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ABSTRACT.

A group of male subjects (N=8) were used to examine the
effects of two selected rest intervals cn total work volume and

blood lactate during a maximal effort elbow flexion resistance

‘exercise performed at a fixed relative resistance {70% lRMi. The .

rest intervals were set at 30 seconds (R;) and 180 seconds (Rma
and were based on the half and full recovery times respectively of
the high  energy creatine phbsphate (CP) system; The exercise
conﬁinued until a computerized 1light ‘sénsor systehlidetected“ &
moyément speed decrease to a pre-detetminéd level of fatigue. The
fatigue ﬁoint was set when the speed éf arm moﬁémgnt'had slowed by
25% compared to the speed of the first repetitidn of that set. The
number of sets would cohtinde until-the first repetition of’a set
was 25% slower than the first repetltlon of the first set, ‘The

computer smgnalled the end of a set and the end of the exercise by

' an,audltory beep. Ry resulted in' a significantly greater volume '

of work (247%) achieved without a statistically significant
increase in blood lactate (10%) compared to Ry;,. It was concluded
that a rest interval betﬁeen repeats of elbow flexion exercise of
180 seconds veréus 30 seconds significantly increased the ability
to'do work without a significant increase in the contribution of

the anaerobic lactic system.
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INTRODUCTION

The past ten years have seen a great increase in the use and
acceptance of resistance training by many people such as athietes,
fitness enthusiasts, students and patients. Strength training
cycles are belng 1ncorporated in a great variety of sports into the
.yearly macrocycles of many ‘athletes by thelr coaches (Fleck and
Kraemer, 1987).. At present, there are many different |
classifications for strength training methods lThese methods can

be classified by the load used (max1mal strength method), by the
partlcular effect.they have on the lndlvldual,(speed—strength
' method}, or‘by the peeple‘who use them‘(quybuilding method)
(Schimidtbleicher , 1984). |

_InJvarious types of strengtn tfaining pregrams,it has been:
aéreed that resistance training should be performed at the same
velocity as is used in the.actﬁal sporting event {Fleck et al.,
1987). As-a tesult, the training velocities will be high for many
sports. This method of training has been elassified as
speed-strength training. The, 1iterature nhich outlines the
prineiples of speed-strengthftraining seems to vary in choice of .
intensity, number of sets and repetitions, and rest interval
between sets. (Schmidtbleicher , 1984; Fleck et al., 1987; Poliquin,
1988) . |



Another important factor to consider in strength training is
the understanding of the characteristics of human skeletal muscle.
It has been observed that fast twitch fibres are able te develop
more force through greater velocities of shortening compared to
slow twitch fibres and that fast twitch fibres can'develop force
morelrapidly, making the correlation between fast twitch fibres and
'strength increasingly higher as strength is measured at increasing

" velocities (Coyle et al., 1979; Faulkner et al., 1986).

It has been shown that muscie with a'hiéher percentage pf-fast,
twitch fibres fatigued more quickly during maximal effort exercise
(Thorstensson anq Karlsson, 1976).and that fatigue;'defined as the
Tfailurelto maintain a required or expected force (Bdwards,llgslj,
may be due to the‘increase in hydrogen ion concentration together

with an increase in lactate production.

Thus it would seem important to inveetigate fatigue probiems,
in human skeletal muscle during a speed-strength exercise at a
.selected intensity and rest interval to observe the amount. of work
that can be performed befere fatigue, and to examine.whethet or not
lectate is related to the deveiopment of fatigne. Additionally, a
drop in creatine phosphate (CP) and a subsequent increase in
inorganic phosphate and it’s ionized forms have also been
identified as important factors for a depressedifqrce‘output
(Boobis et al. 1982; Hirvonen et al. 1987; Miller et al. 1988;

Tesch et al. 1989),
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In

order to maintain a required high force output, the

training stimulus to achieve such a result should ideally be free

from any premature fatigue that would result in a lower volume of

optimal
examine
volume,

lactate

performance. Thus, the purpose of this study was to
the effect of selected rest intervals on total exercise
as measured'by the number of sets completed, and blood

levels durlng elbow flexion exercise at a fixed relative

feeistance. Of - addltlonal interest was the effect of the rest

intervals on the time required to reach the fatigue criterion as .

reflected by the mean time per set.
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METHODOLOGY

The subjects in this study were all competitive athletes who
were experienced weightlifters. These were eight male volunteers
ranging in age from 20 to 28 years. The groﬁp consisted of 4
varsity, 2 semi pro, 1 provincial,‘and 1 natiohal athlete. lAil
subjects gave their ihformed conseﬁt before participating‘in the

study.

The equipment used in this stﬁdy‘invdlvéd a Scopt ¢u;l,b¢néh,
installed at an angle of 45 degrees t6 the floor; a dumbbell in’
which weight could belvaried; two Honeywell FE7C-RCGG
retroreflective switches with reflectors; an IBM X/T personal
computer and LABMASTER-Board along with custom software programs

for recording speed of movement between the two light gates.

_ The speed of limb moveient was determined during elbow
flexion—extension by the arm passing through two infra-red
retroreflective photoelectric cells which‘were positioned at
selected angles (see text below) relative to the face of the Scott
Curl Bench.  Analog to digital (A-D) cecnversion of the switch
signals was éccomplished by the LABMASTER instaliéd in the IBM X/T
‘microcomputer. Custom software was developed to retrieve the time
values between switch signals and instantaneougl?icalculate‘changes

in the time wvalues.



The testing protocol extended over a period of eleven days.
On day i, 3, and 5 of the protocol each subject’s one repetition
maximum (1RM) in elbow flexion of the dominant arm was determined.
The 1RM test was performed three times to ensure a're;iable measure
of,maximuﬁ (r = 0.99). Days two, four, six, seven,'nine, and ten
“were rest deys in which the subjects.were told to resume normal
aetivity‘but abstain from any arm'exercises. On days eight and
eleven the sﬁpjects performed sets_qf elbow flexidn_and extension

_fépetitions‘with 70% of their 1RM (Table 1).



‘Table 1

Exercise Protocol

DAY 1/3/5 DAY DAY B DAY DAy 11
6/1 9/10
Determination ~°  © - Elbow flexion at O . - Elbow flexion - .
of 1 RM . F 70% 1RM. . F at 70% 1RM
F - Rest between F - Rest between
sets; half group | 'sets; half
30 sec, half | group 30 sec,
group 180 sec, half group 180
- Post lactates at sec,
0, 1, 2 min - Post lactates

at 0, 1, 2 min

They were instructed to execute the repetitioné as.fasf as
' possible while still maintaining control and full-range of motion..
Each set lasted until fatigue occurred. Fatigue was measured by
the ;omputer software pregram, which calcuiated the speed of arm
movement in the concentric phase, through the two photoélectrié
gates which wefe_positioned at angles of 40 and 90 degrees‘relapive 
to the face of the Scott Curl bench. The full range of motion was
between 0 and 130 deﬁrees with the midpoint being aﬁ 65‘degrées.

a
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The positioning of the gates at 40 and 90 degrees were chosen
because they represented an area‘around the midpoint where the arm
would be considered to be travelling at its maximum velocity
(Appendix B, Figure-l); When the speed of arm movement had slowed
by 25% compared to the speed of the first repetition of that set,

the computer signalled the ehd.of the set by an auditory beep.

Rest timerbetween.sets was predetermined at- either 30 secohds_Or
180 seconds. fhe numher of sets would continue until the first
repetltlon of a set was 25% slower than the flrst repetltlon of the

First set. At thlS tlme the exerC1se for the subject was completed
for, that day. The number of sets and repetitions were counted and
recorded for the Rm and R,90 conditions. Repetition data was taken'
for future reference as thlS is a tradltlonal parameter in weight
‘tralnlng No analyses 0f the repetltlon data was 1ntended or done .
as the thrust- of the present: study was. to measure time not
repetitions. Total work time for' each set was determlned. by
stopwatch measurement of the time from the start of exercmse until
the fatigue criterion was reached Mean time per set (XTIME) was
calculated as the total work tlme,d1v1ded by the number of sets.
Dominant hand fingertip'blood samples'were then taken from the
' subject at zero, one, and two minutes following'the last completed
repetition. These sample times were chosen based on‘pilot.work
which showed blood lactate peaking within the first.two minutes
post exercise. The blocod samples were analyzed with a Kontron 640|
Medical Lactate Anaiyzer to determine lactate concentration. ALl
Subjects performed the exerciseAusing both 30 secomd and ‘180 secohd

gl



rest intervals. The order of these treatments were randomized

equally among the eight eubjects. The rest intervals of 30 and 180
~ seconds were based on physiological landmarks of half and full CP
recovery. respectively, in the aneerobic alactic energy lsystem
(Hultman et al., 1967). Tﬁree one-way analyses of variance (ANOVA}
with fepeated measures were used to analyze ;he‘collected data
where the rest interval‘was“the independent variable and number_of'
sets, blood lactate coneeneration} and mean time per set Servedlaé

the dependant variables.’



RESULTS

The subjects used in the study were all experienced

weightlifters however the measurements indicated that their

strength levels 'varied considerably (Table 2). Approximately 2.3

times more welght was lifted by the strongest subject compared to

: the subject with the lowest 1RM. It was important to note that no

controls were made . on chomce of 'subjects according to their

strengthllevels,fonly-on thelr experience in weightlifting. The

- group of-eight'subjects consisted of 4 varsity, éhsemi pro, 1
;:provincial, and’ 1 natlonal level athlete. The'between subject

'varlablllty in the number of sets completed and the mean time per

set. can be seen in Table 3 for both the Ry and R, exercise .

5protocols (raw data in Appendlx A). However, the focus of this

' study was to 1ook at the effect that dlfferent rest 1ntervals had

Il

on work volume within the same-subject,



Table 2

Means and Standard Deviation of Some Results Descriptive

of the Subijects.

" Variable

Age of subjects (yrs)
-{'égpefiencg {yrs)

Max. 13M (1bs)

70% lRM‘(ibs)

o ™ & o

Mean

.. 23,50
4,13
145,79

32.06

© 8.D.

3.16
1.46
45,79

8.76

Minimum

Value

20.00
3.00

T 28,80

20,50

Maximum

Value

28.00

7.00
68.00
48.00
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Table 3

‘Number of Sets Completed and Means and Standard Deviation
of-the Subject’s Time Per Set for the 30 Second and 180 Second

Rest Interval Exercise Protocols.

R!D . RIIB

Subject Sets Mean SD Sets Mean ,'S.D. Ranking
1 6 - 18.59 4.13 9 20.81 ﬁ,as . sp.

2 3 15.13  2.71 14 13.58 308

3 3 14.45 2.96 7 12.84  2.00° v

a 6 1297 5.84 8 12.87 _ 2.26

5 2 12,19 0.28 12 13.62 © 6.0l se

6 .3 ‘12,53 . 3.66 6 C13ls2 2.0 v
7 X 11.66 4.9 13 12.45  5.20

8 q 11.60 3.4 . 15 12.25 - 1.44 v

Ranking definitions:

VvV = Varsity

P‘ = Provincial
SP = -Semi pro

N = National

11



A comparison between the two rest intervals of R;; and Ry
.showed that the mean number of sets (SETS) increased nearly 2.5
times with the minimum SETS com'pleted increasing 2 fold and the
maximum SETS completed increasing 2.5 fold(Table 4). Mean peak
blood lactate (PEAKBLa) also increased from Ry, to Ry but only by
10%. This change was relatively small when compared to the
increases in work volume that were'attained with the longer rest
interval. Mean‘time'per set (XTIME) reflects the time taken for
the subjecﬁ to perform a set _before' fa;igug occurfed. When
comparing Ry to Rygg the XTIME increésed by only 2%. The_relétiﬁely
small change showed that the'subjects-wexe fatiguing at similar

times in both protocols.

12



Table 4

Means and standard Deviation of Number of Sets, Mean Time Per Set,

and Peak Blood Lactate.

Variable N . Mean §.D.  Minimum  Maximum,
' Value | Value

Rest = 30 sec

Number of Sets : B - . 4.25  1.49 3.00 6.00

Mean Time per Set (sec) 8 13.64 2.37  11.61  18.60

Peak Blood Lactate 8 3.01 '0.89 1.74 4.32

Rest = 180 sec

Number of Sets §  10.50 3.42 6.00 15.00
Mean Time per Set (sec) 8 13.99  2.80 12.25- 20.81

(-]

Peak Blood Lactate i 3.32  1.12 2.00 5.12

Table S showed the correlations among the variables. Né
statistically significant correlations were found to exist between
the amount of weight lifted by the subjects and the riumber of séts
completed, the mean time pef.set, and the peak blood lactate. Thus
the varying strength levels of the subjects created no dependence
'among the variables analyzed. There was no significant correiation
petween the selected rest intervals, XTIME, and PEAKBLa indicating

that the length of rest between sets did not affect the work time

13



before fatigue per set or the PEAKBLa. However, the rest interval
was strongly positively correlated with the SETS (r = 0.78, p

<0.0003).

Table 5

Pearson Correlation Coefficients and Levels of Significance for the

Variables Investigated (n = 8).

WEIGHT '~ REST SETS © XTIME PEAKBLa
. - . ' \
WEIGHT X . r=0.00 r=0.18 r=0.14 r=0.07
' p<1.00 p<0. 50. p<0.59 - p<0.81 .
' ., ! \ '
REST ' o X r=0.78 - r=0.07 ' rad,16
N ‘ p<0.0003 p<0.79 p<0.55
SETS T X . r=0,01 r=0,13
' p<0.96 . p<0.63
XTIME . _ . ' X r=0,14
p<0.62
PERKBLa : . X
WEIGHT = Amount of weight lifted in pounds
REST . ‘= Rest interval between sets in seconds
SETS = Number of sets completed .
 XTIME = Mean time per set in seconds

 PEAKBLa . Peak blood lactate in Mm.

14 : ' W



The ANCVA (Table 6) y;elded no statistically significant
difference ( $ = 0.05) between the effect of the two rest intervals
on the two dependant variables observed ( éEAKBLa, XTIME). However,
the SETS were significantly different ($ = 0.0003) between the two
rest intervals.- These results have showh ;hat a rest interval of
180 seconds versus 30 seconds significantly increased work volume
as reflected by the number of sets without a significant increase
in blood lactaté or a change in_ﬁhe time at which fatigue occurred

as reflected by mean. time per set.

Table 6

One Way Analysis of Variance for Effect of Reét-Intervai,

Source Sum ‘of Degrees of .  Mean Square  F value
squares . Freedom

No. of Sets. 253.75% 15 - 6.96 . 22,44 *

XTime per set 94.80 15 6.74 0.07

PEAKBLa | 14.69 15 1.02 0.37

* Significantly different at p<0.0003.

15 -



Figure 2 showed the time per set of two of the subjects (5 &
6) and the number of sets completed by each subject until fatigue.
These values were graphed for both protocols Ry, and R;s. The figure
has illustrated a definite variation between the exercise patterns
of the two subjects but the design of the study was intended to

look at the variance within subjects between the Ry and Rygg.

16



sazesse ME=-4

Figure 2

Time Per Set of Subjects 5 & 6

kL

N -

-
o

131

"Legend

Subject 5: Plus = Ry, Diamond = Ry

Spbject 6: X = Ry, Square = Ry
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DISCUSSION

The main purpose of the present study was to examine the
effect that selected rest intervals had on total work volume and
.blood lactate levels in a maximal effort exercise. It was found
that by manipulating the rest interval between sets of a maximal
effort exercise the total work volume increased sighificantly by
247% while blood lactate levels ihcreased by a hon—significantllob;
The rest intervals used were 30 seconds and 180 seconds and were
based on the half and full recovery times respectlvely of the CP
system. . This system has also been referred to as the Anaerobic

Alactic Energy System.(Green, 1982; Hultman et al., 1967).

A similar effect was 'seen by Margaria et al. (1969) .
Strenuous work bouts lasting ten seconds were separated-by selected
rest intervals. As the rest interval was increased the total work
volume also increased. It was stated that when rest intervals were
longer than 25 seconds the phosphagen souree would'give adequate
energy supply wigpout reliance on anaerobic glycolysis and the work
could be carrled out indefinitely. Wootton and Wwilliams (1982)
also looked at the effects of different rest intervals on the
ability to perform repeated bouts of maximal dynamic exercise, A
comparlson between a 30 second and 60 second rest interval was made
using a work lnterval of 6 seconds. The longer rest 1nterva1
allowed a higher force output to be maintained. However, neiﬂher

rest interval allowed adequate time for full CP replenishment.

18



This caused lactate levels to rise considerably in both protocols
with the highest lactéte levels ~after only 30 second rest
intervals., The present Study has shown similar effects to these
_investigations. ﬁowevér, whatris of physiological importance here
is that the seléctéd rest intervals allowed for a statistically
significant"inpréase 'in . work volume’ with noA statistically

i

significant change in blood lactate.

It séémed ieasonable‘ﬁo assﬁmg that fést twitch fibrés were
‘tﬁé major cdntribﬁtors to force opﬁput due to the nature of the
“exercise pfotocol in 'tﬁis  study (Gollnick” eti al., 1974;
‘Thorsteﬁsson 5 Kaflééon} 1976; Jacobs ét ai;,'1981;‘Faﬁlkner.et
al., 1986) and”that‘fést twitch fiﬁfes have the phySioldgicél
capacity to form lactic acid (Essen ét al.,'1975; Rarlsson, 1979;
Tesch, 1978;‘Tésch et al., 1958). _Gollnick-et al. (1974) showed in
~ their reéults that dﬁring intermittent exeréise the muscle lactate
pr¢dﬁcgd Waé small at all tensions. .It was also stated that during.
éﬁsﬁained contractions when tension was at‘zo% or more of MVC major
increases in mﬁscle lactate were observed. The length of time that
;hese tensions were applied was not staﬁed but Jacobs et al. (1983)
have indicated muscle laététe luvels - rising significantly in
supramaximal work 1astin§ oAly ten seconds. These were muscle
laciate values and although the present study is looking at blood
lactate and not intramuscular valﬁes; the dramatic increase in work
-volume without a large increase in PEAKBLa might suggest that the

© work being done could be primarily due to regeneration of CP stores

19
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during the rest intervals without a heavy dependence on anaerobic
glycolysis to produce ATP. The reason for this being that the CP
stores were allowed to fully recover with the 180 second rest

interval (Hultman et al., 1967).

Other factors may have also influénced the'absoluterlevel of
lactate observed in the present study. The subjects in the present
study rested passively between seté and this has'been shown to be
the least efficienf_ﬁay to remove ‘lactate (Hermansén & étensvold,:
1972; Bonen &'Belqastro, 1976; McGrail et al., 1978; Dodd et al.,
1984), although, theré has been eviﬁencé to suggest ' that
nonexercising'muécle plays . an important role.in the removal.of"
1ac£ate during exerqisé (Ahlborg et al.,”1975Y. .The amoﬁnt of
muscle mass employed could also'haQe had an effect.on lactaté
levels 'as values 4 to 5 times higher have been found in éubjecﬁs
performing anaerobic work using larger muscie groups (Margaria et
al., 1871; Fujitsuka‘et él., 1982) . Therefore, the absoluﬁe values
of lactate reported in the present study which were associated with
fatigue may -not compare with similar values 'using exercise

inveolving larger muscle groups.

The levels of lactate found in the present study which used a
relatively small muscie mass might sgggest that lactic acid was a
fatigue féctor. However, the significanp increase in work volume
without a significant increase in laétate‘levels across the two

exercise protocols does support such a conclusion.

20



Fatigue has been defined as a failure to maintain a required
or erpected force (Edwards, 1981). The c¢riteria for the
. termination of a set and subsequently the complete exercicge bout in
the present study was based upon this concept of fatigue. The
value of a 25% deorease in sneed of contraction, which was related .
to the initial'decrease in.force output, was derived from a study
by Stark etlal' (1987) on the Canadlan Natlonal Alplne Ski- team and.

from work done on energy dellvery systems by Green (1982). By

'.termlnatlng the exercrse in the present study when the subject'

speed of contractxon decreased by 25%, 1t was 1ntended that the
work belng done would be related to an objectlve 1nd1cator of the
" initial fatlgue response. The average work tmmes per set between
the two exercrse protocols were srmllar w1th less than C.5 ‘seconds
| -separat;ng.the two. These average work tlmes fell in the. range of
' values that maximal voluntary dynamlc work can be achieved with the
ATP-CP syStem' being the major .‘energy system recruited.
(Green, 1982; Margaria et al.1969; Wootton and Williams 1982) . The
results from the present lnvestigation,seem to indicate that this
type of energy otilisation might be occurring as shown by the
non-significant difference in ‘blood lactate levels with very

significant{changes in work volume between the exercise protocols.

. It was concluded that the alactic strength training strategy
" used in the present study, in which the manipulation of the rest
interval was based on physiological landmarks of CP recovery, may

have had the effect of significantly increasing total work: volume

21



without a consequent increase on blood lactate production. The
metabolic explanation for the fatigue in this study could have been

due to the decreased energy supply from the high energy phosphate

stores and that lactate may not be the primary cause of depressed -

force output - when work was stopped at the fatlgue level chosen for

the present study

These conciusions were made with the onderstanding that

1ntramuscular observatlons are. needed to further explaln the data

jcollected in the present study and to give'a clearer explanatlon of_-h.

the metabolic processes that are at work

22
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CHAPTER ONE
INTRODUCTION

The past ten years have seen a great increase in the use and
accéptance of resistance training by many people such as athletes,
fitness enthusiasts} students and patients.'(Fleck_and Kraemer,
- 1887) Strength training cycles are being incorporated in a great
wvariety of sports into the ‘yearly macrocycles of many athletes by
thelr coaches Because of the increased popularlty of welght
tralnlng among athletes and other 1nd1v1duals the methods have
become quite dlverse in order to meet the dlfferent strength needs.'

of various activities {Fleck and Kraemer, 1987) .

At preéent, there are many different classifications for the
strength traininé methods. 'These methsas can be classified by the
load gséd (maximal strength method), by the particular effect they
have‘on the individual (speed-strength method), or by the people

who use them (bodybuilding method) (Schmidtbleicher , 1984).

In various types of strength training programs it has been
agreed that Eesistance traininé should be performed at the same
velocity as is used in the actual sporting event (Fleck et al.,
1987). As a result the training velocities will vary from sport to
sport.  This method of training has been élassified_ as

speed-strength training (Schmidtbleicher , 1984; Fleck et al.,
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1987; Poliquin, 1988).

The literature which outlines the principles of speed-strength
_training, along with other methods of resistance training, seems to
vary in choice df intensity, numbef of seﬁs.and repetitions, and
the rest interval between the sets. For ekample, Schmidtbleicher‘
{(1984) referred to‘intensities‘of 35—50% of oné‘maximum'fépetition
(1RM) with rest interﬁals_varying‘from three to-five‘minutes,
Poliquin (19881,=talked of loads varying from 50-95% of 1RM with
rest intervals from three té ten minutes. Ajén et al. (1988)
referred to percentages of 65-80% when devéloping_épeed $trength
with the number of repétitions_ﬁeing.from.three to five and rest
intervals between sets being on)avérage one to three minutes which .
they recommend for all‘types of sﬁrength training. It'is.evident
that the aboVé lpapers do not support each other in the time

required for rest between sets during speed strength training.

Another important factor to consider when developing a
strength program is to have a general understanding of the

characteristics of human skeletal muscle.

There are two different types of fibres which make up human
.skeleﬁal muscle. These are fast twitch fibres, which are further

- divided into-type IIA and type IIB fibres, and slow twitch fibres
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or type I fibres {(Brooke & Kaiser, 1970). It has been observed
that fast twitch fibres are able to develop more power through
greater velocities of shortening compared to slow‘twitch fibres
making the correlation' between fast twitch fibres and strength
increasinaly Ihigher as strength 1is measured at. increasing

velocities (Coyle et al., 1979; Faulkner et al., 1986).

Gollnlck et al. (1974), in looking at seiective glycogen
depletion in human skeletal 'muscle while performing maxlmal
voluntary contractlons (MVC) concluded that at an MVC greater than

20% there was a prlmary dependence on fast twrtch flbres

When prescrlblng resistance tralnlng programs in order to
improve the strength and speed of muscle contractlon it stands to'
| reason that dlfferent loads placed .on the muscle along with
different rates of contractlon w111 cause tho muscle to fatigue at

B

different times, where fatlgue can. be derlned as failure to

maintain a required or expected force (Edwards, 1981).

Thorstensson and Karlsson (1976), in looking at fatigue of the
quadriceps muscle during maximal knee-extension at a fast velocity

concluded that muscles with a higher percentage of fast twitch

el

e

fibres fatigued more quickly. Hermanson and Stensvold (1972), while
. looking ét the effect of.metabolic changes on force during maximal
exercise hypothe31zed that one of the reasons for a reductlon in

.force development or fatigue may be due to the increase in hydrogen
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ion concentration together with an increased lactate production.

Thus it would seem important to investigate fatigue problems
in human skeletal muscle during a speed-strength exercise at a
selected intensity and rest interval to qbserye tﬁe amount of work .
that can be performed before fatigue, and to examine Qhethef or not

lactate is related to the development of fatigue.
- RATIONALE

. In reviewing the current literature on designing ‘apd
implementing strength training‘programé it appears that there is
little rationale presented behind the choice of number of éets,'
repetitions and length of rest intervals when performing weight -

training exercises at selected intensities.

There has however been extensive research into muscle
physiology which has indicated the different muscle fiber types,
their force outputs and durét;on, the type'of fuei used, and the

rates of fatigue.

Thus it would‘be interestihg to look at the. amount of work
that can be performed in a maximal effort exercise'with a selected
intensity in which the rest intervals between the exercise sets ére
based on physiological landmarks that allow energy repletion back

into the muécle.‘
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STATEMENT OF THE PROBLEM

The purpose of this study was to examine the effect of
selected rest intervals on total exercise volume; expressed as the
.number of sets completed, and blood lactate levels during elbow
flexlon exercxse at a fixed relatlve re51stance Of addltlonal'
lnterest was the effect of the rest 1ntervals on the tlme requlred
"to reach the fatigue cr1ter10n{as reflected by the mean time per

set.

‘HYPOTHESIS .

It was hypothe51zed that the length of rest 1nterval between
bouts of 1soton1c -contractlons at - 70% of 1RM w1ll have a
statiSticaliy significant effect on the total work volume

and blood lactate levels.

LIMITATIONS

The subjects involved in this study were all males between the
ages of.20 to 28 years. The #ubjects were all competitive athletes
from .various sports whose strength training has been directly
-supervised by this researcher for no less than one year. Subjects
of this nature were used to-@elp:control for the learning'fesponsé
. that may take place'with subjects that have less gxperieﬁcet The
results of this étudy should not be applied tormales out of this

-

e
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age bracket, or with less weight training experience. This is
because recruitment patterns in other age groups may vary, and
those with less experience may still be adapting neurally to muscle
recrﬁitment pattern and therefore may not reach true muscular
fatigue (Moritani et al., 1979). This study looks at fatigue in an
elbow flexion exercise with the arm at- 45 degrées to the floor.
‘Therefore, it-méy not be plausible to apply the‘résultsﬁof this
study to other muscﬁlature and their involvement in différént types-g

~of resistance exercise. -

ABBREV::ATIONS .

ATP - Adenosine triéhospﬁate

Ccp - Creatine bhosphate

CPK ‘Creatine phoéphokinase (EC 2.7.3.2)

FT | Fast twitch glycolytic muscle fiber (iib)
H&’ sup (+) “Hydrogen ion |

LA | | Lacticlacid

LDH Lactate. dehydrogenase (EC 1.1.1.27)

MK ‘ Myosinkinase (EC 3.6.1.3)

MVC : Maximum volunpafy'contraction

PFK Phosphofructokinase (EC 2.7.1.11})

ST | | Slow twitch oxidative muscle fiber (Ia)

Total work volume Total number of sets completed
1RM The maximum weight that can be lifted

for one repetition’
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CHAPTER TWO

REVIEW OF LITERATURE

Introduction

_ The followiné review.of'iiterature'has'focused_on: 1) the role
Oflmusele fiber tynes in high intensity high speed linb'movements,
2)the phy51ologlca1 characterlstlcs of the flber types that are
involved in these movements, 3) Lactlc aC1d metabollsm durlng

{exerc1se, 4) rest 1ntervals and fatlgue, 5) the effect of lactate.

'-.,-accumulat;on and,phosphagen depletlon on muscle fatigue.

ROLE oF MUSCLE FIBER TYPES IN HIGH INTENSITY HIGH SPEED ‘LIMB

MOVEMENTS

In looking at the power output of fast and slow human muscle
| fibres{ Faulkner et al. (1986) measured the contractlon tlme,
maximum isometric tetanic force development,’ and velocity of
shortening at 12 to 15 different afterloads on bundles of fibres
which were suspended in a muécle_bath.q?ntaining buffered mammalian
Ringer’s solution at 37 degrees'Celsius. The purpose of this study-

was to collect data- on the force-velocity characteristics of

bundles of fast and slow fibres, calcuiate the power curves, and
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model the contribution of both fast and slow fibres to the

composite power curve for a mixed muscle.

Thé results showed that the power developed by fast fibres was
'greater -than that developed }by slow fibres  at all speeds of
contractipn'and that the peak powef deQeloped by the fast fiber was
up to four times greater than that .of the slow fiber (see Fiéure 1,

p. 6).
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Figure 1A, Velocity of shortening as a function of force for fast and slow fibres.

B. Power curves for pure fast and pure slow muscle fibres.

C. Power output of a

mixed muscle -(50% fast and 50% slow fibres) and of the slow fibres of the mixed

Y
muscle. From

Human Muscle Power: Power output of fast and slow fibres from human skeletal muscle.

(pp. 84-85) by J. A. Faulkner, D. R. Clafin, & K. K. McCully, 1986, Human Kinetics

Publisbters, Inc.
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The Faulkner et al. (1986) mixed muscle model showed that at
low velocities the power output of slow fibres was almost as much
as the fast fiber but at high velocities the contribution by the
slow fibres was negligible. They also confirued that fast fibres
will contribute most of the power development'when the subjects are

performing the movement at high velocities.

Ahother"study that also helps to confirm fiber type
recruitment was done by Thorstensson and Karlsson (1976) They
investigated the development of fatlgue and its relation to flber
composition with repeated fast maximal 1sok1net1c contraction in
-human quadriceps muscle. The fatiguability was determlned as the
decline in maximalfforce with repeated isokinetic knee—extensidnsi
on a CYBEX II dynamometer at an angular velocity of 3.14 radlans
per second. It was concluded that fatigue while performlng rapid
- maximal vdluntary isokinetic contractions was greater in muscles

with a higher percentage of fast fibres.

Jacobs et al. (1981) looked at muscle, strength and fatigue
after selective glycogen depletion in human skeletal fibres. The
purpose of'their study -was to investigate the effects of two
distinct exercise protocols. on performance of an isokinetic
short—time, maximal strength test. Tesch (1980) has previously
. shown this test to be dlrectly related to fast fiber recruitment
and distribution in the involved musculature One group of

‘'subjects performed a group of exercises that would deplete‘both
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main muscle fiber types of their glycogen: running for 75 minutes,
cycling at 70% of MVO2 for 30 minutes, and three bouts of maximal

knee extensions at a velocity of 180 degrees per second. The

second group ran the Stockholm marathon, an event which was to

deplete the glycogen in mainly slow fibres (Costili et al., 1973,
in Jacobs et al., 1981) . Within 1 to 2 hours after the exercise
protocols all subjects performed 50 maximal knee extensions on a
CYBEX 'II dynamometer at a ve;Loc1ty of 180 degrees per second.
Muscle biopsies both'before and within 1 hour after the exercise
.protocols determined-glycogen cootent in the fiber types. It was
concluded that glycogen exhaustlon in both fast and slow flbres
1mpa1red muscular torque in a ‘single maximal dynamlc contractlon,
whereas when glycogen fatlgue occurred in only slow fibres, there
was no observed impairment. in maxlmal muscular -torque. These papers
Istrongly support the assumption that fast fibres will be the major

contributor to force‘development in high speed limb movements.

Gollnick et al. (1974) also support the recruitment of fast.

fibres at higher intensities with their study on selective glycogen
depletion in skeletal muscle fibres of man following sustained
contractions. The subjects were asked to perform repeated

isometric contractions of knee-extension until exhaustion with

varying forces ranging from 10 to 40% of‘the maximum voluntary

contraction (MVC). They also performed susteined isometric
contractions at 40 and 50% of their MVC for 20 secohds with 40

second rest periods. Muscle biopsies were taken before and during

41
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the testing for histochemical analysis. The results showed that
during intermittent exercise the muscle lactate produced was small
at all tensions. However, during sustained contractions when the
tension was at 20% or more of MVC, there were major increases in
muscle lactate. . In looklng at glycogen content of the fibres, it
was observed that at exercise tensions greater than 20% of MVC, the
afast fibres showed a’ greater depletlon of- glycogen When the:
exercise tensmon reached 40% of MVC, all the fast fibres showed
-glycogen depletlon, whereas the sloh fibres did‘ not differ
srgnlflcantly from thelr pre etercrse appearance It was suggested
that fast <fiber recrultment may be due to the fact that ih
supramaxlmal dynamlc exercrse or in isometric exercise blood flow
may be restrlcted or occluded Howeverr in very intense bicycle
exercise the slow flbres were depleted as expected (Gollnick et
al., 1974), so it seems that in a cyclic exercise such as repeated
' elbow flexion-extension, both fast and slow fibres: may be recrulted
but because of the greater power output by fast fibres (Faulkner et
al., 1986), once the fast fibres began to fatigue.it would seem
plausible that there wodld be a noticeable decrease in speed of

contraction.

PHYSIOibGICAL CHARACTERISTICS OF MUSCLE FIBER TYPES

A'look at the physiological and metabolic characteristics
of both fast and slow fiber types woﬁld give a better understanding
of the role these fibres play in high intensity, high speed limb

movements.



One of the purposes of a study by Essen et al. (1975) was to
describe some biochemical characteristics of the different fiber
types in human skeletal muscle using a technique whereby an
individual fiber of each type was dissected. From this qualitative
biochemicai measurements were based on either single or pooled

3 fibres.

.ApprAximétely -~ 150 _'sémples ' ‘obtained by a neédlel
‘biopsy-technique, and some. fhrough -surgical {ptocedﬁ:e, were
_ obtaineé from 35_heéithy males and five healthy females, who ranged
in agé f#o@ 20—39 years of age. The muséle samples weré téken Et:
- pest from the~ iaﬁefal portioﬁ of the thigh, .the, deltoid,l.
géstro§nemiﬁs,énd soléus;mqsclé.; The‘samples were hiétoChgmically
stained for myofibrillar ATPase‘and.NADH-dehydrogenase which showed
- thét-thése samples’contained the two major f;ber types in hﬁﬁan
skeletal muscle. These fiber types were named Type I and Type II.

fhe results showed thét the Type 1I or fast fiber had 2.2-2.5
times higher ATPase gctivity ievels'than in the Type I of slow
fibres. The glycogeﬁ conﬂent'did not differ greétly between the
two fiber types. However there was a wi&e variation in the values
and it was suggested that the histochemical stain for glycogen was
not sensitive enough. " There was a éignificant difference in
triglyceride concentratioh with a nearly three times higﬁer leﬁel
in Type I compared to Type II fibres. The only glycolytié enzyme

studied was phosphofructokinase (PFK) which was shown to be
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significantly higher in the Type II fibres. A further comparison
of the subgroups of Type II fibres showed higher PFK activity in
the Type IIB‘fibres. With respect to the présent study Essen et
al. (1975) have shown that there exists higher levels of ATPase and
PFK in the Type II fiber which has been shown to be the fiber typé

primarily reéponsible for high power movements in the human body.

‘Karlsson (1979), in his review on localized muscular fatigue,
has also looked at the metabolic profiles of both fast-twitcﬁ'and

slow-twitch fibres (see Table 1).

Table 1. A comparison of the functional properties of slow twitch

and fast twitch fibres and the subgroups of the fast twitch fibres in

human skeletal muscle.

Property Slow Twitch Flbur . Fast Twltch Fibor

{FT or type HLE )

. FTa . FTh Fre
Mitochondrial enzyme: High ' intor=- low high
activitlaes, i.e.,oxidaciva modiato .
potential
Activities of enzymes Low High
ilnvolved In contraction
{s.g., actomyozin ATPasze,

MK, .CPK); _
Glycogenolytic enzyme Low Intor- High Intor-
activities, l.e., mediate Mediato

Glycegenolytlc potential

Phosphagen content
ATP

High Low? LOW? Low?
cP Low? High? High? High?
Glyceogen contant . Low? iHigh? High? Itigh?
Triglyceride content High Low Low Low
Fatigability with short=-time Small Largo
explosive actlivitiaes
{< 30 seoc)
Fatigability with prolonged . ’
- muscle actlivity : Large ' small
{> 10 min) ) . {ir

racrulted}
Adapted from “Locallzed Muscular Fatigquo: Role of muscle

metabolism and substrata deplatlon® by J. Karlsson, 1979, Exorclse and
sport scloncu reviews, vol 7, p.10. .
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Karlsson (1979) has stated that the slow-twitch fiber has a
higher oxidative capacity due to greater activity of mitochondrial
enzymes such as  pyruvate dehydrogenase, and 3-hydroxyacylCoA
dehydrogenase. The slow-tw1tch fiber also has  more lactate
deh&drogenase {LDH) 1sozymes that are rlch.ln H units which give
the fiber a greater potential for utilization of lactate as a fuel
over the fast-twitch fiber.

The fast-tWitehn‘fibres have greater. actomyosin ATPase,
'myokinase(MK); and creatine phosphokinase.(CPKY activity. Thef
also show greater activity of phosphorylase,'PFK, and LDH, which
are enzymes in the glycoéendlytic pathway. ., The 'hiéher
: glycogenolytlc act1v1ty by the fast-tw1tch flbres 1nd1cates greater
ATP resynthesxs through anaeroblc processes,' whlch means an
_,1ncrease in productlon of ac‘dlc metabolltes such as pyruv1c and
‘lactlc acids. Tesch et al. (1978) studied the relatlonshlp between'
lactate ° accumulatien, fiber type distribution and LDH
characteristics in humaneskeletal muscle. Muscie biopsies were
‘taken.from the vastus lateralis of male subjects after performing
intense leg extensions on a Cybex II dynamometer. The results of
the investigation showed that fast twitch (FT) fibres averaged
siénificantly higher lactate conceﬁtration'compared to slow twitch
(ST) fibres. Total LDH activity as well as M-LDH activity was also
significantly higher in FT fibrea over ST fibres. The M-LDH
isozymes are known to be more involved in the formation of lactate

compared to the H-LDH isozymes.
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These charécteristics are in agreement with another study by

Tesch (1978) in which his findings indicated a higher anaerobic

capacity in FT fibres and that within one and the same muscle FT
. fibres foré more léctate compared to ST fibres.

"

. | When looking at the phosphageh‘content in both fast and slow
f;ibres of human skeletal muscle, Karlsson (1979) stated that-thé CP
content is hiéher in the FT fibres when compared to the ST fibres.
.Howeverf ﬁéhunen and Harkonen(1980) in their analysié‘of high
energy phosphate compounds found that there was no significant
differenéé in the concentrations between fast and slow twitch
fibres. They did find however that in women the high energQ

phosphate concentrations were significantly higher in slow twitch

than in fast twitch fibres.

‘Thus,lin looking at the metabolic profiles of the.two main
fiber types in human skeletal muscle it is evident that fast twitch
mﬁscle fibres are better at forming lactate than slow twitch
fibfeé. The comparison between CP content of fast and slow twitch

muscle fiber cannot be as‘clearly defiﬁed.
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LACTATE METABOLISM DOURING EXERCISE

Lactate production

The mechanism for the metabolism of glycogen occurs along the
‘glycoiytic pathway which is common to both. aerobic and anaerobic
processes. In glycolysis,_3.ATP.molecules are produced by the

reduction of G-6-P to 2 pyruvate molecules.

During strenuous exercise whiéh would involve anaerobic

metabolism and probably the involvement of‘FT'fibres (Goilnick et
al, 1974; Jacobs eﬁ al., 1981; Thorstensson and Karlsson, 1976) the
‘NAD+ 'aemands_ of .glycolysis 'outgréw the ‘émount that cén be
régenéréted via the malate 'shuttle. FT fibfeéicOmpared to ST
fibfes “have lower levels of malate;aspartéte shuttle enzymes

(Schantz, 1986). In the presencé of . the =nzyme lactic

‘deliydrogenase (LDH), more NAD+ is formed by ‘thé‘ reduction: of.

pyruvate to lactic acid. ‘The FT fiber has more LDH isozymes rich.

in M units which favour a formation of pyruvate to lactic acid

(Karlsson, 1979).

Lactate in blood

Lactic acid (LA) has a pK value of 3.86 and can be almost
completely ionized . in ‘the body. Undissociated' LA . is' lipid

insoluble and therefore can'bn}y permeate across cell membranes in

‘.
il
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an ionized form. This would indicéte that the permeation rate of
both the LA anion and H+ can become rate limiting {(Hirche et al.,
1973). The lactate produced during anaerobic glycolysis once it
has diffused from the muscle may accumulate in the blood:where it

can be measured to serve as an indicator of the anaerobic processes
.lbeiné activated during a wérkout. The peak blood lactate levels

can vary anywhere from one to ten minutes post exercise (McGrail et

al., 1977). Jorfeldt et al. (1978) looked at the release of

lactate in relation to muscle lactéte concentration and found that

lactate release rose approximately linearly up to about five =

mmol/minute but then levelled off. Their results sﬁggested_a
maximal level fof lactate release from‘muscle with a transioCétion

limitation for lactate within the muscle.

Lactate removal

"y

The process of lactate removal from blood during exercise has

been of much interest to many investigators. There are many sites
in the body which can aésist in the removal of blood lactate with
some sites being{mqre effective than others. fn his review chrail
et al. (1977), spoke of the heart, kidney, skeletal muscle, brain,

~ and liver as being some of the removal sites for blood lactate.

During exercise the heart is responsible for removing

approximately ten percent of the lactate found in the blood. The

kidneys=~“and brain have minor contributions to the removal of
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lactate during exercise and are considered negligible.

The liver was considerec' to be the primary site for lactate
removal during both rest and exercise. Rowell et al. (1966), in
their findings determined that approxlmately 50 percent of the'_
estimated total Ilactate produced was removed by the splanchnlcl
organs with the other 50 percent being taken up by the heart,
steletal muscle, and. !} 1aneys However, a more recent investigation

by Hermansen and Stensvold (1972), in. u31ng the values for llver

blood flow and the hlghest arterlo—venous lactate dlfference, taken

from a later study by Rowell,j'calculated that the 11ver was

‘respon31b1e for removxng about 3-4 percent of the- lactate produced
Idurlng exercise. Thus Hermansen and Stensvold (1972), suggested
that if thelr calculatlons were correct the 1mpo*tance of the llver

ih,\remov1ng lactate durlng exercise can be regarded as

1n31gn1f1cant As a result it was also stated in their concluSLOns

t

that human skeletal muscle rather than “the llver may be regarded. as

the main site for lactate .removal during exercise.

It has been shown that human skeietal muscle can oxrdize
lactate'under several different conditions. Hermansen and Stensvold
(1972), found that the average max1mal rate of lactate removal. wasif
at 63 percent of the 1nd1v1dual's V02 max. during treadmill
exercise. They_also'showed that'lactate‘remotal was ‘on average

e
e

significantly higher at_the highest workload (i.e. 80% VO2 max.),

- than at rest. S : ' A
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Belcastro and Bonen (1%75), also found comparable results in
lactic acid. removal rates after a standardized 6 minute bicycle
ergometer exercise. Lactic acid remoﬁal was most effective.at 29.7
and 45.3 percent of V02 max éslwel;.as during the free recovery-
épnditions with a_failure to see effective lactic acid removaliat_.
rest. Thus it was suggested that lactic acid removal éhould occut
most effectively during moderate exercise recovery intehsities;‘it
was also stated that in a_éompetitive situation requiring reﬁeated
maximal performanc-s lactic acid‘removal may be mostleffectiye when

LI
the'athlete.recovers at will.

" Another similar study by Bonen and Belcastro.(1976).indiéated -

that a self-selected intermittent reédverj, most commdnly used by- .
athLetés, was more rapid than at rest but .not as rapid as during a
continuous self-selected recovery exercise at removing lactic acid.

They alsd'found that these recovery conditions were significantly

- faster in trained runners compared to the untrained su'.jects in

_their previous study (Belcastro & Bonen, 1975). It was,suggested:

that these differences may be due to a greater percentage of ST
fibres in the trained subjects and a greatér relative activity of .
the heart-specific isozymes of LDH. Later studies have also shown
that lactate can be métabolized in skeletal muscle and that the

rate of.lactate disappearance was significantly' greater during

active recovery versus passive recovery (Dodd étfélv,1984; McGrail

et al., 1978).
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There has also been evidence to suggest that nonexercising
muscle plays an important role in the removal of lactate during
‘exercise (Ahlborg et al., 1975).

'REST INTERVALS AND FATIGUE

. In repeated heavy resrstance exerC1se such as that .seen in

welghtllftlng, the recovery time between the sets of exercises is

rmportant 1n'that it be adequate enough to allow repeated bouts of
'quality work. ' Yates et "(1957) looked‘at recovery‘of dynamic
muscular endurance in "an attempt to understand the ability to
"contlnue in a submaxlmal 1soton1c act1v1ty Ihe”suojects performed
dynamic elbow flex;on exércise to failure using 1/6 of their MVC..
' The test was done,on.an”arm lever ergometer in which weight couid
gbe added. The range of motion was limited by blocks from‘170 to 70
degreesc The subjects performed the‘exercise to a prerecorded tape
" with a cadence of 38'repetitions/ninute.r When the subject feil
four beatsfbehind the exercise was'terminatedr The subjects were
split into two groups and were randomly‘assigned recovery intervals -
which werel5,'15, 45, 135, 405, and 1215'seconds for group one, and.
10, 30, 90, 270, 810, 2556 seconds for group two. The results
showed that'recovery'progressed rapidly in the first 5U‘seconds to
about 35%, 50% recovery was reached by 2 minutes 15 seconds, 75%
recovery by 7 minutes, and 90% recovery after 20 minutes. It must
be noted that thlS was a muscular endurance exercise because the

load used ylelded an initial endurance time of 2-4 minutes. 1/6 of
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MVC is a relatively low load placed "on the muscle,  but 38
repetitions per minute is a rate of

work that requires a relatlvely high ve1001ty, therefore it can be
assumed that fast fibres were lnvolyed 1n the contractions
(Faulkner et al., 1986). Yates et al.-(1987).suggested that the
early rapid recovery in .the first 15 ‘seconds could relate to

‘resynthesis of ATP and CP.

Weltman et al. (1979) looked at recovery from maximal effort. .
exercise under four different récovery modes. The purpose ofrtheir
inveStigation was to determine the effectiveness of different

recovery protocols in regard to blood lactate removal and further

maximal effort exercise,. The subjects performed two max1mal 5

minute work tests on four different occasions on ‘the Monark
frlctlon-type blcycle ergometer The work rate used was based on
the subject's V02 max whlch was determined earlier. The two tests
were separated'by‘a 20 minute recovery. The recovery patterns
. were; a) passive recovery‘ (PR) sitting on a chair, b) active
‘recovery (AR) below anaerobic threshold (AR AT}, ¢} active recovery
(AR) above anaerobic threshold (AR AT), and d) active recovery (AR)
above anaerobic threshold with oxygen (AR AT+02). During the
recovery, blood samples were taken at 5, 10, 15, and 20 minutes for
the determination of lactate concentration. Weltman et al. (1979)
concluded from their study that elerated blood lactate levels were
not detrimental to maximal effort performance. There was no

'significant - difference between the four modes of -recovery on the
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performance between Test 1 and Test 2. The passive recovery is of
importance because this type of recovery is most commonly used in
welghtllftlng Weltman et al. (1979) showed lactate levels after
the pa331ve recovery technique were still up at around 12 mM after
20 minutes. These lactate levels were said to have not had an
effect on the subsequent cycling performance, however it cannot be
assumed that lactate levels above restlng will not have an effect
on an exercise of shorter duration and hlgher 1nten31ty such as

weightlifting.

Wootron and Williams (;982) aieollooked at the effects of
d;fferent rest intervals on exercise performance. In their.etudy,
the abil;ty'to‘perform repeated bouts of maximal dynami.c exerciee
with different recovery durations.was examined.The task consisted
of flve 6 second maximal sprints agalnst heavy resistance on a
blcycle ergometer with' either a 30 second or a 60 second rest
1nterval between each sprint. The results showed that with a 60
second rest'interval the peak power output fell by only 3% from
bouts 1 to 5 while the end power output decreased by 12.7% after
the fifth bout. ' This is in contrast to the oerformance with a 30
second rest interval in which the peak power output fell by 17.9%
through.bopts 1 to 5 while the end power output fell by 29.1%. The
blood lactate concentrations rose considerably in both orotocols
increasing approximately eleveri fold with 30 second recovery
periods and approximately ten fold with 60 'second recovery periods.

it was suggested that because recovery times were inadequate for
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full PCr replenishment within the muscle then with each subsequent
exercise bout. there would be an increasing demand on glycolysis to
maintain ATP levels. This may help explain why there were greater
decrements in performance along with higher blood lactate levels
during the exercise bouts with 30 second rest intervals compared to

exercise bouts with 60 second rest intervals.

THE EFFECT OF LACTATE ACCUMULATION AND CP DEPLETION ON MUSCLE
FATIGUE

The following section will look at how an ipcreése'in lactic
"acid and/or a decrease in high energy phosphates in human skeletal
muscle might cause fatigue as seen through a decrease in force

output or a decrease in speed of movement.

Jacobs et al. (1983)' wanted to' evaluate the extent of
anaerobic glycolysis in 10 and 30 seconds of supramaximal exef&ise
by looking at intramuscular lactate conéentration. The':esultﬁ
showed that 10 seconds of supfamaximal exercise causéd lactate
concentrations to increase approximately five‘times over resting
levels. The lactate concentratipn for the male subjects after 10
seconds of exercise were 59% of the lactate concentration that was
seen after 30 seconds of exercise. These percentages were based on

a resting value of 6 mmol/kg dry weight.
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These theories oppose an earlier study by Margaria et al.
(1969) in which subjects ran on a treadmill for 10 seconds at a
speed which would have them reach exhaustiocn after 30-40 seconds if
continued. The subjects were allowed rest intervals in three
different seriee:~10, 20, and 30 Seconds. The results showed that
as the rest interval was increased the tota1 running time also
'increased. . A'30lsecond rest intervalobetween 10 second runs
alloﬁed the exercise to be carried-ont indefinitely. After looking
at lactlc ac;d formatlon, Margarla et al. (1969) stated that when¢
the :est perlod was 25 seconds or longer, the phosphagen source was
adequate and no call would be made on the lactate mechanism once a

steady‘state was ‘reached.

Harris et al (197°7) }looked at the comparison of muscle
phosphagen content of blop31es that were taken 1mmed1ately after
exe;c1se to the corresponding lactate content. These blOpSleS were
taken from the m. quadriceps femo;is of males ranging in age from
18 to 33 years,. it nas seen that the CP decre.ase proceeded
‘ curvilinearly with respect to an increase in the muscle lactate
content. It was also stated that this data. was independent of
enercise type, dintensity, and whether the ‘exercise nad been
maintained to exhaustion. ‘Variations in both isometric and.dynamic.
exercise protocols-were used with none of the dynamic protocols
lasting less than 6 minutes while the isometricoexercise study did
involve a load of 90-95% of the MVC which could be sustalned for at

least 2 seconds. Due to the protocols used in this study it is not
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certain whether or not the curvilinear relationships between CP and
muscle lactate would be the same using strenuous dynamic exercise

that would cause fatigue after a much shorter duration.

One of the purposes of a study by.Cheetham et al. (1986) was
- to examine the changes in muscle metabolites afte; a 30 second
sprint on'a_non-motofized-treadmill using eight female subjects.
The results showed that muscle glycogen fell by 25% along with a
54% decrease in PCr ahd a 37% dfop in A&P. . The glycolytic
intermediates . before fructose . 1,6 diphosphate, increased
approximately 13 fdld and pyruvate and lactate concenpratioﬁs rose
‘approximgtely 19 and 29 times respeCtively; Further calcqlation§
from the study attributed 64% of the ATP being used to'éprint,”
cﬁming from glycolysis with the5:est being derived mainly from CP,
Peak power.was reached at an. average of 1.63 +/~- 0.74 seconds into,
the sprint followed by a gradual decline to 50 +/- 10% of the peak
power. at the end of the sprint. As the treadmill was
non-motorized, this would help e#plain how the subjects could tap
into both the anaerobic alactic and the ahaerobic‘lactic energy

systems within a 30 second time frame.

A similar study by Boobis et al. (1982) in which subjects
attempted to pedal as fasﬁ as possible on a cycle ergometer against
a pre—set'load (75 g per kilogram body weight) was conducted to
look at muscle metabolites during brief maxzimal exercise. It was

observed that peak power output was achieved in the first 3-6
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seconds after which the power output declined rapidly. Muscle
sampiés showed that after 6 seconds of this type of work CP had
'dropped by approx1mately 35 percent, ATP by 10 percent and muscle
‘-lactate had increased approxlmately three fold over pre—exerc1se
conditions. It was sugges;ed from the results obtalned that the
glycogenolytic‘proceéses are initiated within 6 seconds and would
contribute to the provision 'of lenergy dufing ”maximal dfnamic

exercise due to CP degradation.

A-further look intb the'role“of high enérgy phosphates in .
exer01se was seen in a study by Rehunen et al. (i§82$ ih‘which the
high energy phosphates were 1nvest1gated in ST and FT muscle flbres
of resting sprinters and long dlstance runnerg, during light
% gprinting exercise, and‘during exhaustive running exercises. Their
study suggesﬁéd that dprihg Shbrt-term exercise more CP stores are
depleted in the FT fibres than'ipﬁthe‘ST fibres and that during
strenuous'éctivity, the sprinters showed a droﬁ in CP stores in
botﬁ FT and ST fibres suggesting tﬁat both ﬁuscle fiber types are
recruited during sprinting. It Qas also suggested that in the
sprinters the CP is resynthesized more quickly in FT than in the ST
muscle fibres.

A more recent étﬁdy by Tesch et al. (1989) seemed to égree
with the suggestions of Rehunen et al. (1982). Téséh et al. (1989)
looked at-cregtine phosphate in both fast‘and slow fibres of human

skeletal muscle before and after exhaustive exercise. At rest the
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CP content was approximately 13% higher in FT than in ST fibres.
Tesch et al. (1989) stated that CP recovery may occur more readily
in ST fibres because the resynthesis of CP is an oxygen dependant
process and skeletal muscle blood flow isrgreater around ST fibres.
This was also seen by Sahlin et al. (1979) who suggested that the
initial fast phase of CP resynthesis was limited by availability of
oxygen; Post exercise lactate values were also significantly
higher compared to resting (P<0.001), this being after 15 seconds
of actual concentric work (30 contrdctions each lasting 0.5
éecongs).Teéch et al. (1989) élsq staﬁed that'it‘was not certain .
whethe; rate ‘of fofce losé during contractile activity followed by
the ldwér rate of force restitution shown in indiﬁiduals'rich in FT

fibres could be correlated with CP metabolism.

Another'investigation that involved sprinters was done in

which Hirvonen et al. (1987) looked at the breakdown of high enerqgy

~ phosphate ¢ompounds and lactate accumulation during 40, 60, 80, and

100 meter sprinting at maximal speed on separate days. The purpose
of their study was to try and find a metabolic explanation for
muscular fatigue in suramaximal work. The subjects used in the
study were Danish national level male sprinters. Blood samples
were taken at rest (on the first day only), after 5 minutes of
wafming up, 30 seconds before each run, and then 0, 2, 4, 6, 8, and
10 minutes after esach run. Hirvonen et al. (1987) found thaﬁ about

88% of the creatine phosphate was depleted after 5.5 seconds in
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work lasting 11 seconds and suggested that because of the low level
of blood lactate (8.3 +/_0.6) seen in the subjects after having
performed the 100 meter run, it was obviously not the pfimary

reason for muscle fatigue and decreased running speed.

‘The present review has already noted hypotheses that lactic
acid accumulatlon and a drop in pH brought about by an increase in
hydrogen concentratlon are factors ln the onset of muscle fatlgue.
During fatigue, another metabollte besides ‘H' also 1ncreases-1n
concentratlon and that ‘is 1norganlc phosphate (pi) which is a
,result of the breakdown of phosphocreatlne (PCr) to creatlne {Cr)
and Pi. It has been observed by-Wllhle {1986) in a re-analysis of
"his eafiier é»NMR studies that a combination of an'increase‘in H*ﬁ-
and"Pi leads to an increase in the monobasic phosphate
concentrations (Pi') and suggests .that Pi- might be :a direct

1nh1b1tor of the actomy031n ATPase system.

A later study by Nosek et al. (1987) using chemically stained
single fibres ffom'rabbit psoas'muSCle have shown that a decline of
pH normally seen with fatigue would not only inhibit force directly
but indirectly as well by increasing the fraction of total Pi in
the H,PO,” form which is the diprotonated form of Pi. Thusiit was
concluded that a combined effect of an increase in intracellular Pi
and a decreased pH; due to lactic acid accumulation, would result
in la dramatic depression "of maximal force production by the '

contractile apparatus. The results also supported the suggestion
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that maximal force produced by the cross-bridge is dependent on

H,PO,”' aud not an HPO,” or total -Pi.

A further P—NMR study on humans by Millgr et al, (1988) also
helped to confirm these earlier reports by includiné that a decline
in MVC strongly suggested that both H'
and H,PO,”? are important deﬁerminants of human muscle fatigue.
Héwever, 6bservaﬁions by Wilson et al. (1988) in.£heir P-NMR sﬁudy
using humans has implied that muscle fatigue ‘during intense-
short-term exercise  was pfimarily caused by én increase in

intramusculariﬁ?O;ﬂ rather than by a decrease in intramuscular‘pﬂ.

SUMMARY

J‘After having reviewed the bossible mechanisms ofl muscle
fatigue, the above review of studies has indicated that an increase
in lactic acid resulting in an increase in hydrogen ion
concentration along with a drop in pH are important factors.
Additionally, a drop in Cé and a subsequent increase in the ionized
forms of inorganic phosphate are also important factors in
inhibiting the contractile processes thus producing a depreésed

force output.
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In order to maintain a required high force output, the
training stimulus to achieve such a result should ideally be free
frbm'any premature fatigue that would result in a lower volume of
optimal performance. Thus it would seem important to know the
necessary rest interval required between work bouts involvinq high
speed and high resistance movements in ordgr to maximize' the
quality of work being performed and minimize the premature onset of

any muscle-fatiguing metabolites.
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CHAPTER THREE
METHOD( ,OGY

Introduction

This chapter will outline the experimental design and methods
for this study,in’ which the rest interval between sets. shall be
manipulated in order to look at its-effect upon blood lactate and

- speed of muscle‘ contraction. The methdd of blood analysis to

determine blood lactate levels shall also'be described, "along with "g

the statistical design to determine . significance among the

variables chosen.
Subjects

for this study, eight male_volunteers ranging ih age from 20
to 28 years were recruited who were all éompetitive athletes. All
‘were considered experienced weight iifters who had a minimem of one
year of weight training: Experienced subjectsﬁ@ere used because
they were all familiar with the movement pattern §ﬁd this decreased
the chance tpat learning effects would bias the Study. They were
also familiér with post-exercise responses to weightlifting andﬂf
their competitiveness would insure that true maximums wefé being

achieved throughout the study.
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Instrumentation

The equipment used in this study involved a Scott Curl bench,
installed at an angle of 45 degrees with the floor; a dumbbell in
which weight could be varied; | two Honeywell ' FE7C-RCGG
retroreflectlve switches with reflectors, an IBM X/T personal
computer and LABMASTER Board along with custom software programs

for recording speed of movement between the two light gates.
P . . : '

The‘ speed of 1limb movement was determlned durlng elbow
;flexlonfextenslon py the..arm pa551ng through two.k;pfrared
rretroreflective photdelectrlc cells whlch were po51t§omed at
selecteoranglee.relative to the face of tﬁe Scott Curl Bench.

J‘Analog to‘ digital"(A%D) conversion of the switch 51gnals was
accompllshed by the LABMASTER x&Qstalled in the IBM X/t
mlcrocomputer Sortware was developed to retrieve the tlme values

between switch signals and ihstantaneously calculate changes in the

.time values.
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Procedure

The testing protocol extended over a period of eleven days (see

table 2).

Table 2. Exercise Protocol

DAY 1/3/5 DAY 6/7 DAY 8 . DAY DAY 11
' : 95/10

Doterminatlon 0 - Elbow floxion at 70% Q' ‘- Elbow floxlon at 70V

of F . 1RM . F - 18M

1 M B - Rost botweon sats! halt P = Rest botwoan sota;
group 30 see, halt hall group 30 soc,  halt
group 180 moc, . qroup 180 sec,

- Post. lactates at 0, 1, ~ Post lactates ‘at 0, 1,

2 min - .

2 'min

On the first day of the téstinggprotocol, eachlsdpject;s one
_repetition maximum (1RM) in elbuw flexion of the dominant arm was
determinéd on the Scott Curl bench by progressively loading the
dumbbell until a éomplete repetition could not be achieved. The
1RM recorded was the weight of the last fully,completed repeﬁition.
This procedure was repeated od days three and five. The 1ﬁm test
was performed three times to ensure‘that true maximum was being
achieved. Days two, four, si# ghamseven were rest
. days in which the subjects were told to resume normal activity but
abstain from any arm exercises. On day eight the subjects
performed sets of elbow flexion and extension repetitions with.70%
of their 1RM. This percentage was based on an average cf the
percentages discussed .in the literature reviewed (Chapter Id
pp.l-é). They were instructed to execute the repetitions as fast
as possible, while still maintaining cont;ol and fullhrahge of
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motion. Each set lasted until fatigue occurred. Fatigue was
determined by the computer software program, which calculated the
speed of arm .novement in the concentric phase, through the two
ohotoelectric gates which were positioned at angles of 40 and %0
degrees relatz e to the face of the Scott Curl bench. The full

range of motion wes between 0 and 130 degrees with the midpoint

‘beingfet 65 degrees.  The.positioning of the gates at 40 and 90

degrees were chosen because they represented an area'around the

‘ mldoolnt where the arm would be con51dered to be travelllng at its
_maxmmum veloc;ty When the speed of arm movement had slowed by 25%

“compared to the speed of the flrst repetltlon of that set, the’

ccmputer s1gnalled the end of thc set by an auditory beep. Rest

time between sets was predetermlned at 30 seconds. The number of

. sets would continue until the first repetltlon of a set was 25%

'slo'er than the first repetltlon of the first set. At this time

the exercise for a subject would be complete. The number of sets
and repetitions were counted and recorded for the two conditions.
Repetition datal was taken for future reference as this is a
traditionai parameter in weignt training. No analyses of the
repetition data was intended or done as the thrust of the present

study was to measure time not repetitions. Dominant hand fingertip

\
"

blood samples were then taken from the subject at zero, one, and
two minutes following the last attempted curl and analyzed for

blood lactate concentration. These sample times were chosen based

on pilot work that showed values had peaked by two minutes post

exercise. On day nine and ten the subjects were told to resume
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normal activity but refrain from any arm exercises. On day eleven
the same protocol as day eight was used exceptfthe rest iﬁterval
between sets was changed to 180 secondé. The subjects were randomly
assigned into two groups so that the number of subjects. hav1ng a 30
and 180 second rest intervals were equal on the two test days. ’ The

rest intervals of 30 and 180 seconds were based on

-physiological landmarks of half and full CP recovery reépectivgly,

in the anaerobic alactic'energy system (Hultman et al., 1967).

Method of blood sampling and analysis

The blood samples werq_anaiyzed'with a Kontronl640 Medical
Lactate‘Analizer to deterﬁine lactate concentratioﬁ. "The blood
samples were obtained by puncturing the. middle fingertip of'thé
exerc1sed hand with a Monojet Lancet device and transferring the
blood into a capillary tube. 20 ul of whole blood was then
pipetted from the capillary tube into a hemolyzlng tube where the
blood was immediately mixed with 180 ul of diluting solution. A
sample of 100 ul of this solution was then‘injec;ed into the
analyzer to’ déterhine blood lactate honcentration. .The
experimental error of the Lactate Analyzer was established at +/ -
9.05 mmol/L (Geyssant et al., 1985). This procedure.was repeated:
for all samples on days eight and eleven. After the'samples were
taken, the subject’s finger was cleaned‘with,alcohol and cévered
with a band-aid to prevent infection. The Laétate Analyzer was

calibrated to 0.00 and 5.00 mmol/L before any samples were

66 ..



analyzed. Recalibration of the analyzer was done to 5.00 mmol/L

after every three samples.
Statistical design

Initially, descriptive analyses were oerformed'to provide
means andostandard deviations for total work time values obtained
during the exercise . protocol and lactate values obtained post
'exerc1se.‘ In order to determlne the relatlonshlp between total'.
number of sets, blood lactate accumulatlon, aud mean tlme per set‘
a table of . correlations was used. .This was performed on each

subject’s data for the two conditions.

The statistical design used for this study were three one-way
aﬁalyseé of variance (ANOVA) with repeated measures. The
indepehdent variable'of rest interval was fixed at two levels, 30
and 180 seconds. The dependant variables studied were blood

lactate levels, total number of sets, and mean time per set.
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