The Effects of Active and Passive Recovery
on Blood Lactate Concentration and Performance
in a Simulated Ice Hockey Task

by
(©  Marek Kaczynski

A Thesis Submitted to the
Faculty of Graduate Studies and Research
in Partial Fulfillment of the Requirements
for the Degree of Master of Arts (Education)

Department of Physical Education

Division of Graduate Studies and Research
Faculty of Education
McGill University
Montreal, Quebec, Canada

January, 1989



Acknowledgements

Without the assistance and cooperation of many individuals this investigation
would not have been possible. Firstly, I would like to thank all those who participated
as subjects. I would like to acknowledge the tollowing people tor their assistance n the
collection of data: Dr. Rene Turcotte, David McGruer, Louise Chencuvert, Sylvie
Turcotte, Brigitte Mital, Mary Couglan, Antony Travlos, and a special thanks to Perry
Koziris, who spent as much time at the rink as mysclf.

I am much obliged to Richard Kostyk for the use of his computer, when the
university mainframe proved to be inadequate for the task at hand.

I am grateful to Marisza Lopato, and my special friends Harry Samuel and
Stephanie Cooper for the big help they were in the typing of the document.

I am deeply appreciative of Dr. Helen Perrault for translating my abstract and
always taking the time to answer any questions [ might have had, no matter how trivial
or how complex.

To my supervisor Dr. David Moatgomery for always having the time to examine
and constructively criticize my thesis. Without his patience, knowledge, and
encouragement this investigation would probably not have scen a successful conclusion.

Lastly, to my father a man who thinks he knows so little, but scems to know all.

A man who many times I have drawn strength from in order to exccl.



’si‘

Abstract

The purpose was to examine the effects of active and passive recovery on blood
lactate concentration and performance in a simulated ice hockey task. Eleven
university, varsity and mtramural level hockey players performed one continuous
acrobic cycle cergometer test (VO,max) and thrce Repeat Sprint Skate (RSS) tests.
The RSS test consisted of four repetitions of a 91.4 m skate with repetitions initiated
on 30s intervals, repeated s1x times with six minutes of recovery between each RSS
test. 'This protoco! was performed using passive, skating, and cycling recovery. Results
indicated: (1) The difference between pre and post test blood lactate concentration
was similar in the passive and skating conditions but significantly lower (p<<0.01) in the
cycling condition.  (2) Spced index times were similar (p>0.05) among all
experimental conditions.  (3) Anacrobic endurance index times were significantly
faster (p<0.05) in the skating and cycling recovery conditions. (4) There was

significantly less (p<0.05) drop-off in the skating and cycling recovery conditions.
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Resume

Le but de cette étude était d'examiner les conséauences d'une période de répétion
active ou passive sur la concentration plasmatique de lactates et la performance lors
d'une épreuve simulée de hockey sur glace. Onze joueurs de hockey de niveau
universitaire ou inframural ont ¢été soums A une ¢épreuve continue maximale sur
bicyclette ergométrique (VO;max) amsi que trowis Sprints Répétés de patinage sur glace
(RSS). Le test RSS comprenait six sets de quatie répétitions de 91.4 m de patinage sur
glace, chaque répétition étant espaéec par 30 secondes. Une phase de récupération de
six minutes était allouée entre les sets. Les participants étaient assignés soit a unc
récupération passive ou a une récupération active effectuce en patinage sur glace ou
sur bicyclette ecrgométnque. Les résultats ont perms de  démontrer (1) des
concentrations plasmatiques de lactates similaires chez les groupes ayant réeupéré
fagon passive ou cn patinant, qui demeuraient toutefois inféricures aux valeurs
observées chez le groupe ayant utihisé la bicyclette. (2) des indices de performance sur
glace similaires pour toutes les conditions de récupération. (3) des indices d'endurance
anaérobie significativement plus rapides ches les groupes ayant bénchicies d'une
recupération active. (4) un indice de fatigue significativement moins marqué chez les

groupes ayant bénéficiés d'une récupération active.
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Chapter 1

Introduction

Ice hockey is a game of CTanadian origin which today is popular throughout
Canada, the United States, and Europe. The game incorporates characteristics that
make it one of the fastest and most exciting sports in the world.

The game demands from the player a balance of power and endurance, therefore
both the acrobic and anaerobic energy systems are heavily taxed (Green and Houston,
1975; Houston and Green, 1976; Seliger et al., 1972). This presents the coach with a
umque  problem. He must use training techniques which will induce maximum
development of both energy systems Regardless though, of how well trained the
athlete may be, duce to the fast paced naturc of hockey, there will always be an
clement of fatigue. Today many coaches turn to the scientist to analyse and help solve
such problems. This 1s the case 1n many sports, not just hockey.

When a scientiic approach is taken, athletes arc usually evaluated using tests
which have been proven to be valid, reliable, and objective. Through the use of tests
which simulate game conditions, physiological parameters that influence performance
can be measured and analyzed. Once this process is completed, problems can be
identified and the appropriate solutions implemented. The merger of science and sport

can thus be beneficial to the coach, athlete, and scientist.

1.1 Nature and Scope of the Problem

Some characteristics of ice hockey include high intensity intermittent bouts of
skating, rapid changes in velocity and duration, puck handling skills, and frequent body
contact (Montgomery, 1988). In order to keep the pace of the game at a high

intensity, hockey players participate in  shifts. The active on-ice shifts are
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approximately 30 to 80 seconds in duration ar 1 the off-ice recovery periods are four to
five minutes in length (Montgomery, 1988). Due to the nature of the game and the
relatively short on-ice duration, the player is expected to put forth a maximal and
sometimes supramaximal effort on every shift. In order to put forward such an effort,
the anaerobic energy system must be heavily taxed (Green, 1979; Gieen ct al., 1978b;
Houston and Green, 1976).

Any sport which involves high intensity intermittent bouts of activity, that are
longer than 10 seconds, will draw energy from anacrobic glycolysis (Green, 1979;
Lehninger, 1982). Even though glycolysis has a high ATP yield per unit time (Green,
1979), one disadvantage of its use combined with short recovery periods is an
accumulation of lactate. The rate of accumulation will depend on the mntensity of the
task. Higher work intensities will more quickly bring about a critical lactate level
(Hermansen, 1971). If lactate concentration rises and stays above critical levels,
acidosis will lead to muscular fatigue (Green, 1979; Jones and Green, 1984), which
limits the player’s ability to reproduce optimal performances.

Presently, icc hockey players recover by passively sitting four to five minutes
between shifts. Lactate removal is relatively slow during passive recovery  If active
recovery was employed between shifts to increase the rate of lactate removal the
physiological potential for the players to play to their capacity would be enhanced
(Jacobs, 1986).

Early studies by Newman et al. (1937) and Rammal and Strom (1949) indicated
that active recovery decreases the time taken to lower blood lactate levels to near
baseline values. A recent study that examined recovery using a simulated hockey task
(Watson and Hanley, 1986), found that active recovery (bench-stepping and skating)
decreased blood lactate levels to a greater degree than passive recovery.  Skating,
bench-stepping, and resting recovery lowered lactote levels by 45, 45, and 35%,
respectively, after 15 minutes of recovery. Initial distances skated were statistically

similar. Post recovery skating distances were similar across all conditions.  Pest
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recovery skating performance levels were lower for all recovery conditions. Thus
active recovery in this particular case increased lactate removal, but did not affect
performance.

In most studics, when active recovery has been examined, the mode of recovery
was identical to the initial type of exhaustive exercise (Belcastro and Bonen, 1975;
Boileau et al., 1983; Bonen and Belcastro, 1976; Koutedakis and Sharp, 1985; Watson
and Hanley, 1986). When different modes have been compared (Krukau et al., 1987;
Siebers and McMurray, 1981), the sport-specific mode usually proved significantly
more effective than the non-specific mode, although contrary findings do exist (Watson
and Hanley, 1986). Recovery time between hockey shifts is inadequate in duration to
permit blood lactate concentration to return to resting levels if recovery is of a passive
nature. Since both skating and bench stepping are impractical recovery methods fur
hockey, then a form of active recovery that employs similar prime movers to skating,

and is casily employed between shifts, should be investigated.

1.2 Significance of the Study

Through the use of time-motion analysis and the measurement of blood
parameters such as lactate concentration, hockey games, periods, or shifts can be
simulated. Simulations aid investigators to examine variables that may limit
performance.

Green et al. (1976; 1978a) observed a decrease in blood lactate concentration
from the first to the third periods. Lactate concentrations ranged from 80.3 mg% at
the end of the first period, to 38.0 mg% at the end of the third period (Green et al.,
1976). 'This could indicate a drop in energy production. Simulated ice hockey tasks,
consisting of 10 one-minute bouts of skating at a velocity equal to 120% of VO,max
scparated by five minutes of passive recovery, elicited blood lactate concentrations of

10.9 mmol/l after 30 minutes and 13.3 mmol/l after 60 minutes of intermittent skating
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(Green, 1978). Montgomery et al. (1988) and Watson and Sargeant (1986) observed
lactate values of 10.7 mmol/l and 11.5 mmol/l respectively, following six skating
repetitions of 91.4 meters. Subjects performed the repeat sprint skate (RSS) hockey
fitness test as described by (Reed et al., 1979) to simulate an intensc shift. Blood
lactate values of this magnitude reflect significant acidosis in the muscle causing
metabolic and contractile disturbances, resulting in decreased work performance
(Green, 1979).

Half times for lactate removal have been reported to be 20 minutes under passive
recovery conditions (Bonen and Belcastro, 1977). Depending on the intensity of active
recovery, half times of 9.5 minutes (Sahlin et al., 1976; Stamford et al., 1981) and 10
minutes (McLellan and Skinner, 1982) have been reported.

If active recovery was employed between shifts, there exists a possibility of
improved performance on subsequent shifts. Since a sccondary skating arca is seldom
available to the player, the opportunity to use skating as an active recovery mode
during games to counteract some of the lactate accumulation in a shift, is not practical.
If another form of active recovery that used the same prime movers as skating was
shown to be as statistically effective as skating in cliciting lactate oxidation, the player
should benefit by an increase in performance. It is feasible to perform active recovery
by cycling which may serve as a substitute for skating. If cycling 1s proven statistically
to be as expedient as skating in removing lactate, it would be possible to design
portable cycle ergometers that the players could use between shifts in actual game

situations.

1.3 Statement of the Problem

The aim of this study was to compare the effect of two modes of active recovery
(skating, cycling) to passive recovery on blood lactate concentration and performance
in a simulated ice hockey task. The simulated ice hockey task was a modified version

of the repeat sprint skate test (Rhodes ct al., 1985) that was repeated for six trials.
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This study examines the following hypotheses:

1.4

Blood lactate concentration will be significantly lower following active recovery
conditions than a passive recovery condition.

The speed index variable of the RSS test will be significantly faster in the active
recovery conditions than a passive recovery condition.

The anacrobic endurance index variable of the RSS test will be significantly lower
in the active recovery conditions than a passive recovery condition.

The drop-off index variable of the RSS test will be significantly lower in the active

recovery conditions than a passive recovery condition.

Operational Definitions

Active Recovery: A form of recovery in which the subject exercises by either
skating or cycling at a submaximal level following high intensity exertion (RSS
test).

Passive Recovery: A form of recovery in which the subject sits on the bench.
Shift: An cight minute time segment during which the subject completes one RSS
test (two minutes) and one recovery interval (six minutes).

Repetition:  Hach of the four segments within the RSS test during which the
subject skates from goal line to goal line and back to the opposite blue line.

Spced Index: The time required to skate one length of the ice (54.9 m) on the first
repetition of the modified repeat sprint skate (RSS) hockey fitness test (Gamble,
1986).

Anaerobic Endurance Index: The total time required to complete four repetitions
(4 x 91.4 m) of the RSS hockey fitness test (Rhodes et al., 1985).

Drop-off Index: The difference between the fastest and slowest repetitions of the

RSS hockey fitness test (Reed et al., 1979).
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1.5 Limitations

Ice conditions may not be exactly the same for all subjects.

1.6 Delimitations

1. Subjects were male hockey players of varsity or intramural level.
2. Subjects were students at McGill University.

3. Subjects ranged between 20 and 25 years of age.

4. The ratio of on-ice shift length to off-ice recovery time was 1:3

(two minutes : six minutes).

b

Only forwards and defensemen were used.



Chapter 11

Review of the Literature

The accumulation of lactic acid in the skeletal muscle, and its subsequent
diffusion into the blood is one of the physiological aspects that is associated with both
objective and subjective muscular fatigue. Short term, high intensity exercise
performance is notably cffected by lactate build-up (Jacobs, 1986). Hockey being a
sport that involves high intensity intermittent skating, combined with rapid velocity
changes and repeated body contact draws frequently on anaerobic encrgy sources
(Montgomery, 1988). Due to the nature of hockey, there is an accumulation of lactate
in the skeletal muscle. Recovery time between shifts is too brief to allow the dissipation
of lactate back to levels that will not effect the performance of the player.

At this point in time, players recover passively between shifts. Studies focusing
on active recovery have demonstrated that active recovery increases the rate of lactate
removal (Belcastro and Bonen, 1975; Dawvies et al., 1970; Newman et al., 1937;
Watson and Hanley 1986). Active recovery studies are infrequent and when applied to
hockey are almost non-existent.

This section of the mvestigation will give a brief review of the scientific literature
pertaining to the physiological and biochemical nature of active recovery. The chapter

is divided into (ive sections:

tJ

.1 Lactate Metabolism
2.1.1 Production

2.1.2 Removal

2]
[ 8]

Lxercise Intensity and Lactate Removal

9

to
$a (98]

Spectficity of Exercise Mode

Performance and Lactate Level

t9
n

Encrgetics of Ice Hockey




2.1 Lactate Metabolism

2.1.1 Production

Lactate is the terminal substrate of a linear biphasic biochemical pathway known
as glycolysis. Glycolysis is a process by which glucose is enzymatically catabolized in a
sequence of 10 reactions that yield pyruvate. Under anacrobic conditions such as high
intensity contractions of the skeletal muscle, pyruvate 1s reduced to lactate. This
process is commonly known as anaerobic glycolysis (Lehninger, 1982).

Reactions, substrates, and cpzymatic catalysts involved in the conversion of
glucose to pyruvate and then into lactate will be briefly summarnized. The first priming
reaction is the phosphorylation of glucose to glucose 6-phosphate catalysed by
hexokinasc. Glucose 6-phosphate is then converted to fructose o-phosphate catalyzed
by phosphoglucoisomerase. Tructose 6-phosphate the sccond prinnng  reaction,
catalyzed by phosphofructokinase yiclds fructose 1,6-diphosphate.  Fructose
diphosphate aldolase then catalyzes the cleavage of fructose |,6-diphosphate to
glyceraldechyde 3-phosphate. Glycolysis enters 1ts sccond phase when glyceraldehyde
3-phosphate is oxidized to 3-phosphoglyceral phosphate catalyzed by glyceraldehyde
phosphate dehydrogenase. Phosphoglycerate kinase then transfers a Ingh cnergy
phosphate group forming 3-phosphoglycerate. Phosphoglycerate mutase catalyszes the
conversion of 3-phosphoglycerate to 2-phosphoglycerate. inolase then promotes the
dehydration of 2-phosphoglycerate to phosphocnolpyruvate. Pyruvate kinase 1s the
catalyst in the transfer of phosphocnolpyruvate to pyruvate. Under acrobic conditions,
pyruvate is oxidized to form acetyl-coenszyme A which 1s used m the Krebs cycle.
When the tissue is functioning anacrobically, lactate 1s formed through the reduction of
pyruvate catalyzed by lactate dchydrogenase (Lehninger, 1982). A schematic

representation of glycolysis 1s illustrated in Iigure 2.1.
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Muscle fibre type, enzyme levels, and enzymatic activity within the muscle have a
strong influence on lactate production during cxercise. Sahlin and Henricksson (1984)
observed trained subjects who possessed a higher percentage of slow twitch (S1) tibres
than fast twitch (FT) fibres. Mitochundrial and glycolytic enzymatic activity were
measured. The frained subjects had significantly higher citrate synthase ('),
succinate dehydrogenase (SDH), and 3-Ol-acylCoA dchydrogenase (ITAD) uctivity
levels, than the sedentary subjects. The trained subjects were able to «ustam an
isometric contraction at 60% maximum voluntary contraction (MVC) for a longer
period while producing less lactate. Essen and Haggmark (1975) measured muscle
lactate levels in type 1 (ST) and type II (I'T) fibres. After 80 seconds of dynamic work
at 100% VO,max and 65 scconds of static work at 50% MVC, muscle lactate levels
were higher (5 and 10 mmol/kg wet weight) ngher in the type I fibres. Teseh et al.
(1978) studied lactate accumulation m muscles that were 1 a state ol local fatigue
caused by repeated 1sokinetic contractions. Lactate  dehydrogenase(1.IDIT) activity,
LDH isozyme, and fibre type dist utton were measured Lactate concentration was
found to be sigmficantly lugher in the rast twitch(F1) muscle fibres Tescly, (1978) also
found that lactate was i higher concentrations m I fibres. Sigmificant corretations
were found between total LDIT activaty and lactate concentration, muscle TL.DI activity
and lactate concentration, total LDIT activity and muscle hbre type distribution, and
muscle LDH activity and muscle fibre type distribuaon. These  tmdmgs  lead
investigators to the conclusion that because of the greater total EDID activity and hgh
proportion of muscle LDH, II'" muscle fibres are capable of produciag higher
concentrations of lactate than ST fibres. Further support for this conclusion s found n
studies which compare sprint tramned to endurance tramed subjects (Mcedbo and
Sejersted, 1985; Scjersted ¢t al., 1982; Sharp ct al., 1986; Tesch and Karlsson, 1984)
The sprint trained athletes had higher II° fibre arca, greater glycolytic enzyme

activity, and higher lactate levels following exhaustive exercise.
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Through tracer experiments using [U-1%C] lactate in rats (Brooks and Divine-
Spurgeon, 1982; Brooks and Gaesser, 1980; Donovan and Brooks, 1983), sodium
L(+)-[I-C] lactatc in dogs (Depocas et al., 1969; Eldridge, 1975) and
Na*-D,L(+)-2-3-(13C) lactate in humans (Hubbard, 1973; Mazzeo et al., 1982),
researchers have found that lactate does not just accumulate in the body during
exercise, nor does the body stop producing lactate below a certain work intensity. This
indicates that lactate production levels are in a constant state of flux. Blood lactate
concentration reflects the balance of a dynamic steady state (Brooks and Divine-

Spurgeon, 1982°

2.1.2 Removal

Lactate produced in the muscle cell diffuses into the blood. Lactate is a
relatively small and casily diffusible mmolecule (Hermansen, 1971) which permeates
across the cell membrane m an ionized form (Ilirche ct al., 1973). Lactate is removed
from the blood through a number of different sites. These removal sites include the
heart, kidneys, spleen, bramn, liver, and skeletal muscles (McGrail et al., 1977). The
heart s responsible for abeut 10% of the lactate removed during exercise. The kidneys
and bramn arc mmor removal sites and contribute relatively little to the lactate removal
process. The hiver converts about 25% of blood lactate to glucose durmng rest and 12 -
20% durmg excreise. Rowell et al. (1966) studied subjects during treadmull cxercise
requirmg 48% to 70% ot VOamax. Through constant mfusion of indocyanine green,
splanchmie removal of lactate was calculated. Rescarchers concluded that up to 50%
of factate produced during moderate exercise is removea by hepatic-splanchnic tissues.
Subsequent studies did not concur with Rowell's findings.  Hermansen ct al. (1975)
observed that the major removal site for lactate durning exercise is the skeletal muscle.
As much as 75% of blood lactate produced during exeicise is metabohized by the
working (Mmare and Forichon, 1975) and non-working skeletal muscle (Poortmans et

al , 1978).
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Tracer studies indicate that lactate turnover is directly related to metabolic rate
(Brooks et al., 1973; Brooks and Divine-Spurgeon, 19382; Brooks and Gaesser, 1980;
Depocas et al., 1969; Donovan and Brooks, 1983; Eldridge. 1975: Issckutz et al., 1976;
Jorfeldt, 1970; Mazzeo et al., 1982). Therefore if the metabolic rate 15 increased,
lactate production increases as well as lactate removal. Jorfeldt et al. (1978) found the
maximal capacity for lactate release from the muscle to be approximately S mmol/min.
This occurred under conditions of heavy exercise, at muscle lactate concentrations of 4
mmol/kg wet weight or higher. Concentration of lactate mn the blood mcereases Inearly
until the lactate inflection point is reached, where lactate entry into the blood exceeds
its removal (Brooks and Fahey, 1984). Concentration of lactate in the blood decreases
if remcval exceeds production. Issckutz (1984) illustrated this by pharmacologically
lowering lactate production through the use of B-andrengenie blockers. Inderal was
infused 1nto exercising dogs. The inderal inhibited lactate production causing a rise m
the metabolic clearance rate of lactate. Donovan and Brooks (1983) and Fremmet et
al. (1975) used mtusions of [U-1C| lactate to study the effects of endurance tranmng on
rats. They found that endurance traimng effected the oxidation and turnover rate of
lactate, not 1ts production. The increased turnover and oxidation rates combined to
produce a high lactate clearance rate.

The lactic acid produced m the FT' twitch muscle tibres s primanly oxadized by
the ST muscle fibres which have a higher concentration of heart specific LDH 1sozymes
(Bonen et al., 1978). This study found a sgmbicant positive correlation (r=0) 54),
between the lactate removal rate and the percentage of ST fibres. The above study had
subjects exercise at hugh intensity (89.4% ot VOpmax), for six minutes. Twenty mmutes
of active recovery was employed at 39 1% of VO.max The lghest Jactate removal
rates were found m subjccts with a high percentage of ST hibres

McGrail ct al. (1978) studied lactate removal rates in comparison to the relative
muscle mass used 1n active recovery. Subjects performed six minutes of high intenaty

exercise at 90% of VO;max. Max VO, was determined on a cycle ergometer for legs,
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arms, and combined arm-leg cxercise. Recovery rates were 26.8% of VO,max for arm
exercise, 26.8% of VO,max for leg exercise, and 29% of VO,max for combined arm-
leg cxercise. Lactate removal rates were significantly greater for the active recovery
situations compared to rest. The leg condition was found to elicit a significantly faster
lactate removal rate than the arm condition. The arm-leg condition produced the same
resuits as the legs only condition. Due to the rescarchers lowering of the intensity at
which the arms worked during the arm-leg recovery condition, lactate removal rates
may have been decreased for this condition. Thus it was concluded that lactate

removal rate is related to the muscle mass involved in the recovery.

2.2 Exercise Intensity and Lactate Removal

Early investigations by Margaria and Edwards (1934) and Margaria et al. (1933)
which separated the oxygen debt into fast (alactacid) and slow (lactacid) components,
lead to the beliet that lactate was a "dead end metabolite” that was only formed and
not removed during cexercise (Brooks and Fahey, 1984). Subscquent studies by
Newman ct al. (1937) and Rammal and Strem (1949) dealing with recovery metabolism
showed that thi. hypothesis was untrue.

Newman ct al. (1937) and Rammal and Strom (1949) had subjects exercise
during recovery periods subscquent to exhaustive exercise. Both investigations found
that the lactate removal rate was augmented through the use of active recovery
compared to resting recovery.

Gisoltr ¢t al. (1966) tested four subjects by having them run to exhaustion on a
motor driven treadmill. The protocols were selected according to the subjects
mdividual ability Two of the subjects ran at 20.9 km/hr on a 2% grade while the other
two ran at 19.3 km/hr on a 2.5% grade. Each subject ran to exhaustion. Recovery
rates were set at 10.5 km/hr for the former two subjects while one of the latter subjects

walked at 6.4 km/hr on a 5% grade while the other walked at 7.2 km/hr on a 2.5%
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grade. The recovery exercise intensity represented 52 - 53% of the first two subjects
aerobic capacity while the second two subjects worked at 38 - 42% of their aerobic
capacity. All subjects recovered for 35 - 50 minutes on the treadmill. End lactate
values were 19.0, 18.0, 15.5, and 57.5 mg% for subjects 1 to 4, respectively. Probably
the high value for subject 4 compared to the others was due to the mitial lactate value
achieved, the amount of recovery time, or the subjects fitness level. Recovery time is
the most probable explanation in this case since subject 4 was m the active recovery
state for 35 minutes as opposed to the maximum recovery time of 50 minutes.

Hermansen and Stensvold (1972} studied lactate removal rate at recovery
intensities of 30, 60, 70, and 80% of the subjects VOymax. An optimal lactate removal
response of 8.0 mg%/min was predicted to occur at 63% of the subjects VO,max.
Spath (1979) found lactate removal most cxpedient at 59.2% of VO,max At this
recovery intensity, lactate removal was 9 25 mg%/mn. Timson (1976) compared rest,
walking, and jogging recovery after 10 minutes of cexhaustive exercise. After 15
minutes, lactate levels were significantly lower mn the walking and joggig recovery
conditions compared to the rest condition. Walking recovery intensity was 24%  of
VO,max while jogging recovery was performed at 61% of VO;max. Similar optimal
removal intensities were observed by Bonen and Belcastro (1976). Rest, self-selected
continuous jogging, and free mntermuttent jogging were used n the recovery phase of the
experiment. The optimal lactic acid removal rate in the above study was found to be
7.1 mg% per minute and occurred at 57.1 - 70.0% of the subjects VOmax.

Davies et al. (1970) exercised four subjects for six minutes at 80% of their
VO,max. The subjects were then excreised at four different recovery intensities, 185,
30, 45, and 60% of VO,max. Lactate removal was better at 30% and 45% of the
subjects maximum acrobic capacity than at the low (15%)and high (60%) rccovery
intensities.

Belcastro and Bonen (1975) and Dykstra ct al. (1973) found similar results to
Davies et al. (1970). In the former study, subjects were exercised at 89% of VO,max

for six minutes followed by rc ~overy at rest, 30, 45, 60, or 80% of VO,max. The most
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expedient removal rates occurred at 29.7% and 45.3% of VO,max. The latter study
had subjects exercise for eight minutes at 90% of VO,max. Recovery was perforined at
rest, 25, 40, 55, and 70% of VO,max. Disappearance of lactic acid was most rapid
between 25 and 47% of VO;max.

Mcl.cllan and Skinner (1982) used the aerobic threshold ond fractions of the
subjects VO,max as markers tor work intensity recovery levels. Expressing active
rccovery intensity as acrobic threshold +%VO,max was found to decrease inter-
individual variance. Subjects were exercised for !0 minutes at 90% of VO;max.
Recovery intensity was expressed as the subjects aerobic threshold minus 30, 20, or
10% of VO,max. Rest, acrobic threshold and aerobic thres1old plus 10% of VO,max
were also used as recovery intensities. Lactate removal ‘was fastest when recovery
exercise was performed at the condition described as the aerohic threshold minvs 10%
of VO-max. This intensity was equivalent to approximately 43% of VOjmax.
Compared to the resting condition, lactate removal was facilitated at recovery
intensitics between 27 - 58% of VO;max.

These figures concur with data collected by Koutedakis and Sharp (1985). They
had rowers sprint 2000 meters then recover at 40% and 60% of the maximum stroke
rate attained in the sprint. Both active recovery conditions produced significantly
greater lactate turnover than the resting condition. The 40% condition was also
significantly more effective than the 60% condition.

Stamford et al. (1978) cxperimented with different recovery rates when only one
leg was exercised at supramaximal intensity. In this study alternating legs at different
recovery rates were used. One recovery treatment also involved breathing 100%
oaygen durng the recovery period. The treatments in which recovery VO, levels were
at approamately 30% of the subje~ts maximum were significantly more effective than
higher intensity recovery rates as well as the 100% oxygen condition.

A subsequent study by Stamford et al. (1981) investigated the effectiveness of

active recovery above and below the anaerobic threshold. The recovery conditions
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were rest, 40%, and 70% of VO,max. In this study, lactate levels at 1est, 40% and
70% of VO;max were used as baselines for the different recovery conditions. If the
individual baselines were used as endpoints for lactate removal then the 70% condition
was most effective. If return to resting baseline is used, then the 40% condition was
reore efficient. Since blood lactate levels peaked and started their dedine sconer
when the 70% condition was employed, the authors concluded that for aciive recovery
it may be ofptimal to start at a higher intensity and progressively decrease the recovery
work load. Along this line of thinking Dodd et al. (1984) cxperimented with a
combination of high and low recovery rates. Following 50 seconds of maximal work on
a cycle ergometer, subjects recovered for 40 minutes: 1)passively; 2)cycling at 35%
VO;max; 3)cycling at 65% VO,max; 4)cycling at 65% VO;max for 7 minutes followed
by 33 minutes at 35% VO,max. Lactate disappcarance was significantly greater in the
35% and combination 65% - 35% recovery conditions than the passive or 65%
recovery conditions. No significant difference was observed between the 35% and
combination recovery condition.

Bonen et al. (1979) using information from previous studies (Bonen ct al., 1978;
Eldridge, 1975; Hermansen and Stensvold, 1072; McGrail et af , 1978) identified three
factors in humans which may influence lactate removal rate. These factors were ST
muscle fibre content, blood lactate concentration at the cessation of exercise, and the
intensity of the recovery exercise. Physical condition is thought by some to be a factor
but was found > have no significant cffect on lactate disappearance (lvans and
Cureton, 1983). The above factors were identified as statistically independent and
therefore should contribute uniquely to the removal rate of lactate. From these
statistically independent factors the rescarchers developed a regression equation to
predict optimal recovery intensity.

To examine the validity of the equation, Bonen et al. (1979) had their subjects
perform high intensity exercise at 90% of VO,max for six minutes. Recovery exercise

was performed at approximately 40% of VO;max. The correlation between the
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predicted lactate removal rate and the observed lactate removal rate was 0.91.

Bonen and Belcastro (1977) reported that active recovery could reduce lactate
levels by as much as 88% in 20 minutes as opposed to a 50% reduction in lactate levels
in a 20 minute period of passive recovery. This is important for the athlete who must
perform repeated bouts of high intensity anaerobic exercise within one hour of each
other.

From the previously mentioned stv Jies the optimal recovery intensity for running
would be from 55 - 70% of the subjects VO,max and 30 - 45% of VO;max for subjects
performing a cycling task (Bonen and Belcastro, 1976). These recovery intensities seem
to be the most cffective, but differences in individual physiological make-up, such as
the percentage of ST muscle fibres, LDH activity, LDH isozyme concentration and
physical fitness (Bonen and Belcastro, 1977; Bonen et al., 1979; Bonen et al., 1978;
Mann and Garrett, 1978; Tesch et al., 1978) make pinpointing an optimal intensity of

recovery excrcise difficult.

2.3 Speccificity of Exercise Mode

Usually when studying active recovery, the mode of recovery is the same as the
initial exhaustive exercise. If active recovery is used, it may be necessary and
sometimes beneficial to use exercise modes that differ somewhat from the initial form
of excrtion. When using alternative modes of active recovery it is important to try and
usc the same or closc to the same prime movers and muscle mass as was being used in
the orignal activity.

McGrail ct al. (1978) studied the effectiveness of using the arms, legs, and both
m combination as a recovery mode after high intensity cycling. When the arms or the
legs alone were used, the optimum recovery intensity was 26.8% of VO,max.

Work intensity was 29% of VO,max when the arms and legs were used in

combination. The leg recovery mode was found to be significantly more effective than
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the arm mode of recovery. Arms and legs in combination were not significantly
different from the legs alone condition. The reason for this is that even though the
metabolic rate was higher in the combination mode, the muscle mass of the arms was
not great enough to elicit a significantly greater effectiveness in lactate removal.

Boileau et al. (1983) found that when using a bicycle ergomewcr versus a
treadmill, that the treadmill condition was slightly but not statistically more ctfective at
lactate removal. Optimal recovery intensities were approximately 40% of VO;max.
Regression equations were derived based on the relationship between the rate of lactic
acid removal and recovery exercise intensity. From these equations, it was calculated
that optimal lactate remcval occurs at 35.9% of VO,max on a bicycle ergometer and
32.5% of VO,max on a treadmill. This information is in agrecment with the findings of
Belcastro and Bonen (1975) with regards to the bicycle ergometer. 'The optimal
recovery rate for running is however below that observed by Hermansen and Stensvold
(1972) who reported the removal rate was highest at 63% of VO,;max.

Siebers and McMurray, (1981) studied swimming and walking as rccovcry. modes
after swimmers had exercised at 90% of VO,max for two minutes on a swimming
ergometer. Lactate levels were reduced by 38.5% during the walking recovery and
53.3% during the swimming recovery. Swimming recovery was performed at 43% of
the athletes aerobic capacity while the walking recovery was performed at 33% of
aerobic capacity. The probable reason for thc improved lactate turnover for the
swimming condition was the higher work recovery intensity and the sport-specific
nature of the recovery task. Krukau et al. (1987) alss studied active recovery in
swimmers. After a maximal 200m crawl, subjects recovered by swimming (complete
movement and legs only) and on a cycle ergometer. The swimming recovery conditions
were performed at a self sclected pace while cycling was performed at 50% of the 4
mmol/l lactate threshold. Lactate half-ife times were calculated to be 5.72, 8.25, and
12.83 min for the complete movement, legs only, and cycle ergometer recovery modes,

respectively.
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The results of Siebers and McMurray (1981) differ from those of Watson and
Hanley (1986) who compared bench-stepping to skating as forms of active recovery
from two high intensity skating bouts. Skating did not elicit a significantly greater
lactate removal rate than bench-stepping. Both modes had greater lactate clearance
than the resting mode. An explanation for this may be that there is a significant
amount of glide while skating and even though the heart rates were kept the same (120
beats per minute) for both activities, inadequate muscle recruitment could be the
reason for the sport-specific activity not having a more efficient lactate removal rate

(Watson and Hanley, 1986).

2.4 Performance and Lactate Levels

Costill et al. (1984) and Spriet et al. (1985) studied performance after blood
parameters had been manipulated through pharmacological means or changes in CO;
tension. In the former study, subjects were given sodium bicarbonate to artificially
lower resting plIl. Endurance time was measured after five maximal cycling bouts. The
low pll group recorded significantly better performance times. The latter study
obscrved the isometric tension decay of rat hind quarters in three conditions: control,
metabolic acidosis, and respiratory acidosis. Metabolic acidosis was induced by
decreasing the perfusate [IICO3]. Respiratory acidosis was induced by increasing CO,
tension. Isometric tension decay was significantly greater in both acidosis conditions.

McCartney et al. (1983) studied the effects of placebo, metabolic acidosis,
respiratory acidosis, and metabolic alkalosis on peak power and maximal work in a 30
second cycle ergometer test. Metabolic acidosis was induced by ingestion of ammonium
chloride, respiratory acidosis was mduced through 5% CQO, inhalation, and metabolic
alkalosis was induced by ingestion of sodium bicarbonate. In the acidosis conditions
subjects produced lower peak power and did less total work than the alkalosis or

placebo conditions.




Y

¥

20

Hogan and Welch (1984) studied performance on a bicycle ergometer after the
subject’s lactate concentrations had been manipulated by the iahalation of hypoxic,
hyperoxic, and normoxic gas mixtures during the first exercise interval. The hypoxic
condition produced higher lactate levels. Performance times were significantly lower
even after a four minute rest period.

Weltman et al. (1977; 1979) conducted similar studies which compared different
conditions of recovery and subsequent anaerobic performances after the recovery
conditions. Weltman et al. (1977) compared active (1.0 Kg., 60 rpm) versus passive
recovery, breathing 100% oxygen versus room air, and 10 versus 20 minutes of
recovery. Significant differences were found between the passive and active recovery
conditions and for the 10 minutes versus 20 minutes of rest.  Performance was
enhanced in both the 10 and 20 minute active recovery condition. Though the recovery
intensity was low, lactate removal rates were far higher in the active recovery
conditions. Recovery by breathing 100% oxygen produced no ditference in lactate
removal rates.

A subsequent study by Weltman et al. (1979) was similar in design and results
except that the active recovery intensities were higher (40 and 60% of VO;max) and
the recovery times were kept constant. The difference in results were that the 100%
oxygen condition resulted in mcreased lactate turnover rates and unhike Weltman et al.
(1977), total power output was not influcnced by the expenmental conditions.

Green et al. (1979a) caused endogencus mcreases i plasma lactate by having
subjects perform four intermittent bouts of supramaximal arm work while they were
simultaneously conducting submaximal leg work. Lactate values measured while the
legs worked alone were used as control values. The arm work was performed for one
minute at five minute intervals. Arm ergometry cominenced after the subjects had
cycled for 60 mmutes. Lactate values increased significantly m the vastus lateralus
the arm-leg condition as compared to the control condition. The increased lactate

levels in the legs caused by the arm work decreased, but did not return to control levels
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even after the final 40 minutes of submaximal cycling. The immediate and sustained
high lactate levels would be a probable cause for a decrease in performance.

Klausen ct al. (1972) and Tesch and Wright (1983) both found that endogenous
increases in lactate caused decrer ents in performance. Klausen et al. (1972) used five
minutes of heavy arm exercic. to increase lactate levels before having subjects cycle to
exhaustion. Oxygen uptake was not affected but a reduction was observed in total
work output  T'esch and Wright (1983) had subjects perform 50 consecutive maximum
voluntary knce extensions. Following a 40 second rest period five additional maximal
contractions were cxccuted. Peak torque decreased 67% as a result of the first 50
contractions. Average post recovery torque was 70% of the initial value.

Both Karlsson et al. (1975) and Yates et al. (1983) observed that exhaustive
exercise performed by one part of the body caused increased lactate levels in other
parts of the body. In the former study, both blood and muscle lactate levels rose in the
arms cven though the legs were bemng exercised and vice versa. In the latter study,
increases m blood lactate levels of the arms were caused by a one minute maximal
effort on a cycle ergometer. Performance was decreased in the non-exercised limbs in

both studies.

2.5 Encrgetics of Ice Hockey

Through the use of time-motion analysis and heart rate telemetry, intensities
ranging from 70% to 90% of the maximal heart rate values measured during a
VO;max test were recorded during a hockey game (Green et al., 1976; Paterson et al.,
1977). 'The above figures apply to f{orwards and defensemen. The high intensities
during the on-ice shift of a player resuit in high concentrations of muscle lactate
(Green, 1978). If the lactate accumulates at a 1ate that exceeds removal, the substrate
reaches a level where 1t interferes with a player’s performance (Hogan and Weich,
1984; Karlsson ¢t al., 1975; Klausen et al., 1972; Tesch ana Wright, 1983; Yates et al.,

1983).
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Green et al. (1976) observed that each on-ic. shift of hockey lasted between 81
and 88 seconds. This period was broken up into 37.5 to 45.5 seconds of play and 25.7
to 28.7 seconds of stoppages in play. The expenimental times are similar to those
recorded by Green and Houston (1975). Shift length in this case was 75 to 85 seconds
with continuous play lasting 35 to 40 seconds and stoppages lasting 25 to 30 seconds.

If the assumption is made that during the penods of continuous play, the athletes
perform close to or above 100% intensity, then energy from glycolysis is needed to
meet the player's energy demands. Adenosine triphosphate (ATP) and creatine
phosphate (CP) stores are completely depleted in approximately 6 seconds (Bergstrom
et al., 1971; McArdle et al., 1981). As a result of glycolysis and dependmg on the
biochemical and physiological profiles of the energy systems, pyruvate will cither be
reduced to lactate or oxidized to form acetyl-C'oA (Lehninger, 1984).

If the player obtains only 3.5 to 4 mmutes rest between shifts (Green and
Houston, 1975) and the half-time for lactate removal 15 20 mmutes (Bonen and
Belcastro, 1977) 1n a passive condition, lactate will accumnlate more quickly than it
can be removed from the system. This causes a decrement m performance over time.
If lactate levels can be used as a mecasure of work output (Jacobs, 1986) then a
performance decrement is illustrated by the fact that lactate production values
measured at the end of the third period are usually lower than those measured at the
end of the first or second period (Green et al., 1976; 1978a).

With a trend towards shorter shitts and fewer play stoppages, higher tensity
work output should produce higher lactate levels at the end ot a <hift. Bouts of six
intermittent repetitions of all-out skating have cheited blood lactate values of 10.7
mmol/l (Montgomery ct al., 1988) and 11.5 mmol/l (Watson and Sargcant, 1986).
Watson and Hanley (1986) observed lactate levels of 121 mmol/l after subjects
completed six 45 second maximal skating trials. "The subjects rested passvely on the

bench between trials.
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Daub et al. (1983) reported that ice hockey training did not significantly improve
acrobic power. Green et al. (1979b) observed hypertrophy in the FT muscles of hockey
players at post-ceason testing. This may lead to improved anaerobic endurance. Even
if hockey training increases anaerobic endurance as observed by Green and Houston
(1975), the player is not able to oxidize the lactate accumulated between shifts. The
cever increasing build-up of lactate in the muscle and blood may become a limiting

factor in the performance of the hockey player (Green, 1979).
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Chapter 111

Methods

This chapter is divided into the following sections:
3.1 Selection of Subjects

3.2 Treatment of Subjects

3.3 Continuous Cycle Lrgometer VO,max Test
3.4 Intermittent On-Ice Test

3.5 Active Recovery Conditions

3.6 Passive Recovery Condition

3.7 Collection of Data

3.8 Experimental Design and Statistical Analysis

3.1 Selection of Subjects

Subjects for this study were 11 male hockey players of varsity or intramural level.

They were swdents at McGill University and ranged in age from 20 to 25 years.

3.2 Treatment of Subjects

All subjects were asked to participate in four testing sessions (one VO;max test
on a cycle ergometer, and three intcrmittent on-ice tests). The VO,max test was
performed in a laboratory setting prior to the on-ice tests, which were performed in a
completely randomized order. During the on-ice tests, two modes of active recovery
(skating and cychng) were employed along with a passive recovery session which was
used as a control condition. All data and blood samples for the on-ice tests were
collected in the McGill Arena. Subjects were given at least one day of recovery

between each test. All testing was completed within two weeks.
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Subjects were asked to refrain from eating and drinking (except water), for two
hours prior to testing. For the laboratory test, the subjects arrived in proper gym wear.
For the on-ice tests, subjects were assigned in groups of six to one of two testing times
that were convenient for them on the testing day. Subjects were required to wear
gloves and helmet, and carry a stick for the on-ice tests. Informed consent was
obtained from cach subject prior to the first testing session.

Subjects were encouraged to warm-up before each of the testing sessions. Verbal
explanation as to the nature of the task was given by the investigators to the subjects at
the beginming of ecach testing session. Subjects were encouraged verbally by
investigators to put forth a maximal effort throughout all testing sessions. Prior to each
of the on-ice segments of the test, subjects were informed that if any "holding back” or
"pacing” was detected, the test would be considered unacceptabie and a re-trial would
have to be performed. Detection of pacing was accomplished by averaging the times
of the first and second, second and third, and third and fourth trnials in the on-ice
portion of the test. The subject was considered to be pacing if the average time of the
third and fourth trials was less than that of the average time for the second and third
trials, or if the average time of the second and third trials was less than the average
time of the first and second trals.

Between cach on-ice portion of the test, subjects performed one of three recovery
conditions. ‘The recovery conditions were: cycling, skating, or resting in a sitting
position on the bench.

Blood samples were drawn from each subject before their first on-ice trial and
after the subjects last recovery bout. Heart rates were continuously monitored

throughout all tests.
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3.3 Continuous Cycle Ergometer VO,max Test

All subjects performed a cycling ergometer test to volitional exhaustion using the
following protocol. The subject pedaled at a rate of 60 rpm for the duration of the test.
The initial load was set at one kp and was increased by 0.25 kp every minute until the
subject was exhausted. Exhaustion was determined when the pedal rate of 60 rpm
could no longer be sustained. Verbal encouragement was offered by the wmvestigator
throughout the test. The subject’s oxygen consumption was measured using a Roxon

Metabolic Cart.

3.4 Intermittent On-Ice Test

A modified version (Rhodes et al., 1985) of the Repeat Sprint Skate (RSS)
hockey fitness test (Reed et al., 1979), was used for the on-ice portion of the
investigation. The test consists of four repetitions of maximal skating. Iach subject
was requiied to sprint 91.4 metres (from goal line to goal line and back to the blue lne
closest to the starting pont) at 30 second intervals. Between repetitions, the subject
glided slowly to the starting line (goal line) and waited for a whistle to inmtiate the next
repetition. A five sccond warning was given before the start of cach repetiion. Smcee
the subjects start cach repetition every 30 scconds, the faster a repetition s completed
the morc time the subject has to rest before starting the next repetition. For example,
subjects who completed a repetition {91.4 mctres) in 14 scconds, had 16 scconds of
recovery before having to start the next repetition.

Indices of performance on the RSS test include a speed index (measured on the
first repetition by timing the subject from goal hne to goal line, 54.9 metres), an
anaerobic endurance ndex (total time to complete the four repetitions), and a drop-off
index (the differcnce between the sfowest and fastest repetitions). Thercfore, on the

first repetition, two times were obtained; onc for the speed index (54.9 metres) and for
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the complete distance (91.4 metres). Subjects performed four repetitions to constitute
one skating shift. After four repetitions were completed, the subjects were randomly
assigned tc one of the three recovery conditions (skating, cycling, or resting on the
bench) for six minutes. This procedure was repeated for a total of six shifts. Heart
rate was monitored throughout the test. The indices to be computed from the on-ice

test were:

Speed index: Time for first 54.9 metres of each shift.

Anaerobic endurance index: Sum of the times for the four repetitions of each
shift.

Drop-off index: The difference between the fastest and the slowest repetitions

of cach shift.

3.5 Active Recovery Conditions

At the completion of each simulated shift (four repetitions of the RSS test),
subjects participated in six minutes of active recovery. Skating was used as one form
of active recovery. The subject skated at a self-selected pace around an oval course
(120 metres), that was marked out on one side of the skating nnk. The subject skated
in the same direction for the duration of the recovery period perind. The course was
marked cvery 10 metres by pylons in order to assist investigators in gauging accurately
the distance that the subject covered in the six minute recovery period. Average
skating speed was calculated 1n m/min for the six minutes of recovery. Finger tip
blood samples were obtained five minutes after the last recovery period and analyzed
for lactate concentration. Heart rate was monitored throughout the recovery period.
The variable which was computed from the skating recovery condition was:

Average Speed total distance covered in metres
(m/min)

six minutes




Cycling was also used as an active recovery mode. Subjects pedaled a modified
Monark cycle ergometer for six minutes at 60 rpm. The resistance was set so that the
subject was cycling at 40% of VO;max. The ergometer’s pedals were modified in
order to permit the subject to cycle while wearing skates. Scat height was adjusted in
order to allow for full leg extension with the ankle at 90 degrees. Subjects remamed
seated while cycling. Pedal cadence was achieved through the use of a metronome set
at 120 beats per minute. In this manner if the subjects foot was at the bottom of a
revolution each time the metronome sounded the required pedal cadence of 60 rpm
was attained. Finger tip blood samples were obtamed five minutes after the last
reccvery period and analyzed for lactate concentration. IHeart rate was monitored

throughout the recovery period.

3.6 Passive Recovery Condition

The passive recovery condition consisted of the subject coming off the ice after
the RSS test and sitting quietly on the bench. Finger tip blood sampies were obtained
five minutes into cach recovery period of this condition and analysed tor lactate
conc=ntration. Heart rate was monitored throughout the recovery period.  This

condition was used as a control.

3.7 Collection of Data

Data collection were performed in a systematic manner. The admimstration of
the laboratory test (continuous acrobic VO,max test) was done on a modificd Monark
cycle ergometer. Expired gas volumes were analysed using a Roxon Mectabolic Cart.
The following variables were calculated from the expired gas volumes: VI, VO, Mets,

VCO;, RQ, and ventilatory equivalent for oxygen.
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Measurements were continuously recorded every 15 seconds throughout the
duration of the test. Fifteen second values were displayed on-line with the use of an
Apple Ile computer and Okidata micro-82A printer.

For the on-ice tests six research assistants aided in data collection. They were
familiar with the experimental procedures and were practiced at taking finger tip blood
samples.

Subjects were randomly assigned to a recovery condition. Investigators
individually monitored one subject throughout each segment of the testing procedure.
Subjects were tested in groups of six (in order to provide a competitive environment) at
60 minute intervals. Each subject was tested three times, (cycling recovery, skating
recovery, and passive recovery).

In the active recovery conditions, two blood samples were drawn from each
subject. The first sample was taken before the first on-ice segment commenced. This
sample served as a baseline value for each subject. The second sample was taken
following the recovery condition of the sixth shift. For the passive recovery condition,
in addition to the pre test sample drawn, blood samples were drawn five minu'es into
the recovery period of each shift. Samples were drawn from the finger tip, which had
been swabbed with alcohol in order to insure that there was no contamination from
sweat and to minimize the possibility of infection. The blood was allowed to drip freely
into an antiseptic receptacle. The first drop was discarded to minimize the chance of
dilution by alcohol. Sample swes were 100 ul in volume. The whole blood was
immediately mnjected into a YSI (Yellow Springs Instrument) Model 27 lactate analyzer
with a 25 ul syrmgepet. The insttument was calibrated prior to each testing session
using 5.1 mmol/l and 15.0 mmol/l standards. Duplicate lactate measurements were
obtained for cach test.

Subjects heart rates were monitored and stored using a Polar Electro PE 3000
Sport Tester. The unit consists of telemetry transmission device, which is strapped to

the chest, and a receiving unit which is strapped to the wrist.

wA
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3.8 Experimental Design and Statistical Analysis

Descriptive statistics (means and standard deviations) were calculated for the
following dependant variables: speed index, anaerobic endurance index, drop-off
index, pre-test lactate level and post-test lactate level. The first hypothesis, which is
concerned with the effect of different recovery modes on post test lactate levels, was
examined using a one-way analysis of variance(ANOVA) with repeated measures on
the subjects. The recovery conditions included passive, skating, and cycling. Lactate
concentrations were mcasured pre and post-test. A diagram of the experimental
design is presented in Table 3.1.

Table 3.1 Experimental Design for Hypothesis 1.

Tests Passive Skating Cycling
Subjects
1
2
3

11

The second, third and fourth hypothesis are concerned with the cffect of recovery
modes on performance. These hypothesis use the speed index (hypothesis two), the
anaerobic endurance index (hypothesis three), and the drop-off index (hypothesis four)
as the dependant variables. The experimental design is a 3 x 6 factorial ANOVA with
repeated measures on both factors. A diagram of the experimental design is presented

in Table 3.2.
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Table 3.2 Experimental Design for Hypothesis 2, 3, and 4.

11

Tests I Passive | Skating

| Cycling

Any significant differences (p<.05) observed were examined using Tukey's

Honestly Significant Difference (HSD) post hoc procedure to determine the exact

location of the performance diffcrences.

The statistical procedures that were used to evaluate the four hypothesis are

summarized in Table 3.3.

Table 3.3 Summary of Hypothesis and Statistical Analysis.

Comparison

Statistical Analysis

Hypothesis 1 - Blood Lactate

Concentrations following recovery
conditions

Hypothesis 2 — RGS test

Speed index variable following
recovery conditions

Hypothesis 3 — RSS test

Anaerobic endurance index variable
following recovery conditions

Hypothesis 4 - RSS test

Drop-off index variable following
recovery conditions

one-way ANOVA
(repeated measures)

3 X 6 factorial ANOVA
(repeated measures)

3 X 6 factorial ANOVA
(repeated measures)

3 X 6 factorial ANOVA
(repeated measures)
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Chapter IV

Results

In this chapter, the results are summarized as follows:
4.1 Characteristics of the Subjects

4.2 Performance Indices for the RSS Test

4.3 Blood Lactate Measurements

4.4 Heart Rate Measurements

4.1 Characteristics of the Subjects

The subjects for this study were eleven male hockey players, ranging in ability
from intramural to varsity level. Means, standard deviations, and ranges for the age,
height, weight, and \“’Ozmax of the subjects are presented in Table 4.1. The mcan age
was 21.8 years, height was 181.0 cm, weight was 79.3 kg, and VOzmax was 54.5

ml/kgemin.

Table 4.1 Characteristics of the Subjects (n=11).

Variable Mean S.D. Range
Age (years) 21.8 1.7 20 - 25
Height (cm) 181.0 5.5 173.0 - 193.0
Weight (kg) 79.3 7.2 66.0 - 95.5

VO,max (ml/kgemin) 54.5 5.4 48.1 - 64.9
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4.2 Performance Indices for the RSS Test

The results for the speed index of the RSS test are summarized in Table 4.2 with
the statistical analysis (factorial ANOVA) following in Table 4.3 There was no
significant difference in the speed index values among the three experimental
conditions. The significant F value of 5.32 (p<0.01) for the "shift" variable was
cxamined by post hoc analysis (Tukey test). Compared to shift 1, the hockey players
were significantly slower (p<0.01) on shifts 2, 3, 4, 5, and 6. There was no significant
interaction between shifts and conditions.

The results for the anaerobic endurance index of the RSS test are summarized in
Table 4.4 with the factorial ANOVA shown in Table 4.5. The F value (5.14) for the
"conditions” vanable was significant (p<0.02). Post hoc analysis revealed that both
skating and cycling recovery resulted in significantly faster times (p<0.05) than the
passive condition. There was a significant F value of 18.66, (p<0.01) for the "shift”
variable. Post hoc analysis revealed that compared to shift 1, the hockey players were
significantly slower (p<0.01) on shifts 2, 3, 4, 5, and 6.

There was a significant interaction for the "conditions X shifts” variable. This
interaction is shown in Figure 4.1. Post hoc analysis revealed that the skating and
cycling recovery conditions were significantly (p<0.05) faster than the passive recovery
condition in shifts 4, 5, and 6. The three recovery modes produced similar times during
shifts 1, 2, and 3.

The results for the drop-off index of the RSS test are summarized in Table 4.6
with the factorial ANOVA shown in Table 4.7. A significant F value of 6.54,
(p<0.01) was found for the "conditions” variable. A post hoc Tukey test established
that both the skating and cycling recovery conditions attributed to significantly
(p<0.05) less drop-off in both active modes of recovery compared to the passive mode
of recovery. 'There was no significant difference in drop-off times among the six shifts.

‘There was no significant interaction between conditions and shifts.
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Table 4.2 Results (n=11, x + S.D.) for the Speed Index(s).

Sshift Passive Skating Cycling
1 7.68 + 0.37 7.82 = 0.60 .56 0.42
2 7.68 = 0.29 7.83 = 0.50 .80 0.46
3 7.83 + 0.43 7.96 + 0.35 .86 0.56
4 7.90 + 0.45 8.22 + 0.46 .79 0.54
5 8.00 + 0.49 8.14 + 0.33 .89 0.50
6 7.85 = 0.3¢° 8.02 = 0.38 .78 0.46

Table 4.3 Factorial ANOVA for the Speed Index.

Source SS af MS F Prob.

Conditicns 1.76 2 0.88 .15 0.14

Within Subjects 18.48 10 1.88

Error 8.21 20 0.41

Shifts 2.48 5 0.50 .32 0.01

Error 4.67 50 0.09

Conditions X Shifts 0.62 10 0.06 .24 0.27

Error 5.02 100 0.05

Total 41.24 197
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Table 4.4 Results (n=11, X + S.D.) for the Anaerobic Endurance Index(s)
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Shift Passive Skating Cycling
1 60.37 + 2.42 60.28 + 2.08 59.98 + 1.64
2 62.06 + 2.10 61.36 = 2.18 60.87 + 1.99
3 63.48 + 2.79 61.94 + 2.26 61.94 + 2.22
4 64.07 + 2.84 62.52 + 2.03 61.76 + 2.33
5 64.31 + 2.62 62.33 = 2.27 62.13 + 2.25
6 64.63 + 2.69 62.52 + 2.21 62.02 £ 2.47

Table 4.5 Factorial ANOVA for the Anaerobic Endurance Index

Source SS af MS F Prob.

Conditions 105.50 2 52.75 5.14 0.02

Within Subjects 552.03 10 55.20

Error 205.47 20 10.27

Shifts 204.73 5 40.95 18.66 0.01

Error 109.76 50 2.19

Conditions X Shifts 24.99 10 2.50 2.50 0.01

Error 99.82 100 1.00

Total 1327.30 197
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Figure 4.1 Anaerobic Endurance Index for Six Shufts of the RSS Test
During Three Experimental Conditions.
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Table 4.6 Results (n=11, X + S.D.) for the Drop-off Index(s).

Shift Passive Skating Cycling
1 1.80 = 0.82 1.53 £ 0.57 1.63 *+ 0.65
2 1.81 = 0.77 1.68 £ 0.76 1.52 + 0.47
3 1.94 = 0.76 1.56 = 0.63 1.55 £ 0.52
4 2.18 = 0.79 1.48 = 0.88 1.24 + 0.62
5 2.13 = 0.81 1.52 + 0.76 1.60 = 0.70
6 2.01 = 0.70 1.65 + 0.87 1.23 + 0.44

Table 4.7 FFactorial ANOVA for the Drop-off Index.

Source SS af MS F Prob.

Conditions 9.78 2 4.89 6.54 0.01

Within Subjects 43.14 10 4.31

Error 14.96 20 0.75

Shifts 0.33 5 0.07 0.35 0.88

Error 9.38 50 0.19

Conditions X Shifts 3.15 10 0.31 1.42 0.18

Error 22.15 100 0.22

Total 102.88 197

M,
0
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4.3 Blood Lactate Measurements

One of the purposes of this investigation was to cxamine if blood lactate
concentration would be significantly lower after a period of uctive recovery compared
to an equal period of passive recovery. For the statistical analysis of the blood lactate
concentrations, a one-way analysis of variance (ANOVA) was applicd in order to
establish if there were significant diffcrences among the three experimental conditions.
The "gain scores” (pre-test values subtracted [tom post-test values) were analyzed
because although similar, the pre-test lactate values were not identical tor all
experimental conditions. By usmg the above described procedure, the question as to
whether the post-test results were influenced by the pre-test results 1s removed.

The resuits for the pre and post-test blood lactate concentrations are summarized
in Table 4.8 with the statistical analysis (one-way ANOVA) followmg n Table 4.9.
The analysis revealed a significant difference (p<0.01) n lactate concentration among
experimental conditions. A post hoc Tukey test mdicated that the cycling mode of
recovery produced sigpificantly lower (p<0.01) blood lactate levels than the passive
mode of recovery. The skating condition produced similar results to that of the passive

condition.

Table 4.8 Results (n=11, X + S.D.) for Blood Lactate (mmol/l).

Condition Pre Tcst Post Test
Passive 1.7 £ 0.6 10.6 * 2.0
Skating 2.0 £ 0.7 10.4 « 2.2

I+
o
%
©
o
1+
—
o

Cycling 1.7
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Table 4.9 ANOVA for Blood Lactate Results (Post-Pre Test).

Source SS df MS F Prob.
Conditions 2144.69 2 1072.34 6.46 0.01
Within Subjects 8342.04 10 834.20

Error 3319.52 20 165.98

Total 13806.25 32

Since the the subjects were in a sitting position on the bench during the passive
mode of recovery, it was possible to obtain blood samples at the end of the recovery
phasc of cach shift. This was unlike the skating and cycling conditions where blood
samples were drawn only pre and post-test. The means and standard deviations of the
highest and lowest hcart rates for each shift of the passive condition were also
calculated. The blood lactate concentrations, peak heart rates, and recovery heart

rates are summarized in Table 4.10.

Table 4.10  Results (n=11, x = S.D.) for Blood Lactate and Heart Rate
in the Passive Condition.

Shift Lactate(mmol/1) Peak HR(bpm) Recovery HR(bpm)
1 8.9 + 1.9 178 + 9 102 * 12
2 10.2 + 1.9 180 + 7 108 + 12
3 10.4 = 2.0 176 = 7 110 + 10
4 11.2 = 2.7 179 = 7 110 *+ 12
5 11.0 £ 2.3 177 = 7 109 = 10
6 10.8 =+ 1.9 178 = 7 106 = 10
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4.4 Heart Rate Measurements

Heart rates were measured and stored cvery 15 scconds during the six RSS test
shifts in all experimental conditions. Peak heart rates during the RSS test were similar
in all experimental conditions. The means were 172, 174, and 177 bpm for the passive,
skating, and cycling conditions respectively. Mcans for the recovery heart rates varied
greatly from passive to active recovery conditions. During the passive condition, the
average heart rate during recovery was 123 bpm. During the skating and cycling
conditions, the average recovery heart rates were 140 and 146 bpm, respectively.
Heart rate results across the six shifts in the three experimental conditions are plotted
in Figure 4.2 (Passive Condition), Figure 4.3 (Skating Condition), and Figure 4.4
(Cycling Condition).
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Chapter V

Discussion

In this chapter, the results of this study are discussed i the following sections:
5.1 Performance Indices for the RSS Test

5.2 Blood Lactate

5.3 Heart Rate

5.1 Performance Indices for the RSS Test

In this study, the RSS test has been used to simulate a shift of hockey. 'The
hockey players performed six “shifts” or trials of the RSS test. Previous studies
(Montgomery et al., 1988; Rhodes et al., 1985; Watson and Sargeant, 1986) have
reported the responses of hockey players to a single "shift” or trial of the RSS test.
The RSS test has been shown (Montgomery et al., 1988; Watson and Sargeant, 1986)
to be a good indicator of anaerobic power and anacrobic endurance when compared to
a laboratory test measuring similar variables.

The speed index is measured on the first repetition of cach shift of the RSS test.
The times for the speed index ranged from 7.00 to 8.50 seconds depending on the
skating ability of the hockey player. The primary fuel for this task is the high cnergy
phosphagens in the muscle. Results for the speed index from this study are compared
to previous studies in Table 5.1. Smith et al. (1982) reported the tastest times for the
speed index variables. Their subjects were chte players from the 1980 Canadian
Olympic hockey team. The forwards averaged 7.0 scconds and the defensemen
averaged 7.3 seconds. A spced index time of 7.4 scconds has been reported for

professional and junior A players (Reed as cited by Smith ct al. 1982).
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Table 5.1 Speed Indzx of the RSS Test (X + S.D.) for Various Studies.
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Level n Reference Speed Index(s)
Canadian Olympic Team Smith et al. (1982)
forwards 15 7.0 0.5
defense 6 7.3 £ 0.5
Professional and Jr. Reed [cited by Smith 7.4
et al. (1982)]
University and Jr. 24 Watson and Sargeant 7.6 + 0.3
(1986)
University Brayne (1985)
varsity 6 7.7 £ 0.2
jr. varsit 5 8.0 £ 0.2
University 11 Montgomery (1982) 8.0 £ 0.3
University Montgomery et al.
(1988)
varsity 17 7.3 £ 0.2
varsity and jr. varsity 11 7.6 = 0.3
jr. varsity 14 7.7 £ 0.3
Varsity and Intramural Present Study
Shift 1 Passive Cond. 1L 7.7 £ 0.4
Shift 1 Skating Cond. 11 7.8 £ 0.6
Shift 1 Cycling Cond. 11 7.6 + 0.4
Six Shifts Passive Cond. 11 7.8 £ 0.1
Six Shifts Skating Cond. 11 8.0 £ 0.2
Six Shifts Cycling Cond. 11 7.8 £ 0.1
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The present study found speed index times of 7.7, 7.8, and 7.6 seconds on the
first shift of the RSS test during the passive, skating, and cycling recovery conditious,
respectively. These values are similar to the times reported by Brayne (1985);
Montgomery et al. (1988); and Watson and Sargeant (1986) wheie the subjects were
university varsity players, university junior varsity players or junior "A"” players.

The speed index for the average of six shifts was 7.8 seconds in the passive
condition, 8.0 seconds in the skating condition, and 7.8 seconds in the cycling
condition. It is expected that the average time for six shifts will be slower than the
times for a singlc shift because of the influence of fatigue.

Statistical analysis of the speed index variable indicated that there was no
significant difference among the three recovery conditions (passive, skating, and
cycling) however there was a significant difference across shifts.

The primary energy sourcec tor all-out efforts of 10 seconds duration are the
stores of adenosine triphosphate (ATP) and creatine phosphate (CP) in the muscle
(Margaria et al., 1969; Saltin and Essen, 1971). The speed index of the RSS test 1s a
measure of anaerobic power. The ATP and CP levels in the muscles will contribute to
the speed index time.

The importance of the recovery periods in an intermittent activity, with relatively
short work periods, has been associated with the process of phosphagen resynthesis,
Fox and Mathews (1981) have related the duration of the relicf interval to the
percentage of ATP and CP resynthesized. When the recovery period was less than ten
seconds, very little ATP and CP were restored. When the recovery mterval was 30,
60, and 120 scconds, the resynthesis of ATP and CP was 50%, 75%, and 94%,
respectively. In this study, the recovery time Letween shifts was six minutes which s
adequate for complete resynthesis of the ATP and CP stores m the passive condition.

During recovery periods of less than 20 seconds the reloading of ATP-CP has an
insignificant role in energy supply during mtermittent exercise (Saltin and Fassen, 1971).

Within a shut, the recovery interval was approximately 15 scconds between the four
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trials. Thus repetitions 2, 3, and 4 were performed with muscle levels of ATP and CP
below the resting concentrations since 15 seconds of recovery was inadequate for
complete replenishment of the ATP-CP stores.

Several studies have examined performance following repeated supramaximal
tasks. McCartney et al. (1983) measured anaerobic power as the torque on a cycle
crgometer test. Peak power comparisons following metabolic alkalosis, metabolic
acidosis, and respiratory acidosis were similar to the control condition.

There was a significant difference across shifts for the speed index variable that
was independent of the experimental condition. Accumulation of lactic acid or
hydrogen ions has been postulated as a possible cause of fatigue during short-term,
intense work (Dawson et al., 1978; Fitts and Holloszy, 1976; Hermansen and Osnes,
1972; Karlsson and Saltin, 1970; Tesch, 1980). Changes in intracellular hydrogen ion
concentration may influence the activation of the contractile proteins by calcium
(Donaldson and Iermansen, 1978; Fuchs et al., 1970; Nasser-Gentina et al., 1978),
release and uptake of calcium by the sarcoplasmic reticulum (Fabiato and Fabiato,
1978; Nassar-Gentina et al.; 1981; Sahlin et al., 1981)

Karlsson et al. (1975) used excrcise by one muscle group (arms or opposite leg)
to alter the performance of another muscle group. Prior arm e<ercise resulted in
clevated leg muscle LA and a subsequent decrease in leg muscle performance. Thus it
appcars that lactate decreases performance even when the prior exercise has been
performed by a different muscle group.

The decrease m the speed index across shifts may be attributed to a biochemical
origin as well as a psychological origin.  With only 15 seconds of recovery between
repetitions 1 a shift, the players develop high levels of lactate. As a consequence of
this fatigue, the players may unconsciously perform at a lower level on subsequent
shifts.

‘The anacrobic endurance index was the sum of the times for the four repetitions

of the RSS test within a shift. Times for the anaerobic endurance index ranged from
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60 to 65 seconds. Within a shift, the exercise to recovery ratio was approximately 1:1
with each of the four repetitions being 15 seconds in duration and performed at
maximum intensity. The primary energy source for a shift would be the lactate system.

Results for the anaerobic endurance index for this study are compared to
previous studies in Table 5.2. All the studies reported in Table 5.2 used six repetitions
to constitute a single shift of hockey. Table 5.2 was construcied from the sum of
repetitions 1, 2, 3, and 4 of the investigators’s data. Montgomery ct al. (1988)
reported the fastest times for the anaerobic endurance vanable. Their subjects were
university players on the varsity team. They averaged 57.6 seconds for four repetitions
of the RSS test.

Brayne (1985) reported times of 60.2 scconds for varsity level players and 61.6
seconds for junior varsity players. When university and juniors were usced as subjects,
Watson and Sargeant (1986) observed an anaerobic endurance mdex time of 60.8
seconds. Montgomery (1982) recorded 62.1 seconds as an anaerobic endurance index
for university level playcrs.

In this study, the anacrobic endurance times for the first shift averaged 60.4, 60.3
and 60.0 seconds in the passive, skating, and cycling recovery conditions. There was
no significant difference among conditions on the first repetition

The mean times for the six shifts in the passive, skating and cycling conditions
were 63.2, 61.8, and 61.5 scconds, respechvely. The average times were greater
because of the fatigue that develops over the six shifts.

Both the skating and cycling recovery conditions resulted in significantly faster
anaerobic endurance times than the passive recovery condition. The performance
times did not deteriorate as fast during the skating and cyching conditions as the

passive condition. This was illustrated in Figure 4.1.
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Table 5.2 Anaerobic Endurance Index of the RSS Test (x = S.D.)
for Various Studies.

Level n Reference An. End. Index(s)
University and Jr. 24 Watson and Sargeant 60.8
(1986)
University Brayne (1985)
varsity 6 60.2
jr. varsity 5 61.6
University 11 Montgomery (1982) 62.1
University Montgomery et al.
(1988)
varsity 17 57.6
varsity and jr. varsity 11 58.5
jr. varsity 14 59.6
Varsity and Intramural Present Study
Shift 1 Passive Cond. 11 60.4 *+ 2.4
Shift 1 Skating Cond. 11 60.3 £ 2.1
Shift 1 Cycling Cond. 11 60.0 + 1.6
Six Shifts Passive Cond. 11 63.2 = 1.6
Six Shifts Skating Cond. 11 61.8 £ 0.9
Six Shifts Cycling Cond. 11 61.5 £ 0.9

. r“zai:’ﬁ‘
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The accumulation of lactic acid or hydrogen ions is the probable cause of fatigue
during repeated efforts of short term, intense exercise (Dawson et al., 1978; FVitts and
Holloszy, 1976; Hermansen and Osnes, 1972; Karlsson and Saltin, 1970; Tesch, 1980).
Changes in the intracellular hydrogen ion concentration appears to influence several of
the rate-limiting steps of glycolysis (Danforth, 1965).

Several studies have compared the power output from pre and post test after the
pre test, lactate levels were artificially raised by pharmacological means (Costill et al.
1984; Spriet et al., 1985), atmospheric manipulation of CQ, levels (Hogan and Welch,
1984), and supra-maximal exercise (Karlsson ct al., 1975; Jones and Green, 1984;
Weltman et al., 1977; Yates et al., 1983). These studies reported a decrease i power
in both dynamic and isometric cxcrcise. The decrease in power 1s likely due to
elevated lactate concentrations.

There is a strong correlation between increased lactate and decreased contractile
force (Fitts and Holloszy, 1976). During high mtensity intermittent excrcise,
Hermansen and Osnes (1972) observed a continual decrease m muscle and blood pll.
Renaud and Mainwood (1985a; 1985b) found that muscles exposed to a low pll
environment, fatigued more quickly. This was duc to a modified 10nic conductance of
the sarcolemal membrane. Mucke and Joliner (1986) obscrved that mcreased lactic
acid influenced the electrical membrane conductivity and the velocty of action
potentials spreading along the muscle fibre. ‘The mcrease m conduction velocity was
accompanied by a decrease mn contractile force. The decrease in pll that accompanies
an increase in lactate can also cftect the muscular force output. This s caused by the
increased II" ion concentration which mterferes with calcium  release from  the
sarcoplasmic reticuium and decreases Ca'' affimty for binding with tropomn
(Hermansen and Osnes, 1972; Hultman ct al, 1986). The above sequence can
decrease the substrate supply for myosin ATPase or reduce myosin A'TPase activity
and pror.ute fatigue through a reduction n the cross-bndge turnover rate (Hultman ¢t

al, 1986).
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Klausen et al., (1972) and Tesch and Wright (1983) both found that endogenous
increases in lactate caused decrements in performance. Klausen et al (1972) used five
minutes of heavy arm exercise to increase lactate levels before having subjects cycle to
cxhaustion  Oxygen uptake was not affected but a reduction was observed in total
work output. Tesch and Wright (1983) had subjects perform 50 consecutive maximum
voluntary knee exertions. Following a 40 secend rest period, five additional maximal
contractions were executed. Peak torque decrcased 67% as a result of the first 50
contractions. Avcrage post recovery torque was 70% of the initial value.

Hogan and Welch (1984) examuned the effect of vared lactate levels on bicycle
crgometer performance.  Subjects performed five minutes of cycling, then had a
rccovery period of four mmutes, followed by a performance task to exhaustion. By
varying the fraction of mspired oxygen breathed during the initial work period, the
response was a sigmiicantly different blood lactate concentration at the start of the
performance task. When varied blood or muscle lactate levels were induced. the
subsequent performance was significantly effected.

Active recovery has been shown to reduce lactate levels compared to passive
recovery. Bonen and Beleastro (1977) reported that act ve recovery reduced lactate
levels by 88% 1n 20 minutes as compared to a 50% reduction 1n lactate following 20
minutes of passive recovery.

Hermansen and Stensvold (1972) studied lactete removal rates at recovery
intensities of 30, 60, 70, and 80% of the subjects’ VOzmax. An optimal lactate removal
response of 8.0 mg%/min was predicted to occur at 63% of '{/Ozmax. Similar optimal
removal intensities were found by Bonen and Belcastro (1976). Rest. self-selected
continuous joggng, and free mtermittent jogging were used 1n the recovery phase of the
eapenment. ‘The optimal lactic acid removal rate in the above study was found to be
7.1 mg% per mmute and occurred at 57.1 - 70.0% of ‘;/()2n1ax.

Davies et al. (1970) cxercised four subjects for six minutes at 80% of their

VOomax. The subjects were then excrcsed at four different recovery intensities, 15,
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30, 45, and 60% of VOzmax. Lactate removal was better at 30% and 45% of the
subjects’ maximum aerobic capacity than at the low (15%) and high (60%) recovery
intensities.

Belcastro and Bonen (1975) found similar results to Davies et al. (1970). Their
subjects were exercised at 89% of VO,max for six minutes followed by recovery at
rest, 30, 45, 60, or 80% of VOgmax. The most expedient removal rates occurred at
29.7% and 45.3% of VO,max.

McLellan and Skinner (1982) used the acrobic threshold and fractions ot the
subjects’ VOzmax as markers for work intensity recovery levels. Lactate removal was
fastest when recovery exercise was performed at the condition desenibed as the acrobie
threshold minus 10% of VO,max. This mtensity was equivalent to approximately 43%
of {’Ozmax. Compared to the resting condition, lactate removal was tacihitated at
recovery intensitics between 27 - 58% of V():max.

These tigures concur with data collected by Koutedakis and Sharp (1985). ‘They
had rowers sprint 2000 meters then recover at 40% and 60% of the maxmum stroke
rate attained m the sprnint  Both active recovery conditions produced signmiicantly
greater lactate turnover than the resting condiion. The 40% condition was also
significantly more effective than the 60% condition.

It appears that the mode of active recovery 1s also an important vanable.
Siebers and McMutray (1981) studied swimming and walking as 1ecovery modes after
swimmers had cxerased at 90% ol VO,max for two mmutes on a SWINIMING
ergometer. Lactate levels were reduced by 38.5% during the walking recovery and
53.3% during the swimmung recovery. Swimming recovery was performed at 43% of
the athletes’ acrobic capacity while the walking recovery was performed at 33% of
aerobic capacity. ‘The probable reason for the mmproved lactate turnover for the
swimming condition was the higher work recovery intensity and the sport-spealic

nature of the recovery task.
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The results of Siebers and McMurray (1981) differ from those of Watson and
Hanley (1986) who compared bench-stepping to skating as forms of active recovery
from two high intensity skating bouts. Skating did not elicit a significantly greater
lactate removal rate than bench-stepping. Both modes had greater lactate clearance
than the resting mode. An explanation for this may be that there is a significant
amount of ghide while skating and even though the heart rates were kept the same (120
beats per minute) for both activitics, 1nadequate muscle recruitment could be the
rcason for the sport-specific activity not having a more efficient removal rate (Watson
and IHanley, 1986).

In this study, active recovery by cycling or by skating produced better anaerobic
endurance times than the passive condition. The cycling recovery was performed at
40% of VO,max. The lactate concentration in the cycling condition was 8.5 mmol/]
after six shifts of the RSS test. In comparison, the lactate concentration in the passive
condition was 10.6 mmol/l.

The drop-oft index for the RSS test is the difference between the slowest and
fastest repetitions i the shift.  Results for the drop-off ndex from this study are
compared to previous studies i Table 5.3, Since the other studies used six repetitions
and this study used four repetitions, caution i1s necessary when comparisons are made.

Watson and Sargeant (1986) observed a drop-off index time of 2.7 seconds for
umversity and jumor players. It 15 interesting to note that the studies which found the
slowest anacrobie endurance times recorded the best drop-off times.

In the present study the drop-oft mdex for shift one averaged 1.8 seconds in the
passive condition, 1.5 seconds w the skating condition, and 1.6 seconds in the cycling
condition  The drop-off mdex for all six shifts averaged 2.0 seconds 1n the passive
condition. Both the cycling and skating conditions resulted in significantly improved

performances as measured by the drop-off score.
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Table 5.3 Drop-off Index of the RSS Test (x + S.D.) for Various Studies.
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Level n Reference Drop-off Index(sf
Canadian Olympic Team Smith et al. (1982)
forwards 15 3.2 % 0.8
defense 6 2.8 + 0.7
Professional and Jr. Reed [cited by Smith 2.9
et al. (1982)]
University and Jr. 24 Watson and Sargeant 2.7
(1986)
University Brayne (1985)
varsity 6 2.9+ 1.0
jr. varsity 5 3.4 £ 1.3
University 11 Montgomery (1982) 2.2 + 0.9
University Montgomery et al.
(1988)
varsity 17 2.6
varsity and jr. varsity 11 3.1
jr. varsity 14 3.6
Varsity and Intramural Present Study
shift 1 Passive Cond. 11 1.8 £ 0.8
Shift 1 Skating Cond. 11 1.5 £ 0.6
Shift 1 Cycling Cond. 11 1.6 + 0.7
Six Shifts Passive Cond. 11 2.0 £ 0.2
Six Shifts Skating Cond. 11 1.6 = 0.1
Six Shifts Cycling Cond. 11 1.5 + 0.2
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5.2 Blood Lactate

One of the purposes of this investigation was to observe how different forms of
recovery cffect blood lactate concentration. The blood lactates were drawn pre and
post test in all three conditions. The active recovery protocols were empluyed between
shifts to determine if they would have any effect on skating performance.

The post-test lactate values were 10.6 mmol/l in the passive condition, 10.4
mmol/l in the skating condition, and 8.5 mmol/l in the cycling condition. These values
are somewhat higher than earlier studies which have recorded blood lactate
concentrations after one period of hockey in a game situation. Green (1976) obtained
blood lactate values of 7.9, 8.9, and 8.9 mmol/l for centres, wings, and defensemen,
respectively. Green et al. (1978a; 1978b) measured blood lactate levels in forwards
and defensemen and obtained a mean of 4.9 mmol/l for two games. Lactate levels are
lower in game situations because every shift 1s not a maximum effort as compared to
the present study where players performed four repetitions totaling approximately 60
scconds of "all-out” skating. Wilson and Hedberg (1979) reported a value of 15.0
mmol/l for onc subject at the conclusion of one perned of hockey play. Watson and
Hanley (1986) obscrved blood lactate levels as high as 12.1 mmol/l after a simulated
period of hockey with a work to rest ratio of 1:2.

The cychng condition had a significantly lower (p<0.01) post-test lactate level
when compared to the passive recovery condition.  These (indings are contirary to those
of Fox et al (1969), who obscrved clevated blood lactate levels during active recovery.
Subjects performed 10 one mmute treadmill runs at 21.6 km/h and 2% grade. Between
eaercise bouts, 2 5 minute relief intervals were performed at 9.6 km/h (60% VO,max).
The present study used a six minute active recovery period (1:3 work to rest ratio), and
is n agreement with previous studies (Boileau et al., 1983; Bonen and Belcastro, 1976;
Hermansen ot al. 1975, Hermansen and  Stensvold, 1972; McGrail et al., 1978;
Rammal and Strom, 1949; Stamford et al., 1978) which found lowered blood lactate

levels after five minutes of active recovery.
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In the skating condition, the subjects performed at a self-selected pace. The
mean recovery velocity for shifts one to six was only 210, 206, 209, 200, 200, and 190
m/min. These speeds were probabiy too low to promote lactate oxidation. When
substituted into the regression equation developed by Ferpuson et al. (1969) to predict
VO, from skating speed, it is clear that the self-selected skating speed corresponded to
low intensity exercise. This observation is appropriate if the assumption is made that
one of the major factors in the rate of lactate removal is recovery intensity (Bonen et
al., 1978; Bonen et al., 1979).

The lower lactate levels in the cycling recovery condition concur with the
significantly better anaerobic endurance index and speed index times obscrved in that
condition. Both indices were significantly better than the results obtained in the
passive recovery condition.

Watson and Sargeant (1986) and Montgomery et al. (1988) have reported blood
lactate concentrations of 11.5 mmol/l and 10.7 mmol/l, respectively for six repetitions
of the RSS test. In this study, the blood lactate concentration was 8.9 mmol/l after the
first shift in the passive condition. The lower value 1s attributed to less work since the
shift consisted of four repetitions instead of the six repetitions used in previous studies.
In the passive condition, the blood lactate reached a peak concentraton of 11.2
mmol/l following the fourth shift and dropped to 11.0 mmol/l and 10.8 mmol/l after the

fifth and sixth shifts, respectively.

5.3 Heart Rate

Heart rate is an indicator of the total stress on an individual. In this study the
heart rate intensitics for the six shifts were 93, 95, and 96% of the maximum heart
rate, for the passive, skating, and cycling conditions, respectively.  The mean heart
rate was 174 bpm for all conditions. Telemetry monitoring of heart rate during hockey
games has shown a peak heart rate of 173 bpm or 94% of maximum (Montgomery and

Vartzbedian, 1977).
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In the passive recovery condition the heart rate decreased to 102-110 bpm in this
study. "Old timer" hockey players averaged 115 bpm at the end of recovery on the
bench between shifts (Montgomery, 1979). Five-minute recovery heart rates averaged
113 bpm following performance of the RSS test (Montgomery, 1982).

Based on hecart rate data, it appears that the protocol used in this study
simulatcd the upper and lower intensities recorded in hockey games. Peak heart rates
produced from four repetitiors of RSS test corresponded to the peak heart rate during
a hockey shift. The heart rates following six minutes of passive recovery matched the

recovery heart rates between shifts.
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Chapter VI

Summary, Conclusions, and Recommendations

6.1 Summary

The purpose of this investigation was to compare the effect of two modes of
active recovery (skating and cycling) to passive recovery on blood lactate concentration
and performance in a simulated ice hockey task. The simulated ice hockey task was a
modified version of the repeat sprint skate (RSS) test. The modificd RSS test
consisted of four repetitions (Rhodes et al., 1985) of skating from goal line to goal line
and back to the blue line closest to the starting point (91.4 meters), with repetitions
initiated on 30 second intervals (Reed et al., 1979). The test was repeated six times
with recovery intervals of six minutes between each test. The protocol for the task was
based on prior studies which employed time motion analysis during game play. It was
believed that the protocol created through the use of intermittent RSS tests would be
more representative of a typical period of hocke, than previous protocols which have
used "all-out” bursts of skating for a selected period of time around an oval course.

The subjects in this study were 11 males that participated in hockey at cither the
varsity or intramural level. All subjects performed a single continuous acrobic fitness
test (VO,max) on a cycle ergometer. All subjects completed six shifts of the modified
RSS test on three occasions with random assignment of the mode of recovery, (cycling,
skating, or passive). Cycling recovery was performed at 40% of VO,max while skating
recovery was performed at a self-selected pace. For the passive recovery condition,
subjects sat on the bench. Blood lactate levels 1n the passive condition were measured
five minutes into each recovery period. Pre and post test lactate levels were measured
in all recovery conditions. From the RSS test, three performance indices were

measured: (1) speed index, (2) anaerobic endurance index, and (3) drop-off index.
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Post-test lactate levels and skating performance indices were compared among
treatment conditions in order to determine if the active recovery conditions produced
Jower lactate levels and better performances.

The first hypothesis of this study stated that blood lactate concentration would
be significantly lower following active recovery conditions than the passive recovery
condition. The onc-way analysis of variance (ANOVA) for the three experimental
conditions using the difference between pre and post test lactate values revealed an F-
ratio of 6.46 which was significant at the 0.01 level. A Tukey post hoc test was used to
dctermine the location of the significance. The results of the post hoc test showed that
blood lactate levels measured in the cycling recovery condition were significantly lower
(p<0.01) than the passive recovery cendition. These results suggest that the cycling
recovery condition removed lactate faster than the passive recovery condition.

The second hypothesis predicted that the speed index varable of the RSS test
would be sigmficantly faster in the active recovery conditions than the passive recovery
condition. A factorial ANOVA revealed an F-ratio of 2.15 for the "conditions”
variable.  This indicated that there was no significant difference (p>0.05) among
experimental groups for the speed index of the RSS test.

‘The third hynothesis stated that the anaerobic endurance index variable of the
RSS test wonld be significantly lower in the active recovery conditions than the passive
recovery condiion. A factonal ANOVA revealed an F-ratio of 5.14 for the
"conditions” vartable which was significant at the 0.02 level. A Tukey post hoc test
showed that both the skating and cycling recovery conditions had significantly (p<0.05)
faster anacrobic endurance times than the passive recovery condition. A significant
mteraction was tound in the "conditions by shifts” variable. The F-raiio of 2.50 was
significant at the 0.01 level. Tukey post hoc analysis indicated that both the skating
and cycling recovery conditions produced significantly (p<0.05) faster anaerobic

endurance indea times in shifts 4, 5, and 6 of the RSS test. These results indicate that
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the active recovery conditions produced superior anaerobic endurance index times with
less deterioration in performance in the latter shifts of the test.

The fourth hypothesis of this study predicted that the drop-off index variable of
the RSS test would be significantly lower in the active recovery conditions than the
passive recovery condition. A factorial ANOVA revealed a significant F-ratio of 6.54
for the "conditions” variable. These results indicate a significant diffcience among
conditions at the 0.01 level. Further analysis using the Tukey post hoc test indicated
that both the skating and cycling recovery conditions showed significantly less (p<(.05)

drop-off than the passive recovery condition.

6.2 Conclusions

Within the delimitations and limitations of this study, the following conclusions

seem justified:

1) Cycling recovery at 40% of VO,max, lowered blood lactate concentration
significantly more than passive recovery. Skating recovery at a scelf-sclected intensity
did not lower blood lactate concentration compared to passive recovery.

2) The speed index times for the RSS test were statistically similar for the three
experimental conditions (passive, skating, and cycling).

3) Anaerobic endurance index times for the RSS test were sigmificantly faster in the
skating and cycling recovery conditions than the passive recovery condition.

4) There was significantly less drop-off in the skating and cycling recovery conditions

than the passive recovery condition.
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6.3 Recommendations

The following recommendations are proposed for future investigations:
1) Follow-up studies should be conducted using different cycling recovery intensities in
order to determine the most efficient intensity.
2) Follow-up studies should be conducted by using different work to recovery ratios in
order to determine the effect of varying the duratior: of the recovery period.
3) Active recovery procedures should be observed during game situations in order to
obtain morc data on the effects of active recovery on blood and muscle parameters

and their effect on performance.

o mr o g o
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Appendix A

Repeat Sprint Skate (RSS) Test

@ Slart

® Slop

*N Ccast

Speed Index = 7.96 (s)

Anaerobic Endurance Index

Rep 1 = 14.7 (8)
Rep 2 = 15.4 (s)

Rep 3 = 15.8 (s) ‘

Rep 4 = 16.2 (s)

Total = 62.1 (s)

Drcp-off Index = 1.5 (s)
Slowest rep (4) = 16.2 (s)
Fastest rep (1) = 14.7 (s)

Speed Index: The time required to skate one length of the ice (549 m) on the
first repetition of the RSS test.

Anacrobic Endurance Index: The total time required to  complete four
repetitions (4 X 91.4m) of the RSS test.

Drop-off Index: The difference between the fastest and slowest repetitions of

the RSS test.
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Data Collection Sheet (Passive Recovery Condition)
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Subject Date
Tester
l Trials I
Shift|Speed Index 1 2 3 Total Drop-off
1 —_ (s) (s) —(s)| __ (s)
2 — (s) (s) ——(s)| ___ (s)
3 — (s (s) | _—_ (s), ____ (s)
4 - (s) (s) | ___ (s)| ____ (s)
5 __ (s) (s) — (s)| —_—_ (s)
6 . (s (s) —_(s)| ____ (s)
Pre-test Lactate Concentration mg%
mg%
Mean mg%
Shift| Lactate Concentration (mg$%)
1
2
3
4
5
6
Post-test Lactate Concentration mg%
mg%
Mean mg%

Comments:




80
Appendix C
ﬂ” . . ~ “.
Data Collection Sheet (Skating Recovery Condition)
Subject Date
Tester
. Trials
Shift|Speed Index 1 2 3 4 Total Drop-off
1| (s)y | ___ (s) | ___ (s)| ____ (s)
2 — (s) (s) ——(s)} ____(s)
3 — (s) (s) —(s)| ____ (s)
4 —__ (s) (s) (s} ___(s)
5 — (s) - (s) syl ____ (s)
6 —_ (s) (s) syl ____ (s)
Shift
Lap 1 2 3 5 6
1 Time (s)
2 Time (s)
3 Time (8)
4 Time (s)
5 Time (s)
6 Time (s) _ .
7 Time (s)
8 Time (s)
9 Time (s) _
10 Time (s) ) L
11 Time (s)
| 12 Time (s)
| 13 Time (s) . o
14 Time (s) L N
15 Time (s)
Distance Skatca_(m) -
Average Velocity (m/min) o
v
; Pre—-test Lactate Con mg% Post-test Lactate Con mg%
mg% __ g%

Mean mg%

M<:an

e



Appendix D

Data Collection Sheet (Cycling Recovery Condition)
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Subject Date
Tester
l Trials l
Shift |Speed Index 1 2 3 4 Total Drop-off
1 ______ (s) (s) | —_ (s)| __ (s)
2 _____(s) (s) —(s)y| ____ (s)
3 . (s) (s) —_(s)| ____ (s)
4 —___(s) (s) — ()} ____ (s)
5 — (s) (s) —__(s)] _____ (s)
6 (=) (s) — (s)| ____ (s)
Resistance at 40% of VO,max kp
Pre-test Lactate Con ____ mg% Post-test Lactate Con __ mg%
__ mg% mg%
Mean _ mg% mg%

Comments:




