmetrs per second the subJect attempted to stop the movmg cable but cctuld} :

o i 1

- no,t and thus Iesulting in an eccentnc contractlon The exercrse started from full eXtensxon to’ T
i .‘ ‘. ‘.".‘. - . '. "'.. : ',_"",j .,, -'.-._. . .'_,“". le. L




| V 'to keep track- of the 1mprovement made by the sub]ects Thts ‘wWas especrally 1mportant for“ \

90 knee flexron The reg:me for this trarmng mode was 2 sets of 6 repetlﬁonsuper tratmng
Ky sessron and rest mtenél between re > uons was 3 seconds ang for sets, ,2 3 mmutegt

b33

Isotomc-Con and Ecct wrth Winetic+ n._'and_‘Ec'clt.‘v'lgljfl‘alning""?.j‘.fb‘
| The subjects m thrs group ‘did a combmatron of all the trauyng contractrons ol‘ the

: other groups in thrs study The trammg program consrsted of tﬁ" followmg -

; .

1 : _"Isotomc concentnc 1 set of’ 6 repetrtrons workload at 80 90% 1 RM 4, S f
2. - :Isotonrc -eccentric: 1 set of 4 repetruons workload at 120-, 130% 1! RM '..;,d,“ ’ .*;f"’..{.'{’ !
3 ‘_ ,'«Isokmetrc -concentric: T set of 6 repetitions; speed at 13 centlmeters/second 7 /) 2 fl
;o : 4 Isokmettc eccentnc 1 set of 6 re{)etttlonS‘ speed at 13 centtmetrs/secondt \' ; ( e jt
The trammg contracttoﬁ’ occured over the range of 90 knee flexron to 180 f‘ulllextensxon or‘ ' *
nov o viee versa Rest mterval was 2: 3 mmutes betWeen sets. N // ;\ ‘ R tf-

A o o
The groups were desrgnated as follows. Group 1 Isotomc cbn and ecet o

cttons Group 2 Isokmeuc c?n and ecct contractrons Group 3 Isotomc con and ‘

X 7; ;/r .
'ecct wrth 1sokmet1c con and eccto contractlons Group 4, control -»drd no} partrcxpa  in any - -

. of the trammg programs ot o SR R 'J,-
7" o o - B q» e (>f, \-/) i

The trammg contractron ume for all the exercrse groups was 72 seconds per trammg_ ; '

o

- sessron whrch lasted abOut 15 mmutes Records were kept e or every tﬁt‘mmg sessron in order"-f'? -

- those who trarned w1th free welghts The subjects were .»under éonst,ant‘ supervrsron byche .

- gmvestrgator to ensure that correct tramrng procedures were strrctly adhered to ool |

e

I EXPERIMENTAL DESIGN AND STATISTICALANALYSIS

,/0

The desrgn corresponded to a two way ﬂagtonal expenment W1th repeated measures on'
._the last fa€tor (tests) Factor one was thjg Groups wrth four levels whtle factor two was the . f

,"tests wrthJ our Ievels namely, pretest Test 1 Test 2 ’I‘ est 3 and posttest Test 4

- / ‘ . . ‘l, : ) ) '
1. The Pearson Product Moment eorrrelatton was done on the pretest and retest scores ol‘ ,

.p// .

12 randomly selected subJects to determme the relrabrhty (Appendrx D) of the test.

TN

£



e

2. "ANOVA'was"used to-'de'ter'rn'ine th'g | _ ! ERNGN
' Procedure was to determme catego ether any of the sfoups. chffered omanyof

the dependent vanables that were st _' 'ce"random ’assignme'nttdoes ‘not' ensure '

[ mmal equtvalence among the groups nsures absence of systematlc bras m

groups composmon (Ott 1977 Borg and Gall 1983) : : -
’3'. _ Greenhouse Geiser conservatwe test was done to confrrm srgmfxcant changes 1in the
) vanables from pre to posttest Appendlx 'E' presents the summary of E- ratxos and
probabihty for Umque Analysm of Vanance and Greenhouse Gelser Conservatxve test. .
< 4 '- Values were consxdered to be sxgmflcant at the 05 level ‘of sxgmf 1cance f‘or all the test

procedures

S, Mult1p1e correlatlon was done to detern;(nﬁhe relationship between the variables under

study through pre to. posttest (Appcnd,x F) . o o

76 - Where there was sxgmflcant mam effects or- statlstlcal 1r’[eracnon (Groups X Tests

. 1nteract10n) Schef fe post hoc test was done to determme where the dif f erence was

K. o

oo . . :
[ . . . .
r



CHAPTER IV o
RESULTS AND DISCUSSION

The followmg chapter has been dmded mto secttons the purpose of stmphfymg the":-
S presentﬁn— of results and dlscussmns Sectron A deals with test retest reltablhty coefftczents‘-"
o for all the vanables tested The subsequent sectlons present the results of all the vanables-

B - followed by tables and flgures f TOom pretest to postt@s,a Concludmg the results of each vanable B

- f or the groups is drscussron ol‘ the 1mphcattons specrf ic to that vanable

The last sectron contams the general drscussron Thts sectron deals wrth call the.

: varrables in thls study and ‘how %ey relate to each other as a result of the vanous trammg
' modes - '
The probabrhty levels of the mam ef fects and mteractron mdlcated m these tables are

» those obtau? usrng the degrees of f reedom on. the basrs of umque analysrs of vartance and

o '. conservatlve test Appendrx E contams the summary of F ratlos for both tests

The percentages stated are of the group means: of percent mdtvrdual dlfferences and_

rtOt the perceht of the drfferences of the group means The former 1s more accurate and

e ref‘lectlve of the magmtude of the actual changes that have occurred in the groups These were

B . the values that were used in plottmg the ‘bar graphs of percent changes of the groups. through

- the penodxc tests that were conducted

A, RELIABlLITY'CdEFFICIENTS o
Rehabxlrty coeffrcrents calculated for 12 randomly selected. subJects on test retest

' sxtuatlons ranged from 96 to 99 for strength varlables For body composmorr and

anthropometnc measurements they were .99 and .98 respectrvely

63

house Gelser conservatrve test The purpose of doing the Greenhouse 6exser .

ken. and Johnson 1574) However there was no dlfference m the results of the _- |

i done betwe%n the Umque Analysrs of Varlance and the Greenhouse Gelser _

est was to adJUS[ for the vxolatrons that mrght have occurred m the repeated'_ :



'S¢ appendix D for the table of thie reliability cosfficients. o

Discussion -+

There has not been any study done to determrne the rehabrlrty of the electnc leg

’,dynamometer as a strength measurmg devrce The rnvestrgator therefore decrded to ascertarn :

‘ the consrstency of the measunng devrce to ensure the vahdrty of . the results because

. ,unrellabrlrty of pre- treatment scores 1mpa1rs the valrdrty of any demonstrated statrstxcally'

' srgnrfrcant drfferences (Kroll 1963) ;- S ‘ » o ’

Komr and Buskirk (1972) who employed a, srmrlar electrrc dynamometer for a_'- o

o comparatrve study of - concentnc and eccentnc cont‘ractlon at-a frxed speed reported a‘,
relrabrhty coefflcrent rangmg from 91 to 99 for all the varrables tested The Pearson_
product moment coef ficients f or the calculated scores ol‘ 12° randomly selected subjects in this
.study showed 98 f or max. 1sokmet1c concentrlc strength and .99 for max. 1sok1net1c eccentnc

" strength. These coef flcrents are in: agreement wrth those reported by Komi and Bdskrrk (1972) 4
and Moffrord et al. (1969) who observed a coeff 1c1ent of relrabllrty of 0 995 f ollowmg a retest" .
‘sessron usmg 1sokmetrc devrce for evaluatmg muscle strength ‘

Plpes and ermore (197,5) who also used isokinetic testmg apparatus w(l(ose workmg

_ mechamsm was srmrlar to that of Moff roid et al. (1969) reported relrabrlrty coeff1c1ents that;“‘:
ranged from 92 to 99 for a number of their measures. It should be noted that although the

" wo mechanism of the isoitifetic apparatus used in this study whrch was controlled by an
Kﬁ:}tor was dlfferent from those. used by some of the aformentroned 1nvest1gators :
' (Moffrond et al., 1969 Prpes and” ermore 1975) but the prmcrple of therr operatron was

s1mrlar ‘ | :

-The’ relrabrlrty coeff1c1ent of dynamrc strength (1-RM) as determrned by: half squat :
exercise in thrs study was_.96. This ‘was in agreement with the fmdmgs of Kroll (1963) whov
reported a correlatron of 91 to .99 m test retest ‘conditions of . wrist . flexors usrng & cable
tensiometer and’ that of Prpes (1978) who observed ar=.961ina retest condi ,pon in whrch he

used constant resrstance srmrlar to the one’ used in thrs study. In an attempt to grve reasons” '



o ror the observed vanabihty. Kroll (1963) remarked that measurement schedules could affecr_'ﬂ_}_'f-

' o ‘strength development per se as well as motor learnmg m a retest srtuatxon Thrs tres in. wrth‘ ‘

the remark of Ott ( 1977) and Borg and Gall (1983) that small varratrons are hkey to occur m'” :

- a retest s1tuattons compared to the flI'St test hence a perfect correlauon rs not possrble m any- '_
."‘rehyluy coeffrclent determmatron | | | . » .
. The correlatron between test and retest scores of maxrmum 1mpulswe force of the- legs '

--:_as determmed on the force platform yrelded a coeffrcrent of 98. Ltke the other values |
"obtarned l.hlS xs equally’hrgh thus reflectmg the consrstency of thls devrce and the testlng P

protocol : .
The rehablllty coeff 1c1ent for the test retest‘ scores f or skmf old thlckness measurement
was 97 Thrs agrees wrth the observatxon of Shaw ( 1986) who reported a correlatlon of 95@ -
.' »-: .98 f or skmf old measurements conducted by expenenced\ testers Thrs observat:on came out of -
Ca study to determme the accuracy of two trammg methods on skmfold assessment |

. Behnke and Wllmore (1974) reported a test retest rehablhty estrmates for selected
skmfold and crrcumference measurements of 94 to 95 for adult men In this study, the'- -

; rehabllxty coeffrctents for thxgh girth measurement ranged f rom 97 to .98 whrle those of the |

o ca]ves were 99 These htgh correlatlons generally reflect the consrstency of the "testmg A

.protocols and mstruments y

Body densxty rehabhty coeffrcrent as determlned by the hydrostatrc weighing method
produced a correlatlon of - 97 This. shows that the two -tests have 94% of their varrance m_
‘_,common (Borg and Gall, 1983) thus mdrcatmg no srgmfrcant drfference between them. Thrs ;
correlatton was m agreement with that of 97 reported by Bouchard (1385) Body density
values were used for the estrmatron of percent body fat and LBM accordmg to the equation of 4
Brozek et al (1963). These observed correlatlon coeffxcrents are by all standards very htgh -

\

_ whrch gave credrbrhty to the testmg procedures o ¢



B Max)imum Isokinenc-Eocentnc Strength

Pretest scores in this: vanable revealed no srgmfxcant drfference among the groups

- Table 2 shows t.he ANOVA done to compare the srmllarlty of the groups at the prestest Table

'43 presents the descrlptlve statxstrcs for all the groups in th1s vanable for all the four tests
oo ™ S
Smce some subJects dropped out durmg the course of this : study, the sample sizes. of

‘”.‘___the groups became unequal Umque analysrs of -Variance (Mrlken and Johnson 1984) was,

"

After 7 weeks of trammg -(20 trammg sessrons) Groups 2&3 had a s1gmf1cant ;

then utrhzed to determme the changes that occurred to the groups at d1f ferent tests penods

' mcrease of 31.7 and 25 4% respectwely over their gains at {est 2 (3 1/2 weeks of trammg)

(f 1g 13). The mcrease of 2’7 8% achieved by Group 1at Tcst 3 was also srgmfrcant whlle the 'j

control group (Group 4) had a3, 3% mslgmflcan » : arne test period. At posttest

: however only Groups 2&3 demonstrated srgmflea - the . control - group whose

_‘overall mcrease of 44% was not sngmfrcant "the: Group means and the

Y

' dxfferences for all the groups from pre to posttest
& All the exerclse groups exhrbrted s:gmfrcant gams but Scheffe post hoc analysrs
revealed that mere were/'/ sngmflcant differences among them Table 4 shows the;summary '

of F ratlos for maximum 1sokmet1c -eccentric strength - posttest scores.

. Table 2- Summary of F-ratios for Pretest Scores of Max. Isokrnetrc Fccentnc Strength

Source DF SS MS - - F-RATIO = F- PROB
B.Groups 3 10819165 3606388 . 565 - 64NS
W. Groups 38 242647627 | 638546.4

Total - 41 25346679.1 ’

NS. Denotes not significant.
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's% »i .l Denotes sxgmfxcapce at’ P< 01 level

-

Denotes s1gmf1cance at P< OS level

. Std. Error

. - B, Groups

oo

- Isotonic -
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‘ "Initial scores -
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‘ Dxfference

. % Change
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. Error (a.)
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" Bnorh)

o e :‘ Do
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Group " -
SR ' . AV . W . o ‘: . : , _-..I-a )
: .Is‘otomc,, 2765 5 2948 0_‘_ cotl 3T70.0°% 4114 2 S
'r’sakiiietié" . 27317.1,\_ -32967'- a9 4988 &
Combined - - *"291‘7 5. ,-3372,4‘-?:'-_-_ e Vagaratt o
Control " 3133 435400 0 R iIgs
A= srgmfxcantly drfferent from T1 o R R 6. O :
L . X . ' : . o N i 2%

b s srgntfncantly drffe‘rent form TZ a ,- : - e ";'__

b = sxgmfrcantly drfferent f rom Groug4~~ L o

.' eccentrrc strength although not sngnrfrcant The subjects m thrs group trarned wrth the T
contractton and dynamometer that was used durmg the tests The srgmfrcant tmproveﬁ&ent o’f
S thrs group (91 6%) and Group 3 (75 1) whxch tramed partly wnh the rsokmetrc dynamometer

' shows that adaptatron of the neuromuscular system whrch controls motor functrons is: haghly

Lo

: "; specrfrc 10: the demands made on n ‘(Sale and McDougall 1’981 Gpnyea and Sale 1982)

Group 1 whrch tramed Wlth freetwerghts also exhrbttea srgmf 1cant gams of 59. 7% The‘ 3
srgmftcant rmprovement of Group 1 “in: thrs var:;ble could be related to the nature of 1ts :
trarmng vrs a—vrs the test crrtenon' The 120 130% ’of lRM utrlrzéd by thrs‘group t%or eeceht’rrc‘ A

--"f .g:ontractron could have not onlyacondrtroned the neurornuscular system blrt also mduced some .
strucdral changes rn the muscle that could be benefrcral for maxrmum 1sokrnetrc eccentrrcv .

.

contractton Heavy strength trammg has been shown to reduee neural mhtbrtlon on the a\hty
of the muscle to“generate maxn‘num tensron (Astrand and Rodahl ],977 Brooks and Fahey, y _'

- 1983) Thrs may have been achre\ed by the exercrse groups through the drfferent trammg



. methods

‘_tramed wrth free werghts or 1sok1netrcally rn‘lproved srgmfrcantlx‘When tested wrth 1sokmet1c

Very few studres ha

R TE device

\

Qgsokmetrc concg#trrc and eccentnc contractrons for trammg Therefore. companson w1 the

fmdmgs of other studres 1s’~lmrted W e R AR

, s The results of thrs vanable mdr’cated that although the exercrse groups exhrblted
relatrve 1mprovements from Test 3 to Test 4 (posttest) these changes were not srgmfrcant
/ Thrs phenomenon apparently has 10 do wrth the tram?ng strmdlﬁs“and mcrease in strength
Muller (1962) has stated that tlle threshold of trarmng strmulus rrses wrth mcreaSmg strength

to a pdmt where the strmulus becomes meffectrve Thrs vrew was suppoxted by Hakkmen and

?on}l ( 1982) who added that af ter strength gams have plateaued addmonal gams wogld' only

be /possrble 1f the tramrng resrstance of the movement pattern of the werght lrf tmg exercrse '

£ e

: /
[T
£ the resrstance e’specrally in Group 1 was 1ncreased every week -
. .,_, ¥

A

* ~"* were not sngmf 1<;antly drff erent f rom each other whrle Groups 2&3 were srgmfrcantly drfferent

fmm the control group The outgome of tlars stt(dy 1ndrcated that maxlmum 1sokmet1c :

, strength of lnexpenenced maIes of - the. age group mvolv’ed in thrs mvestrgatton could be
! ) . Y -
rmproved wr@trammg on the electr‘c leg dynamometer as well as lrf tmg free’ welghts

Thrs result is supported by the fmd /ngs of Hagan and Sale (1986) who reported that .

:trarnrng wrth free) werghts or: r{sok,metm devrce produced srmrlar results smce the subJects who o

n done Wthh erhployed the ‘combmatlon of '

o

The data collected m thrs study showed that at the end trarnmg all the exercrse grOups o

-

'«,r

L

¢

o/ L
were altered In thrs study however the movement pattern durmg trarnmg was the same but S
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‘(?l‘able 6) showed that there was no srgmfrcant dtfference among the groups Table 44

f .
- contamed the descrrptrve statrstncs of maxrmum 1sok1net1c concentnc strength for all the

o -",grfrom pre to posttest P

Posttest scores mdtcate that all the exercrse groups srgntfrcantly mcreased thelr '

9

-

',]strength over that of the control group whOSe 9 4% mcfease above the pretrammg- level was

-~ 'statrstrcally msrgmfrcant After seven weeks of trammg. all the exercise groups had mcreases

B T

.. NS; Denotes not significant..” ... RN

"'.Whlch were srgmfrcantly greater than thelr pretest scsores ere m 1sokmet1c eccentrrc

.-

e v. ,strength Group 2 demonstrated the htghest gam of 163 0% followed by Group 3 wrth 125 0%‘
over the pretrammg level. (Table 7) The Groups X Tests mteractron was srgmf 1cant (Table 8) v‘
but further analysrs wrth Scheffe procedure revealed no srgmfrcant drfferences among tge |

'> exercrse grOups m thrs varrable except that all the gams achreved by thp exercrse groups were

'. srgm. 1cantly greater than,that of the control group (Table 9)

\ . B
Y] .
r -‘

B Table 6 Summary f xF-ratros for Pretest Scores of Max Isokmetrc Conceutnc

Strength : o
\

Source S DR ss oM - RATIO | F PROB.

[

S Ly N o, BPTYYPRE
x .

“”fB.'Té'rehis’s A aemsos 538352 195 14NS.
W Groups S l0Msds92 L% omassos. . S I T




“Isotomic . Isokinetic -

Qanrol _

Initial scores - 17270N - - 1688.0N- -

3 Fmal scores - ; 33810‘ . t 43Q9T0 " ".

\

©'Std. Error. . .

Table 8 Summary o{ F ratlos f or Pre Vs Posttest Isok1 , 1

-

B’Gfou'ps P y 31476600

.% Change‘ .

Diff erence .

R
16.1

262107
L '’ PR ‘-..f
et 1630* 7

| "-2'-1,91.'(‘) N
= 4416.0
22250 "
1500
BTRE

'1910 0 N

.2089 0

e . 3

R L i B
.9, 4 NS

N Newtons o
;.w"'\*.. . ’

»

- NSr Denotgs*not sxgmfncam at P< 05 level

Source Z_‘ A jSS L MS- o

. @
e Ry
aroo - L N

F ratxo .

o

" Error (a)y,-

s

e,

. Denotes sxgmﬁCance at P< 05 level’

ror (a)y - 36272 o
W’*»c{r&' _.? '}‘68809:‘;%

Groups X Tests '_ 20488200

‘v \ . _Errmj ‘(b') e 12185960

"1049‘2;260" R

954‘537 38

2?936600 R

2276470

106893 94

Lo Ya o,
. B

RS2

5 1“'._.,.‘~--"

‘ .“ﬂ .' o Denotes sngmfleancg at P< 01 levql

Togee T



. '.Isotonic'-' 1726.5
I”Is’oliti_ne'_t‘i_e ‘_1’687;6*

Control 19100 -

‘y Combmed ’ 21913

S uma
/o 232'1;‘5
Casms

' _‘ ® 2521, z"lb o mmpbel

Capst o pmetbel
3096.9° "-_.',.44162abc1

a=

significantly .differeni front Tl ool

sign-if i'can'tly diff erent'form T2.

srgmflcantly drfferent from T3

sxgmfxcantly dlfferent from Group 4

ot Dlscusswn

s

| I

.:‘/.

i,

‘-l o

e

g

Rasch and Morehouse ( 1957) havc postulated that scores m strength tests resultmg

from exercrse programs ref}ected largely the acqursmon of Sklll mvolved in-: the exercxse Thrs '

probably explams the huge mcrease m concentnc strength demonstrated by Group 2 Whrch

‘. tramed w1th the dynamometer used for the test Group 3 whxch had ﬁ'r‘é second hxghest gam




T

DT e ’,'_

'>zk_' 19

: achfeved by Gr&&p 1i m this vanable cohld be due to the test. posruon wlnch was smnlar to " l

. ,&- *
range of movement (90° 180 Itnee extensron) that the subjects m thrs group were exposed to
in in trarmng, . L,( ﬁ{, 5 'f;f:»" ‘t

7 One of the adaptatrons that occﬂr as: a result of strength tratmng is the mcrease in the

o , fumg ?hreshold of the golgr tendon orga‘n a. receptor found mamly ad;acent to the Junctron -

" of. tendons and muscles (Bosco 1985) Eccentrrc trarnmg m thrs study most hkely put a

.r " .4

Cv

tenﬁ’on organ With thewlncrease m the, 'ng threshold of this organ more tensron could be

St ; »

generated by the muscle wrthout. rts mhz; 1tory mfluence It has been postulated by Muller and

-
| )n:

Rohmert (1963) that overstretchmg*

among frbers and elast:c elements m t_ esarcolemma) along with. the accompanyrng delay in

l

ot the recorl would serve as a trophrc strmulus to 1ncrease the force of muscle contractron It

.

--seems reasonable therefore to state that the eccentrrc trammg done was more accountable fi or '

the gams m maxrmum 1sokmet1c concentrrc strength achreved bgﬁh'ea ew;hxse groups

The S1gn1f 1cant gams achleved by the exercrse groups c(fnpared to, that of the control

»

' stretch load *on the muscle whrch probably as: optrmal for altermg the homeostasts of golg1 :1 .

of "muscle elasuc components (tendons co{nnecuve ussue ’

group at the end of the study drd not occur by mere chance The srgnrfrcant Group X Test '

' ‘mteractmn (Table 8) demonstrated that the trammg reglmes of the exercnse groups were .
=

.'effectrve f or mcreasmg rsokmetlc concenmc strength If not’ for the experrmental treatment of

s,

L the exercrse groups, they would have behaved as the control group at the end of the study

- smce they were mltxally the same m thts variablel ,- f ) ;'.""_- .

N ' ~

A

C '(Table 9) These rmprovements were however not srgmfrcantly drfferent from the cha-nge

Y

o 'seven weeks of trarmng) ' ' “ o

>

_g-».'effectrveness of the dxfferent trammg methods in thts vanable became apparent at T3 (after

O

Thrs result dxd not support the fmdmgs of Prpes and ermore (1975) who reported

- ;the superronty of 1sok1net1c tratmng procedure over the more tradmonal 1soton1c trarmng

At T3 Groups 1&2 had garns whrch were srgmfrcantly greater than therr scores at T2

‘.:-:a";demonstrated by Group 3 whlch ’Was n°t 5‘8mf ‘Ca“ﬂy greater fhan 1ts score: at T2 The |



. ¥ -
sy d

‘ \.\: o

. ithe? study conducted’”by Sm;tl/z/and Me]tpn (1981) wlio proclauped ﬂe supenonty of 1sok1net1c7_' o
hlgh spwd trah'i‘mg over the 1sotomc trsning procedures ;ﬁns result however has the support- o

o -,equaHy ;s/effectxve as 1sok1net1c squatung exercrse

‘nngtng about 1mprovement in 1sokmet1c" '

. L strength _Dejateur et al (1972) had earher conflrmed .this whrle Hagan and Sale s (1986)'

= i, ot N g
: -fmdmgs are in. agreement Wlth tfte results of thlS study that 1sok etic . and free werghts L

trammg produce sxmrlar effect& _

" Caution must however be exerctsed in’ makmg comparxson b n the outcome of

y I

xthxs study and others Whrle the lever arm of the apparatus used by Prpes and Wllmore :',

v'(1975) and Smlth and Me]ton (1982) was dependent on the efforts of the subjec

' dynamorheter used m [hlS study ‘was mdependent of the subJects ef,forts as 1t ope
i _electncrty The apparatus used durmg trammg affected the rate and amount of .

.’

generated by the muscle whxch determmed 1ts adaptxve response

| /
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| 1;_-:_1) MAXIMUM DYNAMIC STRENGTH IRM

stattstrcs of maxrmum dynamrc strength (1 RM) for all. the groups m all the tests conducted

At the end of the study, postest scores revealed that Group 3 wrth an mcrease of 53 _ '
. kxlograms (43 3%) was the most 1mproved out of all the exercxse groups Thrs was folloWed by .
Group-1 Wthh had a gam of 46 kllograms (37 3%).. Group 2 whrch trarned W1th a dlfferent
_ type of contractron had an increase of 28 krlograms (22 9%) - (Flg 14) All these mcreases ' ‘
o were stattstlcally srgmfrcant compared to therr pretest scores (Table 11) The control group 's
., : rncrease of 10 kgs (8 6%) was msrgmflcant Groups X Test mteractlon was s1gmf1cant (Table_ :,
12). On further analysrs with Scheffe aost “hoc procedure Groups 1&3 were sngmfrcantly‘
: dlfﬂerent from the control group (Table 13) Trend analysrs showed that the three exercrse i
'.'_vgroups rmproved srgmflcantly from T1 to- T2 (af,ter 3 1/2 ‘weeks of trammg) They farled to

T show s:gmfrcant increase. in T2 to T3 and T3 to T4 But a longltWok across the peno i

e

o1y 1

tests ‘showed that the exercrse groups garns in dynarmc strength were s1gmf1cant (P
: f‘rom Tl to T3 (after 7 weeks) and Tl to T4 Only Groups 1&3 showed srgmfrcant mcrease“
,@;Vﬁm”w““@m T g

. R . . . BN N - .

7 Table 10 Shm ary of F-ratros for Pretest Scores of Max Dynamxc Strengtn s

‘_;Source vDF ,-'ss MS - 1= RATIO F- PROB
3 w9 L ws . o sssws |
s }f:-‘.frszsaz» 4009 nowa e a




kes = Kllograms

. -Tablé}'.-l‘l.-.Group Means and Differences for Max. Dynamic strength (1-RM) =~

. Isotonic Isokineticc' ~ Combined - Control

~

Initial scores ~ 124 kgs .,125.kgs}_~‘:g 127kgs . 123kgs

;o
CIN

Findl scores 170 13 - w9 13
Difference =~ 46 - w0 s 10

% Change .. 37.3% 29 . 433 . 86NS

Std. Error - 3.1 Ly 53 1g

. Denoea“ s:gmflcance at P< 05 level:: e |

NS Denotes not 51gmf1cam at P< .05 leve} S o -

©

o ‘ . . . L . N - :,‘-

Table 12 Summary oF F ratlos for Pre Vs Posttest Max Dynamxc S?réngth ( IRM ) S(.ores

-

"Source c 'S'S: S MS R £ DF . - .- Fratlo

_B.Groups 1958973 52991 oy ff"*."u;)s.ss_" T
CEror(a). . 640730 170282 38

W. Groups BUBSL A9 3 e

GroustTests 66274 - 7-36.38_‘ . : ‘ 9 o 1‘8.611““‘_

.

Error ® Coasi2s s

 ',‘ Denotes 51gmf1cance at P< 05 level

"‘/“DenotessxgmflcanceatP< Ollevel e



Group Tl .

R

| T4
botomic | 144 190 F Ty T 7L
. Isokinetic . 1‘2‘4.5_“ RS 7Y, SR 15407 . 15288
. Combined - - 12665 - 157.0%- 16953\ o 1.70.5?'12"1,"
7 comol 132 1286 <. ne \\ 1334
A= s’ign-;ﬁca'ﬁqy different from.T1.
bk significantly different form T2. P o
1= srgmfrcantly drfferent from Group'I B ‘ » o o
| e
" Discussion o o.
'. o Prpes and ermore (1975) have stated that ' J ﬁ«ﬂ _
s E bThe “corncept of spectflolty of training suggests that the |mprovement should be:
& - greatest’ when tested wrth ‘a devnce or procedure that approxtmates the tramrng
o procedure : ‘- _ : ‘ o _
: Followmg thxs prmcrple Groups 1&3 whrch had the expenence of free welghts . '
trammg exhtbtted the hrghest gams of 37 3% and 433 % respecttvely Group 2 tramed w:th; o
the 1sokmetxc procedure had an mcrease of 22 9% (Table 11) The drfferentxal increase
' observed could be attnbutable to the dif’ f’erent trammg methods employed smce all the groups -
| were not mtttally diff erent f rom each other ‘ i ‘
' It is of mterest to note that srgmfrcant mcrease was demonstfrated by all the exercise _‘V
groups after 3)/2 weeks of traxmng This mcrease could not be. dué to hypertrophrc factors,_
because there had not been any nouceable change in 'the gxrth of the leg extensors of the"."n‘ .
'v ' )subjects It could be attnbuted to neurolog:cal adaptatxon Tlns 1s in h'he thh the observaaons’
. -of - Montam and DeVnes (1979) Sale (1985) and Hakkmen (1985') that mcrease in. strength.:’ _: e
L / that oocurs m mittal stages w:thout mcrease m muscle srze 1s-due to mcreased motor umty



. ' actrvatron medxated by the central nervous system

It has been postulated that gams in strength are great@r if the rpuscle 1s exposed to

] combmed trammg reglmes Compared tQ trammg w1th one method alone (Pletnev 1976 S

""_Hakkrnen and Knmr 1981 T elle and Gorman 1985) Group 3's hrghest mcrease m dynamrc
- strength is a f urther demonSlratron of the efflcacy of combmed trammg contracuons and is |

: .r:m t°‘31 agfeement Wxth the flndmgs ol‘ Hakkmen and Komi (1981) and Telle and Gorman -

°

What mrght pe respOnsmle for the umque ef fecnve‘ss of this combmed trammg R

methods hes in the nature of the resxstance prowded by the trammg apparatus Free wenghts '

L provide negatxve fesnstance (Telle and &orman 1985) whrch keeps tensxon on, the ‘muscle

r o

' becahse durmg the fant stage of lhe maneuver a greater force than ‘the welght must be

th welght s. mertla can be Overcome Wnth the 1sokmeuc devrce maxrmal".

otor unns thai}are actlvated lt is possrble that combmed trammg

‘fea r.ten,g;on m the muscle than' any smgle trammg method

i3 wlnch the :soklnetlc eccemnc and concenmc trammg group srgmflcantly mcreased ns "

o imaxlmum dynamlc suengrh by 44% while the control group had 8% mcrease Wthh was also PR

51gmf|cant In thls study the 8 3>\gam of the control group was not slgml‘u:ani Thrs_

learmng ef fect whnch is posslble m the maxxmum .ests employed The subJects had ‘3 to 5

.

o ‘mals in every test condmon before thelr IRM °°“'d be determmed

‘vrelauvely small 1mDrovement shown by the control group m thxs varrable con,]d be th’re tor the o

The nndmgs of tms study do not cont‘u'm the T sults of Pnpes and lemore ( 1973)( |

" and ) Melton and Smlth (1982) lhat 1sokmeuc method xs"supenor to Ehe more convenuonal f ree

wexglns trammg Thxs could be dUe to the differences in. the expemrental de51gns of the

| _studres Pxpes and W‘dmore used an 1sokmet1c devnce whose operanon depended upon tne ‘ L



' Py efforts of the subiects for trammg and testxng whrle m thlS study, the operatlon of the

“_E_;lsokmetlc dynamorneter utrhzed was mdependent of the efforts of the subJects These results‘a};’,.
. ;._-however confrrm the work of Delateur et al (1972) and Shephardt(1975) that free we‘ghts S
Lo 1sok1netc trammg modes are equally of fectxve n developmg d}'namC strength The results'..',.-l-g‘;. :
o of thls study are élso m agreement wrth those reported by Wathen and Shuttes (1982) that:ij“;.
. free welghts squattmg éxerc'se is preferable to a program of 1sokmet1c .SQuattmg exercrse in o
.brmgmg about. 1mprovement in dynamlc strength of college males : ’ o P
Trend analysrs rndlcated that wnthm the limits of the sample used f or thls study, all

the three exercrse groups exlublted sngmf icanit changes thh Group 3 showmg the hxghest gam . ‘

: But at T2 to ’l‘4 Groups 1&3 wcre sxgmfxcantly drfferent from Group 2 Thrs 1s not a'v o

surpnsmgaresult consxdermg the specrflcxty f actor 1nvolved m the trammg contractlon vxs a- v1s~, -t

o 13
NE

- the strength test. ,' B N '-' '.5: P f

o
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- Ef Maxnvrurvt IMPULSIVE FORCE |

At the begmmng of the study, all the groups were sumlar m thrs vanable (Tabb#)

D .Table 46 presents the descrrptrve statrst:cs of all the tests done in thrs varrable for alI the

.o -
vV : v

At the end of the study, Group 2 had the. highest gam of 12 7% followed' by Gro

L wrth 11 6% mcrease whxle Group 1 had a modest but not srgmf 1cant mcrease of 2. 9% The L

PrA ._'control group mcreaSed by 1 6% (Table 15) Although Group 2 had the hrghest overall gam 1t.‘,' :

‘had 2. 2% msrgmfrcant gam 'aﬁgr seven weeks of trammg compared to Group ‘%\whrch'.

rmproved srgnrflcan-tly by S. 9% at the same perrod o e ' o AR

N

Statrstrcal analysrs of the pOSttest scores of the groups drd \uot show sngmfrcamf;-' '

®

L -drfferences m thrs varrable (Table 16) Further exammatxon of the scores }:ce the Groups X:' o
'f'_‘Tests mteractron was srgmf 1cant revealed that the gams achreved by Groups Z&Qat TQ were",'

- - srgmfrcantly hrgher than therr pretest scores (Table 17) It was only Group 3 that ‘exhlblted B

Tl

'srgmf:cant 1mprovement at T3 (after seven weeks of trammg)

. ‘?‘ R

PO
Tab]e 14 Summary of F ratros for Pretest Scores of Maxt Impulswe Force '

" Source “_DF S oMs F RATIO @on/

N

- -0

‘B.Growps . .3 17023 390341 o 663 o8NS
W.Groups.. . 38 i ‘._22,.36876_.67'-#'” 5886517 TR |
Total 41 2353978.98 SN g

NS. Denotes not significant,’,



 okiioie
PR Y

" Combined

e

o

SEL Inma] scorqs; ‘1721 1 N 1743,_5'~N’f’,

- .;'Fmat scores 173, 1

P 'Dxfference gt ~t;'. = '215 9

..,'.‘“ %Change _' "'2.9NS : f:r1‘27o' ‘

N Error ' j'_2,6 ‘;-@,{-‘ o 20

i, L

1797 IN
19912
s 194.1 |

116"

16502 N
6120
. ! o 218 a-‘

i

NS

';-20 -

- R e N - g -
',‘ Denotes sxgmflcance at P< 05 level ‘
S NS Denotes not slgmflcant at P< 05 ]evel

g -',N Newtons

PR
R
V. . R

Table }6 Summary of F ratlos for Pre Vs Posuest Max lmpulsnve\;‘&

: TR T
"Source CSS o MS

L

DF *

, F-ratio

ce Scores.
Nl

o S

. ' . \\h

N

BT I S N
.- B.Groups - 1555680 " - 518562.77

Emor(a) . 8985230 '2364\535
 W.Groups - 343153 124777?**

 Groups X Tests 282091 . 253%6.6

CEmor(b) 934 as3sess

14

19010
o3

209 NS

.t Denotes sxgmﬁcance at P< A01 level

: NS Denotes not sxgmflcant at P< .05 level

)
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st of the body Q ablhty to develop 1mpulsrve force m relatlon 1o

e Dlscusswn '

Verncal Jump is, a t

A

body werght (Bangerter 196§ For mcrease in xmpulswe force of the legs to occur there has L=
_ , A &
:‘ to be a change in the hlstochemlcal and bxochemlﬁl conipgsmon of the tnuscle f 1bers and the:

‘: abxhty of the 1nd1v1dual frbers o contract raptdly due to mcreas'é’d ftg,n and stlmulatron by ,_
motor neurons (Goldberg et aI \\1975) ln thrs study, the mfluence of sklll mherent % any of -

the trammg procedures was \qxost é&kely ehmmated wrth the rntroductlon of thlS test crltenon

Maxrmum 1mpulsxve f orce as used in thrs study is: srmrlar to a verucal _]ump(w,tthout the'-':‘ ,‘

\

| contrrbuttve effects of the upward swmg of the arms (Bosco et al 1986) Any Jumpmg ;.-"

;v - .
act1v1ty has an element of power It therefore follows that any trammg’ regtme that has ..

components of power 1n rts desxgn and executton wrll 1mprove the f unctlonal capacxty of thei ‘-
’ muscles mvolved in Jumpmg In this SIUdY however the trammg regrmes ‘were desxgned 0
1mprove strength and not power per sel As evxdenced by the datat collected sczre adaptattons_:‘ :
have occurred in- the tramed musdes whrch are smtable for motor performance requtrmg o _
: power Thrs has been conflrmed by the srgmflcant 1mprovement of Groups 2&3 over thelr' j‘v':

t‘-t

Pretest values o R



of al task that ‘ehutred’ pdwer resrdec m the nature o‘f t.herr tramrng pro/grams : .
development of explosrve f‘orce assoctated w:th trarmng wrth heavy resrstance may have fff;‘
“ "b_{__"condrtroned the neuromuscular system to express 1tself m a very explosrve actron lrke rnv. B
' .vertrcal Jumpmg It is surprrsmg that thesub_wcts m Group 1 drd not show any srgmfrcant.:
mcrease over therr pretest scores (frg 16) desprte therr heavy trammg schedule Thetr farlure“{.{.-

x .'to gemonstrate any sr'g‘nific'ant mcrease may be due to the postulate of Goldberg et al (1975)-'_-"}__

-"'_-_..that ‘with hypertrophy of . the muscle contractthty and speed of contractron decrease as’ a
result of mcreased collagen and water cbntent of the enlarged frbers Bosco ( 1985) theortzed‘__'.
that the gam achreved by the fast. twrtch frbers as.a result of heavy resrstance. trammg rs
.neutrahzed by the slowly comractmg hypertrophted slow twrtch frbers hence after long heavy:, .

_strength condrwnmg (greater than 8 weeks) the ttme of shorter’nng of the muscle Js" L

' mcreaSed ThlS observatron could only be.made in respect of Group 1 smce the other exercrse, "

-

v o groups 1mproved sigmfrcantly in: thts vars,xable Smce 1umpmg is a functxon of the number of

‘. .

) _fast motor umt.s recrurted and-the raprdity wrth whrch they are recrurted 1sokmet1c trarnmg-'

a ) "}_.could be more effectrve rn mfluencrng these adaptatrons McDonagh and Davres ( 1984) have‘»

honfrrmed m therr revrew that vthe effect of strength trammg on the speed of rnuscle

0

X contractron depends on the detarled nature of the trarnrng regrme Tt could be that the T
o resrstance offered by the rsokrnehc devxce ‘has’a. greater effect on. the knee and hxp extensors _

- _whrch play a maJor role m vertrcal Jump (Bangerter 1964) compared to that offered by free._ ‘

‘:werghts R ST

E

No study has been reported that ‘\Vestrgated the effects of vanous trarnmg modes on . .

: maxrmum 1mpuls1ve force However in equatmg vertrcal Jump wrth maxrmum rmpulsrve force D

) ""Aof the legs the outcome of thts study supports the work of Prpes and ermore (1975) and o

'. Smlth and Melton ( 1981) that 1spkmetrc trammg method is superrt)r to 1sotonrc trarmng“ L

R procedure in mcreasrng performance in maxrmum rmpulsrve force (vertrcal Jump) It -however,

: farled to conflrm the report of Wathen and Schuttes (1982) that. free wetght trarrung 1s',

. 'preferable to 1s.etrc tramrng to 1mprove vertrcal Jumpmg abtlrty Okoro (1979) has earher- o

<.
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o Nelson, 1985)

R LEAN BODY MASS [T S ORI ST N e

s Analysrs of pretest scores (Table 18) mdrcated that all the groups were not;‘

14 L

';\srgmf;cantly drfferent from each other rn thrs varrable Table 47 presents the descnptrve :

Q

statrstrcs .?f the scores in thls vanable for a.ll the groups from pretest to posttest

At the end of the study. all the groups demonstrated non srgnfrcant mcrease m lean KR

. body mass Wrth Group 2 havmg the hrghest gam of‘ﬁ\ 8% (2 Skgs) followed by Group 3, 25%- i

: (1‘5kgs) Group 1 2 0% (1 3kgs) and the control group wrth 8% ( Skg) (Table 19) Betweenf
groups comparrson drd not show: any srgmf 1cant drf ference in the gams achreved The Groups -

. X Tests mteractron was also not srgmfrcant (Table 20) Smce the rham effects and Group Xv}

o Tehts ugteracuon were not srgmfrcant post hoc analysrs was: not conducted (Thomas and

Table 18- Summary of F- ratlos for Pretest Scores of Lean Body Mass IR

" Soure - DF ss . MS . FRATlO - F-PROB.

B Growps 3 2 P4 11 IgNs

CW.Growps - 38 31516 . 8.9

o Total 4. T4l 35039 | I
NS. Denotes'not significant, - . TR o
: 2
‘s
o . |
‘



L '_}Inmal scores 65 5 kgs i 67 3 kgs : . g 652\kgs | B 53 8 kgs

'Flnal scores 658 693 , ‘-","',';":6.6-7’,' . . 593

N §

: _'leference | a3 ' 25 B R L

“'S..our_ce_' SS | ; MS DF ' e ’F-‘ratio -

© “%Change . " 34NS o 38NS SL25NS ""'-';‘8st‘ T

. . e LT
- . o . v . R .

NS Denotes not sxgmflcant at P< .05 level - T
kgs = leograms"“_-,"' L ." ' b T ' L .

Table 20-Summary of Fi-tat'i‘c;s for Pre Vs Posttest Lean Body Mass Scores -

‘o

© B.Groups . - 234935 . 7%3. 12 L3 e aaeRs |
Ermor(a) . 10022 .. a6 3 BRI

W Groups : ._-:5'2'-.74-_ Cooms oy T

o _" Denotes mgmﬁcance at P<. Orl{

GrouPsXTests e asm 9 pes gl
“:T"Enor G e am . ondp R,

i' NS: Denotec notSlgmflcant atP< 05 level A 'A ' | AN



~» generated m the muscle The adaptatrons that result are more actxn agd myosnnfmaments
more captllarles ATP PC and connecuve ttssues (Westcott 1985 MacDougall 1985) It
: f,. mrght aalso be poss1ble as a result of heavy resxstanc:: trammg over a long perlod of tm‘(e for

” the number of muscle ftbers to mcreaSe (hyperplasm) through longttudmal sphttmg of thex,

: ftbers or development of satelhte cells (Gonyea et al 1986 LarSSon and Tesch 1986)

™ 'Research evgdence m thts dtrectlon however is sttll controverstal

v

consensus in .fjhev‘ hterature that sequel to heavy resrstance trammg, there 1s mcreased

R

»'

. c'oncentratton of calctum (Golberg et al., 1984 Howard 198@ to stlmulate the synthesrs of "y

RNA and protem \whtch are essentxal in. the hypertrophtc process folldwu

the uptake of

amlno acrd by the exermsed muscle R

'In thlS expenmental study although all the exercrse groups sxgmf 1cantly mcreased in

Y _"‘could be achteved through a well des1gned tramntg program m whrch tensmn lS contmuously

"'.3

Although the mechamsm t‘or thlS adaptwe response is’ not well understood there 1s B

a’l

\'

' quadrtceps strength vanables (Tables 3 7 10) mcrease in lean body mass (LBM) for all the ‘

= _employed m thrs study could not be“ consrdered to be of very hrgh volume although the \ ]

groups was not srgmfxcant (hg 17) Htgher volume trammg (8 12 reps/set) has been shown o

. to produce posmve changes in body eomposmon (Stone et al 198~3) The trammg ,tegtmes

et T

: ,1ntensrty was htgh’because of the ttme frame of the\tralmng contractron whrch altogether drd
: % A

T e,

t::‘%ucéedﬁz seconds Most studres that reported mcreased LBM and reducttort of body f atas .

L

- a result of heavy resrstance trammg, employed tramtng regtmes that mvolved the whole body

and exercrsed for 45 to 60 m\lnutes per session (Goldberg etal,, 1984 Hunter 1985) In thls S

~.

L _ study, the trammg was luntted on‘ry to the lower extremtty of the body henl srgmflcant

mcrease was observed in the gu'th of the leg extensors (Tables 33&34) of the sujects in the

exercxse groups Smce hydrostattc wetghmg metl@d measures total body densrty fqr the .

'estxmatton of percent body fat it could n‘bt uncover in 1solatton the mcrease in the sne of the b' '

..".\



: "mUScles tramd The mcreaSe in LBM above the pretrammg level exhxblted by exercrse groups
~more. than the control group 1s a demonstraxon of the effect (though not pronounwa) of
strength trammg on body composrtron In the absence of thxs trammg the mcrease observed v

Uy in the exercrse groups would havt, been the same as the con’trol S :. . L

”.‘-\From the data collected .the trénds’ showed that the rsokmetrc trammg procedure .
provrded the \greatest strmulus to ellcrt changes m body composmon Thrs wa,s ewdenced by
i.‘;the hxghest nonstgmfrcant gam of 8% expertenced by Group 2 fdllowed by Group 3 with
2 5% It WrH be recalled that Group 3 also had as part of. the combmed ‘training. regrmen :
' ‘."lSOklne[lC trarmng Surprrsmgly, free werghts trammg utrhzed by Group 1 was least effectlve‘
as'it trarled 1th 20% mcrease Sl n R B 1/ : .

Although strength is proporttonal to the cross sectronal area of the muscle (Hettmger o

4 e
) 1961 Ikar and F ukunaga 1963) mcrease in strength is -not due to mcrease in muscle 1ze"

\\ S

DR S

. alone Neural adaptatron has been 1mphcatéd as playmg a srgmfrcant role (Morrtam and'_‘_'
'Deeres 1979..Sale 1986) because the .magmtude of the mcrease in voluntary strength of .

begmners 1s consxderably hrgher than the mcrease in muscle srze (Moratlm and DeVrles 1979

i

: s _,;,_'Sale 1986) Thrs seemed to be what had happened m thrs §tudy as msrgmflcant increase mt S

o -LBM has been observed desplte srgn’rcant mcrease m quadnceps strength vanables for the “

~‘.exercrse groups CT I : -

The method espoused for the’ determmatron of LBM may not be sensmve enough to"'; -

_"detect srgmfxcant drfferences Constant age related values were used in estlmatmg resrdual -

. .:volume for ﬁre calculatron of body densxty “This mlght be a igutentral source of error

_ (Hachney and. Deutsch 1985) smce the accuracy of the resrdual volume measure can. possrbly

"'rnfluence serlously the vahdrty of the subsequent calculauon of body densrty (thmore 1969)

q

ln ‘the abse'hce of dlrect measurement of resxdual volume Wllmore (1969) as a result of the A

’ g
: fmdrngs of hrs mvestlgatron stated that 1t made no (dlfference whether resxdual volume is
P
L :_'esumated from vrtal capacrty or whether a constant average value is used He ‘fond no .

o :':g__sngnfrcant dlfference between actual measuremnt of resrdual volume and’ estxmated resxdual

~

f'~-:'-j‘-.volume in. determmmg body densrty f Ce AR




Compared to other studres (Wnlmore 1974 Prpes and lemore 1975 Stone et al
1983 Goldberg et al; 1984 Hunter 1985) whlch reported mgmfrcant mcrease m streﬂgth and
LBM the increase in. LBM in thrs 1nvesugatron was not srgrufrcant In then‘ Studres, trammg
1nvblved the \'pper and lower parts of the. body and a traming sessron lasted bctween 40 10 60' o

\

e mmutes In thxs mvesugatron only the quadrlceps were tramed and a trammg sessron drd not :
' ? N : o

exceed 20 mmutes . : - o g

-

Theeresults of thrs experrment however support the ‘work of Ward and Krsi ‘(1964)

‘ 5. S o
Sanders (1975) and Jette et al (1987) who reported that mcrease in strength was not

accOmpamed by srgmflcant increase in LBM of therr subJects

. . . ' . .
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f

H SKINFOLD 'I'HICKNESS AND PERCENT BODY FAT

a\ : :
These two vanables will- be treated under the .same sectlon as they are mterrelated At -

) 'the start of ti;udy. all the groups were the same in: ‘both skmfold thrckness and pereent,f '

'body fat (Ta

21&22) Tables 48 and 49 pr&sent the descnptrve statistics for these

: varrables Tab]e 23 shows the reductron in this vanable achieved by Group 1 Wthh was 2.4

'mm ( 2 0%) Group 2 2 5 mm( -2 9%) and Group 3 w:th 3 mm (- 5%) The exercrse groups’ .

. a2

‘were however not srgmf‘xcantly drfferent form each other w1th regard to the reduction

S e

exhlbxted

Table 24 shows the group means and(drfferences for the slunfold thrckness of the

. front and back thrgh Interest in this vanable arose out of a desrre to determme the ef’ fects of

the varrousﬁtrammg methods on the skinfofd thrckness of the quadrxceps as they were the.

[ ~.

, target muscles of treatment in this study. ‘, _ ' o e . d/

In- percent body fat at the end of the study. none of the groups demonstrate

srgmfrcant reductron to drstmgursh it from the other groups (Table 25) Further analysrs of

Tae &
Groups X Tests mteractron whrch was sxgmf icant (Table 26) showed that the control group -

_‘behaved dif ferently from the exercise grou* in skinf old thrckness as it mcreased srgmf 1cantly :

' ’by 11 3% (Table 27) Among the exelﬁse groups Group 1 had the hrghest decrease of 14 1%

Cin body f at followed by Group 2 wrth 5 6% and Group 3, 4 3%, The control group wnth a1

. decrease of 1. 3% Was’ surprlsmgly not drfferent from Group 1 that had a reductron of 14.7%.

. (Table 25) But wrthm group changes showed srgmflcance at P< 01 level (Table 28).

N ]
g
% S

%y R

J.o



" Table 2 Sumggy <>\FF~rauos for Pretest Scores of Skmf‘bld Tmtkne_ss_

Source ’»'_'--;,DF ss Ms FRATIO FPROB

- B. Groug 3 2660 755.4 8112 06BN,
'w Groups - 38 ssemg N
T°t.a1 4 s7763.9 S O LR

NS. Denotes not significant ag P< .05 oy
e e e o)

Table 22 Summary of F rauos f or Pretest Scores of Percent Body fat

\ .

_' -Soumc- ~— DF. ss ' TOMs U RATIO F- PROB v

“‘e—
N,

" B. Groups 3 1ma 39S T 14 - 26NS
i : % : - St Lol S
~ W.Groups 38 - 9085 . 239 ” : o _ -

Toal =~ 41 096 oo @

' NS.'De\notes*not signi_ficant at P< .05 R ST B v :



Initial scores "

.}.}\‘ .\ .! 1 .

. .. .lsotomic’ . <

,Q”ﬁ"'”

- Isokinetic'-
R

-

) 2
" Combined

"'-Contrlol

Table 23 Group Means and leferences fi or Skmfold Tluckness

. 97 |

£

7 104.0 mm

. Final scores - ip16

S 'Diff_eréng_e-' C 04 L

~ % Change | . S20NS T

Sid. Error 1.5

86.9 mm
44

2.2

90.1°

- 904 mm

-SNS .

35

© 861mm
%0

} Denof’es si’ghiﬁcance at'P< .05 level.

. NS. Denotes not sxgmfacam at P< 05 level.

I mm = Mllhmeters "

Table 24 Grchm Means and Dxf f erences for From and Back Thrgh Skinf old Thlckness

.0‘(‘

o . 1
o . A
-
! y 4

K -7 Isoteaic.

-

2

Isokinetic - -

/‘/,

3

. .

;:Co'mbiried ‘

¢

R

Contf,ql

"X

Initial scores 30.2 mm

" - Final scores i 289

Difference = “1.3- - ,
% Change - . ‘-4'.3 NS

29.1 mm
219

1.2
-4.1 NS

31.6_ mm

305
Ll

-

35NS

26.7 mm

281

+5.2 NS

' mr{& Mllllmeters o .

o - NS. Denotes not' signifi 1cant at P< 05 level

P

L)



" Table 25-Group Means and Differences for Percent Body fa

- Isotoni¢ -

N
BN

W

"‘t\ Isokinetic

) ‘3.»'_ ’

) :

Combined . Control | -, -

Initial scores” -

" Final scores - -

Dif' fefénce
% Change -
Std. Error .

I50%

HE N

s 8

B
27 103 %
23 g
‘147 NS

29 . 37

L 117% .

11.4
3
-1.3 NS

55

»

NS Denotes not significant at P< .05 level. '

]

s )
N

|}
A

\\

S
ScOres\ ~

Ta{lii_le 26-Summ_éry of F-ratios for Pre Vs Posttestékinf old

" Source

T

)

88 Ms

DF

£

N,
F-ratip -

v

" B. Gréups

- Eror ()
w GroﬁPS
Ghoups X s

.Erro: (b) a

175

-655.9

"-240518'
woia s
17.21
T8

RN

51.62

1679.0-,

£

¢

.+ ** Denotes significance at P< ‘0L level.

NS. Derotes not Significarit'at P<.05:level.
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. Growp

Isotomc

Isokmetlc

combmed_' ,

Control - -

L
862

882

1046
87.8 '

928 -

I3 g

Cl01e

Cwa
Cien |
9602 SN

‘a = significantly different from T1.

™~

ot

A

Table 28 Summary of F- rauos for Pre Vs Posttest Percent Body -Fat Scores

ol .
N
d

Source

sS

M

~

' DF

F ratro

B. Groups'."
- Error. (a)
W. Groups
) (%roups : X Tests
I{érrd’r (l}) e

. 303245

257.1

C 139
16.22
1613

8569
Cr080
713
' i.s’_

1.41-

38

114.0

" 1.07NS -

T 5.04% .

"127Ns |

!
(/
{\. L . / N
' // e Denotes srgnrfrcance at P< .01 level

=

/ NS.. Deno‘tes not ngmfreant at P< 05 level

Discussion

e

" ‘ {:.v- )

Mobﬂizatron of free fatty acrds occurs from the fat depots throughout the body and'

/ - ;the area of greatest fat storage probably \,supphes greatest amount of energy

/ : McArdle 1983)

)

ﬁ is therefore apparent that every thmg bemg equal the rate of fat

. reducuon as a result of any exercise over trme is dependent u,pon the 1n1t1a1 level of fat in the

- ‘..1‘\ \
Sy

+r

o

£

-



_' o -;mdmdual More bhese_mdmduals tend to lose fat more readtly than theu nonobese or lean:r )
bR f"counterparts (Katch and Drumm 1986) The decrease of 14 7% demonstrated by Group 1_;

':‘_Was not only a functton of trammg done but a]so due to the hrgh mttral level of fat tn thlS “

- ;'group (Table 19) lt had the hlghest skmfold score of 104 0 and 14 7% body fat rmttally as

\

" ) determmed by hydrostatrc werghmg methog : - N E ,_' o _
' It could be deduced from the hterature dealmg wrth strength trammg that most of ‘

those who reduced body fat as a result of heavy resrstance trammg employed exercrses that .

1nvolved both lower and upper parts of the body and for 40 60 mmutes per trammg sessron

(Wllmore 1974 Ptpes and Wllmore. 1975 Stone et al 1983 Goldgerg et al,, 1984 Hunter -
1985) In th1£ study, Group 1 tramed with free welghts half squats ‘a mult1 ?egment exercrse |

known to stress erector spmae gluEeus abdommals and lower extremnty mua'éles (O Shea,. '

1984) It 1s no: surpnse therefore that Group 1 achleved the hrghest percent reductlon in body

—r

,,fat because Katch and McArdle (1983) have opmed that exercxses that engage large muscles of B '

o 'the trunk and extr;mmes produce the hlghest energy requtrements tf contmued for a

: ‘prolonged penod of trme The txme spent durmg a tratmng sessxon m thts study could not be
Y v‘regarded as long as it dld not exceed 15- 20 mmutes the actual timie of trammg contractlon
L 'bemg72seconds S f o R m

Isolunettc trammg as used in thts study may nOt be very effectlve in reducmg body fat

4.'@

o be related to the anaeroblc nature of the trammg program and low V02 max. achteved durrng

¥

‘ fmd s1gn1f1cant changes in body fat of thelr subJects because of low relatwe (45% VOZ max. )

RN .
I

are ‘of -Calo‘ries. To indueé’weignt’loss,. caloriés in ‘the'ra'n'ge of 5.9

- because not only 1ts effect was restncted to the target muscles (quadnceps) the exercxse’li
- -.kcal/mm shbuld be burnt f or 30- 45 mtnutes durmg exercise (Katch. and Drumm 1986) The_

) fmdmgs of this present study have support in'the postulate of Hurley et al (1984a) that the
) ‘lack of a potentlally benefrcral effect of heavy strength tra1mng on hpoprotelwrofrles could -

. trammg Thr 1s also in agreement w1th the observatron of Hurley et al (1984b) who dxd not -

- v stxmulus elxcrted by the hlgh mtensrty strength tratnmg But m another study. Hurley et al o

K . (1984a) found that the subjects who tramed wnth moderate resrstanoe hrgh repetmon (10 20)- o



ow LR

' 3 exercrse wrth short mte?vals of rest have lxpoprorem hprd profiles that could be pote‘ntrally
; 'protectrve agaxnst coronary heart dxsease R . o B} S

The data collected m tlus study drd not substantrate the results of Goldberg et al

(1984) whm after 16 weeks of heavy werght trarmng found a srgmfrcant reductron in body fat

'and 16 5% decrease of low densrty lrpoprotern chblesterol in thetr subjects Nor does it
rsupport the work of Stone et al (1983) and I-Iunter (1985) who found srgmfrcant reductton A

- of body fat m thetr study The drff erenoes 1n the results could be attnbutable to the nature of

, .the studles referred to as they mrght have had some elements of aeroblc trammg m thetr

’ expenmental desrgns Wthh favoured the expendrture of ﬁtty acrds In thlS mvesugatron there

. "was a close correlatron of r—-72 between the skrnfold thnckness measurement and percent
‘ ,‘ ’ body fat as determmed by hydrostattc welghmg | o _ ._ . E .
‘ Skmfold thxcknbss changes as measured by Harpenden callpers m —thts study showed
.that Group 2 had the&\’htghest decrease of 2 9% whrle it . had the second htghest reducuon of

' A_ 5 6% in body fat as determmed by hydrostatrc werghtng ermore (1970) has contended that

'skmfold chan‘ges have been found to be an unrehable mdtcator of changes in body

o ,composmon whrle Katch and Mc Ardle ( 1983) were. of the oplmon that hydrostatlc werghrng is

-f'one oﬁ the most accur’ate mdlrect methods currently avallable to assess body fat content.

i

Followmg thxs hne of argument therefore one ts apt to rely more on th body fat changes as _

'determmed by hydrostattc weighing method However ,when t € two measurements are

' combmed the observed trend mdxcated that body fat was reduce (Flgs.'18&1‘9) but _the' ;

-

s K reductton was not srgmfrcant
On the basrs of the fmdmgs m thns mvesugatron wrth

B effects of resrstance trammg on reducuon of body fat, no meth of trammg ha?been found

to be very @ctwe The trend showed however that because fre_' weights- trarmng (1sotomc) e

' X as -used in thrs study mvolved more muscle groups compared to 1sokmet1c L1 mtng method

Y

o 'tramtng by free wexght 1s pref erable for fat reducuon

.'. S
[

In visw of the fact that the exercise groups did not experrence sxgnlf 1can.t reductron m‘

.

body fat c,qrnpared to thgt of the control group after 10 weeks of heavy resrstance trammg, .

v\r N

rtlcular reference to the
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' r THIGH ANDtCALF GIRTH

o

All the grrth meaSurements taken W111 be treated together under thrs sectron as they'

' 'relate to~each other As mdlcated 1n Tables 29- 32 all the. groups were not drsrmrlar for these -

u . r}f

o ";variables at the start of the study Tables 50 53 present t\he descrrptrve statrstrcs for the“

o groups in all the tests. - =

i Posttest scores mdrcated that the srgmfr‘cant mcrkases in rrght thrgh gtrth of all the.',-'.

L exercrse groups were matched by the mcreases exhrbrted by the lef t thrgh grrth whrch were also_

l

a IS1gn1f1cant at- P< .01 (Tables 33&34) Between groups mcreases drd not show any srgmf 1cant_5' » “

t‘,"drfference (Tables 37&39) Groups 2&3 wrth 3 7% and 3 5% mcrease f or lef t thrgh grrth p%s_:

: 3 6% and 3 9% 1ncrease for nght thrgh grrth respectrvely (f1g 20~ 21) were more than the 2. 8%_; g

gam achreved by Group 1 m both thrghs Of the total gam exhrbrted by Groups '2&3 about

L '_75% of 1t was achreved after three weeks of. trammg whrch ‘was srgmf 1cantly greater than fherr, g

e pretest scores (Tables 38 & 40) Group 1’ s mcrease of 7% for both thrghs m the same perrod'-

was not srgmfrcant The mcreases of” 3% (. 18 cm) for the nght thlg%ad 4% ( 24 cm) for‘ o

the left thrgh of the control group were not srgmflcant (Tables 33 34)

As f or the left calf grrth values posttest mcrease of Group 3 was the hrghest wrth' :

.2 2% (. 8 cm) followed by Group 2, 1. 7% ( 6 cm) and Group 1 wrth 8% ( 2 cm) The control

- group decreased by 1% (-1 cm) The rrght calf posttest scores followed the same pattern as’
_ R

_the left Both Groups 2&3 ended up with 2 2% ( 8 cm) followed by Group 1 wrth 1 5% ¢S

vcm) The control group made a gam of 4% ( 1 cm) Tables 35 36) The mcreases achreved-

L)

A s

b? all the' the groups were however not srgmf 1cantly hi Eher than therr pretest sccles The':

' -Groups X Tests mteractton revealed significant drfference among the groups in the. pattern of

‘ .therr response to the tests as a f unctron of time (,Tables 41 42)




B Groups T X S 1 IR 7S S Caens
‘.','l_"otal. ftl 3007 L Lo '

. L ~ca - Ei 3& :
N NS.,I_)e'nptesb not significant at P< .05 level, -

g

e
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Table 30 Summary of F ranos f or Pretest Stores of Lef t Thlgh erth

Soure: ~~__DF. -ss SMs | ‘F-RATIO FPROB ‘

;o ) !

. B. Groups 3307 0 w2 g L T499NS
W.Groups 38 , 838 24 |
CTow: o oa Ksws R B

NS. Denotes not significant at »P"_<'A-'._05 lgygi. ,

Table 31 Summary of F ranos for Pretest Scores of Rxght Calf grrth

o
gi‘ Source L DF s Ms S FRATIO FPROB

w — . T .
»® “,-‘ o o ) . . : e g ‘. . .

B. Groups . 3 : 6.0 - | 2.0 T 784 . I83INS -
. , W.'Groups ' N 38 o 269.0  1.0 - - ’ o

Ty -

Total 9 275.0

NS. Denotes not significant ‘at P<_.05 level. | S



: Table 32 Summary of F rat:os for Pretest Scores of Lef t gn_h

" Sdurce . DF s "”-°-71__Msp:_,'_.4 FRATIO EPROB

B, Groups C03 LSS 18w 249 B6LNS
Cow Groups Lo o N S
Towl - . 4L o825

NS. Denotes not significeim at P< .05 léyei. : S *

" Table 33-Group Means ard Differences for Right Thigh Girth

-

- Isotonic ~ Isokinetic - .~ - Combined . Control
I . ST L : '

itial scores 569 cm U s6sem U sedem 55.8'cm
Finalscores 585 S8 sg4 Y60
' ‘Diffé‘renc.ej' L 16 B 2.0 200 o 2

. . qiénge ) ‘.‘>2'7, L 360 o .3-.'9‘ S | 3
Std. Error -.3 o s S - 4

.

. Derides significance at P< .05 lev

.cm = Centimeters




. Denotes sxgmf 1cance at P<" 05 level.

- Isotonic: - ‘Isokinetic .

<

. -

‘Finalstores 4580 sgg .

O Difedmee - Te- ax,

B ‘: % -Chénge.. ' 29’ -_ SRR E’a,»?f -
! “:"‘ ':'A.Std‘bErrjor: . “ : -3 B .'f:" s

Inmalscore5564cm . 565‘:m

L 3.5e

56'.4_cm o
.
19

>

NS Denotes not sxgmh‘nt at P< 05 level

:'cm = Cenumeters '

5 -

- Table 35:Group Means and Differences for Right Calf Girth

' Isotonic - © Isokinetic - -

-3

Combined

" Control

. Ihitial scores . -.-.37.1vlcm : 37.3 cm

" Final scores 376 BN

. e

VNDiffe.reﬁce»N s E - 8
% ‘Change'< ~~ 1L5NS ' 22NS

B

~* Sud. Error R

377cm
385,

2.2 NS

373 cm

37.4

1.ONS-

' NS Denotes not s:gmflcant at P< 05 level.

v y
)

cm = Cenumeters



. Tablé 36:Group Means and Differences for Léft Calf Gisth

_ Isotonic

v

e -;\“Isok'inéﬁg', e

3

‘Combiried

-+ Initial scores -

. Final scores -

E U Sd . Error B

4

o ﬁifferencg -

‘% Change. -

-

32
"_'37.4‘ "
© O8NS

L 375em

oo 3T eme -

\”

~ " -NS. Denotes not significant at P

- cm = Centimeters

<. .05

level.

- * "Table 37-Summary of _F-ratios.‘fqr_Pfe;;.\)s quttegt. _Ri‘ght'Thigh Girth Scorés

" . Source

2y

SS -

Ms

DE -

. F-ratio

B. Groups
Error (a)

W. Groups

~ Groups X Tests

.Error '(b'). .

12334 -

e

297519
53.95

20.39

2319

4

]

78.29

17.98

2.27

38

'114.0

53 NS

88.42%*

1L14ee

** Denotes significance at P< :01 level.

. NS. Denotes not significant at P< .05 level.

4
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. 7B = significantly different g2,

' Group - STl

Combined 564
Control w58 - S50y

- R L ‘ L .
a = significantly different-from T1 v

‘ - : Tab!

-

R R <

38.;R_e§ults ofthe Post Hoc Anél'y‘si.s‘ for ibg htThxgl_1 h Girth .

T4

o Isbtoric 570 w1y - 584
lsokinetic . "s68 s sgy

559

e

- N

a',b; =

a

12 NS 5

T

XL

58.82

4

» - - AR .
o os86tT
560 .

@

Tﬁbl’é 39-Suminéry-of F -;atiqs for PrleVs P

ER

~

JoSouee . sS.C% us

Y4 DE -

o‘;suest Left Thigh Girth Scores

FZratio

v

B.Groups: 7137 . 2579

30 '_NS

Eror ) e 25 o
' W.;}_rOl;j)Sﬂ S0 1734 3 73.59%¢
Groups X Tests " 16.58 ~ . 1.84 9 78000
CEmor () 2686 - 24 140
B " Denotes éignifiqance at P< .01 level.
E NS. Den’otes}not signifi_cafn at P< .05 level. -




, ‘:_ “. . .. Table d0-Results of Post‘Hoc Analysis for Left Thigh Girth = - - . .

Group 5\,.‘.') T, T .. T

. . - - . . L . ; ~s e . P

5 Isotoqﬂx_y) ,31_‘ 564 - s69 SRS S 58 0ab .' SR
--'.Isoklnetlc - 565 o » 58"0'3:.3 " | "_"58.38, ‘ . 5§6 . ) -
“}Comblned, . 56_4..:‘ L osA | ;» 58‘;&_ e gy

Conuol 560 - sel  sel i

.

- a = significantly diffe_rem ,fr'o'r_n TP’\ s o ¥

A

) b= sighificéntly different from T2. °

"Table 41-SUﬁ1mé-ry of F -ratieé-fgr:_‘Pre_Vs Posuest'Rigln Calf 'Gi(th Sc’(‘)res;' '

;EI‘S:burce’, ~SS ; ' MS . DF ) , Firatio

. B."Groups 1940 s R ».2:2 NS

- .'E'r\ror (a) Coomaror- T o083t
w Groups " | 794 " e 3 '”_‘ © 1995
. '-.(c-rmpsxTests\ 312 - 035 9 T peser
. Error (b\)\_.': +;{__;;1”5_:12 | 13 © o mao.

R N PO KT S
N .. Denotes sxgmflcance at P< 01 fevel. AL
1 \ < . .

- -NS Denotes not sxgmf icant at P< 05 level R e



of E; rattos for Pre Vs Posttest Left Calf Glrth Scores

L Source ',_' o SS v ‘MS _ ,' ,". . DF o F ratro.n‘ '
B G_roups. ) 21 81 - - _7.:27_ T 3‘ R 24 NS

U Emor(a) '115967 30820 3 RS
W.Groups . . 426 . '~~rv___;1;4,2 e e
" Groups X Tests 385 , 043 g B i < LI
Emor(®) . 2, 91 R T B 177 S -
* Denotes significance at P< .05 level: r ' ‘ .
e * Denotes sxgmflcance at P< 01 level : ""-‘; - :
: NS Denotes not srgmfxcant at P< .05 level L |
- - , o
| Discussion ‘ . -k

An exercrse that mvolves the'stretchmg of the muscles mcreases the membrane
,,transport of ammo acrd which then strmulates protem synthesxs (Goldgerg et al, -1975;

'MacDougall 1986) Stretch 1s also known to increase ﬁétconcentratton of calcrum Wthh

'5""*: promotes the build- -up of RNA and protein (Howard, 1985) ln this study, isokinetic training

‘:.'..'f"procedures offered maxrmal stretch durmg eccentrxc contraction to the leg extensors of thef :

B ., subjects as thetr muscles were forcefully stretched from 180 to 90° knee flexxon (half squat)

" 'Th%d be the stxmulus for the early hypertrophy observed.

he d% showed that af ter three weeks of trammg Groups 2&3 whtch were’ exposed
W,
‘to 1sok1netrc trammg achreved 75% of thetr gams m thtgh gtrth whrch ‘were srgmflcantly

greater 'than thelr pretest scores. Thts huge early 51gn1f1cant increase in thtgh,, grnh by these .o

two groups xs hard tQ explam consrdermg the time course of hypertrophlc process in skeletal
' ‘muscle due to heavy Tesistance trammg Moritani -and DeVries (1979) have postulated that

‘ hypertrophy of the muscle could become a dommant factor in strength development after 3- 5_




\

R -the early mcrease in quadnceps strength as the mcrease in tlugh grrth observ:
’zthe early mcrease in dynamrc strength (IRM) demonstrated by Groups 2&3 L
The early hypertrophy of the thrgh muscles observed ‘in thrs study was unrque only to

' the electrrc dynamometer whrch provrded 1sokmetrc trammg contgactrons Trammg by free-, _—

~

“'werghts (1sotonrc) as done by Group 1 was only efl‘ectrve in srgmfrcantly mducmg ,': o

v

by ypertrophy ﬁf ter seven weeks of trammg #dthough all the exercrse groups achreved; |
~signifi rcant mcreases at posttest at P< 05 level (Tables 33- 34) they were ‘not srgmfrcantly
o 'drff erent from the control group that had a nonsrgmfrcant mcrease ol‘ 3o 4% for rrght and .
" .:;f.'left thrgh gxrth respectrvely ' » T | o | S
Comparatrvely, studres that drd not f' md early increase ’(‘after three weeks of trammg)

‘ﬁl hypertrophy of -the quadrrceps have erther used free werghts or other conventronal

ntechamcal appa’hatus for trarnmg studnes The data of" the present study corroborated that of -
- Singh and Danrelson (1975) After usmg the same dynamometer (Smgh 1972) ﬁor a trammg_ -
study, they reported a srgmfrcant mcrease in the grrth of leg extensors after erght weeks of‘}
— trammg college males but-none of - their trammg methods was. superror in elrcrtmg greater garn‘
" in quadrrceps grrth Contrary to the reported srgmfrca’nce m lean body mass as a result of
srgnrfrcant increase in the grrth of dlfferent muscle groups reported by Prpes and lemore .
(1975), mcrease in lean body mass in thrs study was not srgmfr,cant Tlus could be due to the -
» localized efl"ect of the trammg program compared to that of Prpes and ermore (1975) that
tramed several maJor upper and lower muscle | groups of the*ody | "
All the exercrse groups in thrs study demonstrated nonsrgmf icant mcreases in the grrth

=

of the calf of both legs srmnlarly, these mcreases were not srgmfrcantly drfferent from the

‘scores achreved by the control group As could be . observed for the trammg regrmes of the

exercrse groups the target muscles of the trarmng strmt"ns were the quadrrceps whrch
demonstrated srgnrfrcant mcrease in grrth To involve the calf muscles more physrcally rn the -

trammg contractron would have mtroduced a new drmensron into the trammgnregrmens Heel

%
T raise exercrses wrth werghts would have effectrvely stressed these muscles to mduce any

,,-/% N



S ‘nonceable hypertrophy

Sl gt

On the basns of these fmdings, _the ongmal hypothesxs tha&here would not be any, ‘

o :-S1gmf mant drfferences among the exercrse groups in muscle glrth after the study, was upheld i f".._'

o Srmrlarly, the glrth mcreases achreved by the exercrse groups were not srgmflcantly greater.}_'_':,'

: than that of the control group therefore the null hypothesrs was not rejected

e
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. GENERAL DISCUSSION LR

S
LN . ) K
~. A t‘ .

The preceedmg evrdence suggests that any form of resrstance trarmng wrll result m

' :‘: ..mcreased f unctronal capaelty Qf the muscle as Iong as the strmulus 1S above the threshold w

'tmprovement ThlS has been demonstrated m thlS study since all the exercxse groups
'srgmflcantly mcreased thetr quadrtceps strength vartables over their pretest scores except_

_Group 1 whrch drd th exhrbrt any srgmfrcant change m maxrmum 1mpulsxve force (Table 15).

Some tratnmg methods were more effective in rnibrovrng some varrab]es because of specificity .. -

.2
. of tram\r}xg effects (Sale and MacDougall 1981 Gonyea and Sale 1982) ‘

Howe‘ér compartson of pre and posttest mean drfferences of the exercise groups for.. .

the strength varrables revealed no sxgmftcant dtfferences among the’ groups In maxrmum. :

1sok1nettc concentrtc strength all the exercise groups were srgmf 1cantly dtff erent (P< .05)

: from the control group (Group 4) But - m maxrmum 1soktnet1c eccentrrc strength, only
LM

~Groups 2&3 s gams were srgmtltcantly greater tha@that of the control group No exercise

‘ group was however, superior in this varlable

The results presented in Tables 3&6 and the percent changes in f igures 13&14 nge

- _ addrttonal support to the concept of specrftcrty of training as found in thls study Thts is'in

- N ,Ime thh the postulate of- Pipes (1978) that the concept of specrfrcrty of trammg suggests that’,

1mprovement should be greatést when tested with a device or procedure that approxrmates the “

training procedure Groups 2&3 that were exposed to isokinetic trammg procedures showea\
"'"'i'_'-:';more srgmf icant gains in strength tests mvolvmg 1sokmet|c contracttons Group 2 mcreased by

"‘2621 newtons (163%) “while Group 3 galned 2225 newtons (125%) in maximum

3

1sokmet1c -concentric strength at the end of the study Group 1 whtch trained tsotomcally also 5

\-

'demonstrated a srgmftcant but less 1mprovement of 1654 newtons (105%). The mcrease of -

’ ‘17 .9 newtons (9 4%) achieved by the control group was not s:gmf 1cant o

The non srgnrftcant drfference exhxbtted by Group 1 from the control group in

.

'i?raxrmum 1soktnet1c eccentrrc strength could not be easily explained except to éttrrbute it
partly to ‘the type of the training reglmen done by this group. May be a bropsy of the trained

nwles‘ could have provtded a more definite explanatton. Skr\ll acquisition- and the specif-ic_,_‘



. the. muscle for a longen!ﬁrod of time.

untrl a certam maxrmal

"-:condmomng of the neuromuscular system rnduced ’oy the trarnmg }_ractrons “fb\"ther.

L factbrs to consrder in streng_tah trarmng and tests.

Maxrmum force" exertron through a full range of Jomt motron 1s not possrble m. '

‘\. .
'\1sotomc half squat-exercrse used by Group 1 because mechamcal advantage decreases as the
" angle of contract becomes smaller (Knuttgen and Kraerner 1987) Bosco (I985) has‘

_remarked that human muscle groups cannot generate great force m a shortened posrtron'

because' as the Jomt angleecreases force also decreases Durmg 1sotomc eccentrrc

contractmn m the squats, as so\o\n\al? knee angle changes, the high force deve]oped at the
_begrnnrng through the mrddle phase decreases to submaxrmal levels towards the fmal s\]uattmg" -

' _-Fposrtlon The trammg strmulus therefore works m the muscle very brref]y whrch rnay not be f -

.optrmal for the desrrable effects. But m isokinetic- tr&nmg maximal- tension could be::._""

'developed m the muscle through a full range of motion thus enablinig the strmulus to act on -

A

" _
'I'he observatron fg agan and Sale ( 1986) that free werghts trammg causes a greater
0

transfer of strcngth to 1sokniétxc strength than vrce versa has not been substantrated in this

'study Groups 1&2 were not srgmfrcantly drf ferent in the two varrables (maxrmum dynamlc

strength -half squat 1-RM and 1sokmeuc strength tests) at posttest However ‘the 1solﬁret1c :

: group"!!hieved a hrgher dr@rence in the 1sokmetrc strength tests compared to ‘what the» :

F

1sotonrc group had m dynamic strength evaluauon As could be seen’ from :the correlatron,'

matrrx of Groups 1&2 in- Appendut F, at pretest the correlatron coeffrcrent between

maxrmum rsok.metrc concentrrc strength for Group 2-was .33. Thrs nen- srgmf 1cant correlatron ,

' further decreased to 2 at posttest probably due to specrfrcxty of trammg effects Group 1 s

pretest cclrrelamon between these twcrvﬂables was 23 whrch decreased to nonsrgnrfrcant -.38 '_

Cat posttest. These correlatron Values indicate that fesults of strength tests are spectfrc to the

.;‘5:.

o

training contractions (Sale and Macdougall 1981).
The force a maxrmally strmulated muscle can develop at”’ atgrven length vanes wrth :

velocrty Tﬁreater the velocity of forced lengthemng, the greater is' the force developed'

reached (Sale and Norman, 1982] Knuttgen and Kraemer,



S _..occur the opttmal tramtng speed must be employed Thts has been a f actor t,n the effi tcacy of .

*

- 1987) An assessment of. the trarmng speed of eccentnc contractton of Group L. mdtcates

4, 5 seconds per repetrtton (from 180° o 90° knee f‘lexron) may not be opttmal to mduce the, h - -
3 " _’,adequate adaptatton requrred for mc«reased 1soktnet1c eccentrrc strength Strmlarly, if the rate L
of contractton was too fast due to the downward force,oﬁ" the heavy werght the requtred 3_ -

: adapttve response would not occur whtch mrght therefore @stﬂ ,tn lrttle or no trammg ef fect
Durtng eccentrrc contractton the overstretchrng of the mtt ‘

» oy e

o the accompanymg delay in- the recOtl would serve asa't ttmulus to 1ncrease the forc

astic components along wrth__' '

. ,of contractton (l\;tuller and Rohmert 1963) In ({rder for}the desrred adapttve responseutoy",,j =
the lSOkll’lel.lC trammg procedures tn thts study whtch took three seconds per repetttton of '
maxrmal contractton through af ull range of motton , | _ | 2 . L
B When exammmg the over‘all’development of force durmg the 10 weeks of trammg, ‘»
' ‘maJortty of the tncrease demonstrated by the exercrse groups occurred al‘ ter seven weeks of
'trarmrtg It was only ur dynamrc strength (lRM) that srgmfrcant tncreaSe was observed af ter: .
‘ ."three weeks of tramtng Al'though Group 1 drd not d%mstrate srgmf tcant mcrease in thrgh
gtrth in- contrast to Groups 2&3 after three weeks of trammg (ftg 15&16) rt lfad a.
, vsrgmftcant mcrease in dynamtc strength durmg thts pertod Thts phenomenoh could be» '
. xattrrbuted to the postulate of Delorme and Watkms (1951) that the mtttal mcrease m strength -
in progreSStve resrstance_ exercrse occurs at a rate far greater than can be accounted for by
- ~morphologtcal changes twrthm the muscle‘* These mtttal Tapid increments no doubt are due to

‘_motor learnmg or. neural lnhlblllon Maxtmum neural acttvatton of trhe tramed muscles has
N

o also been tdenttfted as a factor (Morttam and DeVrtcs 1979 Hakkmen 1985 Howard et al P
1985) S | S
The rate of development -of maxrmal 1sokt'hettc strength and maximum tmpulswe f orce *

was- hrghest tn the tsokmettc group and lowest in the tsotontc group (thures 13 14, and 16).

_ ‘The combmed group (Group 3) showed supertorrty only m dynamtc istrength (1 RM) w1th" .
| : the htghest tncrease of 53.0 kgs (43. 3%) followed by the - tsotomc gro&ttt 36 kgs (37%)P
' Hakktnen et al (1981) and Hak_lgnen -.and -Komt (1981) have e_‘ ‘

r conftrmed the



lowest gam in this variable among the etercrse groups R R

"'_'effectrveness of 1sokmettc eecentnc and concentnc trarmng proeedures m developmg muscle o

st@ngth vanables .

.Slnce 'thrs mvestrgatlon was concerned ongmally thh the evaluatxon of the‘

s effectrveness of dtfferent resrstance methods ‘the’ strengths and weaknesses of the mdtvrdualv

”~ ©

‘ . wtrammg mgthods should, be hrghllghted The 1sokmetrc devrce used m thrs study, 1f used alone ’
‘ .may not be the best for developmg dynamtc strength ( 1RM) The sngm‘l‘r‘eant 1mprovement of .

-_ ";—"528kgs (22 9%) achreved by Group 2 (rsokmetlc group) in thrs varrable which’ was the lowest .

v

: among the exercrse groups could be traced back to the nature :f/fts trammg method Exercrse":

wrthout knqwledge of results 1s a m0notonous process Thrs actor may ha‘ve played a large

role in the motrvatronal aSpect of strength trammg for Groups 1&3 The rsokmeuc devrce

‘provrded resrstance f rom the waist down (fi rgure 5). whereas in the maxrmum dynamtc strength 2

‘6

| test the werg}ht was drrectly on the shoulders (fig. 4) The line' of force and gravrtattonal
| eff ect of the: resxstance are through the trunk {( the weak lmk) to thc lower extremmes Groupf

2 5 trammg precluded the use of the .trunk whrle m Groups 1&3 thrs formed a maJor
.".i.component in the trammg program The amfunt of werght lif ted is dependent upon what the

weak lmk (trunk) can effectlvely transmrt from the legs* to counteract the downward force of

the: Werght More muscle groups have been trained m Groups 1&3 therefore more strength is

expected to be deve]oped as synergrsttc muscles Wthh were equally tramed would contrtbute to

the force development dunng the test Group 2 ‘was handrcapped in thrs regard hence 1ts

¢

v <

or mterest in this study is the non hnear mcrease of maxrmum mrpulsrve force of .the -

v - legs wrth the srgmftcant mcrease of the grrth of the thlgh muscles fqr 4l the exercrse groups

The 1mportance of enlarged muscle cross sectronal area. for mcr

[

(Ikar and Fukunaga 1968 Howard et al 1985) was - demonst-‘ed‘i‘fter seven weeks of

:trammg by all the exerc1se groups This i is in conf ormlty wrth the observatron of Morrtam and

DeVrres ( 1979) that after frve weeks of strength trarmng, ly rtrophrc factors may contrlbute

.r.

to mcreased strength development The evrdence in the. lrterhure suggests that the mcreased '

.. 'grrth of the thlgh muscles could be due mamly to th; hypertrophy of fast twrtch flbers and to_.: e




Cm

a less degree by slow twrtch muscle frbers (Krotkrewskr et al 1979 Hakkmen et al 1981) o

.Fast twrtch muscle frbers are mostly recrurted durmg hrgh rntensrty heavy strength trarning'

: prbcedures (Hakkmen et al., 1981 Howard et al.,; 1985) lrke those utrlrzed in thrs study. Dons .

‘ et al (1979) have opmed that the posrtrve correlatron between the relatrve content of fast

”.

~'twrtch fibers and the rncrease in. dynamrc strength per umt cross sectron is a strong mdrcatton

- 'of a htglﬂ?ontent of fast twrtch f 1bers constrtutmg a pre reqtﬂsrte for a successful response fo~

' trammg Correlatron betWeen thrgh grrth and maxrmUm tmpulswe force (Appendrx B)_
mcreased srgmftcantly at ppsttest for isotonic and combrned trammg groups Gr’(mp 1'

- mcreased‘ lr;/S togﬁ Whrle Group 3 1mproved from 80 to. 95 The mcrease f rom 20 to .

30 for Gro 2 2 was not srgnrfrcant Thrs is.an mdrcatron of the effectrveness of resrstance

parallel squa‘f‘ex/ercrses m developmg muscles mvolved m Jumpmg Thrs conf irms the work of
:-~'Bangerter (1964) that the leg extensors are the maJor muscles mvolved in Jumprng Stone et
al (1979) have reported a srgmfrcant but low correlatron of 49 between vertrcal Jump and

_1sotomc squat exercrse while Wathen and Schuttes (1982) found a correlatron of 38 between =

-]

: 1sotbmc squats and Jump and 86 for 1sokmet1c squattmg exercrse and Jump Although the.' ‘

-

isokinetic trammg proced'ure eh(:rted the hrghest garn of 215 newtons (12. 7%) in this study
*‘ - r"'

(Table 15) this increase di 3ot result in srgmf jcant correlanon between maxrm?m impulsive

force. apd't rgh girth.

o ncreases in maxrmum tmpulsrve l'orce achreved by the exercise groups l”ollowmg
‘srgmfrcant mcrease m ‘thigh grrth were not great enough to elrcrt srgnrﬁcant dtff erence f rom
the control group Another possible explanatron for thrs T mdmg, could be derlved fromM
.reports of Goldberg et al. (1975); Hakkmen et al. (1981) and Bosco (1985) that
‘h“ypertrophred muscle frbers respond slowly to peak tension development Thrs may th_be the .
case 'in thrs study because the observed mcreases were not overwhelmmg to precrprtate the S
) negatrve ef fects of pronounced muscle hypertrophy | .
The test protocol also, could have prevented maxrmum gams in- this varrable Bosco et
al (1982) -have theorrzed that the stretchmg of an actrvated muscle prtor to 1ts shortemng,v*

& _
.,-'rncreases its’ performance durmg the followmg posrtrve (concentrrc) phase of the exercrse



the stored elastrc energy. ,there should be ‘no- trrne .ost in the squattmg posrtron before, i

N reboundmg because the uulrzatron of. the stor_

,,‘astlc.energy depends upon the couplmg trme' o

of the cross bndge s lrfe trme (Bosco et al 1986) The couplmg trme of the cross brldge s lrfe“’_

trme has been reported to be 15 to 150 ms for dynamrc contractron (Asmussen and‘-:‘:-;

a A s

Bonde Peterson 1974 Bosco 1985) In thrs study Jumps were mmated off the force

: platform from a stattc knee bend posmon (f ig. 7) theteby losmg the benefrcral ef-fects of the

stored elatrc energy. Bosco et al (1982) have observed that mechamcal ef f rcrency m rebound';‘

Jumps were’ hngher than Jumps without rebounds It therefore becomes apparent why the

o srgnlfrcant 1ncrease in- thxgh gtrth for the exercrse groups gld not transla.te rnto greater‘ '

R

1mprovement ln maxrmum force. AR ”' BN

Most of the total strength mcreases\eihrbrted by the exercrse groups could partly be’ '

attrtbuted Jomtly to neural adaptatron and \hypertrophy of the muscTes smce the exercrse"‘.;‘f

. groups showed srgmflcant incréase in thlgh gtrth As maxrmal‘ Stretch is a pre requrslte for:

‘ Jhypertrophy of the musoles to occur (Goldberg 6t al 1975 Goldspmk 1983), 1sokmet1c‘-_?.r_,.',

trammg procedures as used in- thrs study provrded the max:mal stretch for the hypertrophre '

. adapatrve response to occur. Is is no surprise therefore that Groups 2&3 that‘ had the-;_"-- :

- experrence of the,- rsokmettc trammg procedures had the hrghest srgmf 1cant mcrease m thrgh\

grrth wrth 3 3% followed bv the. 1soton1c group »wrth 2 8% The 4% gain achreved by the

..
>

' The mcrease in thtgh grrth Wthh was s1gn1f1cant for the exercrse groups dld not

parallel the non- srgmf icant mcrease of the trrceps surae (calf muscles) The grrth of the calf =

~ ‘, 5 control | group was not significant (Tables 33- “34). S : ./';' -

' muscles adid not exhlbtt any srgmf icant change to warrant any meanrngful compa-nsons among‘

' the groups (Tables 35 -36). The non srgmf tcant change of the girth of the calf muscles could | 'v

be ascrrbable to the localrzed effects of the trammg regrmes employed m tlus study To-.‘_ -

mcrease the grrth of the calf muscles whrch are mostly made of slow twrtch frbes (Guth ‘

ﬂ

1983 Gollmck and Matoba 1984) a ‘more defmtte exercrse program would have beenv'

’ .



Jdesrgned to actually stress them

As could be seen m Flgure 17 there was no srgmfxcant change m lean body mass_' ".‘ T

R

. (LBM) f or all the groups The werght of the subJects was stable throughout the course of thrs;

B study Studles that have reported srgml‘icant mcreases in LBM as a result of strength trammg

weré lramed
tl. N

(Prpes and ermore 1975 Sanders 1975 Hunter 1985) performed exercrses that mvolved -
" both the upper and lower parts of the body In this study the trammg was restrrcted to the’-‘_ -

~lower extremmes ‘hence a srgmf 1cant mcrea

':S noted in the grrth of the leg extensors that o

;-:There were no observable changes m body fat as determmed by unwerghted skmfold'

s N thrckness scores (T able 23) or by hydrostatlc werghln rocedure (Table 25) Further analysrs _

L for fat reducuon e S o - L ' 3&
. }'&

: of - the "_1gmf1cant Groups X Tests mteractron in skrnf old thlckness revealed that the control

"'group srgmfrcantly mcreased from 86.} mm at, pretest to 960 mm _at: posttest The

~

'.'mef f éctrveness of the vanous training regrmens on body f at was due o the strmulus provrded‘

-,

- by the resxstance trammgalt will be recalled that the exercnse performed by the efercrse groups'

In thrs study the trammg contractaon trme lasted for 72 seconds whlch mxght no_,

- &>

Yc

i _
Any strength trammg that has. aeroblc components m rts ysign amd 1mplementatnon
‘and- done for prolonged perrod rnay result. in fat reductron' Hence Goldber'g et al (1984) crted‘

the trammg program of body burlders as bemg surtable and ef fectrve for body fat reductron

.:,fv.:"'_"_._"t";"Body burlders train. wrth moderate resrstance and hrgh repetmon wrth short rest 1htervals wmle .'

the strength tramers\(smrlar to the subjects in thlS study) utrhze hea\fy resrstance wrth low

- repetrtron as well as long rest mtervals 1 .

. B . . ; o ; ™
PELY o7 - . A 3 on

4

Any exercrse for body fat reductron must engage large rnuscles of the trunk and

3

o extremmes for prolonged perlods of txme (Katch"and Drumm 1986) Group 1 showed greater .

fat redu"tlon (14 7%) (Table 25) becasue the trammg program mvolved more muscle groups
0

compared to Group 2 whose trammg effects only targeted the lower extremmes As could be




o sngmftcant

R

_ ange from pre to posttest Thrs is due proba%o the fact that specrflc spot“' -
" "-:_'reductron of a, tposc trssue cannot occur (Krotklewskt et al 1979 Katch et al 1984) because‘
_:_“:'mobrhzatton of fatty acrds occurs from the fat depots throughout the body (Goldspmk ., .

.'1983) The non srgmfrcant change. u’i ‘&bbdwaat ‘and body wetght of the exercrse groups.’
: ‘corroborated the ?‘indmgs of Hakkmen et al (1981) They reported a shght but msrgmfrcant |
decrease m body fat of thetr subjects after 16 weeks of combmed 1sokmet1c concentrlc and
| eccentnc strength tramrng . | u‘ :
As used m thlS study, the combmed trammg regrmes (xsotomc and 1sokmet1c rnethods)

'. tratled behmd the 1sokmet1c trarmng method m 1mprov1ng most of the strength parameters ltt;, C

only showed supertortty m 1mprong dynamlc strength although its 1mprovement was not . -

srgmfrcantly drfferent from the gams achxeved by the other exercise groups The 1sot0mc

group was also effectrve but on a lower scale It had the largest reduct@‘ﬂ’ of body fat at-

posttest. This could be due to the mmal hrgh fat content in this group (Table 23)

»



AL o -"_ .. SUMMARY CONCLUSIONS AND RECQMMENDATIONS

%o : N

The purposes of thrs study were to compare the relauve effects of three muscle L

a

“ resasrance trammg metho%n theﬁ"elopment of quadnceps strength varrables an to B

determme the effectrveness each trammg method in €ff ectmg posrtrve change in rmpulsrve '

| f orce’ and body composmon

£ Forty two healthy male Unwcrsrty students (me.an age 22. 5 years years) who were B -

mexpenenced m resrstance, trammg voltl,ﬁteered 1o partrcrpate in thrs study (All the trammg

. and testing - was done at the department of Physrcal
- .‘ﬁ

Umversxty of Alberta Canada between the months Qf Februa’ry and May, 1987) T . ,b _

The‘ subjects were randomly assrgned tor 1 ,ree exercrse 'and} one control groups The
CeqE

groups were desrgnated as folloWs Group 1 (11 SUb]CCtS) 1soton1c, Group 2 (10 subJects):’
- rsokmetrc Group 3 (10 subjects) combmed 1sotomc -and tsokmetrc and Gr;up 4 (11 subJects) :
control The control group d1d not partrcrpate 1n the trammg but took part 1n all the tests.'
conducted Bef ore the study began all the subJects took part rn three famrlrarrzatron sessions.
to- acqurant them wrth the equrpment mcludrng the drf f erent trammg procedures and testmgb_;y.v |
prot0cols This was done 10 prevent mJurres and to neutrahze the skill factor in the strength

tests durrng the. pretestr The subjects tramed three trmes a week and a training session’ lasted o

15 20 mrnutes The total time of trarnmg contractron done per trammg sessron was equahzed »
/J °

for the, gxercise groups. . - R \;( . :
'Four tests were conducted durmg the eleven week duration of this study: They were-

pretest (Test 1) rmdtestl (Test ?) af ter- 3 1/2 weeks of trammg, mrdtestz (Test 3) after 7 5

Educatron aﬂd Sport Studres of me!{, ‘

weeks of trammg and posttest (Test 4) af ter 10 Weeks of trammg The crrterron varrables were o o

'_ maxrmal 1Sokmetrc concentrrc maxrmal rsokmctrc eccentrtc strength maxrmum 1mpulsrve'

force maxrmum dynamrc strength (1 -RM), thigh and calf grrths lean- body mass °anc‘l body_ L

.",;1: . . _ . Ve N
O . . .

The statrstrcal procedure used to analyze the data wds the Umque two way analysrs of =
l R

* variance’ wrth repeated measures on the last factor (tests) as. well as the Greenhouse Gerser :

127



. ;_‘ test was employed to locate the sngmfrcant drfferences Pearsons Product Moment corrégtron

Y’

: ”_""c&ffrcrent techmque was used to determme the rehabrlrty of “tbe testmg procedures and also

the relatlonshrp between the mdrvrdual vanables. :

, .

' éffectrveness in 1mprovmg the strength vanables under study Analysrs of the data however

revealed that the 1sokmetrc trarnrng group (Group 2) led the other groups (although not

srgmfrcantly drfferent from the other exercise groups) in all the strength vanables except in

| 'the maxrmum dynamrc strength in whrch the combmed trammg group excelled All the -

trarnmg methods‘"‘were effectrve m srgmfrcantly mcreasrng thrgh girth but there were no-

C srgmfrcant drfferences arnong them in: thrs varrable All the experrmental groups demonstrated

no srgnrfrcant mcreas n lean body mass and percent body fat,

o, A CONCLUSIONS L

’ of 12. 7% achieved by Group 2 1sokmetrc tramﬁg?ﬁprocedures as u

_ rncrease achreved by Groups l*--and 4 was not srgmfrcant With IhlS

Wrthrn the hmrtatrons of thrs study, the i ollowmg conclusrons were made

'strength more than the control group All the three trammg methods ~were’ not

._"strength However rn maxrmum rsokrnetrc -eccentric strength the garns achreved by

Group 1 were not srgmfrcantly drfferent from that of the control group The

_1mprovement in maxrmum rsokmetrc concentrrc and eccentrrc strength achreved by
Group 2 was the greatest because of the specrfrc nature of the trammg contractron and

o the criterion varrables. _ ' SR : S

r,v

Groups 2 and 3 demonstrated srgnrf 1cant mcrease in maxrmum \gmpglsrve force whrle the

P

ed in this .Study

a elrcrted the hrghest gain in maximum 1mpulsrve forcé of the legs

‘The three exercrse treatments were equally effective in developmg maximum dynamrc

P

1

o conservatrve test Where there was srgmfrcant mam effect and rnteractton Scheffe post hoc i

' ,‘ There was no . srgmfrcant drfference among the exercrse groups as. regards the;r ,

The exeruse groups achreved srgmfrcant gams in maxrmum 1sokmetlc concentrrc '_ v

-srgmfrcantly drfl"erent m developmg maxrmum isokmetrc concentrrc and eccentrrc'



" mass.

resrstance trammg

" B. RECOMMENDATIONS - . R A -

ehcrted the lowest gam probably becasue of the specrflc adaptatnon to the tramlngb o

L contractron which was different from that espoused for the test.
o »‘There ‘were no sxgnrfrcant dtfferences among. the exercise groups in the - s1gn1frcant.* '

. _.mcrease of the grrth of the leg’ extensors achteved by them. Groups 2 and 3 exhtbtted

v

the 1ghest lmprovement while the control group had a - 4% msrgmfrcant mcrease

" .
Increase m lean body mass was- not srgmf 1cant for all the groups although the increase

- in thlgh glrth was .This has been attrlbuted to the Spec1f1crty and localrzed eff ecxkf the

, 'trammg regrmes Isokmetrc trammg procedures elrcrted the hrghes\t gain in lean body :

. |

:_f.;f.None of the exercrse groups demonstrated effecuveness in reducmg body fat as there -

4'were no srgmfrcant changes above the pretrammg levels after 10 weeks of heavy

-y L °

The following recommendations are made for future study4

Muscle blopsy m conJunctlon with obJectrve strength measurements should be done in a

srmllar study to fully explam the dlf f erences m the efficacy of the trammg methods \ .
Y

' A more sophrsttcatefl equipment. llke the CT seannmg devrce should be used in addrtron

.,

' to hydrostatrc werghmg techmque to objeetively determme changes in body composmon

Vi as a result of heavy strength trammg

9.

3, Resrdual volume of the subJects should be measured dxrectly as thrs wrll ;tffect ‘the

&

estrmatlo? of per cent body fat.

i N :
A srmrlar study in whtch male and female subJects expenent:ed _m‘_ muscle resrstance e

' ’trammg should be conducted m order 10 extrapolate the fmdmgs to an athleyc

..

. populatton > ' ‘ : o B :

The free weights training apparatus ‘should be redesigned to incorporate the mechanism




e

by whlch the we:ght could be hfted mdependent of the effbrts of tbe tramers ThlS wnll

be useful dunng eccentnc trammg in Wthh the load has to be hf ted back to the startmg
POSmon . S ; R

e A

T
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Appendix A: Parti‘cipént- Activity
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Readinness Questionnaire




~Physucal Aclivlty Readmess IS
’.'_Ouestlonnalre (PAR Q)’Q o e T

PAR 0.~s des-gncd lohelp you nelp youvsell Many heauh benems are assocnaled w-lh regular
' exercnsc and the compleiion of PAR:-Q is a sensible hrsl slep to lake if you- are plennmg to-
uncrease lhe amounl ol physucal acuvcly in you . . ‘

" For most people physical aclmly shoulp nol pBe any problem or haza R-Q has been’
desugned to -denllly the small number of aduits for whom physical ac(m(y 'ght be inappropria(e :
or lhose who snould have medical advnce concemmg the lype of acuwly most su-lable for them,

S ) Common sense is your besl gulde in answenng ‘these - lew quesuons Please read lhem"- !
- o carelully and cﬁeck (\/) the O YES or O NO opposite me quesnon it applues Io you
o : , s

YES NO’

a . (0 1, Has your doclor eversaid y0u have hean lrouble".
.. 2. Do you lrmuenlly have pams inyour hean and chest? -
"3. 0o you oflen feel lannl or have spells of severe dlzzmess"

4. Has a doctor ever saud your blood pressure was 100 high?

0oao
a DJCJ‘Q

5. Has your doclor ever told you that you have abone.or join &roblem such
as arthritis that has been aggravaled by exercise, or m-ghl made o
worse with exercise? " ] ] ] e K

0
C] .

s (here agood physacal reason nol menhoned hcre why you shouid not
tollow an acl:vu(y program even ityou wanted lo?

. O a " 1. Are you over age 65, and not accuslomed to. vugorous exercase"

S
'1’114-"

10 8. Are you suffering from a back toblem"

i you answered PAR-O accuralely. you have.
‘reasomble cssurance ot your present sunlabmty
for: - -
L eLA. GRADUATEO EXERCISE PROGRAM A .
: 'gradual increase in proper exercise pro-
motes’ ‘good liness development -while
_minimizing oreliminaling discomfort. SR
' ‘AN EXERCISE TEST - Simple tests of litness "
I (such as the Canadlan Home Fitness Test) .
. ‘_‘ Of more complex types’ may be underlaken 4
"il 'you so desire, . - :

ll you have not recenlly done S0, consul( wuth
your personal physician. by lelephone or in person
. BEFORE i increasing your physical activity and/or
S mkang a fitness test. Tell him what' questions you ’
- answered YES on PAR Q. or show him your copy N

| programs'

" After ‘medical, culuuoon seek

. physician 83 10 your suitabifity for: ‘

- ® uncestricted physical acllwty pvooably on n.

. ‘9eadually increasing ‘basis,

" - fesricled o Supervised activity lo meel youl,"
lpec-lnc ‘needs, at' Jeast on an inmnl basis. - B

ek youf Communny for soocul p«oqums or "

ndv}lco lrom .yo’uc‘

N ! you have a lempoury minor: iNgss,
common cold. R, e

‘services..
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. m a strength traihing program of thrs natur%

B TR S & Consent Form B S
.e»_-:-x S e e
I ....... hereby volunteer to partrcrpate ina 10 week strength trammg study :

,')exerc1se for the lower extremxty muscles I ‘can however contmue wrth my normal darly

.actrvmes L '_ R " L \

1 have cdmpleted the: PAR Q and I have no. contramdlcatton agamst my p’artlcxpatmg

3

O Durmg the 10 weeks of thrs study, I w1ll be requrred to partlcrpate in 4. tests one at

' the begmnmg of the trammg whlle the others at three weeks mterval The tests shall be.

'Maxrmum leg 1mpulsrve f orce max. 1soton1c strength max. 1sokmet1c concentnc and eccentrrc'»

» _strength measurement of the grrth of thrgh and calf muscles and skmfold thlcknesses
-measurement | S : | A »

Every ef fort shall be made to mlmmrze any unnecessary dtstomfort and risk that may L

be assocrated w1th these trammg and tests durmg my partrcrpatlon 1 understand however that‘ E

, Just hke any other physrcal condmomng and fltness tests, there are eptsodes characterlzed by

muscle soreness leg cramps and perhaps transrent hght headedness

LB

- &

I agreemg to parucxpate in this study and tests 1 waxve any legal recourse agamst the )

“mvestlgator or the Faculty of Physrcal Educatron Umversrty of Alberta from any and all

: clalms r’esultmg fr rom personal mJunes or mrshaps resultmg from these tests and trammg

1 acknowledge that the testmg and tratmng procedures have been fully explamed 0. me

partrclpate on my own volttron

_ QA. . . .o o
3: o . . B

i ¥

revss

,"_fSi_gnature': e iveredens

.Durmg the course of thlS expernnental study, 1 wrll not partrcrpate m any resrstance trammg'

"D

." ; and that I can wrthdraw my partrcrpatron from thrs study at any ttme 1 hereby consent to .
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_ Right Calf -
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L e T

G (\;} :
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Cen ]
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F
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- .‘ADbehdixC-?): Data sheet for SkinToldfthiékne'ss measufenieht -

. NaAME:
N

-
N

G_rdu_p :

© Test: ,

.

. _bDate '

~ Time

" Triceps - %
Subscapublle;r‘
Suprail}ac

| ~ Abdomen
-Front Thigh _
Back Thigh

- Calf

"~ Total:



: Measurements ‘ -
j . Welght m air = o . "
' 2 ‘ _'Vttal capac1ty (VC) = htres X 1000 = cu. cm. .
3 Resxdual volume = 25% VC = cu. cmy)- ;.,j »
Volume of gastro- mtestmal track (VGI) —‘ 114 87 cu. cm
‘ " 5 ' ,Wexght m water, = chart readmg X belt we1ght/75 belt wexght
: - ‘. : f'-—kgs :
Calculations o - | ¢
: 6._ - Total body atr (TBA) = VC +. RV + VGI (from 2,3, and 4 above)
o R = X 0165 kgs
) 7 | ‘True welght in water = weight in water (5) + total body air (6) o | o
‘ AN | . ’ . L kgs , : ' -
: 8 kBody volume = welght in air (t) - true wetght in water (7)

- TBody densny ; welght in alr (1)/body volume (8) X denS1ty of water (at water

ftemperature in. centlgrade)

o
ST

2.

Vf'—gm/cu cm e e

Percent fat = 4. 570/body densxty (% 4, 142 X 100 \

Fat welght = percent fat (10) X wexght in alr (1)

_% _‘

, _kgsl

Lean body mass = wenght in air (1) - fat welght (11)
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: _VARIAB_LE .

" MEAN

Appendix D-1: Reliability CoefficiesfgliAid)

o TEST ‘Max. Isok. Ecct Strength
RETEST |

30315

6081

6224

. TEST: Max.Isok. Con. Strength °
. RETEST: S

_3143;7

.. 1921.4,
- 19357

547.7
480.3

98

, TEST Max Dy )mxc Strength

= RETEST

128.0

127.7

150

14.4

.96

oy
_ TEST Max Impulswe Borce

: RETEST

17476
17961

210
72

97

.94

o TEST 'Skihfo_!d Thickness
RETEST: ) S

733
751 -

26.8-

-31.2

) g,
LA

o TEh'Body Densxty

" RETEsvw N

- 1.067

014
011

.98

- .96

-

“.”I‘EST:'Right Thigh Girth
" RETEST: -

54.3

547

i
37

98

96

&0



VARIABLE

Appendlx‘D Zmehablhty Coefflcxents S

‘"a

' MEAN .

TEST: Left Thigh Girth

" 'RETEST:

/

©osa3

54.0

B R BT VI
= A

'p’.' .
TEST Right Calf Glrth

RETEST

~

365

%6

o199 e

TEST: Left Caif Girth
RETEST:

365

543

A.

B 79
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o _. Yé.riabl'e a

‘

"""vaean Body Mass UA -
T 66

- Front

...

Stats Procedure Source L
_f_-Vanatlon L

" Max. Isok:. Ecct. UA"
L Strength e
o R (}(}:

-UA

GG~

‘Group X Tinde

. W GIOUP§ k

i

’17789800 3

_17789800 1;9 :

1989620 .9 -

1989620 ' 5.8.

12186
121.86

13.68

13.68 -

Méi"xv_; Isok, Con UA

"

o 22936600 ¢
" Group X Time
Co 2t 1.

122936600 3

2
2276470 -9
7

21457
5 21457
©2130 -
5 2130

; Max, - ljyhamiéUA L
~ Strength ,(l-RM') o

- UA

GG

W. Groups

: Gfoﬁp X Time

 9482.9

£736.38
736,38

S VoY )
\‘A

m .

- 239.63
23963 -

18.61°

1861

- "Max.  ImpulsivéUA
. Force o

;o UA

GG,
GG

W. Groups.

: Grodp X »Time,_'

'_‘1-2"47'77 1
1247771,

R %Y

25356.56
2535656,

o{\bgv

N

o o looo o coo o

s 8 f§-§-'§ ! é 888 8

0.0003

GG

, W Groups

Group X Timie

S8

17.58
2.5
2.52

.

- Skinfold ThxcknessUA

W.'-G‘ro'ups g
'Grro:ﬁp X Time.

,‘-"’

1721
17.21°
72.9
72.9

VO NIW [ OO N W

Al

H . '4

Thigh Skinfold

UA
-GG

& BackUA - " W. Groupgg

GG

s Groﬁp X Time

28.22 o

.w'

28.22 2.
4168 9
41.68 - 7

Per cent Body Fat UA

GG

GG

W. Groups -
Group X Tiing

7.13

7.13 °
#1.80 :
"1.80

00 \O KJ W

[ |




e -Source. . “ofMS .

Lo

o . Right Thigh Girth

.. W.'Groups TR
2.97.¢

R %1 A

Left Thigh.Girth UA

© Group X Time: 184, .
BTV 5"

e

‘ 1734 -

1.84

Right Calf Girth UA

" ‘GroupX Time "

265
S, 2,65
0.35°
7 0.35

- W.Groups ™ . .

 Group X Tie -

142
s
1 0.43

S

PO [od® ol mx

N
?hr.
]
Y

: . .. -

—

SwNL [ Nviow | v

cooo| coo
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Appendix G l")escr.iptv_i.ve statistics of all dependent variables for the groups
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