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L . "ABSTRACT o .
) S , -
.\ N .
. In order. to, investigate the effects of velocity-

specific circuit resiséﬁﬁ’e“training on peak torque, muscle

cross-sectional area, maximal aerobic power, recovery, -and

S v

maximal cardiac output characteristics. of previously well- °

[

;;33625 subjects, fodr sebarate studies were.undertaken. In

all cases, subjects trained for either -five or six weeks

. . |8
utilizing various circyit arrangements of hydraulic resis-

tance equipment. It was found (Chapter 1II) <that initial
strength _characteristics influenced the ‘'nature of the

adaptation in peak torque output following training at 3.14

rad‘s'l. Subjects wi&h high initial peak torque output
‘ ¢

improved (p < 0.05) at ¥.14 rad's ! while subjects. in the

low peak torque group improved (p <-0.05) whgn tested at’

1 1

3.14 rad's"! and at 0.52 rad's” It is suggested that the

apparent controversy over velocity-specific strength
training a&!ptation may be due in part to initial character-

istics.of subjects. It was also found (Chapter III) that

1 1

training at either 3.14 rad's * or 1705 rad's”

.

. ) '
increased (p < OfOS) cross;éectional area of the knee-

resulteq in

extensors, however alterations in the in wuivo torque-

velocity relationship were different for each program.

]

These data suggest that factors other than muscle size

mediate the performance adaptation, and even in well-trained

iv

>
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‘ mdiv:.dnals ?@h gi’ndaput‘lon is. .ptobab].y an xmpbrtant
'factor. c:.:é%’;é Mining &t 3.14 rad s7! utilizing a 1:2

u I

b(\ ;

1m=reued (p < 0. 01) the VO, max “and

% :Qﬁ‘“‘ abpear to be related to initial
TR

)2 T8 Qas also found (Chapter V) that
: N

,f¢
4£‘ w

o 'Y f m&k cardlac output and recovery from
. gd, achieved through circuit- res:.stance”
: ELt w§§¢;cxse velocxty, while achieving
a’k éitrﬁ;;&f%n zi;léfmﬁh" énough to impr’ove the VOZ max
app\g s;if"iff*ug}ocify-”dependent. These results indicate
th,lt éirculﬁ rylsbstance training may be an effective means

tzonmncmq bp@-.&st:)enqnh and aerobic fitness characteris-
tlés of prevxouqﬁ %}kq‘ingﬂ subjects and, therefore, may

}-u ""’l'

bé an appropfzi .»txalnmg i;\ode for athletes during certain
phases( of a c:am;;&calegdar .
H :
o kﬂl'. g n

,;;v\ ‘m& )"m)g &:;: s:' r:'w f.‘y’:’z - -
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CHAPTER I
/

Introduction

By way of introducticn to the questions junder investi-

gati&n.tegarding the adaptive responses to velocity-specific

o~
-

circuit resistance training, this chapter will present b;ief
discussions of salient‘tdbics which have Dbearing on veloq}-\
ty-specific strepgth trai‘ing responses and aerobic s&é?ém
adaptafﬁon consequent to circuit resistance train;nga
Hopefully; by this process: the rationale for the pres;;t
investigétions will‘ become apparent. The development of

research questions 1is summarized at the end of this ch}yter

as a Statement of purposes

Force-Velocity Relationships in Exeycise

The eerly work of Hill (1938) desciibed what has be;§me
the ‘classic force-velocity feIationship in isoclated muscle.
This hyperbolic curve describes an inverse relationship
betw;:n muséular tension and the velocity of shorteg;ng.
The fb&@tionship may be partially freplicated tn vivo by

prtfinq -peak torque against angular velocity using an

isokinetic dynamometer. - £fn vivo relations iffers
<

from the'¥#‘in vitro relationbhip in several way First, the

term velogz;y, when using an isokinetic /dynamometer, is

-]

.genérally assumed to reflect the constant rotational

velocity of a body segment rather than a constant rate of



- : . 2
¥ “ -

. . . . o . . . . w:
muscle shdrtening. >’T%15 distinction has been discussed in-—
-~ } " R Qf
detail by _Hié§pn et al. J1979). Secondly, - peak torque is

-~ ‘ ] * ’ .
usually not measured with respect. to a -specific joing
: : v

. - L) - 9
angle. Perrine and Edgerton (1978), and Caiozzo et al.

3 -

(1981) have érguedsthat unlegs torque is alwa?s measdigd %F
a specific . angle, ktye measurement does not accodnt for
muscle length. Therefore, changes observed with training
may reflecg‘ mechanical alterations rather than contractile
alterations. - This is probably only a concern when direct
‘comparisons between the in. vivo ;nd in wvitro curves are

atfemptgd. Functionaiiy, changes in force output irrespec-

tive of joint angle may fepresent a realigﬁic performance

improvement for athlete. Thirdly, the most common
. . ) L

comgercially available )isok{netic dynamometer, the Cybex

. N ,

system, has an upper velocity limit of 300 O‘sil, or 5.23

i

rad’s’ This provide; a restriction in congideration of

the k{edicted unloadea\knee extensor velocity of over 800
o.s-l or approximately 14 r:ad's"l (Perrine 1986). Finally,

" as angular yelocity apprgaches :zero, the isokinetic muscle

1Y

{fOICe curve tends to gise much 1less sharply than the an

vitro curve. Perrine and Edgerton (1978) demonstrated an

-

actual decklne in peak tprque belog 96 o.s-l A neural

-inhibition of force has been suggested as the main cag}e of

this phenomenon (Barnes 1975; Perrine and Edgerton 1978).

Caiozzo et al. (1981) hgve altered the shape of the in vivo
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..3
{partially‘ dﬁé ‘tQ a reductiq? in thisr tensionflimit;ngf
znhibitory efféct:  Several inQestigatEES_ (Lesmés; ét al.:,
1978; Coyle et al. 1981; “Caiozzo et al. 1981; Kanehisa apd
'Miyashitav1983) ~have, speculated on thé,inature of traiﬁiigﬂ
f inducedv”fofce<fand‘ powe;'.output alte:ations which may be
sbecific to éxércise veloéity: The néﬁure of .such a
specificity,ﬁ or‘ ;he' sug§e§t1§h of greater transfer of
Strength from high-sbeed training vtoelbw;speed performance
'(Moffré@d and Wﬁi plg {970;j“Lesmes et.'al..%978), or vice-
versa (Eaiozzozet'al.\i981; Kanehisavénd Miyasyita 1983) is

very uncertain.

o
. * :

fMQQgenic éndyNeurégehi; Rgsﬁbnses'to'ReSiStance.Training_
 B9c§use of‘ the direct\ﬁropértibha;ity between muscle
vcrosgjsectional ‘é:ea'jénd force vproductibn '(MqDonagh_and'
‘DaVieé 1984), it mightl be assumed that resiStance tfaining
to maximiz%&ﬁuscle size migh£ belimqst beneficial. However,
the.rate .of_stréngth a&épﬁatibn i§f“often nét'coinCidQntal
withvﬁhe.rate of muscle gro&th (Luthi etlbal;'19860'ani
seVéfal'studies ‘have fé;orted data whiCﬁc.indiéatesbérpoo:u
éorre;atiqn beﬁween éhanges iﬁ‘ force and mdscle'siée}(Ikéi
and.Fukunééa_'1970; Costill et_al; 1979; MacDougall”et al.
198Q);A.Tha£ %s;st;ehgth :tends to .increase %ar mdrq'than‘
._muscle sizesl )
.,Severdi fiﬁdings would 'indicate, that a change in
ﬁervoﬁé_é@ntro;~of motor units may be more .mpdrtant than



SR b 4
musciye xggkrtrophy. Isometric training “at one joint angie
tends £o increase muscle performance at ﬁhat‘angle f;r more

. than at others (Lindh 1979). An inérease,in pergg;mancevdde
tO‘hypertfophy would presuhably Ibé evident  at ‘'all joint
angles. As well, impggyemenﬁs ‘in force expreSsipn'in an
untrained limb after conéralateral resistance traihing’would
suggest altered motor ’uni; contrbl patterns (Ikéi and
Fukunaga 1970). Nc direct eviden;e is ayaiiable on -neural
adaptation which may be épecific to efercis; veloéi{y, but
Sale and MacDougall (1981) suggest that this may be the
basis fof velocityfsbecific strength tfaining effects. This
shgé@%tion is underscored by the apparent link between
'hypertroéhy and the amount of tension developed witﬁin the
muscle during training (Goldberg et al. 1975;‘ McDonagh-and
bavies 1984). ‘lAt movement velécities of 3.14 rad‘sfl, the
peak‘;orque drops to about 60-65%?Vof tﬁe maximum value
\\ggsérved at very siow \velocities, or in an isometric
-contfacﬁion (Lesmes et véi. 1978; Caiozzo et al. 1981;
pérsoh§l obsérNations5:'..This ﬁay be a sufficient stimulus

to induce fiber hy@ertf%phy, .5 suggested by Costill et al.

1(i979), who reportéd incressed Type II fiber area following
1

training of~the knee extensors at 3.14 rad's’ for seven

weeks. Coyle et al. (1981) have also reported énlargement

of Ty%e II tibers £ollowing six . weeks of t;aining the knee

exgensofs at 5.23 rad‘s-l. Simple computations from their

- data would indicate that tension at 5.23 rad‘s’! - was

¢



N : >
approx1mitely 30% of that output lsometrlcally Therefore,
whi < max1mal muscle tension may max1m12e hypertrophy,
submax1mal tensions at hlgh movement veloc1t1es may initiate
some hypertrophy as well. In that case altered cross-
sectional area 'of muscle may be an 1mportant con51deratlon
in the resolution ef the sPec1£1c1ty of veloc1ty guestion.
In many sport situations, athletes must éer?orm'at a variety_
ef movement velocities. Therefore, in consideration of
r~optimizing the /effects of preparatory training, the influ-
ence -of Velocity:specific resistance training on the in vivo
tqrque-velecity relatibhship may be a very. important'

question. -
' )
3

Aerobic Power, Endurance, and Recovery

| "> ‘When a high rate of energy productioh.is regquired over
a ti@e period exceeding approximately 2-3 minutes, the chief
factor limiting perforhance is the ability to produce energy
from the aerobic pathw;; (Gollnick and Hermansen 1973).
Aerobic energy productibn. is commonly eonsidereq to be
dependent»upon hqth the rate at Which_oxygen can be delrver-
e@ to the tissue, and the rate at which the ox¥gen may be
taken ué and utilized b? the mitochondria;' Adaptation to

physical training may be manifested in enhanced peripheral

circulation (Brodal et al. 1977), increased mrtochohdria)

enzyme activity (Holloszy 1975), and -increased cardiac

contractility (Bersohn and Scheuer 1976). ' The various’

{
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contrlbutlons and llmltatlons of both central and peripheral

'phenomena to aeroblc ﬁ<;er and endurance have been recently

reviewed in the llterature {Saltin .and Rowell 1980; Blom-

gvist and saltin 1983;  MacDoudall and Sale_l981).._The

. .importance of a highly developed aerdbic system in enhancing
‘recovery from heavy exercise has been 3uggested‘(Wenger'

-1981; Broeks and'Fahey 1984). . Pfesumably, enhancement of_

‘botﬁ‘ aerobic 'metabolic potential and circdlatory fudctien
would facilitate more rabid lactate remeval and utilfzation;
thus speeding the.recovery'prbcess. 'Thetefore; the need for
development of aerobic fitness may be - rationalized for
athletes involved in activitias_requiring.:epeated boqts of
high-intensity exercise. ‘

The production of lactate during rest and exercise is

\ )

aﬁqongoing process.which.shou;d not be used as an.indicator
-Qf oXygen avaiLability,(Brooks 1986; Gollnick et al. 1986j;
During yery heavy exercise the~rate: of'iactate‘preductiOn
(entry‘into the blood) Qaually exceeds the rate of removai

(from the blood). High intra-muscular lactate concentra-

tions resulting from exhausting exercise*have been associa-

ted with depressed intracellular pH.Whieh in turn has been

associated with impairment of the contractile process and

3

fatigue (Gollnick et al. 1986). While tﬁis. should not. be’

interpreted as'a causal .relatlonshlp (Mainwbod and Renaud

1985), the rate "of efflux of lactate into the blood and the

rate of transpart*to sites of ox1datlon clearly maywlnflu-

3

o
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ence the 6néet ?of faﬁigue and/or'reqovery. This may be -
deﬁendeng upon cabillafy dénsity< in the exercising‘musele,‘ |
or diffdsion. dis£ances between éapillary and.;uScle fibepf
“;mqmbrgnes.  The effect of resistance training on qapilléry
density ig' «uncleérf , Schéntz et al. k1982) have reported
that the mean nuﬁber of capillaries’ in elite body;buildérs
is \EBHgleAvthaf -in normal subjects. Luthi et al. kl986)
: .répo;teg'no’change'in capidlarity after eight‘weeks ofiheavf
resistance trajning, Ozolin (1986) has stated that force-
ﬁrained mﬁscies'ﬁéve a lower capillary density than normal
due to1‘mu§ble fiber hypertrophy. Présumably this infers a
reduction in the capillary/fiber area ratio rather than an
absélute reduction. Salfin and Rowell.(l980), and Klausen
é; al. (1983) ﬁave- reported increased (20%) capillary
-density after short-té;m (8 weeki) endurance training. If
'hypéxia is a key factor in stimulation of,enhanced peripher-
al circulation (Rhan 1966), then it would seem logical that

resistance exercise ., which temporarily occludes 1local

circulation-may have a similar effect.

-«

- ‘ (_" R

‘Interval or Sprint'Training and Ae%ﬁﬁic Functioﬂ

| Gollnick and YBayly (.1986) have described_the maximal
power préductioﬁ' accomplished in one minuté or 1less as
"ultra short-ﬁer?” or sprint training. Due to the deléy in
thé‘respohse of the aerobic pathway at the onéet of exer-

‘cise, oxygen consumption during such supramaximal exercise
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8
‘may reflect only about 80% of the VO, max (saltin. et al. t
i97l). | Thus, in order to support the exercising muséle,
energy production‘ must come from all sources. Sprint
training may increase'the Voé ma%.(Saltin et gl.‘1376; Bell
1986). Aerobic energy pathway enzymes ‘may show increased_
activity fellowing sprint traininqL (Davis. et al. 1981;
Saltin et al. 1976;.but not Sharp et al. 1986). Glyqplytic
pathway enzymes .may increase as well (Saltinland Goilnick
1983; Shérp et al. 1986) which has been linked to.inc:éased'

muscle lactate producgion, increased -blood lactate concen-
. » A ‘

tration, and increased=muScle buffer capaéity (Sharp et al.

19Q§).

Resistance Training and Aerobic Function

Although. many. athletes use ‘resistance training to

enhance their muscular strength‘ﬁand power, this training

A : ' -\
mode -has not generally been used to improve aerobic power.
It. has beenj‘suggested that the intermittent nature of

resistance training with heavy weights, few repetitions, and

fréquent resgs‘periods does not encourage an aercbic power

training efﬁect (Gettman et al. 1978). - Byrd and Barton
. " V‘ R
(1973) repo?ted exercise and relief heart rates of 152 and

1

119 beatsﬂhin_ for experiéhced lifters over an hour of

exercise.,fThey suggested that hefrt rate respohses of this
magnitude/may elicit a change in maximum oxygen cénsumpticn
{

/

(Voz?max) in running or swimming programs, but nét in weight
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lifting proé;ams because Qf the short durétion 'of the
,program,Eimpairea‘local blood,flow during ‘heavy lifting, or
.assessment methods which. do not reflect specificity of
training effects. This is implied in thé work of Hickson et
al. (1980) who reported small increases In the‘absolute—VOz
max after a 10 week - program of heavy resistance traininé
whicH’Was evident during cycling exercise, but not on the
treadmill.

‘Circuit training wusually invyclves K many Trepetitions of
- N ‘ -J/ Y -

&

light weights with short rest intervaids between exercise

.stations.\;rilmore‘et al. (1978) and Gettmanj‘eﬁ al. (1980;
.1978) have - reported énhanced Qozfmax following 10, 12, and

20 week programs of circuit weight tfaining, while Allen et
al.'(1976f reported ﬁo change 1in VOZ max over 12 wbeks of
training.‘ | -

It\is génerally accgpted that the training effects in
muscle are most beneficial tp the athlete'when the training

1

;timulus mirrors the event being trained for.r‘Tﬁe specifi-’
city prfnciple may be extended to such parameters as motor
unit recruitment, velocity of moyement;v'and duration and
intehsity of exercise (MacDougall and Sale 1981). However, &
such éport-specific training is not always possible or even
desirable, and therefore Ltheb questién of tfansfer of
enhanced function from ﬁbn;specifiby trainingl back to
specific sport ﬁerforhance must'pe éddressed.when designing%

training prdgfams for athletes. It has = been suggested that

e
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np to 50% . of the‘ increase in aerobic power following
training may be due to_enhanced circulatory function (Rowell
| 1974; Scheuert'and Tipton 1947).  Therefore, if non-specific
~activiti®és such as circuit training may enhance oxygen
transport, they may be ofv considerable‘ bernefit to the
,athlete.' This is especially true if these adaptations are
achieved.simultan{g£¥iy with the strength and‘power training_
effects wnich‘ have been reported_ﬂ(éettman et ai..197$[.
-1980). * Gettman et al. (i982)‘ have ’speculated that the
enhanced Voz'max-observed in previously‘ untrained'subjects
consequent to cichit'weight~training programs may have been
due to enhanced circulatory’function. Haennel et al. il@ﬁ%)
have reported significant alterations 1in stroke molume and
maximal cardiac outpnt 'in . previously sedentary males
following ’circuit .training programs of different intensi-
ties. Whether these adaptations may pev’achieved ip previ-
ously'.trained | individuals“‘is .a\ question for further
research.d ‘ |
It seems likely that the nature#ofkthe circuit and the
choice of resistance apparatns mould influence the exercise
intensity‘and therefore the effect on aerobic power. Recent
developments ip resistance training eqnipment provide
accommodating resistance from variable hydraulic cylinders
which allow safe, high-velocity movements. 'By demanding an

"all-cut" effort during exercise iqtervals, and by shorten-
’ 1] . .
ing the relief intervals between stations, a relatively high

»



11
exerciséAintensitf'mayvbe achieved. Thus;‘ ciicuiﬁ resig-
tance tfaining may be .similar'ﬁo interval or sprint train-
ing.. éetersen et al. (1984) have'répbrted oxygen coﬁsump-'

‘tion of up to 83% VO, max and heart rates of up to 90% of
maximum during 20 second exércise.inﬁerQals. As well, post-

1

exer se venous lactate concentrations of 17.1 mmol'l ~ .were

o ~ N o
observed. Prolong%g extrcise of this type may then be an

effective means of improving aerobic power.

SPmmarx

Briefly, the nature of the in vivo force-velocity
;éla;ionship has been discussed, as well as some of the
adaptive respbhses of s%életal muscle to resistance train-
ing. Cléarly, the ability to alter the-fo;ce-velocity .
relationship may have imﬁortant practical impiications for
muscular performance over a s variety of Sport-specific
movement velocities, however( our understanding 'oﬁ this
possibility is unclear. |

The iééq:tance of' the aerobic base to energy production
and ' recovery has been  discussed. The similarity between
sprint (or interval) exercise ahd -high-velocity circuit

resistance exercise suggests that the latter may be an

effective means of altering aercbic power. .
. . ) : Q‘}Jl'}; .
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Statement of Purpose .

In

consideration of . the potential- importance of

velocity-specific resistance training to. athletes- who

perform throughout? a range of movement velocities, and that

sprint or

enhance

designed:

1.

high-intensity = circuit resistance training may

.aerobic power, an initial ‘training study was

o

5

To investigate the question of velocity specific

v

adaptation ‘to high velocity resistancevtraining'

L ‘ . ~ oL
and to consider the poséible effects of initial

strength levels and initial: VO,max on strength
adaptation; and secondly,

To determine if a high velocicy circuit resistance e
_ S . ¥
training program could enhance aerobic power andgfg
4%
to consider the effects of initial V02 max on t%@

aerobic training effect. ‘ T

This,study is summarized in Chapters II and IV reéﬁgc-»”

tively.

1.

Based on the findings of this 'prel*mimﬁggggork,
. ) :& * i, N

another project was undertaken:

To™investigate the effects of either ¥
velocity re;igtance' training on thé®in vivo

torque-velocity relationship and the cross-sec-

tional area of the knee extensor musculature; and s

To investigate the effects of velocity-specific

b

circuit resistance training on maximal.aerobic

power, maximal stroke volume and card};c output,

CE
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and on the rate of lac;ate removal from tr2 blood
following éxhausting‘exercise.

This study is summarized in Chapters III and V respec-

tively.
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CHAPTER II

The Acquisition of Strength: The Inflﬁence‘of
Training Velo~:ty and Initial Fitnes_s1

Introduction

. Ca
- Many athletes engage in strength and power training to

enhapce tﬁeir performance. 'Ih regafd‘tc the specificity of
sfrength and power training effects, Sale ahq MacDouéell
(1981) anc Sale~(198§);have Suggesfed thatvtfaining ré%pcn-u
ses are specific to movement patterns, the;joiﬁt engleforf
angles at which the training occurs, and to the"fype of
contraction (isometric, ~isotonic, or isckfnetic) utigized

R

. . . -+ . : i ‘
during training. As well, Coyle et al. (1981) and Caiozzo

~o

et al. (1981) have -suggested e‘veiocify specific training
effect where training atJlow welocity increased'low velocityf
strength but had little effect on torgue outpcte_af hig@;
veloci+-vy. Mcffroid and Whipple !(1970) ana Lesmesp et af.
(1978), nave aISOKfeported a greater strength transfer from
high Qelocity training to low vVelocity perfbrmence than from
low velocity fraining to hibhef,yelocity,performancé. This
specificity.of velocity principle was not entirely’suppofted
by the findings of Kanehisa and Miyashita (1983). ‘In this

study, the group which trained at slow speed improved

perfo;mance at all test speeds while the high speed training «

1 A version of this chapter has been published:
Petersen, S.R., Miller, G.D., Wenger, H.A., and
Quinney, H.A. Can. J. Appl. Sport Sci. 9:4, 176-

180, 1984.
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group imp:o&ed iny at fast _ﬁest .speeds, Thetefofe it
\Qould appear that such a specific;ty p;iﬁcipie has knbt\beéh .
cléarly defined. 'v | ‘
X Much cf the wé}k regarding velocity spécificvtr;ining
effects has utilized pools';of/untraihed"squgéts]%MEfffoid4‘
and Whipple 1570;]Coyle et al;7l981; Caiézzo et al.'l981) or
has not reported infbrmatlpn on the 4traidin§ state' of the .

- subjects - (Kanehisa ‘and Miyashita i983)1' The effects bf,
/./ . — ' - s ' .,

initial fitnes8 on é@aﬁﬁation' to'aerobié “training are,hell
documented and have béen récehtly.reviewed (Wenger and'éeli»
1986). :while such informatiogl is not -avaiiable fegarding
initial  fitness and sﬁreﬁgth aaaﬂta;ion, ig woﬁld be
'reasonagle to cassume_that. the same prihcipie would apply.g.
Thaﬂ is, subjects w;th low. ini;ial ’stiength wpuld show
greater improvement than subjects ‘with _.highb,initial
st:gngth.
The importance of a well developed oxygen. transport
systém for the acquisition of optimal ;éwer and strength has
' beenrsgggested (Wenger 1981). Enhanced aerobic replacément
of ATP . during.recovefy “intervals, the;ﬁ%%ushing of lactate
from muscle’fﬁnd/or_tpe aerQbicﬂpxidaéiﬁﬁégf lactate should
all assist in #recovery and, Itherefdre, permit greater
| quality of training. | |

The present study was under:aken to further investigate

the guestion of vrlocity-specific strength training effects
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ahd' to cohsidgﬁ the possible effects of initial strength
levels and ini;%gl VOZ max on streng;b adaptation.

‘Methods® )
Twenty ‘apparehply healthy and habitually bhysicallyJ
active college-aged males provided informed consenﬁl to
participaté'ini the S£udy.‘ All subjects had some previous
éexperience with resistande training. 'Subjects were assessed
for V?z max and peak torque id knee extension and flekion
and ~then assigned to eitﬁe;b*i_ traininé group (TG) or a‘
control group (CG). 4 SR _ _ "y
Peak tofi‘es for right and left knee extension and
flexion at -:njular velocities of 0.52 and 3.14 rad's_l were
~assesséd using a Cybex )I; isokinetic dynamometer system.
Subjects werel familiar%zed‘with the system ahd the required
limb actioﬁs. Limb alignment and stabilization.procedures
were standardized for each' subject. A minimum of three
continuous maximal extensions and flexioné were compieted.
Subjects wéfe verbally encourdged to‘exert"a mdximal effort
at dll times. In all cases, the fast spéed test was
conducted first, with ample recovery time provided before
the slow speed test.. In order to minimize ar£ifactual
torque;, the first extension and flexion torcues from each
series were omitted‘from the results, and an optimal damping

setting of two on the Cybex II chart recorder was used. All

N
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calculations of peak torque ‘were'"performed by +the same
investigator. _ -

2 - A .
Maximal oxygen consumption (VO2 max) was assessed on a
Sadel

motor-driven treadmill (Quinton 24-72). Sub}ects ran for

one minute on a %gyel treadmill - at each of 3.1, 3.6, 4.0,
and 4.4 m's'.l anda;then the grade was increased 2 percent

each minute untll VO2 max was observed, or untll volitional

»I o

exhaustion. To conflrm attalnment of V02 ‘max, subjects met

one both of ‘the following criteria: a 1levelling or
, I
.decrease in VOZ with 1increasing exercise loads; ‘and a
. ( A .

respiratory exchange ratio greater than 1.15. _ The peak VO

value obtglﬁed durlng the exercise was recorded as -002 max.

Expired gases were collected and analyzed each 30 s for
volume and O2 and CO2 concentration with a Beckman?Metabolic

Measurement Cart calibrated before and after each test.

2 7.

Heart rate was recorded each minute from an electrocardio-

¢

graph.

TG subjects trained four times weekly over a five week

¥

pericd for a total of 21' sessions. The first 15 sessions

o

9on515ted of two circuits and the last six sessions of three
circuits on varlable hydraullc resrstance-statlons (Hydra-
fltness Industries\ﬂLtd.). The program Qas designed to
achieve a 1:2 work-reldef ratio within each circuit. Each

circuit consisted of two 20 second sets maximal exercise at

,Six statlons .which emphasized the following movement

patterns ~ knee ,flexion and extehsion; hip flexion and
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exteﬁsion;'elbow flexion and éxtenéion;ﬁsﬁoulder flexion and
extension; ahd ankle plantar flexion. ‘
Circuits were sepérated ﬁyr four -minutes of active
(walking) recovery. 'Subjects worked in 'pairs  and vérbal
_ bt . : _
"enéouragement was provided.to ensure maximal effdért and high
| dualin;contractions atfall »times._lSubjects_ wgre required
to céhpleté at least 20 repetitioné“each ZOpsecdnd exercise
period. This approximated limb velocitiés of 3.1 radfs_l.
When subjects consistently exceeded é3'repétitions in 20
secondé, the reéistance ‘sétting was increasedv by one
ihcrement. Each }training session was ’monrtored by a
‘supervisor who adjusted  and recorded -resistanée settings,
numbers ~of ‘repetitrbns,r and precisely timed%the work and
rest intervals. Control subjects werevpermittédrup to three
moderate intensity aerobic e#ercise éessions and = one
resistance ekercise session per week to ’fécilirate mainten-

Y,

ance of initial fitness levels.

«

"For analysis, TG subjects were blocked on initial‘VOz

max into two groups designated-High,Aerobic Power (HﬁP)'and

+

. Low Aerobic Power (LAP).- Similarly, for each peak torque -
varrgple, TG subjeéps' were blocked into groﬁps thch
represented .high (HPT)} an low (LPT) initial peak‘torque‘
performance. R ' - . | _" .

“Data w%re anélyzed with a two;way' analygis of variance
for ﬂrepeated meésures. Where post-hoc means comparisons -

Ny

~
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were warranted, such contrasts were . made using two-tailed
‘paired or independent t-tests. ' | 7 '
Results.

éharacteristics of tralnlng .and control subjects prlor
to the study are reported in Table II-1. Group means were
-similar for, age, weight, ~height, and peak knee‘extension
~ ‘torques at both ‘test speeds. Since no contralaterel
differences were observed on any strength' variables in
either group only values forv the right leg have been
reported in the 1nterest of 51mp11c1ty:'"

Pe¥k torques for knee extens;on and flexion for both
.trainlng and contfol groups before and. after the study
,_period are displayed‘in Table II-2. ‘Increased (p < 0.05)
‘peak torqgues in both extension and ' flexion at 3.14 rz}:xd's-1
were obsefved_for the#training group. A decrease (p < 0.05)
in»peak-fleXion‘to:que at 0_.A52.rald's-l was observed for the,
control group. No significant differences in.performance on
any peak.torque vafiable were‘observed ‘between training and
contgol groups prior to the.studjf

"Results of peak ttorque‘ assessments for the TG with
respect to initial aerobic power are displayed in Table II-
4, No differences’were "observed between HA? 4nd LAP group
means prio; to traindng, Improved (p < 0.05) peak torques
" in, knee ‘:iéxioﬁ“iat; 0.52 rad's”!

flexion at 3,14Arad's-lf were observed for the LAP group

and both extension and

while the HAP group improved only in knee flexion torque at
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3.14 rad's l. A significant interactic effect’was pbserved@%mf -
. &; . 9 g‘_'" - .‘

between the aerobic power groups in knee exten31on torque at

3.14 rad_s 1

‘Results of peak torqle assessments

respect to initial strength on each torque vf\ e ‘dre -
LA A S

displayed in Table II-4. This analy515 lnd&cated a’dé@i;neff

-1

in peak .torgque in knee extension at 0.5¢ rad‘'s * and an .

-1

improvement in knee flexion at 3.14 rad’'s for the HPT

group. The LPT group improved peak torque outputtin knee

‘flexion at 0.52 rad’s_l, and in both extension and flexion

at 3.14 rad”s_l. Significant interaction effects wereﬂ
observed.between groups on each torque. variable except knee
flexion at 0,52 rad‘s '. ) i
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. , Table 1_1-1)

Characteristics of the Training (TG)
and Control (CG) Groups Before the

. Training or Control Programs
e ™ . Cc&
'"%?g?ﬁble ' (n=12) : (n=8)
""ﬁé : » . '
Age (year®) . - 18.8 (0.9) 214 (0.8)
Weight (kg) ~72.2 (1.6) 76.6 (2.3)
Height (cm) . 177.9.(2.5) 179.9 (2.4)
. Knee extengigg‘torqué . 239 (9) | 243 0 (12)
@ 0.52 rad’s -
(N'm)
SN / e . . ‘ o
Knee extension torque 146 (4) 152 (9)
@ 3.14 rad’s
(Nm)

Values are Mean +/- £S.E.)
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Table II-2

Peak Knee Extension and Flexioh Torques for
Training (TG) and Control (CG) Groups

kY

- | TG | cG

Peak Torque. - (n=12) . (n=8)
(N"m) Pre Post | Pregﬁ?, Post

Extension @ -, 1239 230 243 233
0.52 rad’s (8) (8) (11) (11)

Flexion €  _, 156 . 1649 169 153¢4
0.52 rad's A7) (7Y (9) ~ (7)

Extension & _, 1462 1562 152 149
3.14 rad's = (4) . (4) - (8) ~(6)

Flexion €. _ 109 119° 120 120 |
3.14 rad’s (5) (4) (A7)t (8) \

'Values are Mean +/- (S.E.)

Paired letters indicate significant (p < 0.05) differences
within groups or significant (p < 0.05) interaction effects

between groups over either training or control. i
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Table II-3 R

.Pre-Training Characteristics of the High (HAP)
and Low (LAP) Aerobic Power Groups

" HAP LAP

{n=6) (n=6)

Weight (kg) 71.6 72.3
: (2.0) - (2.4)

Height (cm) . 176.8 ' 178.9 . -

_ (2.1) (2.8)
max ,/'- ' ~ 60.5% ' ~53.94
f ‘min “dy _ (0.9) (0.4)

Values are Mean +/- ?S;E.y

Paired 'letters indicate" 51gn1f1cant (p < 0.001) differences

between groups. ,k
3



Table II-4

Peaﬁikﬁee Extension and Flexion Torques.fom the
High (HAP) and Low (LAP) Aerobic Power Groups.

Before and After Trdaining B
3
HAP AP
Peak Torque (n=6) ’ ' (n=6)
(N'm) T Pre Post Pre Post
Extension € _, 249 239 228 221
0.52 rad’s (15) (9) (8) (13)
Flexion @ . 154 157 158®  172P
0.52 rad's . (12 (7). (11)  (13)
Extension & _; . 146 156% . 140 . 156°€
3.14 rad’s (7) (5) (5) (6)
Flexion @ . 1058 1182 113¢ 1219
3.14 rad’s ‘ @JO (5) (7). "~ 1{6)
/ ' . ’%4 , ©

Values are Mean +/- (S.E.) Q@

Paired letters indicate significant (p ¢~0.05) differences
within groups and significant (p < 0.05) Mnteraction-between
groups after training.



Table II-5S

@ : -

Peak Knee Extension and Flexion Torgques for
High (HPT) and Low (LPT) Initial Strength -
Groups Before and After Training

HPT S me,

Peak TorgEe S (n=6) ‘ (n; )
(N'm kg , ‘Pre Post Pre - Post
Extension @ _ 3.60%  3.313% 3,02 i3.03b
0.52 rad's (0.14) (0.15) . (0.05F7 (0.12)
Flexion & . 2.43  2.47 1.86°  2.03°
0.52 rad's - (0.07) (0.05)  (0.06) (0.05)
 Extension @ _, ©2.21 2.26% 10849 | 5 osde
3.14 rad's (0.05) (0.07)  (0.02) (0.06)
Flexion & . 168t 1.25th 1,359 1 559h
3.14 rad’s™  © . (0.05) (0.04) _ -(0.05) (0.06)
Values are Mean +/- (S.E.) , A

7

HPT and LPT means are all 51gn1f1cantly (p < 0.05) dlfferent

prior to tralm.ng

Paired letters indicate significant (p < 0.09%) dlfferences.

within groups or 51gn1f1cant interaction betwe:r groups
after tralnlng

i
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Disoussion ." -

No ‘changes‘ in bodv weight were observed for elther
"groupvover the'training or.control period. This result was
:not unexpeoted since all subjects.were habitually phySicallv
actlvevand judged'to be at or near an optlmal body weight
rprlor to the studyﬂ It is worthy of mentlon, however slnce
the'blocking.TG.subjects into sub-groups wlth respect to
in}tlal fitness,,levels"was ?done. on the basis of aerobic
' power. or. peak torques expreSsedqrelative to body weight.
| A decllne (p < 0. 05) 1n peak torque in knee flexion at.

-1

- 0.52 rad s was observed in the control group Performance

on'the, other torque varlables dld not- change overdthe
'control period' "A srgnlflcant lnteractlon effect between,'
tralnlng and control groups was observed on thls varlable,,
_although the lncreased peak torque of ‘the traanlng group was
vnot’significant‘by'post-hoc‘*analysis. The training group
"did, however; ulmprove peak torque outputf in‘ both knee
| -1

;flex¢on and extens1on ‘at 3.14 rad's . 7This-test' speed wasd

- _very 51mllar tovthe angular veloc1t;es of the leg aboug‘the

S T RS | A
“kneev301nt duringr training.” ~ These data would ‘suggest.a
\ ‘, j .

o veloc1ty spec1f1c adaptation‘,to ’the reSLStance vralnlng

/l)
. N5
. 7o N
stlmulus Th observed decllne in peak torqu%g’ln knee -

_ ¥,o%

, extensxon and the insignifiCaht 1ncrease in xnee flexron-

torque ‘at, the slow test speed for tralnlng su Jecis does not-.

, support the suggestlon that high-speed" tral ;p

1ncreases

torque output at slower speeds (Kdnehlsa~and";yashita 1983;
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:Coyle et—ial.~l98¥;'Lesmes et al. 1978). These data wduid
support the finding of >Caio£zo ‘et al. (1981). Iﬁ;thét
investigation the_ high-speed traihing gréup démopétrated
enhanced tcrgue outputs at aﬁd near the training sﬁeed, but
hot_at 'slquﬁeiocities. One majqr difficulty .in comparing
resulté from various stud;ss» is .that CAtegérization of -
training_ve%ocitief as fast or sl?k is usually different.
In the work of Caiozzo_et al. (l9813lfor exaﬁple, the "fast"
‘training group_.worked at 4.19 ra‘d's'l or approkimately 33%
féster than thg subjects iﬁ the present study (3.14
rad's_l); Lesmes et él. (1978), and Kanehisa and &iyashit;
(1983), howeve:, did utilize training speeds of 3.14.
réd's_l. -Another, confounding issue may be that of "volume"
of training. Intensity is relatively constant in .that a
maximal effort (usually under _isokinetic conditions) is
consiStently reported, however, frequencyA anl duration of
ekeréise’séssionsv are rarely similér, and-training program
'duration‘has varied from four to eight weeks. A variety of
mechahisms have 'been suggested to expla;n veloéity—specific'
tralning responses. including. enhancemqu of. moto?euron
activation or reduction of neuromuscular inhibition (Caiozzo
et ’al. 1981; Sﬁle 1986), hypertrophy of selected fiber
popuiations (Coyle et al. 1981), and enhanced myofibrillar
| ATPase:activitj. (Belcas£ro‘ et al. 1981). The' extent to

which any or all df these mechanisms may be affected by
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ffequéncy and - duration ‘of exercisé anﬁ tréihing pfogrém
iengthvis unclear. ’ |

" When trainiﬁg :espcnseé are evéihatgd with fespect,to'
initial fitness levels, some clarification of this issué may
occﬁr., In direct contrast to the  earlier suggestion that
higher aerdbic pbwer r._ght enhance the adaptation to high4
intensity strength training are .the resulté reported in
Table 3. lIn fact, the HAP group improved peak'tbrque only
in knee flexidn at 3.14 rad"‘s_l while the LAP demonétrated
enhanced orque output on three of four variables, including-

Fknee flexioq torque at 0.52 rad's-l. The same pattern is
evident when TG'subjects were blocked into high (HPT) and
low (LPT) initial streﬁgth groups on each of thefpeak torque
variables. Although separate grodpings were formed on each.
of the initial fitness variables, group membership tended to
remain vqﬁite ‘similar. Therefore it would abpear that
-initial fitness,'even in a subject pool which wés-reasonabiy
well-traired initially, may be a major factor in evaluating

v ﬁraining responses. Present data would‘guggest that the
_;_Wmajority of the training effects,rgpofted'in Table 1II-2 for
the ,entire tfaining groub were in fact due to relatively
large amounts of adaptation from those training subjects
whose initial fitness levels were relatively low. It is
interesting to note (Tables II-4 and II-5) that TG subjects

with low initial 'fiﬁness improved torque outputs in knee

~flexion at the slow test speed which was not specific to the

*

%

»



training velocity while high-fit TG ,subjects did not. While

such comparisons may be of, little direct yalue it is also

‘ ,«.

rnterestlng to note that even. the low 1n1t1al strength group

ranked at the 60th and 45th percentlle for knee extensron :

-1

and flexien respectlvely at .3.l4 rad s T when compared to

; 34;

elite amateur and professronal ice- hockey players (Smlthnet‘

)

as low strength, in contrast to. the sedentary subjects used

.ln other studies,’it is llkely that they would actually be

relatively strong.

While the results of 'this investigation do not appre-

al. 1981). Therefore, while'in'this study they were'rankeif

ciably clarlfy the - controversylfover velocrty spec1f1c-

~

strength adaptatron, several 1mportant pornts have been'

made.  First, a flve week hlgh lntenSLty program dld enhance-

peak torque outputs'ln,.a group -ofvprevrously‘well—tralwed:

L}

subjects when testéd at - an angular veloclty ?which was.

specific to the: tralnlng veloc1ty Secondly, the hypothesr
.

that well developed aeroblc power would enhance adaptat&pn'

4 1

from a high-intensity 'strength tralnlng program /a§ ndt

supported. It may be posSlhle‘that'the LAP group (mean ?O
et _ l N ¢ ™

S e,

2

-max = 53.9 ml'kg 'min_l)g exceededja‘ possible threshold:orl

minimum level of aerobic power necessary to facilitate

*

- adequate recovery-from-the exercise stimulus; ' If.this'was,

K-

the case, further tudy usrng 'subjects wlth yet lower :

7 X

Laeroblc power or, alternately, a more demandlng work recov-

N

ery ratio durlng exerc1se sessrons mlght test. thlS hypothe-_

-,
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Sis“'more definitfvely. Finally, although the "low-fit"

subjects- in the present study may be well-trained in

%Q the average population,,tpey still accounted

for_the majorlty 'of the TG adaptétLon to the training

CpE

program. In llght of fthe-differéﬁ% Aresgonses relative to
initial fitness levels reported abo$e, it may be possible
that some of the controversy over veloc1ty spec1f1c training
effects 1s due to the characterlstlcs ‘of the subject pools
in the various studies. It is"therefore recommehded that

‘both

consideration of ‘initial fifness levels be given when
designing strength training studies and when reportihg

results.
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CHAPTER III

The Influence of Velocity - Specific Resistance
Training on the in Vivo Torgque-Velocity
Relationship and the Cross-sectional Area
" of the Knee Extensors! '

Introduction o

Strength training has .been wideiy gsed tQ enhance

-athlétic» performance. The Question 6f vel§city~specific

training effects has been addressed by a number of inveéti-

gatorS'(Caibzzd et él.'l981; Coyle et al. 198i;'Kanehisa éndb
u fMiyashita 1983; Petersen et al. 1984) and has been discuésed

in ‘review articles (Sale and MacDougall 1981, Sale 1986).

_Howeber('in ‘spite of this attention, the nature-of,vor even

the existence of such yelocity-speéific_adaptatiqns has_noﬁ
o beén.sufficiently clarified. The cétegorization of:various
angular velocities as either "fast" or'”slow", the nature‘df
the’_t:aininé‘ programs, thev limiﬁations' of _éSSessmé?g?;*
.eguipment, and variable charécte;}stics-of the subjegtvpools
doéé' not readily permit Pébmparison of results between
studies. | .

ot , o : A
As well, the mechanisms oﬁg adaptation to resistance
training at higher velocities are not well uhderstood.‘_In:
- response to high resistanCe tfaining * (which necessitates

slow—.ccontractions) increased whole muscle cross-sectional

k\‘ A version of this chapter has been submitted for
. ~publication: Petersen, S.R., _Bagnall, K.M.,
Wenger, H.A.,  Reid, D.C., Castor, W.R.,

.Quinney,
H.A. Int. J. Sports Med. =~ R S

o
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" area has heen consistently reported (Luthi et al. 1986;
Youngtet al. 1983)r to complement'the observed increased in
force (or torque) produotion Other investigators havev
reported increased fiber cross- sectional area, especially in
Type II fibers (MacDougall et al, 1980; Thorstensson—l976)'
and increased myofibrillar packing. density (MacDougall et
~al. 1980). Interestingly, Luthi et.al. (léSG)fhave\reported
increased whole muscle .area hut insignificant changes Qith--
hreSpeot to individdal fiber"areas;v This may be'duegto the
fact that measurement of fiber cross-sectional area alone
does 'not'v conSider increased - amounts of intramuscular:
connective tissue. | |
~ Increased areas of Type II muscle tfibers have been

,reported;(CoyleiVet.al. 19@1; Costill)et ai. 1979) fOliowing -
traininQ‘of‘the knee ‘extensors‘at 5.24 andf 3.14 rad fs'l.
| HoweVer& thesevvresults" are"not.vconfidentIY' offered as
, explanation for vthe enhanced performance . and there is
vevidenoe to Suggest that much‘of the training effect may beﬂl.
‘mediated by‘neurOlogiCal ’adaptationb'(Caioizo et al. 1981;
‘uCoyle 'et‘ al. 1981; Sale 1986). b$hisfmould be reasonable’
,considering ’thel untrained state of: the subjeot'gpools
utilized in the majority of the investigations

It"would Seem logical that high velocity reSistanceh
'training would be most appropriate for athietes who perform-

at relatively high speed. . It should also follow that

neurological adaptation might be minimized if the exercise
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stimulus was * in motor pattefnsﬁahich‘jmirrored‘those util-
ized in competition.‘ In many sports,f athletes' must work
throughout a range of Velocities and;fagainst a variety of
\ res;stances} This study uas designed tO'investigate'effects.
' of'either'high or low velocity resistance trfining on the in
vivo torque-velocity“re;ationship and the'cross-sectional:
area of' the‘knee extenso;s in a gfoup of-previously‘weli-

. j
trained subjects.

V.
Method o T/

) \

vThirt? apparently healthy college-aged males provided
1nformed consent to part1c1pate in the study. All subjects-
were afflllated Wlth elther Unlver51ty football or rowing
'programs, however thégstudy was de51gned to c01nc1de with
the off- -season perlod foﬁ both sports.  All subjects had
pastvexperlence w;th're51stance training.

Peak knee ektension jtorque was assessed at angular -
Yelocities of 0.52, 1.05, 1.57, 2.08, 2.62, 3.14, 3.66, and :
4.19 rad's™ 1 using%a Cybex }I Isokinetic Dynamometer system
(Lumex, Inc.). Stebil}zation and alignment procedu;es‘were
' stendardized for each subject and calibration of the system
dwes performed according' to the manufacturer's recommenda-‘
tions._ vfubjects werer famlllarlzed-MWLth the dynamomete:
systemvand thegtest procedures on' a separate occa51on A
ninimum of fourt continuous répetitlons were performed at

P :

'each velocxty w1th 60 seconds rest'prov1ded between sets of

& U
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exercise. The first torqgue curve ' was omitted from the
results and the highest value from subsegquent trials was
recorded as peah torque. 'Alivcomputations of peak torque
were performed,by the same investigator. An optimal damping
setting of two was selected on the Cybex II chart recorder.

On a separate da? a sihgle image of the thigh was takem;
‘using computerized'mtomooraphy (CT) scannlng technlques (GE -
Model 8800). The scan location was determined by surfacel
anatomical references to be at mid-femur. . The secan location
was confirmed by use of a scout scan which recorded prec1se-
ly the dlstance from. the srte of the 1mage te /a predeter-
mined landmark on the’ dlstal end of the femur. This
procedure was repeated at - the time of the 'second scan to
ehsure that " the images ‘were in fact overlapping. No
exXercise was permitted on the day of the CTbscan assess-

ments.

‘Biack and ‘white photographs were made"ﬁrom the CT
images _and.’from these a co-investigator determined the
boundaries 'of the 'anterior thigh compartment musculature
without knowledge of group membership or whether the scan
was -taken hefore or after training or coqtrol. - Cross-
sectlonal area- (CSA) of the anterlor compartment was then
determ?ned through _the computer planlmetry system associated
with the GE 8800 scanner.

‘Subjects were assighed to either a high-uelocity.(HVR),

low-Velocity (LVR), or ‘control (CG) 'éroup. Groups were
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— = . 9 pt
equated on initial peak torque at each of the two training

L 4
..l)

velocities (1.05 and 3.14 rad's and body weight. Past.

 experience has indicated the importance of initial firness

+levels, and torque relative to body weight may be a more

sensitive predictor than absolute torgue.
?‘ .
Subjects trained on alternate days over a six week

period ror a total of 21 seéSions. A thoroughcintroduction

€)
and mock training session was held prior to actual commence-

ment of the program. The resistance circuit consisted of
two 20 second sets, of all-out exercise separated by 20

seconds. of relief at each of the following stations:

unilateral seated knee extension and flexion (2); bilateral

»

seated leg press]‘fhip extension and knee e&@%@Sion);
unilateral subine??n;p extensiong and flexion; unilateral .
supine hip abductienﬁandv adduction; and bilateral inclined
leg drive (hip'and?»knee'extenfion' and ankle piantar flex—
ion). Resistance at each statlon was supplled by v&rlable
nydraulic cylinders (Hydra- fltness Industries Ltd.) which
were- adjusted as gecessary "to maintain con51stent angular
ve;\fltles of the 1nvolved joints at approx1mately either

-1

1l sad‘'s™™ (LVR) or 3.1 rad's - (HVR). The cylinders do

not provide an isokinetic loading system, however,‘calcula—

L

tion of the range of . motion fTer each subject at each
statlon, and careful monltorlng of the number of repetltlons
in a flxed tlme perlod permits quite accurate estlmatlon of

average angular velocity; Subjects must, be’ consistently
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motivated to exercise at maximum intensity and to maintain a
full range of motion. With training, subjects may exceed

the number of repetitions necessary to maintain the desired -

e
o

veiocity. At this_time, the cylinder ‘would be adjusted to
provide increased reSistan&e*and‘thusfdecrease the velocity
appropfiately, .‘

Initially two.circuits were QOmpietéd~each session and
during the se@ond week of tr;iniﬁg this Qas increased to
three circuits; EaCh sessiSn*wé§”ﬁ§nitored\ by a supervisor
who recorded resistance sétﬁ%@ésv and'Arepetitions;~ and'
précisely timed the exercise ahdiéeiief iﬂgervals.

Control group.sapjects wéfé permitted(ﬁp to three low-

intensity aerob® and one resistance exercise session per

week to maintain’.initial fitness levels. All controls

3

complied with the' reguest to refrain from any systematic

appliéation of high-intensity exercise, stimuli over the

control period.
~ w Data were analyzed with 2-way analysis-of yariancé for
repeéted measures (Winer,"1972). Post-hoc means compari-/>

sons Withinu‘groups - were made with two-tailed paired t-

tests. Group means for results of all performance tests

‘were.the same for :botqglégs, therefore in the interest of

%simpliciﬁy, only results ffom the right . iegs werg reported

J in the results which follow.

t

A
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Results

Characteristics of all study groups are reported in

Table III-1. No differences were :found on either age,
hei@@t,o;or weight between groups. Bedy weight did not
chandé for any of the groups over the study period.»

Peak knee extension torques -at the eight angular

velocities tested are displayed in Table III-2. No differ-

ences were observed in group means on any variable prior to

commencement of the study. Following thg training_pfbgram;

‘the HVR group improved (p < 0.05)’peak‘torque at 0.52, 2.62,

3.14, 3.66, and 4.19 rad's_l. ihe LVR group)improved {(p <

0.05) peak knee extension torque -.at all eight angular
-

velocities. Féllowing  the control period a decrease (p <

0.05) in peak torque was observed for the ¢G at 0.52 rad

!

's_l only. These results are also’displayed in Figures IIZI-

1, III-2; and IIT-3.

Cross~-sectional argas>of the Quadriceps femoris muscle
grc '» before and after the traiqing ;> dontrol periods are
reporied in Téble IT1I-3. Increased (p < 0;05) cross;
sectiocnal area was observed for both training groups, and no
change was observed for 9helcontrols.

In order to.establisﬁ the relationship between muscle
cross-sectional area and péak torque, and toigetect chgnges
in this relationship consequent ‘to training xthe'“;atio of
peék torque anc cross-sectional -area of thé_quadriceﬁs

femoris group at each angular velocity before and after

v
. a

v
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training was calculated. These data are displayed 'in Table

III-4. JSignificanxf(p < 0.05) changes id—this relationship

-

were observed for the LVR group at angular velocities of

0.52 and 1.05 rad's * only.

-
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Characterlstlcs of High (HVR) and Low (LVR) Velocity
Tralnlng and Control '(CG) Groups Priodr to s
the Tralnlng Program

- !

Variable « ¥ HVR LVR CG
‘ (n=10) (n=10) (n=10)

Age | - 21.0 23.1 23.5
(years) . (0.5) (1.0) (1.0)
Height ©181.9 184.4 183.4
(em) - ©(1.5) £ (1.8) (2.6)
©weight . 84.1 80.6 81.4
(kg) ~ ~ (3.6) (2.8) (2.6)

values are means +/-’(S,E;)_



Table III-2 | |
) Peak Knee Extension Torques for. High. Veloc1ty (HVR) and

Low Velocity (LVR) Training Groups and
the Control Group (CG) ’ t

LN

\

Peak Torgue in Knee Extension (N'm)

Angular  HWR LVR | - CG

Veloc1t¥ (n=10) : (n=10) - (n=10)
(rad's - Pre Post Pre - Pgst . Pre Post
0.52 2572 2822 2515 201F 7 261 g9
- (14)  (15) (9 (12)  411) " (11)
1.05 c244 255 - 2379 2719 235 228
o (1) (11) (7) (7 (10)  (10)
1.57 221 226 212" 234" 210 208
: (10)  (8) (7) (7Y 19 (9)
. ¢ L %;' ‘
2.09 200 201 - 1%6tT 2097 Q90 192 -
©(9)(8) (6)  (6) (9) (7}

S 2.62 177° 185P 1733 1903 171 167 ¢
o (5)  (6) 4) (6 (8)  (6)
3.14 161 172€ 163K 175%  1sg 138

' (6)  (6) " (4) (6 (8)  (6)
3066 1499 1599 asgl el 147 145
() (6) (4) (5 (7) (5
419 140% 149 138™ 15a™ 141 - 136
' ST (5 4 w5k (1) (5

Values are Means‘+/- (S E.)

Palred letters indicate significant (p < 0.05) dlff@rences'
, w1th1n groups follow1ng training or control :

e
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 T#ble III-3
. jé%, '4 ;'.’, . : “ L

Cross- seotlonal Area of the Quadrlceps Femoris for

High (HVR) and Low.(LVR) locity Training
 and Control (CG) Groups '

LR 4

.§$ , o~
)
Anterior *Thigh - ' '
Compartmﬁnt HVR LVR L CG
Area (cm ) oo (n=9) . (n=9) -~ {n=6)
. N a » .a 4-b e
Pre-training 89.97 88.42 85.29
o C(2.61) (3.77) (3.41)
Post-training  94.172 © 93.87°  85.97
: (3.13) - ' (3.85) ‘ (3.50)

values are Means +/- (S.E.)
Paired letters indicate significant (p < 0.05) differences
within groups after training. o IR



Table III-4 - “
' ) o ) ‘ . Y F
# | § o ' v A \;‘E 'b'

Peak Knee Exten51on Torque ExpressedvRelatlve ta
. Quadriceps Femoris Cross-sectional Area (N'm/cm
for ngh (HVR) and Low 4(LVR) Velocity Resistance Tralnlng
‘ and Contrel (CG) Groups _ :

..Angular . HVR LVR | . CG

' Veloc1t¥ (n=9) (n=9) oo (n=6)
(rad”’ s Pre  Post - Pre  Post . Pre  Post
0.52  2.92  3.07  2.79% 3.14%  3.04 3.01
. (0.14):(0.13)  (0.09) (0.12)  (0.08) (0.03)
b 5 2.85 2.76

1.05 2.79  2.76 2.66° 2.92)
o (0.09) (0.06)  (0.09) (0.08)  (0.06) (0.06)

1.57  2.53  2.47  2.38 .2.53  2.56 2.55
| (0.08) (0.06)  (0.09) (0.07)  (0.05) (0.05)
2.09 . 2.28 2.18 2.22 2.25 2,28 2.31
. (0.06) (0.06)  (0.06) (0.05)  (0.06) (0.05) -
2.62 . 2.13 2,02  1.95 2.0% 2.05 1:99
B ©(0.10) (0.07)  (0.06) (0.06)  (0.07) (0.04)
3.14 - 1.84 1.88 1.85 1.88,  1.89 1.86
. (0.04) (0.07)  (0.06) (0.04)  (0.07) (0.06)"
3.66 1.71 0 1.74 1.70 . 1.75 1.75 = 1.76 .
> ©© (0.05) (0.06) (0.05) (0.04) (0.06) (0.06)
4.19 .60 1:63.  1.61 1.65 = 1.67 1.65

1
. (0.06) (0.06) ~ (0.06) (0.03)  (0.07) (0.05)

Yalues are means +/= (S.E.)

'ﬂPaired letters indicate significant (p < 0.05) differences
within groups followin§ training or control.
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Discussion
@@I Itfhas been suggested (Ikal and Stelnhaus 1961) that

some. type of neural 1nh1b1tlon prevents muscle from genera-

R}

o ting max1mal ten51on, and that under spec1a;/clrcumstances?
t

(eg. hypn051s) whlch mlght reduce this inhi

, $
mance‘ls increased. It has also been suggested that this
tension-limiting inhibition is gréatest at slow contractilé

‘velocities (Perrgne '1986)\and'consequently,.the\force-velo-,

c1ty relatlonshlp in th 1ntact muscle does not follow the

"clas51c, pattern , establlshed for lsolated m&%&le Hlil
rl938). Howéver, there is some ev1dence that with tralnlng

the~ inhibitory effect may-'be reduced and that the in vivo .

orce-velocity relatlonshlp then beglns ‘to more closely

‘resemble that.-of the in vltro muscle (Calozzo.et al. 1981).

- This hYpothesis.may be’supported~partially by the'results of

the present study, and may then offer an explanation for the

u'oyement in peak‘torque observed in the HVR .group at the

"dxmay offer a partial explanation of :the decllne in peak .

torque at that same veloc1ty observed 1n the control group

“That 1is, perhaps th;s 1nh1b;tlon effect is increased durlng

a period of relative inactivity.

The increased torque outputs - for ‘the HVR group. at

dhigher,velocities, at and around the training velocity @re

somewhat consistent’. with the findings of Caiozzo et al.

(1981) although the "fast" training veiocity in that study

i

ition, perfor-
: &

.j{ést contractile ‘velocity"(O.SZ'rad's_l), As.well,'it'

O
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was 4«19;‘rad's‘l'rather than appr imgtely %§;4 rad TP K.

. X . -9 , R :'_. . " -
the present study. They are not ton51 tent wltﬁ’?

of other’ work‘(Lesmes et al éﬁ”1978,,' Kanehisa and Mu .Sh”ta
- ' « . o & o i"f" d.
1983) where training at f3.l4 rad 'S l. lmproyed peak kne&, x,

extension torque at all speeds selected for assessment below;
the tralnlng veloc1ty - The latter studles clearl suggest a
pattern of transfer ‘from fast tralnlng to slow performance,
while}‘with the exceptron of peak torque increases at O.Sé

-1 ' ' ‘

-rad's 7, present data do not.

W

"The alteratlons in peak torque for the UVR group again
coincide with "those reported by  Caiozzo’ ‘et al: (1981).

Although in.that study the."slow" training velocity Was 1.68

o 1

ra‘d'.s_l (compared' to approximately 1.05 ‘rad's, in the."

iepresent study) the pattern of improvement at all test
uelocities above and below (b - . 4.19 rad's-l) the tralnlng
Qelocity is. consistent,. Slmllar results were reported by
Kanehisa and Miyashita where.the group-whlch'tralned at'l.OJ
lrad's—I;improved performance at all'test ‘velocities up to
e . , v , A _

;5p24 rad’s

Interestlngly, the absolute changesvln peak torque.for
.the LVR group appear to be greater at all test speeds than
those observed for the HVR_group:' This is. in contrast to
the results reported by Kanehisa and Miyashita (1983) where
thergroup who trained at 3.14 rad's”! 1mproved far more at
faster teSttvSpeeds than the"group who' tralned at 1.05

rad‘sfl. This_‘may be partially due to differences in'
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initial fitnessvbof theirv subjects at high movement veloci-n"
ties.- Simple calculation‘of’ performance relative to body
weight indicates a difference "of ll% in iniaaal levels at
‘high test speeds which is not apparent at” lower test speeds
.where improvement after tr%ining was relatively equal The
authors nave not _conSidered “this possibility in their
discussioni’ In ’the present study subjects were equatedvon‘
.peak torque by-design‘atv the two training‘ uelOCities and.
' coincidentally -over the remainder of test veiocities as
gfwéii. ~Therefore,b differences in mad%atude of adaptation
should not be due to initial fitness differences.
The increased performance may be partially erpiained by
the obserVed cnanges in_musclevcross¥sectional area.;,THe 5
- 6% increaSe in knee extensor' cross-sectional'area”is
'consistent with other reports of change following five or
six weeks of heavy .resistance training (Young et al. 1983;
Luthi et al. 198¢6). vCoyle'.et al. (1981) ’and 'Costill et
al. (1979) have reported increased cross- sectionai area of
1Type II fibers follow1ng six and seven weeks of trainlng the
'knee, extensors a*t 5,241 and 3.14 rad- s-l~ respectively:
certainIQ, an increase in cross-sectfonal area. of- muscle
! would help to explain the pattern of increased performance
: for the LVR group However, if 'musc1e hypertrophy alone
were responSible ~for the change,” then the pattern should ber

. consistent across all test 'velocities, and this is clearly

not so with the 1}-NR group. ~As well, it would’not explain
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-1 for the CG

{ - . . ’ .
the decreased peak torque at 0.52 rad's
‘considering that - no change in oCross-sectional area was .

evident. 1t would appear that other factors than muscle

cross-sectional . area are involved in the training adapta-

tion.
e

Barany (1967) has reported - strong relationship
between the speed of shorteningvin muscle ‘and the activity
of @yofibrillar ATPase. Belcastro et al. (1981) have
-reported increased actiVities of this enzyme follow1ng 31X

weeks of cycling at either high or low pedalling frequency,
- —

however, they also suggest that there may be a differential
| effect on the myofibrillar ATPase activities of different

fiber types based on recruitment of fibers at different

e

veloc1ties ThlS may be supported b§ Faulkner et al. (1986)
whr reported that even at rela fyely slow velocities fast

muscle ¢ tributes 2.5 times more than slow muscle to total
* /

poweL outpu - They go//on/to report that at velocities of

shortering g1 2ater than/those attainable by slow fibers the

A

oower develop:sd by miied ~muscle is due excluSively to the
action of fas fibers. Certainly the in VlVO veloc1ties

d¥scussed i~ the preSent study are«relatively slow but it
l

would fo. w that in the mixed muscle of the knee extensors

wiae 7 _rerent contribution of the fibers to total power

.e,

' ~Lput may result in differential contractile adaptations*

\ .

Another pOSSlbllltY for differential ?training effects'

with respect to training velocity may be 1n neural adapta-
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,tlon. Electromyographlc studies have a%%empted to monrtor
-ponsxble increases in motor unit actlvatlon followrng
st 2 tralnlng. The integrated“ EMNG has been shown to
increase in strength-trainediindividuals (Komi et al. 1978;
Hakkinen and Komi, 1583). AS [well, thd responses to
supramaximal nerve stimulation_at rest’ and during voluntary=®

i

contractions have been compared and changes in reflex

¥

. potentiation with strength training have been observed (Sale
et al. 19§3a).l‘Cross—sectional studies have indicated that
" reflex potentiatién rmay be enhanced in weiéht-lifters (Sale
et al. 19835) and sprlnters (Upton and Radford, 19755'
‘ Whether this response lS affected by contractlle veloc1ty rs
Ieft to speculatlon however,- 51nce it is well known that
'motor unlts gre composed of flbers of one type (Brooks and

Fahey, 1984) and that mot ;géj

activation is dependent

upon the,.nature'bf ‘the” exerc15e (Burke 1986) lt may follow

)

~ that enhancement of” notor unit recrurtment and/or firing
frequency may bepnedlated by trarnﬁnd velocrty Interest—
1ngly, Appf&l (1984) recentlyl reported 1ncreased prollfera-
tion of motor end-plates 1nxmouse muscle which was myogenlc- )
ally 1nduced End- plate reglons were enlarged in srze after
seve&& days and 1ncreased in number after 14 .days. Thls
phéiomenon may help explaln the 1ncreased performance early
in strength training programs which is often attributed to

neural adaptation. If the end-plateiadaptation isvcaused by

muscular activity, - the pOssible 'effect',of contractile

.
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X ) : ’ : . N~ V . »
velocity on - muscle recruitment may Fguse differential

adaptation.

The ratio between peak torque and muscle cross-section-

al area (Table III-4) "was calculated to show'the relation-"
. e - .
'ship between these two variables. Presumably, if cross-

sectional < =a was the major factor respon31ble for changes

in(peak torque following tralnlng, then this relatlonshlp

e

should remain 'consistent. If other factors were prlmarlly

-

responsible for enhanced performance, then the relatlonshlp

Q

should change Jlna this case,_numerically”increase), The

R th Yexception of significant (p &®

ratio remained constant

< 0.05) increases ‘observed wfor the LVR group at the two

slowest+test velocities. Thls would tend to support the
contention that lowﬂgﬁged tralnlng reduces neural inhibition

e
of tensron developﬁ&ngﬁiespeCLally ‘at slow test velocrtles
[

(Perrlne 1986) vﬂ&ls concept 1s supported by the reported

I N
’1ncreases in EMG aqtlety at slow testmspeeds consequént to
i

' hrgh resrstance ﬁ&alnlng (Komi 1986). ,$hese alterations in

"

3

the torque area_'ratlo presumably reflect‘ a significant

n R - W
s )—. o I - ¢

1nfluence on’ performance from neural adaptation to high

resastance training. On the other ,hhnd % the general

. o, ‘,’ . . ‘.vm
stability of " the ratio would support ex1stence of a strong
o S
relationship between peak ten51on :ana cross- sectronal area

of muscile.’

i .

"Clearly, the nature of - velocrty»specrflc adaptatlon to

[

reertance training is a -complex ;ssue"andtrs very likely
X T 13 x
. r . ,u&‘v.’, W

; e ke

Lol
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mediaﬁed by morphglogical; biochemical, and neufal factors
which may or may not follow similar time courses over short—;
te?m training programs. In this étudy, it Wa; hypoﬁhesized
that subjects with previggs weight-trainf%g experience and
whose involvement witﬁ sports which demand regular'high-
intensity and high-vézécziy‘mggcular ;ontractions might show
minimal neural adaptation. The 1inability . to exélain the
performance changes based on incréased muscle crqssisectionr
al area alone has 1led té speculation that neural adaptation
still remains a very importan&A;raining:édaptatioh.
potential differential effects of neural;'adaptatioﬁ with
respect to contractile velocity cﬁnnot bé Explained by th
‘resuits of this study;

| In summéry, resistance_ﬁ:aining at high-veloecity seems
to be no more effective aﬁ increasing high-velociky peak
torqué than‘does training at low-velocity. The.LVRlproqram
appear§ to have a greater and more uniform effect 6n the in

0, .

vivo torque velocity relationship thén the HVR program. The
résults of this study do not clarify the apparent controvef-
sy bver velocity-specific tréining effect; or transfer of
enhanced function from high-speed training to low-speed
performance (ér vice versa). _The existence of such phenom-
ena remainé an inﬁriguing Hquestion for further study,'
and investigators may.wish to consider a moie mechanistic
‘approach.as well As considering the appropriﬁteness of peak

torgue as a performance . indicator. Within the limitations

N



,;
pof‘curréntl instrumentaﬁion, such;KQariébles as the raﬁé of
peak toréue‘géneratidﬁ o£- sho£t-téfm' ﬁower- output;‘may be
better refle;tions of velocityfspecifyg pérformancé adapta-
.tidns‘in'skelétalbmusclet i
;_ A The fiﬁdiﬁgsléf‘ﬁﬁé present study do have véome ﬁraéti-‘
cal implications beyéhd’the jspecﬁlétioﬁ ﬁhat high—velocityv~
.training..may impfdQé high;vélocity 'athletié pe;fbrmance,
Thé potential for inCreasédv_créséQSecinnal'afea of muscle
-and sOmezinéfeases in - force expressipn_.withvhigh;Qélocity 
fesistance £raining -may Séﬂmoét‘applicable in a réhabilita-
tion sett;ﬁg whefe “the ;high: coméréSsive; forces 6n'join£
surfaCes $nd' high,t;EE%ionalﬂ‘loads on supportinglligémeﬁts
whighfare .aésociéted  with heav&.”resistanée’ traininé are

COntra;ndicatéd.
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. CHAPTER IV
.

The Influence of High- VelocrtX Resistance
Tralnlng on V02 max :

Introduction .

Although many athletes. ,use resistance training to
i . 0T . .

enhance their muscular - sﬁgﬁ g%hg and power it has not

ST S Rt -

. generally been - used to ‘ﬂ%prowpk§Erob1c power. It has been
suggesteo. that the :1nterm1ttent nature of’ resistance
training with heavy'weights low. repetltlons, and frequent
restfperiods does not: encourage an aerobic power training
i efﬁect (Gettman et al., 1978). .Eyrd. and Barton (1973)
reportedvexercise and relief heart rates of ’152 and 119

'beats‘.‘min_l for experienced lifters over an hour of exer-

cise. They suggested that heart rate‘ response of this

‘magnitude may ellc1t a change rn max1mum oxygen consumptlon |

o

(V02 max) in runnlng oEgSWme%pg pr%mrams but not in welght

llftlng programs, because of the short duratlon of the
'program “1mpa1red local blood flowqdurlng heavy lifting, or
assessment methods “which do ,not reflect specificity of
trarning effects. This is:implied in the work of'Hickson et
af: kl980) who reported small increases in the absolute VO,

max after a 10 week program of ?heavy reS1stance training

‘1_ A version, of thlS chapter has been submitted for
- publlcatlon R
Petersen, S.R., 'Miller, G.D., Quinney, H.A., and
Wenger, H.A. J. Orthop. Sport Phys. Ther.

n
k]
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4

which was evident during' cycling exercise, but not on_the
treadmill. | | | |
Circuit training usually involves"many re etitions of
light weights with-_short rest-intervals between exercise
;stationSfLWiimore et'al.'(1978)‘ and Gettman- et al (1982
l980f.have reported enhanced V02 max follow1ng lO 12, and
- .

20 week programs of circuit welght tralnlng, while Allen et

no change in VOQ' max over 12 weeks of

‘al. (1976) reporge
training. ’ | -
It seems llkely that the nature of the .c1rcu1t and the
‘?oholce of re51stance apparatus would lnfluence the exerc15e
intensity'and-therefore the effeot_on:aeroblc‘powerr Recent
developments in ;resistanoer trainlng equipment provide
vaocommodating resistance’from variable hydraulic ¢ylinders
which allow safe, high-velocity'moyements. Byidemanding an
”all-out” effort during e;ercise'interyals, and Fbyfshorten-..
ing:the relief lntervals between‘stations,‘a relatively high
exercise intensity may he achieved. o
Improyements in Vozlmax have been shown to 'ocour‘in'IO”‘f
to 20 days of training' (Hickson et al. 1981;JSmithdandlf
Wenger,'1980).v. Therefore, the main purpose of thls study
was to determlne 1f a hlgh velocity re51stanée‘c1rcult could
enhance aerobic power over 5 weeks. .- Slnce thls mode of,

training may "~ be most appropriate for athletes who may'

‘ipalready be well tralned the second purpose of the study was

to determlne whether - initial aerobic poweruwould have an

o



o e
" influence on adaptation ffomdfa relatively btief}'high-’d
-intensity train}ng program. | |
o o ,;» e
Methods S
Twenty-three modefately; to well;trained ’coliege-age
males signed informed consent and were faSsigned’toA a'high-
Qelocity resistanCe traioing groups (TG) or to-a cootrol
: oroup‘(CG). The groups(were~equated on initial absolute QQZ

hax hoWever in'order‘to investigate the effects of initial'.

fltness, subjects were;;‘7{ ted for the TG to prov1de two

sub-groups of 51gn1f1c g%ly dlfferent V02 max relatlve to

body weight.

i

' Maximal oxygen consumption-(VOZ max) was' assessed on a

' _ ‘ \ _ . | o
motorAdriven.‘treadmill (Quinton 24-72)., Subjects ran for

one mlnute on a level treadmill at each of 3 l 3.6, 4, and

-1 and then the grade was 1ncreased“by 2% each mlnute

K

untll VOy max was observed or until volltlonal exhaustlon

‘4.4 m s

“Explred 'gases were collected and analyzed each_BQs_for'
| volume, and-Ozband:Cd2 cohcentrationtw1th a ‘Beckman MetaEOl-
ic MeasurementjCart (Wiimore‘et al. 1976),’calibrated:before
.and afterf each test. :” The VOz"max' was conflrmed by a’
. levelling or decrease in V02 w1th 1ncreas1ng exerc1se loads
and/or a resplratory exchange ratio 1n excess of 1.15.: The
peak V02 value obtalned durlng the. exercmse was recorded aSy
V02 max: During the exercgse ~test," heart rates were

- recorded each minute from an eiectrocardiogn?ph.'

Ve
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'_Tne .hioh-veIOCitff resistance '(HVR) training“prograﬁ:
consisted:of four seSsions weekly over a flve' week . perlod
'The flrst 15 sessrons consrsted of two c1rcu1ts and the last
i s1x;,sess;onsn,of‘ tnree: c1rcu1ts on variable res;stance,
equionent,(Hydra-Fitness' Industries Ltd.). - Tne‘prooram wasdf
desioned:;to €chieve 1:3 work-relief ratio.‘duringf,each‘
circdit.'réach; oirchitdconsisted of two 20 second sets of
maximal exercise3fat .six stations whicn emphasized the

followrng movement patterns knee flexion and extension;

.'o

hlp flex1on .and exten51on,‘ elbow- flexron and extensxon,
O .

’ shoulder flex1on and extens1on, and ankle plantar flexion.
g Clrcuits were separated‘ bY, four minutes of actlve

| (Walklng)_recovery.\\éubjects ‘worked in  pairs and verbal
enoouragément was provided to ensure maximal effort and high

quality contractions atialid times.WASnbjeots .were required
toﬂtompletef at least 20 repeﬁitions;eaoh 20 Second‘exercise
period. This ‘approximated. angular limb velocities of
between = 3.0 and‘_3.5 ‘rad's”h. When subjects exceeded 24
.rebetitions 'ine 20.rseoonds;tfthe' reSLStance .setting‘ was
_tincreasedi- Each» :trainin93 session' was monltored by a
supervisor‘who adjdsted yand?‘reo .ded reslggance sett;ngs,n
numberS' of. contractlons, ‘and preﬁigely timed the exerc1se

and rest 1ntervals
Heart rates were. monitored’ by cardio-tachometers
_ by Con A

LExersentry)“during_‘the last training session of eacn'week‘ﬁ§

.and were réCorded at. the end of each interval (24'times)"



_§§‘
;.dufiﬁg 'éach- circuit éﬁéﬁfféflect exercise intensity and -

fecove?y leveis; e . v
d Venous blood samplesvwere dréwé‘frbm tnexioféé:m'prior
to beginning exerCié;Tbn‘the‘las; day,qf t:aining} Exactly
'five minutes fbllpy}né the third circﬁit, a'secoﬁd sample
was drawn from,tﬂe bopposite arm. ° These wéré_ahéiyzed‘fér

lactate concentration (Sigma Chemical Company 1981).

¢ Control . group subjects were kpermitted up’ tb three
4\" » B . . c - . . " . . -_ ‘ . - . . . N
- sessions -weekly .~ of low-intensity” aerobic exercise to
facilitate maintenance of.ihiﬁial VO2 max. Some CG subjects

B SN . . . . - ’
engaged in- heavy resistance ' exercise up to three. times per
RN v S A - . _
week, but were restricted from any resistance exercise
involving either high-velocity contractions or high numbers

4

of repetitions.

Data were analeed with a two?way repeated measures

‘analysis of variance (Winer,  1972). As warranted, means-

- comparisons were performed with two-tailed independent of -

&

pﬁired t-tests.
Results . ‘ i
No significant differences were evident between TG and.
CG subjects prior to the training -program in age (TG mean
+/= SE = 19.4 +/- 2.5, CG mean +/- SE = 21.6 +/- 1.2),
- height (TG mean +/- SE = 179.3 +/- i;S;'CG ‘mean +/- SE =

%

179.4 +/-.2.1), weight, or VO, max (Table IV-1).



The VOZ'-‘maxk for TG. subyects@@z

iby 9% ‘after "~ the training progrmﬁ”@ ; no change was
observed for the controls. No cnange in body weight or
,maximum heart.rate;was observedyfor either group over the -
five weeks (Table IV-1). - L
. When TG subjects were blocked on initial relative Vo,
. max into High Aerobic fower (HAP) and 'Low-.Aerobic Power -
_(LAP)igroups; no differences in the"magnitUde of training
effectS'were observed.' The Voz_max for the HA? group was
significantly‘vgreater (p < 0. 001) than for the LAP group
when expressed either in absolute or relative.fasnion. The'
2-way"- repeated measures ANOVA indicated no significant
interaction term betweenvgrodps. Both gronps increased the
V05 max significantly (p < 0.01) over training (Table IV-2).
Mean (+/- SE) ,venous lactate concentrations from\
samples'drawn prior;to and- following an . exercise session

were 1.2 -(+/- .0.1) mmol*i™l. and 10.2 (+/- 0.1) mmol-1"}

vrespectively" ’

Heart rate responses recorded at the end of each. of the
12. exerCise and 312‘ relief intervals of each circuit are
displayed in Figure l to indicate average exercise intensity
and the degree of'recovery within each circuit.e To reflect .
exercise intensity during the entire exercise session, all

~heart rates were pooled and this value is also displayed in

Figure 1 as "average" heart rate. -
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‘Table IV-1

Characteristics of Training (TG) and Control (CG) Subjects
Before and After the. Training Program '

16 ce
— ‘g (n=12) (n=11)
Variable Pre Post Pre  Post
Weight 72.0 - 72.0 76.8  76.3
(kg) ,ég L (230 c(2.3) (2,00 (1.9)
V0, max 4.06% _  4.43° 3.96  4.00
(1*min- (0.11)  (0.12) (0.11)  (0.10)
max, @ | 56.5°  61.5° 51.7  52.4
f | (1.3) (1.3) (0.9) ~ (0.8)
ER max 197 197 197 198 P
(beats ‘min

(2) (2): . (2) (1)

Values are Mean +/- (S.E.)

Palred letters 1nd1cate significant (p < O 001) dlfferences
after training.
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Table IV-2

A

Characteristics of the High Aerobic Poweér (HAP) and
Low Aerobic Power (LAP) Groups Before and After
‘ the Tralnlng Program

K}

) p :
HAP . LAP
_ , (n=6) 7 (n=6)
Variable . Pre Post ~ Pre.. - Post
weight . 71.6 71.9 72.3 72.0
(kg) . - (1.8) (1.8) (2.3) (2.1)
T ) - ‘ . —
voz max, 4.50%¢  4.8s¢ 3.728¢  4.13
(1 min "~ ) : (0.09) (0.13) = (0.08) (0.10
% max, ) 60.6°%  65.29 | 52.4Pf 59 4f
-) (0.9) (1.1) - (0.4) (0:5)
HR max oy 194 196 - 201, 198
(beats'min ~) Lo 3 (3) (3) (3)

ValuéS‘are Mean +/- (S.E.)

Paired letters indicate significant (p < 0 05)° dlfferences

‘in group means betweet groups before training and within
" groups after training.

A}
]
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Discussion

S The V02 max increased (p < 0. OOl) for training sub]ects

from 4.12 to 4.51 1°min -1

/
"program of HVR exercise. Aerobic power did not change

, or by 9% over the five week

significantly for cohtrol subjects. The small (1%) incrgise
reported in Table IV-1 is well within the range of biologi--

cal variability for Voz‘max (Katch et al. Gettman et

1. (1982) reported a 12% increase»iﬂf llowing 12

weeks of circﬁit‘weight training with 'ﬁnt;ained.
subjeccs (initiai Vof“tmax‘ = .2.22 PEevious
‘ investigataons (Gettmap et al. 1978, 1979, 1980; :Wilmore et
‘al. l978)ﬁ§sve reported an average increase in VO, maxaof
®about 5% following circuit weight training programs of op’to
20 wee%s ‘duracion. These studies represent ths bulk of
previous work in this érea, and while direct comparisons are
not possible, tﬁey'are mentioned to indicate the signifif
cance of the results of the present study using young,
previously well¥c;ained'.subjects over a comparatively brief
‘training period. | |
No changes in weight wére"nofed over the five week
training period: This result 1is not “surprising as the

subject pool was comprised of young, varsity athletes_who

were at oOr near optimal body weights at the commencement of

the study.

‘ m
K

hal)

Maximum heart rate values--—-obtained during .the aerobic

power assessments did not change for either group (Table
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Iv-1). This”reSUlt is reported to confirm the integrity of

.the initial’_Voz max'-reSults, and that the reported changes ,‘

were not due toi'test familiarization.

'Averagetheartg}rates (Karwonen et fal:;lgﬁjldrecorded

during'the 20 Second exercrse 1ntervals represented 83% of

~the maximum hear* rate observed durlng the treadmlll tests.

vAt some exerc1se statlons, heart rates often aﬁproached 100%‘

’

'of the maxrmumfvalues. Mean 'rellefl;gnterval heart rates -

S : F A
were calculated to be' 55% of maximum ¢

-1nterval heart rates were pooled to Jlndlcate mean exerc1se

!

' 1ntensrty over the entire training sessron and representedQ

uf)

12% of maximum heart rate sustalned over approxrmately 405?»

0_‘
(uminutes.

lhe venous lactate concentratlons after three crrcults

¢

of HVR exert1se were between the ual s suggested by Astrand

gand Rdﬁahl (19%7) and Brooks and Fahey (1984) as: belng

N "~ V
~“1nd1cat1ve of exerc1se at. V02 max In conjunctlon wrth the
' heart rate:data, the lactate values suggest an exercrse load
0 H

: approachlng V02 max._ ', = : t.v‘. g'f _ ;’j’fw - |

‘Exercise and relief”

. V;gA subsequent pro;ect de51gned to 1nvest1gate adute f

: metabollc and heart rate responses to\the same exerc1se{l

N A
01rcu1t used 1n the present study repllcated the heart rate

',._a o )

vreeionses deserlbed above,aand oxygen consumptlons of up to-

Yy

f83% ofﬁ% '? max were obsertfd at zsome ‘exerc1se statlons'

“lPetersen et al. 1984).

similar heart- rate responses, - but lower Vozrvalués'during
i .fﬂl * 4. \-". . ’ T .

“Katch _etp‘all (1985) - reported.

%

Y

‘@



A Y
_exerciSe on ‘some 'ef.vthe same apparatus using different
’exerc1se and rellef 1ntervals It is vlikely that cireula-
tory occlusion during the _ resistance exercises would

. contribute to the elevation ‘of heart- rate (MacDougall et

¢

" al. 1985). = The metabolic intensity is probably dependent
upon‘the interaction between the durationu_of exercise and
relief intervals " as well. as‘the”motivation of the subjects

to-provide an "all-cut" effort at each station.
[ ’ : ’

. The effect of initial aerobic fitnees enltraining the

902 max. has been recently rev1ewed (Wenger‘and Bell 1986)

o

Generally,'lt may be expected that ;ndrviduals ~with high
tlnltlal ~aerob1c5 power - have less pcten al for adaptation
than' théSe'“Witn'-ieQer' initial fltness, aprdvided ether
_factors‘such:xas‘mode;' intensity, frequency and duratlon ofi
eXercrs%Vare,equated. In the present study, thls prrncrple

was not Observeduas the ngh and.Low Aeroblﬁ Power groups~

;Ldemonstrated equal cnange in V02 max over the training.

eprogram - I .o “',.t L !
- . - &t . T ’ ’ L

,~:In summary, . che S-week program/ of . hlgh veloc1ty-_

"nesistince training enhanced the V02 max “in a’ group oﬂ

‘ prev10usly well tralned subjects, and in. thlS study, inltlal

'

'aeroblc fltness did not appear to 1n§luence adaptatlon frpmu

.' ) N . X .. . - * 4.
Atralnlng<- B T B -

. . A A .
\ .
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CHAPTER V . o e

The Effects of Velocity-Specific Circuit Resistance
Training on Maximal Aerobic Power,
Maximal Cardiac Output, and Recovery

Introduction

The effects of circuit resistance training on muscular

strength, power, and endurance, as well as aerobic power

Have been relatively well documented (Gettman et al. 1979, -

1980, 1982; -Wilmore et al. 1978; Petersen et al. 1983,

1984a; Haennel et al.11985). Therefore, in'considerationuof

the K potential for simultaneous enhancement &of several

v

fltness components, programs of circuit re51stance tralnlng

ot

' may "be- approprlate for certain 'athletes. g However, the

.Xf-

majorlty of prev1ous research has utilized poors of rela-

,tlvely .untralned subjects and, thus, " the potentlal for

“not been’welljestablrshed. E ?

'

.,\

Recent investigations of acute Wresponses to hydraulic
resistance 'exercise'4XKatCh ‘et7fal.'l985;“Pétersen et al.’
1984bfa have reported that a relatively high~ exercise

1ntensrty, as ref;ected by heart rate, oxygen consumptlon, L

'Q‘[

-.ahd venous lactate goncentratlon,ﬂ may_be ;achaeyed@”@Ihere;

B l.>

& 7 " N S

1. a ver51oq af . thrs chaptér has been’submifted for’

9. publlcatlon '
Petersen,;7SLR;,$ Haennel, - R.G., Reid, D.C.
‘Belcastro, A.N., <Ka pagoda, D.T., Wenger, ‘H.A:
aQuingey, H.A,.‘Can : Sport ‘Sci.

; enhancement‘of aeroblc fltneSS 1n well tralned subjects has.'

R
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. stroke volume in

“ L3

conseQued@§§ maxxmﬁl cardlac output obtalned from re51stance,

; D

N

-
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<

fore, a hydraulic'resistance exercise circuit with relative-

ly brief rest perlods may provide sufficient stimulusﬁfor-

changlng aeroblc power ‘in an. athletlc subject pool.

Haennel et 51; tl983)-have reported 1ncreased max1mal

'5ously sedentary males after hydraullc

et al. (1982) have'speoulated

roxe

eircuit training‘

that such adaptatllu y' ‘occur based on their @bservations
" _ a @

of' alteratlonS< rn oxygen pulse after c1rcu1t tr

1n1ng

. ey ,
Kanakls ‘and 'chkson OIHSSO)’ have éfported lmprr{:

€
ventrlcular performance after 10 weeks of heavy resiMtancs
tralnlng; Storne’ et" al W(l983) have agﬁo suggested that

B
posrtlve cardlovascular system adapta%&on may occur with"

heavy re51stance -traanlngu »MacDougall &%d Sale (1981) have

suggested that enhancement of the oxygen transport system 1s

(PR

readlly t?ansferable ~from one"form of phy51cal act1v1ty to‘fa'

R

another @herefore,qanm 1mprovement ‘in stroke volume and.

@

- tralnang mMay assist in. performance.of ‘other sports actlvr- A

ties. . e "

. ) . N . ) _ N

- Theiimportance of a hlghly developed aeroblc system In

enhancrng recovery from heavy exerc1se has- been suggested

(Brooks and Faheynl984 Wenger 1981) Presumably, 1mproved_

’ F'aeroblc power and c1rculatory functlon would fac1lltate more -

rapld removal and~utlllzatlon of lactateJ_thus speedlng,the

recovery- process} Roberts et al. (1982) have . reported

.

signiflcant increases in key, glycolytic pathway,ehzymes

R
)
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‘following hrgh-intensity rnterval *training. Sharp et al.
d’(l986) have reported increased skeletal ‘muscle huffer
capac1ty w1th sprlnt tralnlng These findings are supported»
by the comparlson of buffer capac1ty betWeen trained ande
untrained subjects reported"bf' Sahlzn-vand Hénriksson
(;984).' Thus, high-intensity power training may affect

\pganaerobic power output and recovery from resultant high

Vi
3

h iactate concentrations in several ways.
. o ©
The purpose of the‘present stUdy was to investigate»the

effects of six. weeks of velocity-speoific (either highfor
- .. T . : } 4 . . . . . .

. - . ? , ) R ) i L . ' ) ) .
low) circuit resistance training. on the maximal aerobic
. ’ A

T o
power, maximal stroke 'volume and cardiac output, and
. ! - N . EAN .
recovery from heavy exercise -in. a bool ofvpreviously well-

trained individuals. .

. o | T .
: o S

'~Methods e

ro A,

ﬁﬁTwenty four apparently healthy and habltually actlve‘”

-

males prov1ded 1nformed consent to partlc1pate 'in' the.

study. All Subjects were affiliated W1th either University :
fi~fbotball ”or row1ng programs‘.although the study cornc1ded
-'A_w;th the off season for both sports AlI subjects had

-gpprev1ous experrence with'résistance tralnlng

we AN

Maxrmal__aeroblc power WaS'assessed during a progres-'

L}
‘sive, continuous _exercise test on a modlfled Monark cycle

'~..ergometer - Pedalllng fr@ﬁuency was, malntalned at aRpProxi-

‘ mately 60 rpm w1th a metronome, and actua} frequency was;.

-



counted electronically ”-_ The” flywheel resistance .was

1ncreased each mlnute to 1ncrease power output by elther 60

watts (W) early iinv the test or; 30 W durlng the later

'stages; Explred gases were collected and analyzed for
_volume,‘and dé and CO2. concentratlon each 30 seconds with a
'Beckman Metabollc Measurementx Cart (MMC). The MMC was
'thoroughly callbrated : accordrng .tO‘ the- manufacturer‘s
recommendatlons prlor to each testlng session, and'calibra;‘
:—tlon of the gas nalyzers was performed before and aftera'

‘eachutest with gases of-known_‘concentratlon. The‘ V02 max

- was ConfiImEd by a levelling. or decrease in V02 with .

“

1ncrea51ng exercise loads .and/or -a re%%irgkory exchange

ratio in excess of 1. 15 The peak V02 value observed durlng
the exerclse.'was recorded S voz‘ max,ﬁ ,Heart'.rate_was
monitored 'contlnuously w1th a_ca’ibrated,Cardfotachometerg

and was recorded each mlntte

Immedlately:followrng the.exercise'.test'VSubjects were

va551sted to “an adjacent chalf where they sat quletly for lS__"

mlnutes._ At exactly f;ve mlnutes and 15 mlnutes post—lgf

C exercise .a small sample of venous blood was drawn from thefl;
| forearm One half ml of fresh blood was 1mmedrately .added
'to 2, ml chllled perchlorlc ac1d _ Followlng centrlfugatlon:f
thé clear supernatant was frozen for. subsequent‘analysis of

lactic acid“concentrationﬁ (Sagma Chemlcal Company, 1981)

All lactate, assays were completed in trlpllcate
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On a separate day, maximal-strbke volume was asséssed

n

‘using impedancev .cardiography (Sdrobm Inc Model 304)

Sub;ects exercrsed on an electrlcally braked cycle ergometer;
at an injtial power output of 30 W. . At’thre%ﬁminutel
1ntervals the load was adjusted in 20 W increments uéékto a
termlnal load of 190 W. ThlS represented 60% of the ag%rage ;

load whlch e11c1ted V02 max for all three 'groups - Record- -

ings of heart sounds, heart rate, .and impedance waveforms 4

..v

were obtained immediately following each exercrse load “‘«
These data were collected durlng breath holdlng 1n order Qﬁ%}
mlnlmlze waveform dlstortlon.r Mean values obtained fr-
five"cardiac cycles were .used to calculate stroke volume
‘accordlng to the method ----- descrlbed by Teo et al. (1985).
Max1mal cardlac _output wasA calcﬂlated as the product of

‘he maxrmal stroke volume and the maxlmal heart rate observed'7

t
-1

N durlng the VOZ max test. * : o :'4"
,‘\}-Thej re51stance tralnlng program: ¢cohsisted of 21

exercise sessions over 42 days Subject} completed two'

-~ .
1rcu1ts of 10 varrable resrstance exercrse statrons (Hydra-.

.o

Fltness ‘Industrres Ltd ) for the flrst two weeks,n‘and'“

’

: v
thereafter completed three 01rcu1ts each exerc1se‘session: e

e A\ . "A

At each statlon, subjects completed two 20 second sets of
maxrmal,effort .separated by'20 seconds of relieff A minute
of rest was‘permitted‘between statlons and four minutes was
allowed between c1rcu1ts Within each cirecyit the.exercise:

relief ratlo was 18 2 The order of exercise stations was
p - .



alternately wherever_.possible; 3The exercises includedgtﬁe-

82
; . , .,_‘,:'“.‘A -
arranged to exercise upper’ ‘and lower body muséulature

B

folloWing movements ~'unilateral (seated) elbow'extension

...¢

and flexion; bilateral (seated) shoulder horizontal abduc-

tion and adduction;vunilateral (supine) shoulder,horizontal-

| abduction and "adduction; bilateral (suoine) 's;ouldef'f

w

extension and flex10n, unilateral (seated) knee extension

and flex1on, bilateral (seated). hip and; knee extension;

bilateral (inclined) hip .@nd knee 'extension;ﬁunilateral

(reclined) :hip..abduction and'Iadduction} and . unilateral

(supine) hip extension and flexion. Angular Velocities of.

mobement were maintained at.. approxlmately 1.1 (LVR) or 3.1

3

1

'(HVR)_rad”sf . - The hydraulic‘cylinders3provrded accommodae*

ting* resistance”-but not .in a’ true isokinetiq fashion..

Howe%er knowledge of range,‘of motion at each station

e

B permlts computatlon of the average angular veloc1ty based on

'the number of repetltlons performed 1n a flxed tlme period

;,: 4

Subjects must be con51stently motlvated to work at max1mal

;;nten51ty through,the ﬁul& range of*motlon. The adjustments

con the hydraullc cyllnders permlt qulte accurate control of

o Lo

':velocrty”,asi.subjects .functlonal°-capac1ty Increases w1th

training.a Hth exerc1se SeSSlon was monltored by a superv1-

“j sor . who adjusted reSLStance settlngs »as’ necessary, and

precisely timed,the exercise and»relief intervals;‘

: Heart rates were monltored during an exercxse sessron h

by cardlo -tachometers (Exersentry) Heart rate responses to
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each exercise and relief ibterval each circuit wereifcorded'
(120 times) to reflect exercise and recovery levels. On the
same day venous blood- samples were drawn from the forearm
before.exercise ~and at exactly five minutes following the
;third circuit. These were enalyzed for. lacrate concentra-
sion according to the procedure described earlier.

Control subjecﬁs were permltted up to three low- 1nten-
sity aerobic exercise sessions per week apd one heavy
resistance session per;dweek in order to maintain initiel
kfitness levels.  They were restricted from any systematic
applioatioh of .high?intensiﬁy‘ exercise,vstimulus over the
five week period.

Daiauwere analyzed with 2-way analysis of varienceifor

repeated -measures .(Winer 1972). as’ warrented, post-hoc

.. _means- comparisons within'groups were performed using two-

T .%ailedvpaired .t-tests. 1In each cas® the significance level

oy . \‘

. N
- %-
. * '
.

i 'uChargcterlstlcs of the 'three stddy 'groups priorfto

157 elther tralnlng or control perlods ‘are displayed in Table V-

) f

"’%Igwm No swgnlficant dlfferences were observed between group
| meénsﬁonf ény’varlable.' Body welght dld not change 51gn1f1-

cgntly for any group over the study perlod This was_not
‘ surprising- as. ali-subjects were habltually actlve prior to

the study and were probabiy close to an optlmal body welght
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Aerobic power% characteristics of the three"groups
before and‘ after the study are displayed in Table V-2.
Maximal aerobic power (VO, max) was significantly (p < 0.0l)

increased for the HVR group when expressed in either,

absolute or relative fashgln " No changes in either absolute

97

)
or relative VO, max wereﬂevident for either of the other
groups. Max1mal heart ratdfdid not. change for any group

L.
over the study. ~ ) »*@

Changes in.venous lactate concentration during recovery-:
~from the aerobic power assessments are reportedwgn * Table V-~
7 3.. Lactate removal fﬁbm the blood,:as indic@ted»by the
nunerical difference between conceritrations at fiue. and 15
minutes. post-exercise was increased {p < 0. OOS) for both
training groups but not for the control group # ‘

Maximal stroke volume as measured by impedance cardio-
graphy increased (p < 0.05) for both training groups, but‘

o

not for the’ control group. . Makimal cardiac output was
- predicted by multiplication of the maximal stroke volume by
the max1mal heart rate which was observed during the aerobic
power test. Since maximal heart rate did not change over
the study (Table V-2), the changes in maximal cardiac output
bore the same significance as the alteration in maximal
stroke volume. The increased stroke volumes of the trdining

grQups were -complemented by a reduction (p < 0.05) in heart

rate response to a fixed sub-maximal exercise load of 190 W
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on’ the cycle ergometer. Again, no changes were observed for
control subjects.

, @ ) - E R . .

Average exercise and reliefﬁhea:t rate responses to the

HVR and LVR exercise circuits weﬁéJCalculated by pooling all
the exercise and relief heart rates recorded. during three

circuits. ‘These means are reported for both groups in Table

e

V.—S. ) ; "_; ) ,-.v v ; )
-Lactate concentrations from venous blood drawn before

~and at five minutes following three circuits of either HVR
S PSR © i e EY . :
‘or LVR exercise are reported in Table V-3,

[y
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86

Characteristics of the High (HVR) and Low (LVR) Veloc1ty

Tralnlng é}oups and the Control (CG) Group

LX)

. o Prior to Training
.
* &
variable . . HVR .- LVR CG
: (n=8 ¥ (n=8) (n=8) .
21.6 23.3 21.1
(0.7) (0.6) (0.6)
184.0 177.9 182.9
(2.3) (2.4) (1.9)
82.3 79.6 82.5
(3.5) (3.1) (2.8)
. 4.32 4.25 4.32
(0.18) 0.13) (0.20)




v o . . Table v-2 . '

Aeroblc Power Characﬂerlstlcs of the High (ggR) ané
Low (LVR) !talnlng and Control Groups (

e . HVR -+ LVR . CcG o
(n=8) {n=8) (n=8)
Variable Pre Post Pre Post Pre Post
vo2 max, .  4.32% 4.68%  4.26  4.36  4.32. 4.27
(1¥min 1) (0.18) (0.24) (0.13) (0.12) (0.20) (0.19)
max, 52.6° 56.7°  53.7  S4:6 - 52.4 51.4
f kgl S (1.0) (1.4)  (1.5) (1.8) . «{1.9) (1.7
S . ‘min *) ¢ :
Heart rate 193 192 194 193 194 193
max (bpm) (1) (1) (2) (1) (3) (3) .
LY A

'/. Values are Means +/- (S.E.)

Paired letters indicate significant (p < 0.01) differences
within groups after training

.



Changes in Venous Lactate Concentration During Recovery
fro//Exh!ustlng Cycle Ergometer Exercjse for - )
(HVR) and Low (LVR) Velocit$¢ Training and
Control Groups (CG)

High

\

*
)

Table V-3

{

¢« -
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HVR

LVR

6

-——

(n=8) (n=8) (n=8)

Variable Pre  Post Pre Post Pre  Post

5min . 15.5  17.4  14.7 15.8  14.1 14.2

(mmol-1"7)  (1.1) -(1.2) (0.8) (0.9) (0.9) (0.6)

1S min _, 12,8 12,7 13.1 11.7  11.8 11.8

(mmol-17)  (1.2) (1.0)  (0.6) (0.7) ~ (0.8) (0.7)

” s

Change _, * 2.7% 4,78 1.6b 4P 2.3 2.4
“(mmol-177)  (0.9) 40.7)  (0.5) (0.8) (0.7) (0.9)
Values are Means +/~- (S.E.)

Paired letters indicate significant (p < 0 005) differences

w1thln groups after tralnlng

}
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(' Table V-4 .

Maximal Strokxe Volume, Maximal Cardiac Oufpdt, and
* Submaximal Heart Rate Responses of High (HVR) and’
Low '(LVR) Velocity Training and Control (CGJ Groups

T

. o » |
4. . ' .
HVR LVR . G -
« . (n=8) .- (n=8) (n=8)
Variable‘ Pre’ Post Pre Post - Pre Post
Stroke 1208 1208 1154 126@ 121 118
Volume (ml) (6) (5) (6) -~ (6) {5) (6)
cardiac 23.11P 24.65P 22.27@ 24.32© 23.41 '22.61 -
dutpu:_l (1.03) ¢0.89) .(1.11) (1.20) (0.95) (1.03) °
(l°'min ™) ' ) .

Heart Rate -153¢ 146¢  159f |, 148T 155 138
at 190 T (&) - (7) (4) (&) (1) (&)
watts . , ' .

. (beats'min™")

. \
Values are Means +/- (S.E.)_

Paired letters indicate significant (p < 0.05) differenceés
within groups.after training

P‘A



Table'V-S

)

_Acuté ‘Resporis@s to High (HVR) and Low, (LVR) Velocity

Circuit Resistance Exercise

90

HVR

_ LVR,
Variable (n=8) (n=8)
: . » . -
Heart Rate - S >
" Exelcise . ’\ 166 145
(beats min *) - (2) (2)
. t-\ .
Relief -1 142 . 118 .
(beats min- *) (4) (4) A
Venous Lactate
Pre-exercise 7 1.3 1.4
(mmol-1 ™) -~ (0.1) (0.2)
v 2 .
Post-enggise 18.3 10.6
. (wol-1l ) (1.2) - (1.2)

~

Values are Mean +/-

(S.E.)

\
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Discyssion - ) -

%.The ind¢reased VOZ max for the HVR group is consistent

i withﬁoar previous findings (Chapter IV) regarding change in

.

aerobic power following circuit resistance training. Since

body weight did not change over the training period, the

’

improvement represents an 8% increase when expressed in

either absolute or relative terms. Maximal heétt rate did

not change for any‘group aver the study period.‘ This result’

indicates that the increased aerobic power for the HVR group

was not due to test familiarization.

The maximal aerobic power did not change for either the

’
LVR droup or the controls. These test results are‘;ell

within the reported range for biological variability in

.maximal aerobic power (Katch et al. 1982). " The stable VO,

max for the LVR may be inté{pretéd as a positive result

3 . . since that program was essentially -high-resistance train-

ing“ﬁith no' suppleméntary aerobic exércise permitteq; It
appears tnat per%grming heavy resistance ®xercise in circuif:-
fashion with limited rest periods facilitates maintenange of
initial ae;oglc power.

Blood l;ctate concentration during and following
exercise 1s often use; to indirectly indicate lactate
concentration in the active muscle (Qollnick et ;l. 1986).

. )
At best this is a rough approximation of the effect that a

particular exercise bout may have on muscle. The rate of

lactate removal from the bIvod may be used as an indicator



s

-

- Y

. ©f recovery from exerfise. iIn heavy exercise, the turnover

rate of ladtate is jdééfeéﬁed,i Ih;s is, the rate of entty
into the blood exceeds the'fate ‘of réhéball , Dur{qg recov- -’
ery, this  relationship is reversed and mﬁy be influenced'by
the Eype of Ac;ivity performed during recovery (Hermansen
and Stensvold 1972; -Belcastro and Bomen 1975). Venous
lactate concentragion is reported to pegk at approximately

five min;tes folloding exhausting exercise (Gollnick et

al. 1%86) and the rate of removal remains relatively
constant over about the next 20 minutes of recovery (Kar}s-
son and Saltin 1931;7Fox and Mathews 1981). In the pre#ent
study, the difference in blood lactate concentration at Jfive
and 15 miQutes into recovery follpwing exhausting exergise
st used to indicate the rate of lactate removal. These
data are reported in Table V-3. The change. in lactate
concerntration .in %3§ous‘ blood was increased (p < 0.005)
folloying ‘training fSr both HVR and LVR groups. fhe
concentratiﬁn at five minuieg was elevated (though not
siqn;ficantly) for both groups féﬁlowing training. ‘However{
this sf@uld not encourage speculat;on oa peak venous_ lactate .
changes with training, since the single sample method
employed here does not ensure a "peak" value.

Post exercise .venous lactate concentration and removal

rate are influenced by a number of factors including: a)

oxidation within the muscle where the lactate was formed; b)
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tlssues for oxidation or resynthesi‘s to‘

/
cwmbmatlon of trp. above ’ (Gollm.ck et

'?. all of these factors could’ be

L LT
G

s " ‘ ﬁﬁxouic high productidn of lactate which 'would

.h,ﬁ mocuted with sprint - training (Roberts et

'~ ‘?A"mq o oarl

iqﬁ Mﬂﬁts been observed in this study (Table
f&; #rg{iﬁ,us investlgatlon of HVR exercise (Chapter

. i_\“

Iv.,ﬁ??t;ei'seﬁ ;ét'al. 1984Db). More effective efflux of
‘0

3; lactate ix musc e could be associated‘ with increased
. \ A

“Ir

?" caplllantyr &creqsed diffusion distances between fiber
) -and caéé'l{;#yrfr&en&iim (Saltm and Rowell 1980). Alter-
natelyg qhes ata may reflect a trend towards mcreased
\Maté Mty&?ﬁlor’\ Roberts . et'\'al. (1982) have repor_ted
&d@%ﬁ%ﬂ&lﬂes of key glycolytlc enzymes, following
Ant‘ tr“aiﬁ;ng ’%?ésent results do not permlt conclusions

to be drawn ;egarding the nature of lactate production
and/or turnover responses, however it seems clea.r that

removal rate has ,bee‘l'pﬁgively influenced by both training

regimes. [

Table V-4 sumarize?'k th‘e effect§ of triin‘ing on the
central circulation. Both HVR and LVR groups increased (p <
0.05) mag(imal stroke volume" with training. The prediction
of maximal cardi;c‘ output was increased by the“_s&me pro%r-

tion since maximal heart rate did not change. The increases
. . A

in stroke volume were complemented by a decreased (p < 0.05) ¢
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exercise load of 190 W. Calculation of cardiac output for
this exercise load based on heart ratefand maximajgstroke

-

volume indicated that ' no change occhrred, and this;wduld
keA; to substantiate the integrity of - the reported alter%;
tions' 16 Jtroke vsldme. These. changes may be due to a
vafiety of factor;. Cross-sectional studies have reported
different ..left-ventricle characteristics’ between strength
trained Aha endurance trained athletes (ﬁbrgan}oth et al.
1975; 'Roeske_ et al. 1976). In brief, endurance training
appears to  }hcrease ventricular ;olume while strength
training appears to increase vgntricular wall thickness.
Several studies have . reported. enhanced left ventricular
function followingy short-term endurance training (DeMaria et
al. 1978; Ehansi et al. 1978; Perrault et al. 1982), while
Kanakis and. Hickson (1980) have reported incrgased left
ventricular wall thickness with' short-term strenélh train-
ing. These authors noted that left ventéiculaF performance
may be altered without ©change in left ventricular volume.
As well, enhanceg contractility followirg swim training of
the rat has been associated with biochefical ;aaptation of
the myocardium (Sch;uef et al._l§74;“ Bahn and Scheuer
1975). Therefore, contractility may be altered by bqth
qualitative and quantitative characteristics of the myocar-
dium,

The reduced heart rate response to submaximal exercise
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Alternately, the iﬁprovg? stroke voluhe may be the result of
the de;reaéed heart rate which permits Qreeter diastolic,
filling and activation of the Frgpk-Starlinq-agchanism: The

-

role of skeletal muscle and "cardiopulmonary afferedﬁs in
[

— «

regulation of the cafdiovasculir response to exercise has
rece?tly been reviewed (Stone et al. 1985). These receptors
may,bevsen§itive to muscle stretch, contraction, or biochem-,
ical Q}sruption yhich occurs during exercise. Cnfonic
stimulaiion of theseJiecepE%rs over training may influence
their modulation role in the cardiovascular response to
éxercise. Such an adapration coulg be manifest in either
increased vagal or decreased sympathetic. tone which Qould
tend to reduce the heart rate. Since stroke volume and

heart rate were assessed ,in a mode not specific to the

i

traininé stimulus, it is' not pdssible to speculate on the
cardiovascular adaptations which may have been evident in
that ﬁzde. However, the observation of enhanced function. in
a non-specific exercise mode indicate; that the training
effect in the oXygen transport system is at least partially

transferable from one mode of training to another mode of

performance. p

MacDougall et .al. (1985) and Lewis et al. 1}985) have

rgported éignificant increases in systemic blood pressure

with both heavy resistance and lighter resistance exercise

to fatigue. Haennel et ~al. (personal communication) have

-
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tic exercise Which were related to the active muscle

,E"appeared to Dbe indepéndent of exercise velocity.
g;fguincrease\in afterload which would be expected with
_resfgéincé exercise and the reflex increake in heart rate
necessary to maintain cardiac output would presumably place
a xelatively high load on the heart muscle. At the same
t;me, sustained dynamic resistance Exercise "over an hour
with restricted rest will elevate oxygen consumption and
hearﬁ rate as well (Petersen et al. 198;b). The nature of
the :!%etitive resistance exercise should also prpvide a
powerful nuscle pump to enhance venous re;urﬁ and activate
the Frahk-Starlinq _mechanism.‘ In light of these possibili-
ties, the ob;ervdd changes within the central circulation
seem quite reasonabie. As well, the observed transfer of
enhanced function from circuit resistance training to cycle
ergometér exercise has some very positive practical implica-
tions for atgletes. '

The acute heart -rate responses to both exercise
programs are @ summarized in Table V-S. Heart rate résponses
averaqed.over all ‘exercise and reiief intervals are clearly
hidher for the HVR exertise protocol. These resulﬁs are inm
agreement with other observations of heart rate response to
the HVR circuit (ChapteuJ‘Iv; Petersen et al. 1984b). The
slightly lower exercise and sliqhtty“high;x relief heart

rates observed for the present HVR circuit mavy be due to
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that the present circuit consisted of 10 stations compared
to the previous six stationg.' The f;creased duration of
exercise may have altered heart {ate due §o=fatigue or
subjects' "pacing" themselves.

Although exe:éise and relief. heart rates for LVR
exercise were considerably lower,= they;sﬁigl Yepresent.a
reasonable elevation over normal resting vgigﬂ% and this may
have contributed to the observed__gpintenance of aerobic
power and to the enhanced reCoJery and cf}culatory respon-
ses. Again, the duration of the exerpise §essions is

probably a factor. External work pérﬁatmed in resistance

exercise may be equated indeéghdent of velocity (Haenne

1987), however, since the heart rate and pbst-exerc'ce
lactate responses are quite different, it is suggested t at

metabolic intensity .n *fesistance exercise 1is vejocit
dependent. vThis> cégcept i; supported by the improved VO
max in the HVR group, while no changéb.was obsérved in
LVR group.

In summary, maximal stroke volume and the rate of

lactage;;emoval from the blood during recover? were enhanced

the HVR and the LVR exerciSe programs. Maxim#l
¢}power was increasea in the- HVR group, byt not the
LVR' group. It 1is thefefore suggested that circulatory
adaptations, and métabolic adaptations associated with

recovery may be achieved with circuit resistance training,
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appears that metabolic intensity and the consequent effects
on the VO, max are velocity dependent. These implications
should be chsidered' when designing/ individual circuit

P

training programs for athletes.

~



o - ) o : -z 99

References o N
W e .
LN ' .
Bahn, A.K., and Scheuer, J. Effects of physical training on
cardiac myosin .ATPase activity.» Am. J. Physiol. 228:
"1178-1182, 1975. . t

¥
-

Belcastro, A.N\ and Bonen, A. Lactic -acid removal rates
during cogtrolled and uncontrolled recovery .exercise’ .
J: Appl. gﬁ?siol. 39: 932-936, 1975.

Y

1 Brooks, G.A. and Fahey, T.D. Exercise Physiology: Human
Bioenergetics and Its Applications. New York: John
Wiley and Sons, 1984.

DeMaria, A.N., Neumann, A., Lee, G. Alterations in ventric-
ular ma§§ and performance induced by excessive training
in men evaluated by echocardiography. Circulation,
57: 237-243,.1978.

o I

Ehsani, A., Hagberg, J.M.,. Hickson, R.L. Rapid changes in
left ventricular dimensions and mass in response to

- physical conditioning and reconditioning. Am. J. car\
diol. 42;\33- 6, 1978.

b

- Fox, E.L. and* Mathqws, D.K. The Physiological Basis of
Physical Educat'ion and Athletlgs. ~Philadelphia: Saun-
ders College Publishing, 1981. '

' J*., Durstine, L.,
Grantham, * W. Physiologic effects on adult _men of
circuit strendth training and jogging. Arch. Phys.

Med. Rehab. 60: 115-120, 1979.

_Gettman, L.R., Ayres, J.J., Pollock, M.

Gettman, " L.R., Culter, L.A., Strathman, T. Physiologic
chi&nges after 220 weeks of isotonic vs isokinetic¢
cirguit training. J. Sports Med. Phys. Figness.
20: 265-274,71980. ' i

/'Gettman, L.R., Wward, P., Hagan, R.D.. A comparison_of'
combified running and weight training with «circuit

weight training, Med. Sci. Sports Exerc. 14(3): 229-
234, 1982. .

Gollnick,. P.D., Bayly, W.M., Hodgson, D.R. Exercise
intensity, training, diet, and lactate concentration in
muscle and blood. Med. Sci. Sports Exerc. 18(3): 334-
340, 1986. ‘




I

4

00
systém. Can. J. Appl. Sport Sci.. 10(4): ‘13;4/1985 e
(abstract). . e 0 o

Haennel, R.G. The cardiovascular response of post coronary
bypass surgery patients to hydraulic.circuit training.
University of Alberta: Unpublished Ph.D. Thesis, 1987.

Hermansen, L. and Stensvold, I. Production and removal of
‘lactate during exercise in man. Acta. Physiol. Scand.
86: 191-201, 1972. ' .

Kanakis, C. and Hickson, R.C. Left ventricular responses to
: a program of lower-limb strength training. Chest,
78(4): 618-621, 1980. S ‘ ' i

Katch, ' V.L., Stanley, 'S.S., Freedson, P.-- -Biological

' variability in maximum aerobic power. Med. Sci. Sports

Exerc. 14(1): 21-25, 1982. - | .

Katch, F.I., Freedson, ~P.S:, Jones', C.A. Evaluation of
acute cardiorespiratory responses to hydraulic resis-
tance exercise. _ Med. Sci. Sports Exerc. 17(1): 168-.
173, 1985. : -

- Lewis, S.F.,. Snell, P.G., Taylor, W.F., Hamra, M., Graham, _

’ R'M., Pettinger; - W.A. Blomgvist,'C.G. Role of muscle
.mass and mode of contraction in circulatory responses

— to'exercise. J. Appl. Physiol.. 58(1): 146-151, 1985.

: MacDougall, J.D. and $®Sale, D.G. Continuous vs. interval
. training: a . review for  the athlete and coach.
can. J. Appl. Sport Sci. '6(2):>93-97,,198l. -

..’MacDougall, -J.D.,. Tuxen, D:,”" Sale, . D'G., Moroz, J.R.,
: Sutton, J.R. Arterial blood pressure response to.heavy
‘resistance exercise.- J. Appl. Physiol. 58: 785-790,
1985. ' : - S

1

Morganroth; F.; Marén, B.J},, Henry, w.L."Comparative left
’ ventricle dimensions in trained athlete;. - Apn..
Intern. Med. 82: 521-524,; 1975.

Perrault, H., Lajoie/ D., Perronet, F., Naden, R., Tremblay,
- G., Lebeau, R. Left ventritular cdimensions following

. training in young and middle-aged mern. 1Int. J. Sports
Med. 3: 141-144, 1982. '

r Petersen, S.R., Miller, G.D., Wehger E.A., OQuinney, H.A.
The effect of high velocity resistance training on VO,
max, Can. J. Appl. Sport Sci. 8:202, 1983 (abstract).




101

‘Petersen, S.R., Miller, G: D Quinney, H.A., Wenger, H.A.

The acquLSLtlon of muscular strength: the influence of
training. veloc1ty and initial V02 max, Can. J. Appl.
Sport Sci 9 - 176- 180 1984a. 4

[N
—

Petersen, S.R., Large, M.D., Quinney, H.A., Wenger, H.A.
Acute metabolic’ and heart. rate responses to high-
velocity resistance training. Can. J. Appl. Sport
Sci. 9: 27 p, 1984b (abstract). : ' '

Roberts, ‘A.L., Ekilleter;, R., Howald H. Anaerobic muscle
.enzyme cHanges after lnterval training. Int. J. Sports
Med 3: 18-21, 1982. :

Roeske, w.R., O'Rourke, R.A., , Klein, A. Noninvasive
evaluation of ventricular hypertrophy in professional
'athletes ' Clrculatlon 53: 286-292, 197s6.

B - , _ ’
Sahlin, K. and Henrlksson J. Buffer capacity and lactate

accumulation in skeletal muscle of trained and untrain-
»ed men. Acta.: Physiol. Scand. 122:331-339, 1984.

Saltin, B;‘and' Rowell, L.B. Functional adaptationé to
physical activity and inactivity. Federation Proc.
39: 1506-1513, 1980. '

Stheuer, J., Penpargkul, S., - Bahn, A.K. Experimental
" observations on the effe:zts of physical training upon
intrinsic A cardiac physiology and biochemistry. Am.

®J. Cardieol. 33: 744-751, 1974. ‘

Sharp, R.L., Costill, D.L.; Fink, W.J., King, D.S. Effects

of elght weeks of blcycle ergometer sprint training on
human muscle - buffer capacity. Int. J. Sports Med. 7:
1317, 1986. ' :

Sigma Chemical Combany The “quantitative determination of
pyruv1c acid and la:ctic acid. Sigma Technical Bulletin
No. 826-UV, June, 1981. ‘

Stone, E.L., Dormer, K.J., Foreman, R.D., Thies, R., Blair,
R.W. Neural regulatlon of the cardlovascular system

during e%érc1se " Federation Proc. 44: 2271-1178,
1985, ' - e

Stone, M.H. Wilson, G.D. Blessing, D., Rozenek, R,
Cardlovascular responses .to short-term Olympic style

- weigBt-training in young men. Can. J. Appl. Sport
Sci. 8(3): 134-139, 1983. : . i ‘

.

Ted, K.K., Hetherington, D.M., Haennel, R.G., Greenwood, P.,

Kappagoda, C.T. Use of impedance cardiography during



>

102

maximal exercise. Circulation Res. 34 i23A-l243,
1985. ”

Wenger, H.A. The many faces of aerobic fitness, in Jackson,
.J.J., and Turkington, H.D. (eds): Quality Programming
in H.P.E.R., University of Victoria: 55-62, 1981. -

‘Wilmore, H.J., Parr, R.B., Girandola, R.N., Ward, P., Vodak,
P.A., Barstow, T.S., Pipes, T.V.; Romero, G.T., Leslie,
P.- Physiological alterations consequent to circuit
weight training. Med. Sci. Sports. 10: 79-84, 1978.

winer, B.J. Sta-istical (Principles . in Eipes@mental Design,
- 2nd Edition, New York: McGraw-Hill, 1972.

—



CHAPTER VI
';GeneralfDiscﬁssioh
In Chabfer I a number of concerns :wgre expressed
'regardihg the extent of current understahding of specifiéipy
of 'velocity ‘in strength .trainiﬁgb and the potential for
énhancement>voj, aerdbici'thneSé_ througﬁ Qelocitylspecific
circuit‘reSistance training. Based on these concerné, four
research prolgcts were désigned and the results have‘been
summarized in.the ﬁreceding éhﬁpters.. .
The re;ults“.of the f_rst project éupported éhe general
.concepé_ of velocity—spécific traiﬁing . effects when the

training group was considered as a whole. ° That 1is, peak

v

tqrque expresgion was increased whgn measured at an angular
velocity - similaf to the tréining Qelocity (3.14 rad's—l).
When the regults were coﬁéidered with respéct- to initial
strength levels, a'different pattérn was evident. Iﬁ brief,
Supjects_wifﬂu ldw.initial strength improved far more than
_Subjeqts with high in}tial strength. Thus it appears quite
clearly that initial levels have congiderable  effect on
sfrehgth changes conSequent to training. This priﬁciple\has

been; well docdmented wiﬁh reépect to ‘aerobic training

(Wenger and Bell 1986). | The prediction thaf%gigh initial®
| 4 - - - o ‘
aerobic power might facilitate the acquigitfon“”of strength
‘was not supported by the findings of this study.

]
.
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The influence of initial strength 1levels on 2he
outcomes of the training program may provide some insight
into the somewhat confusing'and often conflicting results of
investigatiénS‘of velocity specif;city. Some,have suggested
(Moffroid and<_Whipple 1970; Lesmes et al. 1978) that there
1s greater trans:er of strength £fom high-speed training to

- . ° .
low-speed performance. ‘On the other hand, the findings of

others (Caiozzo et al.'l§8l; aKanehisé, and Miyashita 1983)
would ~ indicate ~the _opposite. Apart from .some . obvious

differénces in the nature of the training programs, and the
cla;sification of either "fast" ,or "slow" velocities, it
seems quite likely that finitial strength ‘levels of the
subject poois may‘be an important factor in identifying thisv
"question. That is, subjects with low init}al strength may
adapt to the training stimulus far more than high;strength
subjects. Similarly, any»pattern of transfer Aay be as much
a ‘refléction _df initial subject fharacteristics thén a
uni&ersal trend of speCificitgh} In each case{'the investi-.

: L v

N

gations{ ¢ited have .eithe} l'ﬁilized‘ podls Qf untrained
ngjécts or - have not fepo{;ed any information reéarding
previous training’ state.. Therefore, it is suggested-tﬂat
.study design . and. interpretation of results in strength
-trainihg studies give due consideration to the potential
ipfluence of initial f.tness levels. ' This 1is especially

applicable in situations where investigators are tempted to

-
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be related to training at either slow (LVR, 1.05 radfs'

, ‘ 105
\ ’ » ' .. N v' .
speculate on the transfer of enhanced function to other
o _ ‘ I /(- ’ -
movement velocities. v

Chapter III reported the study designed to further

investigate the nature of strength training effects which

might be specific to the movement velocity at which the

training was performed. Of = particular interest were
v - i . .

)

alterations of the in vivo torque-velocity relationship and

the cross-sectional area of the knee extensors Which'might“
- ”

l) or

fast (HVR, 3.14 rad‘s—l) movement velocities. Subjects were

i}
¢

assigned to’"§ithe: training or control groups in considera-

tion of initial peak torgue outputs relative to body weight

“at ‘both training velocities. The improvement of the HVR

gfoup at 0.52 ra‘d's‘_l was attributed in‘part- to a reduction
~éf ‘the neurql tensiqn-limifing‘ mechanism described by
vPerriné and Edgefton (1978), /Caiozzo et ai. (1981), and
Perrine (1986). ’ Impfdbement in 'perfﬁrmancé at higﬁer
movement speeds.at of nqaf the traininé_&élocity _indicate'a

velocity-specific adaptation, ‘however, the nature of the

'adaptation or adaptatfons involved may not be resolved by

{

. . { . R
the findings of the present work. gresumably there are

neural and biochemical mecjahisms which may be affected by

A . < ! .' L.
/

movement pattern and;speed of movement, and [sirfice the cross-

sectional = area of/ the anterior thigh compartment was
-ee / . =

significantly increased, the increasedA performance is very

likely. mediated byh some” combiﬁatidn of morphological,
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biochemical, and neural factors. Further work is necessary
' to resolve these que;fions.: To‘fully igvgstigafe the nature
of -specifiéity 5of;'velocityv in strength traini?g, sev;ral
‘fdactors need to be evaluated  simultaneously. Increased
force ekpression.is closely related to mﬁscle éross-sectionf
al areé,_however, ;he time course for strength %mprovemént
and hypertrqphy afe épparéntly not synchronized during the
early stages of training (Luthi . et al! 1986; Komi 1986).
Changes iﬁ EMG qétivity andiéhé rééio betwéen force butpuﬁ;
and cross-sectionai}prea'mighﬁ-indicate the extent of neura11
adaptation. It might be__feésongble Lto expect velocity-
speéific adaptation within specifié muscle fiber populations
as ‘reportedi by Cosﬁill et al. (1979) and Caiozzo et al.
(1981) .- Therefore, fibre area changés’with respect to fast .
or siow cigssificétions sﬁouid be monitored in addition to
whole muscle area.  As well, the activity of myofibrillar
ATPase could be used as a marker of adaptation within the
contracfile mechénigm.‘ ?inally, in order to address the
velbcity-specificiﬁ& issue, -use 6f an isokinetic lo;ding
system (eg. é;bex Ii) wog}ﬁ be suggested to provide accurate
c@ntfoi of velocity. - |
- The ‘aItefationsauobserved for  the LVR group Qould(be
\V'relatively* easily exblaiped in the absence of the HVR
‘results‘ just discussed. VItr woqld seem reasonable that
enhanced motoneu}oé aCtivity or, éltefnaiely, reduced neural

o, . ST . B .
inhibition, in concert with the increased muscle mass would
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explairrthe enhanced performance across the range of test

A

velocities. The inferaction of the neutogenic . and myogenic

components of pérformance is underscored by the lack of

*
[

change or the redﬁction in peak torque expression which wés
. observed for the controls with np concomitaht change in the
) muscle,cross-seqtional‘area; The‘mechanisms resbonsible~for
reduced sprength with inactivity or detraiﬁing are again
intriguing‘questro;s for further study. Jt is pos;ible that
the 'tension-limiting Vinhibitory phenomenon described by
Perrine (1986) is enhanced with detraining. This would be
lqgical if 1in fact the effect is reduced with traihing. In
a recent revie&&i@bmi (1986) hasfsibgestéd that<}he enHéncéd
maximal neural éctivation \tﬁat apparently résults from
velocity-specific strehgth training must, be maintained with
fegular exercise stimulus. Théréfore, it would appear that
» the increased neural dfive and tﬁev synchrony of motor unit
recruitment Whichq occurs with training may be revérged with
detraining. In the ﬁresent‘ study, control _smbjects wefe
encoﬁraged“to ,mainﬁaih inftial streﬁgth levels, however,

there was no structured training to facilitate this mainten-

ance. - S =

This papér has described " some perfofmaqce and grgss
morphologicai changes> which seem ,to\ be mrélated to the
velocity of trainipd, since_as much as possib}e'the subjects

were grouped wbp respect to initialvstrengthhféﬁélé»at both

,high and low speed, and the dimensions of both programs
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(frequency, intenéity, ~and duration) were equated as wgll.'.
Exercise and relief intervals were identicé}y apd all
subjectSVWeré consistently motivaﬁéd (externélly) to provide
a maximal éffortf In that all ‘subjects“"were athletes
fgmilia: wifh;the,concept of maximal effort, and volunteerédkf
to participate in‘£he‘study, it was assumed that inﬁrinsic’
' . L%
motivation would not be . a limiting factor. hlearly, the
concept. of specificity of wvelocity in strength and power
tra'ining is/kpoﬁential}y véry important to athletes who
perform at either high or low velocities (or Dboth).
However, it ié also' quite clearly . a complex concept which
will not be readily resolved. . '
The effect of high-velocity circuit resiétance traiﬁing
on méximal aerobic power was invéstigated in Chapter->II.
Tﬁe bbsérved increase ang¥ in an already well-trained group
of . subjecgg_;has "indicated that thig may be an effective
means bf aerobic training for athletes.; In this invegpiga—
tion, initial‘ aerobic power did noﬁ influence the magnitude
of the VO, max adaptation. Thiévfinding maf' be ‘specific to
the subject pool utilized rathet fhan d challenge to the
‘,ratﬁer weli-established principle th;f trainability of the
Vozlmax is linked to initi%lxyievetéém in,a-recent review,
Wenger and Bell Tl9§6); have indicatédfbthat over a wide
varieﬁ% pﬁ,sﬁbjects éndffraiﬁing gfog;aﬁs,lih;tigl levels,df

1

between 50 and 60 ml°kg~ ‘min-l°»§hdww more . potential for

change than. initié;' levels of greater thanNGO'ml'kg‘lf
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min~Y. The fact that the group with high initial aerobic
8 v
. power (> 6Q ml'kg_l'min_l) in the present study showed equal

. : 'f Vs . .
improvement‘ may be a reflection Qf an ultimately high

~e

'potentialtfqr change.

- Since aerqbic' power was assessed in an exercise mode
‘which was not sbecific to.théz training mode (Eréadmill vs
resistance'traininé), 'and aerobic power wasqimproved, it is
tempting to speculate théEAthe enh;ﬁced aerobiC‘fUnction‘was
at fieast ‘ partiélly due to impr6vea ~oxygen -transport.*

MacDougall and Sale (1981) have suggested that alteration of

the central component of aerobic power is more readily:

_ e

transferable to other activities than,are peripheral muscle
; &

. ' S . . W

adaptations. Therefore, the effect of circuit reSlSt%ﬁFe'

. o . i
training on maximal stroke volume and cardiac outg*ﬁ was
o
e

. " , :
identified as a gquestion for further study.® As we ", the

relatively High post-exercise blood lactate,conqgﬁ%ﬁations

.

indicated a significant anaerobic ¢ ntg*buéﬁ_ to total

energy production. In 1light of the sk of high-

, . . L . - v_" . .
velocity resistance exercise with spr nt explicise, it was
reasoned that some of the aerobZ}s> benefits aSsociated with
- interval training (Fox et al. 1977; Bell 1986) might be

achieved if the exercise:relief ratio was fairly low. i@

well, the significant glycolytic contribution to total powefl

)

output during sprint exercise creates high muscle and blood
lactate levels (Roberts et 3l. 1982; Sharp et al. 1986).

Chronic exposure to this condition might elicit adag‘?kions
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to facilitate recovery. The heart rate and oxygen consuﬁp—
| tion responses to cyclingvexercise héye been reported to be

a .function of pedelling frequency when power outputs are
equated (Lollgen et al. 1980). fn isokinetic resistance
exercise of the "lower 1limb, external work appears:to.be
_relatively constant over a’ rahge of velocities (Haennel
1987). Therefore, it was hypotheeized that high-vefocrty
circuit traininé might be more effectibe at altering aerobic
power than Igb‘geiecity circuit'training provided exercise

time, total external work, and initial fitness of subjects

were gqQuated.

a s
e “)

The design of the final study.in this series considered
the pétedtial effects of exercise velocity on maximal
aerobic .power maximal. cardiac output predicted from
maximal stroke volume, and the rate of removal of lacrate
from the blood durrng recovery from exhausting exercise.
The exercise:relief ratio in the circﬁit - was maintainediat
11:2, however, the number of exercise staticns was increased

A N .
from six to 10. The work of Hickson et al. (1980) suggestéd
that'cycling may be a more appropriate mode of exercise for
asse§Eing aerobic péwer across resrstance training programs

in that leg stréngtg is more 1limiting in cycling than in

L
treadmill running.. As well, the assessment of stroke volume
with impedance cardiogtaphy can be performed more effective-
ly during cycling exercise. For these reasons it was

' Jdecided to use the cycling mode for the performance tests.
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The aerobic"power increase of eight percent with six’

= o~

weeks of HVR training was "consistent with our previous

findings.  Comsidering the initial levels and previous .
trainiqg habits of-the subjects, eight per cent repreéents a
significant training response. Hickson et al.  {1980) andv
Stone et al. (1983) have .}eported stable :-br sliéhtly
increasedfvoz max over short-term heavy resistancertrafhing
periods, and the results of the LVR program would support
lhose findings. However, -in thosé studies, subjects were
previously untrained and \dnitial VOZ max was.considerably
lower §3L14 f_3.40 l‘min_l)'thaﬁ in the present subject:pool
(4;25 i'min—l). As well, the criteria for confirmation df
' VOZ max are someWhat skétchy and therefore it is tempting to
speculaté that the smali-improvements reported may have been
due to some combination of tﬁe 't;aining programs, test
familiarizatioq) and the previously untrained state of the
subjects. In tpe p;esen£ .study, it was evident thét heavy
resistance exercise performed in . circuit ‘fashign will
effectively maintainh aerobic power 1in previously trained
. ‘subjects. However; the effectiveness of circuit resistance
- training with respect ﬁo’improvements in Voz,max,appears to

be a function of movement velocity.

. Apparently independent of movement velocity, and

N

probably more related tc the exercise:relief ratio and the

total work performed were improvements in maximal stroke
: > [ i ‘ .

A M ' ' +
volume - and the rate of lactate removal during recoverv.
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Several suggestions have been offered as'’ possible .explana-

tions for the observed changes, however, ﬁgrther investiga-

tion is necessary to resolve these guestions. Use of
echoca}dlography to assess ventricular wall thickness, and
. oL < :

blood pressufe and plasma catecholamine responses to fixed

X\)‘

‘*%%%%xerciSe loads may help tg clarify the cardiovascular
' responses. - Assessment “of peripheral capillary density,

muscle lactate concentration, and muscle buffering capacity
i - . . .

might -assist in understanding the reiationshipv between.
lactate production ' and removal dnring txercise and recov-
ery. As well, a/better undersﬁanding of the "acute Cardio-
vascular and metabolic responses to- velocity-specific
" .

re51stance exerc15e would be most beneflc1al

1

\ Although the 'results of,'thfs wark do not appreciably
clarify the underlying methanisms of adaptation, the
tralnlng programs described in each of the four studles have

‘produced several interesting training effects and these have

oS
Lo ‘b

some&practlcal applications. Hickson {1980Db) has reported

5 Athatlﬁkmuleaneous " strength and endurance trairding comproml—

BN thé“%treng¥h training effect. While direct comparisons
pg’@':. ' ’
Between the studies ar

‘not possible, the present results

~would indicate t gth  and derobic power may be
through high velocity circuit
. N

training. This may be particula__y appllcable in sports

simuitaneously enha

.where a con51derable portlon of total tralnlng tlme must be

-

devoted to the development of skills o{vtactics. anp1nn-
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ment, and/or maintenance of sport-specific fitness components .
- ! . : . N .. . . . . .
could be .accomplished simultaneously with circuit training

2 ™ Ve
. ’ ) \ . -~ -
by appropriate combinations of exercise stations, movement

velocity, and frequency of exercise sessions. This, in

theory, might reduce” total training volume devoted to

a

fig%development and permit more time allotment to skill
or ta

cal practice. Alternately, the concepttof perform-
. » 5 : : =

ing heavy resistance training in circuit fashion without
Lo o ’ Y . . ®

supplementary aerobic exercise to maintain VO, max seems

warranted. Further study is necessary to ‘determine if the
stréngth training -ﬁ’?ect 1s compromised, however, the

y

significanti§ imﬁtoved peak torgue outputs and the increased’

o
o

cross-séctibnal’iarea of ‘muscle are cohsistent with»reCént
findings-(Luthi‘gt al. 1986) from \more COﬁventional heavy
reéistangg. progééms. Based on tﬁat cjmparison,‘it seems
likély tﬁat ;ittlevstrepg£h tra;ﬁing etfect may be lost. In
many sport$; the enhaﬂced cardia; ou%put and recovery which
were observéd with the LVR prog;am “would be very important
Vas weil. ’ ) ‘
L ‘In ice\hockg{f for example;‘athlefes must often develop
"maximal forces againét h;ghffgsisgance and, correspondingly,
rélat velyaigas‘fofces, bﬁt at high movement velocities._Thg\\
influefice of resistance training on the in vivo forc&-velo-
cit relationship is of great importance. . In the same

sp t, brief high intens%gy bouts of exercise are inter-

spersed with Derikodg af liahter wnrk Ar roct whora ramAtrasrss



114

- may occur. Cleerlp, thep.abilitY'to enhance recovery would
| Sbe‘a desirable traininghaoaptétionr One_of'the,limitations
of 'the present work is the"restriction, of assessment of
nusculam ‘performance to peak'isokinetic-torque; While it
| vmay_bef reasonable to expect a strono relationship between

Lpeakvtorque and ultra-short term power output (Smlth 1987)

:the effect of veloc1ty specxflc resrstance training on the

%

© . latter may be uLtlmately'more important.

In summary, reSponses of_préviouSly well;treined young
.'nales to proéfa@e; ofv velocityhspecific‘ circuit resistance
~ training ‘heve 1 been"documentedl!and-’diScussedr pcircuit

reSieténce,tréining ‘éppears’fto' havejipositiue._erfects on

zmuscleg morphology and. f:rce4expression, as  well ~aswvom:

/

o Aparameters_vassociated with aerobic  fitness. With'“due

B .
R

N

consideration of Lpitial -fitness leuels, it "is suggeéted
‘that'vprograms of either high' or low velocity circuitp
'resistance tralnlng may be time efficient and effectlve

lmodes by whlch athletes mlght enhance functlonal capac1ty

™ . . t
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APPENDIX A

‘ '~ _Methads | -
.

The\ intent ofv tHis section is to orOVide additional
information on some Jf tne data collection tecnniques‘used
in the studies reported in the maip text. This information
1s organized under.separate headings as follows: Peak torque
assessment; Cd%outed tomography (CT) scanning;. Impedance

cardiography} Plasma. lactate concentration; Hydraulic

resistance training; and Data analysis.

: ?eak Torque Assessment-

Peak torques in knee extension and flexion movements at
selected angular velocities were measured ‘using a Cybex
isokinetic dynamometer. Until recently, ~this was the only
commercially available system and has been. widely used to
assess  1isokinetic strength in athletes \\REIlablllty
coefficients of up to 0.99 have been reported (Clarkson et

4

al. 1982)  for febeated peak tof ue measures in young,

: athletic subjects. In pilot work we have observed no

Significant variation across four repeated measures of knee

‘extension or flexion torgque over a range of 'angular Veloci-

ties (0.52 ~- 4.19 rad's”l). Subjects were male and female

‘ physical ec¢ cation students and all measures were taken on

alternate .days over a one week period. Reliabil%@?bcoeffi-
) . (Q . ..

/',cigﬂts ranged frmrfﬁﬂz to 0094, b | .

L

s - » ) 117
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Two problems have been identified with :egard to the
validiéy of peak torgque méaspres.ih isokinetic dynamometry.
The first Yesults from.vabébrption of the momentum éf the
} ~—
accelerating limb by’the servomotor of the dynamometer. In
effect, the dynamoﬁeter must apply a decelerating»force
to the limb to control angular velocity and ‘this "extra"
. force may bé'recorded as a torque artifact. The implica-
tions bf tﬁé "impact-artifact” have heen discussed in detail

: !

by Winter et al. (1981) and Sapega et al. (1982). Care must

be 'taken :;o either consistently include or ignore the.

artifa depenQing . updn whether the phenbmemon is ’of
intefést to tﬁe investigator. In the present 'studies, a
system of- "curve-sﬁoothing" was used to eliminate the
obvious torque‘artifacts. 'Ail meéasures of beak torque were

~assessed by the same 1investigator wusing a consistent

interpretation of the concept of curve-smoothing. There-

fore, changes - in performance reported in this work do not
result from inconsistent measurement of torque’ artifacts;
The second problem results from performing the tests in
the sagittal plane where kneé gﬁténsion occurs against
gfévity and knee flexion is accﬁmpiished with the assisténce
éf gravity.' This concern hés again been discussed by Winter
et al; (1981) who have suggested methods of correctin? for

gravitational influences. These problems would be of major

, ~
importance if true measures of muscle force output were

2

desired. However, in most training studies, change is the

5= | o 118

-
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most important consideaation and, ther=fore, if the'peten-

tial‘errors of torqué artifactsyandv_tha constant, force of
grayity are dealt with donsistently, a change in perfofﬁance‘
may be in;eré%éted'as;a change'in the functional capacity df
tha;muscle."l: - | - v
J o , R
The\Cy&éﬁi dynamometer may be calibrated,for torque and
Velocity} According to the manufacturer‘s Suggestidns,
'torque cﬁiibratioﬁ was pe;formed by placing kn%wn weights.at
the end of a lever arm éf'known ‘length andl pe;mitting the -
agm ;p' rdtate about the input axis at a vélocity of 0.52
radg%;;G%v'Calibratidn of the spead control SYstem‘ was
aécomplished by determining the number’of revolutions of the
input.sﬁaft atbvelocitiés of 0.52. and 3.14 raci"‘s-l over a
period of 50 seconds. Calibration of the system-was checkéd‘
regula:ly, but no adjustments were ‘made over the stddy
period. . : , | ‘
Positioning and stabilization‘of subjects relative to
‘the input axis  df the dynamohete: was standardized and
»performed consiStgntly over each test. The rota;iohal’axis
of the kaée jofﬁﬁ was visually aligned with the inpdt éhaft
of the fdynamdme;er' which in ‘turn was maintained in;a'
constant'position relative to the . testing chair and the
| fldor.- Thé lavef arm was attached firmly to the leg just
‘proximal fo the malieoli. The length of the lever a;m'was

.kept..constané for each subject over each test. 'Su?jects

were stabilized at ,the hips and the thigh with velcro
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straps. They were .-encouraged to maintein a stable upper
body position and to resist the »tendency‘kef _ they, hips to
displace forward during the jtests. Subjects were always

encouraged to exert a maximal effort, ‘and . we;e'permitted
adequate warm-up and rest (minimum of &0 seconds) between
. : .k .

R

P .
sets of exercise.

Computed Tomography (CT)~Scah§ipg

Recently,yeomputerized“ x-fay ﬁomegraphy '(CT) has been
used'as a preeise, non-invaeive techniqge fer the determina-
tion of cross-sectienal area (C.S.A.) of ’bone ‘and soft
tissue in humane'(Maughan et al. 198$;:Schéntz'etiel. 1983;
Luthi et al. 1986): ET scanning Clearly' defines the soft
tissue borders, thereby permitting aeehgate distinction
bethen fat and muscle tissue. 'Hudash iet“al. (1985) have
- investigated the ' validity and Areliability og‘ahe technique
for assessment ef‘bone, fat, and muscle cemponéhg C.S.A. in
both cadaver and living human thighs. They reporﬁed no
differenees between cadaver tissue C.S.A. determined by'the
CT techniqﬁe.agﬁlﬁy digitized planimet;y of photograbhs. In
live subjects they reported. no. dif erence between the
C.S.A. °determined'efrom soans taken- sebarate occasions,
“and nq‘aifference between C.S.A. from/the saﬁe scan. measured

on Separate occasionst— We have established reproducibility

of C.S.A. from the same scan with less than 1% error.
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Great care was, takeh to ensure that the first and
second scans werevoverlapping. The pilot or scout scan was

used to determine the precise distance™xf the scan sife from

. ) ‘ s . T
the 1intercondylar notch’ on the femur on both occasions.

’P051tlon1ng of the thlgh was standardlzed to ensure that the

CT image was taken in the horlzontal plane rather than an’

1

/ S
oblique plane. For the purposes of this Study, the anterior

' compartment of. the thigh was defined as that area inclwding

o“‘)* .

the muscles rectus femorls,m wastus intermedius, ‘vastus
-lateralis, and vaztus(medlallsmm

The - use of the kGE BBOQ scanner was app;o?ed by the
Cross Cancer institute/ethics committee who-were fnlly aware
of ;he natdre oflthe study.

Impedance Cardiography

Impedance cardlography isAa technique for non-invasive

assessment of the. cardlac Qutput. . An"electrical field is
¢ : _ ‘
created in' the chest by passing a small (4 ma 100 KHz)

across it. The movement of blood within the field, caused
A | \ e
by ventricular’ ejectlon, alters the transthoracic impe-
: 4
‘dance. The changes in lmpedance can be monitored electroni-

v

cally and are used -to calculate stroke volume according to

‘the followmng\fquatlon (Kublcek et al 1966)

StrPKe Volume = P x L2 x (dZ/dt min.) x T
. . T 2o°

. ¢
"y .

R

S



where: .

. N . ) N ) . Y . ‘:' ._é “ﬁ:'l
P = resistivity of blood Whlchg“fal .
the hématocrit (H)

)

L =~_., the average distance (cm): betweeggthe 1nner'
~palr of electrodes meadured at the anterror
and posterior midlines;

'dZ/dt;min

= minimum = value . fqr the rate’ of_ change of
impedance (ohmsi occurring during the cardiac
cycle; ,
LR -

T = left ventricular ejection time (s), obtained-

from- -the  impedance and phonocard#gram
_ . _ v
wavefdrms, and
24 = total mean 1mgedance (ohms) between the 1nner

< electrodes.

Recordings were made before exercise and'immediately
foilowing'each ‘of nine exercise loads'Wh;ch wereglinitiated
at 30 W and increased by, 20 W each three' minﬁtes to a
terminal locad of 190 W. Followrng the method descrlbed by
Teo et al; (1985) in. valldatlon of this technique applled to
~exerclise testing, _calculations of stroke volume were based
on data obtained from five cardiec cycles with the breath§)
: held at normal end-expiration. |
Stroke volumes were calculated for each exiﬁﬁise‘load

and} generally, a plateau effect was observed at a heart

]

.

-
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rate_ of °approximately 126 Dbeats  per min&te. Thereafter’
ingfeases in cardiac output»~were achieved mainly through
= _ , )

increased heart rate as stroke 'volume tended to remain

,relatively"constant. For' the purposes of this study only

., maximal stroke volume has been reported.
Q . .

S . : .
Plasma Lactate Concentration

2. Whole venous blood was collected at rest, and at

variou§ interva%s following exercise as indicated in the
w . : .

main* text. . In each case, 0.5 ml of whole blood was immedi- .

"ately plpetted into 2.0 ml of chilled perchlorlc ac1d ‘ This

!
o

mixture was' then shaken v1gorously and placed on ice for at
. least five mlnutes tq ensure .complete proteln precxplta-
tion. The tubes were then centrlfuged for approx1matel§ 10
- 15 minutesﬂ or until a clear, protein free supernatant
_could’ be. obtafhed.. This was then pouredﬂoff into a sterile
’fube which-'was stoppered and frozen until analysis was

-performeé; * y

~

. The aesay was based on the principle that lactate
| deh?drogenaSe (LDH) vcatalyies the reversible reaction
between pyru61c 'acid and NADH producing lactic acid and
NAD. To measure lactate, the reactlon is carr'ed(rrém right
gﬁyzomolg-

to left 'with excess NAD. 'To force the react
tion, it is necessary to trap the formed pyruvate with .

hydrazine. The increased absorbance at 340 nm due to "';
B san

B
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formation of NADH becomes a measure.of the origin‘! lactate

concentration.4

all 'chemicéi reagents were obtained from the Sigma
Chemical Company, and the analysis wa§ performed acco:din@
to the procedufes detailed ‘in ﬁhe Sigra Technical Bulletin
No. 8251UQ (1981). All samples . were éssafgg iﬁ%triplicate
and the mean of the three absorbahbe readings was used for
hcalculation of lactate concepfrationu | .

A new staﬁdard cu;Ve“ was constructed for each reagent
mixture Sased on gix samﬁles (in triplicate) of known
concentration. In addition, 'severdl- ﬁlasma samples weré
chosen at random and these were?assayed with each bakch of
unknowns - to ensure that reSuléﬁ were consisﬁent across
different reagent cocktails, standard curves, and assay

occasions. Spectrophotqmetric analysis was performed with a

Pgillips Pye Unicam PU 8800 instrument.

Hydraulic Resistance Exercise .

One of the fundamental goals of the wopk suﬁmarized in,
this thesis was to-investigate the nature of adaﬁtation to
circuit resistance training in previously well-trained.
subjects. Therefore, the training érograms were designed té
be both appropriate for and appealingv‘ﬁo highly motivated
athletes.. The re§}stance apparatus was selected on the
basis of ease of use  (particularly 4n the adjustment of

resistangsif~adqptabiiftﬁbto <ircuit format, sport-specific

AN
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mqvement pattefns, and the ability to contfol exercise
velocity. The lattef was a'very important desigp considera-
tion, however, ultimately some control over velocity was-
compromised to permit the circuit format for up to 12
subjects to train simﬁltaneously. The selection of a éystem_
wh;cﬁ was not strictly isokinetic was made on the prémise of
practicality in the hope 'the résu‘té would be readily.

reproducible in other settings.

———————
w

The hydraulic cylinders (Hydra-fitness Industries

Ltd.) permit reasonable‘ control of movement velocity during
exercise, ﬁfovided ﬁhat the range of motion is méintained as
é constant and ¥ that the subject consistently proyides an
"all-out" effort. ~vKatch. et al. (1985) have reported
~reliability coefficientstéof up to 0.93 for numbers of
repetitions achieved during 20 second sets of maximal effort
exercise on scparate occasions. Thuéﬁ if the fange of
motion and thé number of repetitioné during a fixed time
interval are constant, average movemeﬁt velocity should be .
constant as well. Thisb assumption may be agfected by thé
force of gravity in movements like knee flexion and exﬁen-
sion which occur in the sagittal plane. 1€ this case,
flexion is "assi?ted" by gravity while extension is perform-
ed against gravity. The relatively greate£ force potential”
of the knee extensors may offset the effect (if any) of
gravity. In any casé, the average angﬁla: Velocity of

!
- . ¢
individual movements appears to be q%ﬁte consistent.
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Whlle the <cylinders are not i;okiﬁetic, accommoqating. 
re51;£§nce ‘is provideé, de cdnsistent\ a&eragé  ahgula;
velocities may be observed; IWith trainigg, subjectsfmay
exceed the;number of repetitions consisteht;with'the desired
velocity, or, alterﬂ;tely, with fatigue near ’the end of a
training session, may fail to achieve the desired Bumbef.
In either case, the resistance setting on.thé cylinder would
be aijusted as neégssary to provide more or lesé fegistance
and hehce permit faster or slowér velocities. Each training
gession was .monitored by a supérvisgr»~who precisely timed -
each work and rest intef&al. Resistance settings and
ndmbers‘ of 'repetitions were recorded for eaéh  set of
exercise at 'each stgﬁﬁon for all t;rcuits.. These records
. , P . T~ . .
were reviewed foilowin@@gach session ‘and adjustments made as
necessary for subseqﬁentgsessions.y
Initially, most subjects could not tdlerate three
circuits of exercise, particularly at high velocity. Prior
to the commencement of the programs, ;ubjects wefe thqrough-
ly oriented to the circuit and then began the program w_th
two ciréuits. As soon as posgible, ﬁsually at thé ena of

A
the second week, the third circuit was added. Therefore,

the application of the tra%?ing :goad was progressive in

several ways. First, the accommodating resistﬁnce proper-
. . L . ro W
ties of the cylinder prqylded greater re51stanci[w1th1n each
N
\ re51stance or flow setting. When the subject con51stently

\\Exceeded the deSLred number of repetitions tﬁé flow setting
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coulid bé altered to provide more resistance. Finally, the
4 -t

2 ) -. N . \ ] D
volume of "exercise increased to three from two circuits as

permittéd by the tolerance of the subjects.

¢

Data Analysis - ‘ \‘\‘

All statistical analysis of data was {8§rformed én the
Amdahl computing s&stem at the Universigi. of Alberté.
Programs were selected from the Divisicn of Educational -

" Rescarch Services (D.E.R.S.) Library, " where complete

documentation of ‘each program 1s available. Two programs

were used consistently for data analysis in each of the -

studies reported in the main tift as follows:

ANOV 26 - performs a two¥wéy Analysis of Variance,; with
repeated measures on one factor. Post hoc Schefife compari-
.sons afe made betweeﬁ the main effects k%br each factor
(Winer 1972); -and | T

ANOV 12 - tests for the significance of the‘differenge

between .means and between variances for -orrelated samples., .

Both the "t" wvalues and the associated probabilities are.

calculated for each case (Ferguson 1966).

NS

.
Ski
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